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(57) ABSTRACT 
The invention relates to an epitope protection assay for use 
in diagnosis, prognosis and therapeutic intervention in dis 
eases, for example, involving polypeptide aggregation, such 
as prion infections. The methods of the invention ?rst block 
accessible polypeptide target epitope With a blocking agent. 
After denaturation of the polypeptide, a detecting agent is 
used to detect protein With target epitope that Was inacces 
sible during contact With the blocking agent. 
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Fig 3 
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EPITOPE PROTECTION ASSAY AND METHOD 
FOR DETECTING PROTEIN CONFORMATIONS 

FIELD OF THE INVENTION 

[0001] The invention relates to an epitope protection assay 
for use in diagnosis, prognosis and therapeutic intervention 
in diseases, for example, diseases involving polypeptide 
aggregation such as prion infections. 

BACKGROUND OF THE INVENTION 

Protein Misfolding and Aggregation 

[0002] Proteins can fold into complex and close-packed 
structures. Folding is not only crucial for biological activity 
but failure of proteins to fold properly or remain folded can 
give rise to disease (Dobson C M, Methods (2004) 34:4-14). 
Misfolding can in some cases cause protein aggregation 
Which can further give rise to discrete deposits extracellu 
larly (e.g., plaques) or intracellularly (e.g., inclusions in the 
cytosol or nucleus). 

[0003] Neurogenerative diseases such as AlZheimer’s dis 
ease (AD), Parkinson’s disease (PD), Huntington’s disease 
(HD), amyotrophic lateral sclerosis (ALS) and prion dis 
eases are characteriZed by neural deposits of misfolded 
aggregated protein. Type II diabetes and cancer have also 
been linked to protein misfolding and it is likely that there 
are yet to be identi?ed diseases that result from errors in 
protein folding and that in some cases lead to consequences 
such as aggregation. The nature of the misfolding and any 
aggregation in such diseases is typically not Well character 
iZed. 

Prion Diseases 

[0004] Prion diseases have become a major health concern 
since the outbreak of BSE or “Mad CoW Disease” (revieWed 
above, 40, 41). BSE Was ?rst discovered in the United 
Kingdom but has noW spread to many other countries in 
Europe and Japan. In the UK alone there has been close to 
180,000 cases of BSE, Which resulted in the destruction of 
cattle and possible infection of an estimated 3-5 million 
head. The total cost estimated to the UK Was in excess of 
$2.5 billion. BSE is believed to be transmitted among cattle 
through feed that contains prions rendered from infected 
cattle, and it is thought to be transmitted to humans through 
eating beef or other cattle products from infected animals. 

Emerging Prion Diseases 

[0005] The prion diseases are a group of rapidly progres 
sive and untreatable neurodegenerative syndromes, neuro 
pathologically characteriZed by spongiform change, neu 
ronal cell loss, gliosis, and brain accumulation of abnormal 
amyloid polypeptide. Human prion diseases include classi 
cal CreutZfeldt-Jakob disease (CJD), Which has sporadic, 
iatrogenic, and familial forms. Since 1996, a “neW variant” 
of CJD (vCJD) has been identi?ed in the United Kingdom, 
France, the Republic of Ireland, Hong Kong, Italy, the 
United States, and Canada (40,41). Variant C] D is capable of 
killing individuals as young as age 14 With unknoWn incu 
bation period. There is little doubt that vCJD is a human 
form of bovine spongiform encephalopathy (BSE)(42). The 
primary epidemic from consumption of contaminated cattle 
tissue has affected over 130 individuals as of this ?ling. 
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[0006] The spectre of vCJD “secondary epidemics” 
through blood, blood products, surgery, dentistry, vaccines, 
and cosmetics is of great concem(40,4l). Detection of blood 
prion infectivity in experimental BSE/vCJD infections of 
mice and sheep (40) suggests a special risk exists for the 
transmission of vCJD through blood and blood products. 
The recent reports of vCJ D in tWo recipients of a donor Who 
developed the disease is also troubling (52, 53). Canada and 
the United States have recently expanded vCJD blood donor 
deferrals to all countries in Western Europe. 

[0007] Although sheep scrapie has been knoWn for cen 
turies, the most important animal prion disease at present is 
BSE. More than 173,000 cattle, primarily from Britain, have 
developed symptomatic BSE, and as many as 3 million have 
entered the food supply undetected. BSE is noW being 
increasingly reported in cattle Which Were “bom after the 
ban” in 1996 of food supplementation With meat and bone 
meal, suggesting that alternate routes may exist to keep the 
epidemic from being readily extinguished. Another trou 
bling issue is the possible transmission of BSE to sheep, 
Which may expose additional human populations to the 
BSE/vCJD prion strain. Recent reports shoW that prions can 
replicate in certain muscle groups of sheep, experimental 
animals and humans (54-57), indicating a potential risk in 
tissues previously considered safe for human consumption. 

[0008] Chronic Wasting disease (CWD) of captive and 
Wild cervids (deer and elk) represents another neWly emer 
gent animal prion disease in North America, Whose impact 
on human health is yet unknoWn. It is apparent that neWly 
recogniZed prion diseases pose a threat to the safety of 
foods, blood products, and medical-surgical treatments. 

Prions: Atypical Pathogens 

[0009] NeWly emergent prion diseases, and the polypep 
tide-only nature of prions, have created serious medical, 
veterinary, and economic challenges WorldWide. To date, the 
only commercialised tests for prion infection have been 
based on post-mortem brain samples. No biochemical test 
exists to detect prions in the blood of infected animals, 
despite detection by experimental transmission studies. The 
development of sensitive and speci?c diagnostic tests for 
prion infection is a challenging task, in part due to the 
unusual nature of the prion infectious agent. The infectious 
agents that transmit the prion diseases differ from other 
pathogens in that no nucleic acid component has been 
detected in infectious materials (41). According to the prion 
theory developed by Nobel Laureate Dr. Stanley Prusiner, 
infectivity resides in PrPSc, a misfolded conformational 
isoform of the near-ubiquitous normal cellular prion 
polypeptide PrPC. PrPSC is indeed the most prominent (or 
perhaps sole) macromolecule in preparations of prion infec 
tivity, and minimally appears to be a reliable surrogate for 
prion infection. PrPSC is partially resistant to protease diges 
tion, poorly soluble, and exists in an aggregated state, in 
contrast to the protease sensitive, soluble, monomeric iso 
form PrPC (29, 31, 4346). 

[0010] PrPSC is derived from its normal cellular isoform 
(PrPC), Which is rich in ot-helical structure, by a posftrans 
lational process involving a conformational transition. 
While the primary structure of PrPC is identical to that of 
PrPSc, secondary and tertiary structural changes are respon 
sible for the distinct physicochemical properties of the tWo 
isoforms. 
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[0011] One of the dif?culties in assessing the safety of 
food or blood products from potentially infected humans 
With prions is the lack of an accurate diagnostic test for 
blood or other accessible biosamples. Currently, there are no 
diagnostic tests that can be applied for screening live ani 
mals, humans, blood or blood products at an early stage. 
This also provides a further problem in organ transplanta 
tion, adding unknoWn risk to organ recipients. Therefore, as 
a preventative measure, countries such as the UK no longer 
source plasma from its inhabitants. The risk of spreading 
prion diseases has affected other countries as Well. For 
example, the United States and Canada do not accept blood 
donations from individuals Who have resided in the UK or 
France for more than 3-6 months. 

[0012] Currently, the diagnosis of vCJD can only be 
con?rmed folloWing pathological examination of the brain 
at autopsy or biopsy. Some complimentary strategies in early 
CJD detection include electroencephalograms (EEG), mag 
netic resonance imaging (MRI) scans, and cerebrospinal 
?uid (CSF) tests, Which may be useful “surrogate” or 
“proxy” markers. The absence of a “direct test” for prion 
infection stands in stark contrast to conventional infectious 
agents, such as viruses and bacteria. 

[0013] Some tests that are in the process of being com 
mercialiZed are based on surrogate markers of infection 
Which are “once removed” from actual infectious prions. 

[0014] PrP protease resistance is the basis of most com 
mercially available diagnostic tests for prion disease. In the 
current methodologies, a sample of brain is removed and 
digested With proteases that can eliminate PrPC, but leave a 
protease-resistant core of PrPS°. The protease-resistant frag 
ment of PrPSC is then detected by immunoblotting (as in the 
Prionics test) or by capture ELISA (as in the BioRad and 
Enfer tests, and in a neW test from Prionics). HoWever, 
digestion With proteases is cumbersome and variable, lead 
ing to false negatives and positives. Moreover, there are 
some prion strains Which are reported to contain PrPSC Which 
is infectious and aggregated, but Which is not protease 
resistant. Protease-sensitive PrPSC also predominates early in 
infection and in cross-species transmission of disease (31). 

[0015] Detection of protease-resistant PrP fragments is 
also the basis of a urine diagnostic test (47) Which is being 
commercially developed by Prionics. HoWever, detection of 
protease-resistant PrP in urine is subject to the same limi 
tations as the post-mortem brain test, and has the additional 
disadvantage of requiring precipitation from large volumes 
of urine, and poor sensitivity (for example, only detecting 
PrP in late stages of the disease, not pre-symptomatically). 

Other Neurodegenerative Diseases 

[0016] Neurodegenerative diseases, such as AlZheimer’s 
disease (AD), Huntington’s disease, amyotrophic lateral 
sclerosis (ALS) and Parkinson’s disease/LeWy body demen 
tia (PD, LBD) also pose major challenges to our aging 
population and health care system (revieWed in 1). An 
estimated 364,000 Canadians over 65 are currently diag 
nosed With AD or a related dementia (http://WWW.alZhe 
imer.ca/). With increased life expectancy, the incidence of 
neurodegenerative disease is expected to groW. By 2025, AD 
will affect as many as a million Canadians, and by 2050, this 
number Will double. 

[0017] Sporadic AD, ALS, and PD/LBD are all associated 
With neural accumulation of pathological multimers of mis 
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folded polypeptides (these could potentially be ?brils, 
proto?laments, and amorphous aggregates), including the 
amyloid-beta (Abeta) fragment of the amyloid precursor 
protein (APP) in AD; superoxide dismutase-1 (SOD1) in 
ALS, and alpha-synuclein in PD and LBD (1). Additionally 
familial amyloidotic polyneuropathy (FAP) results from the 
aggregation of transthyretin to form amyloid deposits. As 
With prion diseases, mutations in genes encoding these 
polypeptides are associated With autosomal dominant famil 
ial forms of AD, ALS, and PD. 

AlZheimer’s Disease 

[0018] AD is a common dementing (disordered memory 
and cognition) neurodegenerative disease associated With 
brain accumulation of extracellular plaques composed pre 
dominantly of the Abeta (1-40), Abeta (1-42) and Abeta 
(1 -43) peptides, all of Which are proteolytic products of APP 
(revieWed in 4). In addition, neuro?brillary tangles, com 
posed principally of abnormally phosphorylated tau protein 
(a neuronal microtubule-associated protein), accumulate 
intracellularly in dying neurons (4). Familial forms of AD 
can be caused by mutations in the APP gene, or in the 
presenilin 1 or 2 genes (WWW.Websiteformutations.com), the 
protein products of Which are implicated in the processing of 
APP to Abeta. Apolipoprotein E allelic variants also in?u 
ence the age at onset of both sporadic and familial forms of 
AD (revieWed in 5). Abeta has been detected in the blood 
and CSF of AD patients and in normal controls (6). Abeta is 
also present in vascular and plaque amyloid ?laments in 
trisomy 21 (DoWn’s syndrome), hereditary cerebral hemor 
rhage With amyloidosis (HCHWA)-Dutch type, and normal 
brain aging (Mori, H et al. IBC (1992) 267: 17082-86). Tau 
and phosphorylated tau have been detected in the cerebral 
spinal ?uid (CSF) of AD patients and patients With other 
neurological diseases (7; revieWed in 8). 

Amyotrophic Lateral Sclerosis 

[0019] ALS is a fatal neuromuscular disease, With an 
incidence of 1 in 1000 adults, presenting as progressive 
Weakness, muscle atrophy, and spasticity, Which is due to 
degeneration of ~500,000 “loWer motor neurons” in the 
spinal cord and brainstem, and innumerable “upper motor 
neurons” in the brain cortex. An important clue to the 
etiology of ALS came With the ?nding that about 20% of 
familial ALS (fALS) cases are due to mutations in super 
oxide dismutase-1 (SOD1) (10,11), a free radical defense 
enZyme. Over 100 fALS SOD1 missense, nonsense, and 
intronic splice-disrupting mutations have been catalogued to 
date (12; WWW.alsod.org). Transgenic mice expressing 
mutant human SOD1 (mtHuSODl) develop a motor neuron 
syndrome With clinical and pathological similarities to 
human ALS (13, 14), Whereas mice expressing Wild-type 
human SOD1 (WtHuSODl) do not develop disease (13). 
SOD1-containing cytoplasmic inclusions can be detected in 
many diseased motor neurons from familial and sporadic 
ALS patients (15), and in most transgenic mouse (16, 17) 
and tissue culture (18) models of the disease. 

Parkinson’s and LeWy Body Disease 

[0020] PD is a neurodegenerative movement disorder sec 
ond only to AD in prevalence (~350 per 100,000 population; 
1). It is clinically characterized by rigidity, sloWness of 
movement, and tremor (revieWed in 21). Most cases of 
Parkinson’s disease are sporadic, but both sporadic and 
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familial forms of the disease are characterized by intracel 
lular LeWy bodies in dying neurons of the substantia nigra, 
a population of midbrain neurons (~60,000) that are selec 
tively decimated in PD. LeWy bodies are predominantly 
composed of alpha-synuclein (22). Mutations in the gene 
encoding alpha-synuclein have been found in patients With 
familial Parkinson’s disease (revieWed in 23; WWW.parkin 
sonsmutation.com). Another gene associated With autosomal 
recessive PD is parkin, Which is involved in alpha-synuclein 
degradation (22, 23). Diffuse cortical LeWy bodies com 
posed of alpha-synuclein are observed in LeWy body disease 
(LBD), a dementing syndrome associated With parkinsonian 
tone changes, hallucinations, and rapid symptom ?uctuation 
(24). LBD may be the second most common form of 
neurodegenerative dementia after AD, accounting for 20 to 
30 percent of cases among persons over the age of 60 years 

(1, 24). 
Huntington’s Disease and Related Diseases 

[0021] HD is a progressive neurodegenerative disorder 
characterized by expansion of polyglutamine encoding CAG 
repeats in the N-terminus of the huntingtin protein (revieWed 
in 48). Polyglutamine stretches of 236 cause disease and 
longer repeats cause earlier onset (49, 50). 

[0022] Other polyglutamine diseases such as dentate-ru 
bral and pallido-luysian atrophy (DRPLA) and some forms 
of sino-cerebellar ataxia (SCA) also have intracellular inclu 
sions that roughly correlate to regions of neuronal death. 
Interruptions in the expanded polyglutamine repeat in the 
SCA-l gene product result in the absence of disease (51), 

[0023] Neurodegenerative diseases, such as AlZheimer’s 
disease (AD), amyotrophic lateral sclerosis (ALS) and Par 
kinson’s disease/LeWy body disease (PD, LBD) pose major 
challenges to our aging population and health care system. 
No speci?c biochemical test exists for neurodegenerative 
diseases as a group (1,2). Since neurodegenerative diseases 
are regarded as “diagnoses of exclusion,” very broad inves 
tigation is required to achieve “clinically probable” diagno 
sis for these progressive, incurable, and usually fatal con 
ditions. Expensive surrogate testing, such as neuroimaging, 
is utiliZed to increase diagnostic probability (2). The avail 
ability of speci?c, sensitive, and inexpensive biochemical 
tests for this devastating group of diseases could potentially 
conserve ?nancial resources for over-burdened health care 

systems. Moreover, secure diagnosis of these diseases at an 
earlier symptomatic stage increases the WindoW for 
enhanced treatment e?icacy at a time at Which the disease 
pathophysiology is generally more responsive to treatment 
(3). 
[0024] Effective, ef?cient and inexpensive diagnostic and 
screening strategies for antemortem diagnosis of human 
neurodegenerative diseases are urgently needed, given the 
aging population and continued ?nancial pressure on the 
health care system. 

Diabetes 

[0025] Protein aggregation is also observed in patients 
With type II diabetes. Increased expression of the adipocyte 
derived peptide, resistin, has been observed in diabetes type 
II patients (Youn B S et al. J Clin Endocrinol Metab. (2004); 
89:150-6) and studies suggest that elevated resistin levels 
may play a role in obesity and insulin resistance. Addition 
ally, islet amyloid polypeptide (also knoWn as amylin) 
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deposition is pathogenically associated With type 2 diabetes. 
These deposits contain islet amyloid polypeptide, a unique 
amyloidogenic peptide and are associated With beta cell 
death. Recent studies suggest that the species responsible for 
islet amyloid-induced beta-cell death are formed early in 
islet amyloid formation, When islet amyloid polypeptide 
accumulation begins (Hull R L et al. J Clin Endocrinol 
Metab. (2004) 89:3629-43). A diagnostic test that can iden 
tify pathogenic islet amyloid polypeptide Would be very 
useful for detecting type 2 diabetes in its early stages, When 
dietary and therapeutic interventions are most effective. 

Cancer 

[0026] Many forms of cancer are also considered to be 
protein conformation diseases (Ishimaru D. et al. Biochem 
istry (2003) 42:9022-7). A subset of neuroblastomas, carci 
nomas and myelomas shoW an abnormal accumulation of 
tumor suppressor p53 protein aggregates (Butler J S et al. 
Biochemistry (2003) 42: 2396-403; Ishimaru D. et al. Bio 
chemistry (2003) 42:9022-7). This accumulation could con 
tribute to the loss of p53 function in some cancerous cells 
(Ishimaru D. et al. Biochemistry (2003) 42:9022-7). Assays 
able to detect accumulated p53 could provide a diagnosti 
cally useful detection system and could enhance therapeutic 
intervention by individualiZing therapeutic intervention. 

SUMMARY OF THE INVENTION 

[0027] The inventors have recently developed the epitope 
protection assay (EPA), a novel method that yields sensitive 
and speci?c antemortem detection of disease proteins in 
blood and other accessible tissues and ?uids. The invention 
shoWs the role of aggregation in diseases, such as prion 
disease, and provides an assay that overcomes problems in 
the prior art. In prion diseases, the normal cellular mono 
meric prion polypeptide PrPC undergoes refolding to an 
abnormal, aggregated isoform, generically designated PrPS°. 
Diseases such as AD, PD, LBD, ALS and HD are also 
characteriZed by misfolded and/or aggregated conforma 
tions of cellular proteins. This property is exploited by the 
methods of the invention to provide sensitive and speci?c 
diagnostic tests for these and other diseases. 

[0028] According to the invention, the methods are useful 
Where a target epitope is accessible in either one of a 
non-Wildtype protein (i.e. disease protein) or a Wild type 
protein and inaccessible in the other. Inaccessibility is often 
due to aggregation making the target epitope inaccessible. 

[0029] The invention includes a method of detecting 
Whether a candidate polypeptide including a target epitope is 
a disease (disorder) polypeptide or a Wild type polypeptide, 
comprising: 

[0030] contacting the candidate polypeptide With a 
blocking agent; and 

[0031] determining Whether the target epitope is ina 
cessible or accessible to chemical modi?cation by the 
blocking agent. 

[0032] The accessibility or inaccessibility of the target 
epitope is indicative of Whether the candidate polypeptide is 
a disease (disorder) polypeptide or a Wild type polypeptide 
because in one of the disease (disorder) protein and the Wild 
type protein, the target epitope is accessible. In the other 
polypeptide the target epitope is inaccessible. 
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[0033] In one embodiment, the invention provides a 
method of detecting prion diseases, for example, determin 
ing Whether a candidate polypeptide including a target 
epitope is in a Wildtype conformation or in a non-Wildtype 
conformation in Which it is aggregated, comprising: 

[0034] reacting a sample of polypeptide (the sample 
typically contains PrPSC and/or PrPC, and in many cases 
an abundance of one or the other) With a chemical 
modifying agent, typically an agent Which chemically 
reacts With proteins such as peroxynitrite, Which modi 
?es accessible epitopes (target epitopes) so that they 
cannot bind to a detection agent; 

[0035] disaggregating and/or denaturing the polypep 
tide in the sample; and 

[0036] probing With detection agents, such as an anti 
body against a target epitope, to determine Whether the 
polypeptide (such as prior to disaggregation and/or 
denaturing) included inaccessible target epitopes. 

[0037] PrPC is rendered “invisible” in the assay, because 
epitopes on the monomeric molecules are blocked to anti 
body recognition by the chemical modifying agent, Whereas 
molecules of PrPSC are “protected” from chemical modi? 
cation by virtue of being sequestered Within aggregates or 
otherWise unavailable for reacting. Alternatively, epitopes 
on the multimeric molecules are blocked to antibody rec 
ognition by the chemical modifying agent, Whereas mol 
ecules of PrPC are “protected” from chemical modi?cation 
by virtue of a difference in accessible epitopes. 

[0038] In another embodiment, the AlZheimer’s disease 
detection method comprises: 

[0039] reacting a sample of polypeptide (the sample 
typically contains all or part of diseased amyloid pre 
cursor polypeptide or A beta or tau and/or the corre 
sponding Wild type polypeptide, and in many cases an 
abundance of one or the other) With a chemical modi 
fying agent, typically an agent Which chemically reacts 
With proteins such as peroxynitrite, Which modi?es 
exposed epitopes so that they cannot bind to a detection 
agent; 

[0040] disaggregating and/or denaturing the polypep 
tide in the sample; and 

[0041] probing With detection agents, such as an anti 
body against a target epitope to determine Whether the 
polypeptide prior to disaggregation and/or denaturing, 
included inaccessible target epitopes. 

[0042] In further embodiments, the invention provides 
disease detection methods for other diseases characterized 
by differentially accessible target epitopes in disease and 
Wildtype conformations, for example, resulting from mis 
folded and/or aggregated proteins such as Parkinson’s dis 
ease (PD), LeWy Body disease (LBD), Huntington’s disease 
(HD), amyotrophic lateral sclerosis (ALS), diabetes, and 
cancer. These methods similarly include steps such as react 
ing a sample of polypeptide (eg. a disease polypeptide 
described herein) With a chemical modifying agent, Which 
modi?es exposed epitopes so that they cannot bind to a 
detection agent; then disaggregating and/or denaturing the 
polypeptide in the sample; and probing With detection 
agents, such as an antibody against a target epitope to 
determine Whether the polypeptide prior to disaggregation 
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and/or denaturing, included inaccessible target epitopes. 
These steps are similarly adapted for other purposes, such as 
screening blood and blood products, and other uses 
described herein. 

[0043] The method of the invention has many advantages 
over existing technology. As noted above, the invention is 
optionally referred to as “EPA”, Which in the case of prion 
protein disease detection is a simple, ef?cient method for 
detecting aggregated disease proteins such as PrPS°, the 
pathogenic molecule Which is thought to constitute the 
infectious particle in prion diseases and polypeptide, asso 
ciated With AD. 

[0044] The invention is useful in high-throughput robotic 
capable platforms. For example, EPA is not dependent on 
PrP protease resistance, the basis of most commercially 
available diagnostic tests for prion disease. Epitope protec 
tion technology does not require a protease digestion step, 
Which makes it more sensitive to early infection. Certainly, 
the absence of a protease digestion step permits EPA to be 
more amenable to high-throughput robotic platforms. 

[0045] In addition, the methods of the invention can be 
used to detect any protein that exists in tWo or more 
conformations, Where one or more target epitopes are con 
cealed in at least one conformation. 

[0046] Accordingly, the invention relates to a detection 
method comprising: 

[0047] reacting a sample of polypeptide With a chemical 
modifying agent, typically an agent Which chemically 
reacts With proteins, Which is de?ned to modify 
exposed epitopes so that they cannot bind to detection 
agents; 

[0048] disaggregating and/or denaturing the polypep 
tide in the sample; and 

[0049] probing With detection agents, such as antibodies 
against a target epitope to determine Whether the 
polypeptide prior to disaggregation and/or denaturing, 
included target epitopes inaccessible to the chemical 
modifying agent. 

[0050] The result indicates Whether the polypeptide 
includes inaccessible epitopes, Which is indicative of the 
type of polypeptide that is present (i.e. Wild type protein or 
non-Wild type protein). 

[0051] In one embodiment, the invention includes a 
method of detecting Whether a candidate polypeptide includ 
ing a target epitope is in a Wildtype conformation or a 
non-Wildtype conformation (in one embodiment, in the 
non-Wildtype conformation, the candidate polypeptide 
aggregates With aggregated polypeptide), comprising: 

[0052] contacting the polypeptide With a blocking agent 
that selectively blocks accessible target epitopes, 
Wherein in one of the non-Wildtype conformation or the 
Wildtype conformation, the target epitope is accessible 
and reacts With the blocking agent, and Wherein in the 
other conformation, the target epitope is inaccessible 
and does not react With the blocking agent. Unreacted 
blocking agent is removed from contact With the 
polypeptide, for example, by alloWing time for block 
ing agent to be consumed or degraded or by actively 
removing it by physical or chemical processes as 
described beloW; 
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[0053] modifying the candidate polypeptide to convert 
any inaccessible target epitope to accessible target 
epitope; and 

[0054] contacting the polypeptide With a detection 
agent that binds selectively to target epitope that Was 
converted from inaccessible target epitope to accessible 
target epitope, Wherein binding betWeen detection 
agent and converted target epitope indicates that prior 
to conversion the candidate polypeptide Was in a con 
formation in Which the target epitope Was inaccessible 
and Wherein lack of binding betWeen the detection 
agent and the target epitope indicates that the polypep 
tide Was in a conformation in Which the target epitope 
Was accessible, thereby indicating Whether the 
polypeptide Was in a Wildtype conformation or a non 
Wildtype conformation. 

[0055] The invention also includes a method of detecting 
Whether a candidate polypeptide including a target epitope is 
in a Wildtype conformation or a non-Wildtype conformation, 
comprising: 

[0056] contacting the polypeptide With a blocking agent 
that selectively blocks accessible target epitope, 
Wherein in the Wildtype conformation, the target 
epitope is accessible and reacts With the blocking agent, 
and Wherein in the non-Wildtype conformation, the 
target epitope is inaccessible and does not react With the 
blocking agent. Unreacted blocking agent is removed 
from contact With the polypeptide, for example, by 
alloWing time for blocking agent to be consumed or 
degraded or by actively removing it by physical or 
chemical processes as described beloW; 

[0057] modifying the candidate polypeptide to convert 
any inaccessible target epitope to accessible target 
epitope; and 

[0058] contacting the polypeptide With a detection 
agent that binds selectively to the target epitope that 
Was converted from inaccessible target epitope to 
accessible target epitope, Wherein binding betWeen 
detection agent and converted target epitope indicates 
that the candidate polypeptide Was in a non-Wildtype 
conformation and Wherein lack of binding betWeen the 
detection agent and the target epitope indicates that the 
polypeptide Was in a Wildtype conformation. 

[0059] The invention also includes a method of detecting 
Whether a candidate polypeptide including a target epitope is 
in a Wildtype conformation or a non-Wildtype conformation, 
comprising: 

[0060] contacting the polypeptide With a blocking agent 
that selectively blocks accessible target epitope, 
Wherein in the non-Wildtype conformation, the target 
epitope is accessible and reacts With the blocking agent, 
and Wherein in the Wildtype conformation, the target 
epitope is inaccessible and does not react With the 
blocking agent. Unreacted blocking agent is removed 
from contact With the polypeptide, for example, by 
alloWing time for blocking agent to be consumed or 
degraded or by actively removing it by physical or 
chemical processes as described beloW; 

[0061] modifying the candidate polypeptide to convert 
any inaccessible target epitope to accessible target 
epitope; and 
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[0062] contacting the polypeptide With a detection 
agent that binds selectively to target epitope that Was 
converted from inaccessible target epitope to accessible 
target epitope, Wherein binding betWeen detection 
agent and converted target epitope indicates that the 
candidate polypeptide Was in a Wildtype conformation 
and Wherein lack of binding betWeen the detection 
agent and the target epitope indicates that the polypep 
tide Was in a non-Wildtype conformation. 

[0063] The invention also includes a method of detecting 
Whether a candidate polypeptide including target epitope 
Which has been reacted With a blocking agent, is in a 
Wildtype conformation or a non-Wildtype conformation, 
comprising: 

[0064] modifying the candidate polypeptide to convert 
any inaccessible target epitope to accessible target 
epitope; 

[0065] contacting the polypeptide With a detection 
agent that binds selectively to the target epitope that 
Was converted from inaccessible target epitope to 
accessible target epitope, Wherein binding betWeen 
detection agent and converted target epitope indicates 
that the candidate polypeptide Was in a non-Wildtype 
conformation and Wherein lack of binding betWeen the 
detection agent and the target epitope indicates that the 
polypeptide Was in a Wild type conformation. 

[0066] In the methods of the invention, the epitope is in 
many cases inaccessible in the misfolded or non-Wild type 
conformation because i) the differential misfolding of the 
polypeptide compared to the Wild type folded polypeptide 
prevents or reduces reaction betWeen the blocking agent and 
the target epitope, ii) the polypeptide in the misfolded 
conformation aggregates With itself or other polypeptides in 
the misfolded conformation to prevent or reduce reaction 
betWeen the protecting/blocking agent and the target 
epitope, and/or iii) post translational modi?cations of the 
polypeptide prevent or reduce reactions betWeen the block 
ing agent and the target epitope. 

[0067] In one example, the candidate polypeptide com 
prises prion protein, the Wild type folded conformation 
comprises the conformation of Wild type folded prion pro 
tein and the misfolded conformation comprises the confor 
mation of PrPS°. Alternatively, the Wild type folded protein 
comprises the conformation of APP or its cleavage product 
amyloid beta, and the misfolded conformation comprises the 
conformation of AlZheimer’s disease APP or its cleavage 
product amyloid beta. 

[0068] In another example, the candidate polypeptide 
comprises, SODl, alpha-synuclein, islet amyloid polypep 
tide, resistin or p53 protein. The methods and kits of the 
invention described in the application are useful, for 
example, for application to a non-Wildtype polypeptide 
having a conformation comprising multiple copies of a 
polypeptide aggregated together through interactions of 
beta-sheet-rich areas of the polypeptide. In one embodiment 
the polypeptide is polypeptide that is aggregated in prion 
protein aggregates. In another embodiment, the polypeptide 
is polypeptide that is aggregated in amyloid plaques. 

[0069] The invention also includes i) polypeptide of the 
invention modi?ed by reaction With a blocking agent listed 
herein and ii) the polypeptide modi?ed by reaction With a 
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detecting agent. The invention also includes compositions 
and kits of the invention including these modi?ed polypep 
tide. 

[0070] The blocking agent is optionally peroxynitrite, 
hydrogen peroxide, diethyl pyrocarbonate (DEPC), 4-hy 
droxynonenal (4HNE) an epoxide such as conduritol-B 
epoxide and l,2-epoxy-3-(p-nitrophenoxy)propane, methyl 
ene or diaZirine and related compounds. In the methods, the 
polypeptide is optionally modi?ed by denaturing the 
polypeptide, for example With heat, detergent and/or chao 
tropic agents. The polypeptide is optionally modi?ed by 
treatment With a disaggregation agent to disaggregate the 
polypeptide from other polypeptides of the same type, and 
from other molecules, Wherein the disaggregation agent is 
optionally selected from at least one of the group consisting 
of chaotropic agent (including guanidine salts, urea or 
thiourea), detergent and heat. 

[0071] It is readily apparent to a skilled person that the 
method steps of the invention recited here involving remov 
ing the blocking agent typically involve physically, chemi 
cally or otherWise removing the blocking agent aWay from 
the candidate polypeptide to prevent further reaction. 
Removal optionally involves alloWing a su?icient time to 
pass so that the blocking agent is removed from the candi 
date polypeptide by being consumed or degraded (for 
example, such that the blocking agent becomes inert or 
oxidiZed). Removal optionally involves adding a compound 
to react With any excess blocking agent to inactivate it. 
Removal also optionally involves physical ?ltering of the 
blocking agent by conventional ?ltration techniques or cen 
trifugation to separate the candidate polypeptide and block 
ing agent, or physical binding to a substrate useful for 
removing the blocking agent, such as by binding of blocking 
agent or candidate polypeptide to an immobiliZed substrate 
in a column. 

[0072] Removing means preventing further reactions by 
the blocking agent by, for example, physically or chemically 
inactivating the blocking agent, taking the blocking agent 
out of contact With the sample including the candidate 
polypeptide or alloWing a su?icient amount of time to pass 
for the blocking agent to be consumed or degraded. 

[0073] The detection agent optionally comprises an anti 
body directed against a prion polypeptide epitope, an amy 
loid beta epitope, an alpha-synuclein epitope or a SODl 
epitope. The antibody optionally comprises all or part of the 
anti-prion antibodies 6H4 and 3P4, and the anti-amyloid 
beta antibodies 6El0 and 4G8. 

[0074] The methods of the invention are preferably used 
With mammals, such as humans. In addition, the methods of 
the invention are preferably used With mammals, such as 
livestock. In addition the methods of the invention are used 
With food items, cosmetic items, dental and surgical instru 
ments vacuums and pharmaceutical products. 

[0075] The invention also includes a method of testing a 
sample from an animal, using methods of the invention 
described herein, to determine if the animal has a disease 
characterized by the presence of candidate polypeptide in a 
non-Wildtype conformation in the sample, Wherein the can 
didate polypeptide includes a target epitope. Such diseases 
are described herein. In one embodiment, the method com 
prises; determining Whether the candidate polypeptide is in 
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i) a Wildtype conformation or ii) a non-Wildtype conforma 
tion, by a method comprising the steps of: 

[0076] contacting the sample With a blocking agent that 
selectively blocks accessible target epitope in the can 
didate polypeptide, Wherein in the Wildtype conforma 
tion, the target epitope is accessible and reacts With the 
blocking agent, and Wherein in the non-Wildtype con 
formation, the target epitope is inaccessible because the 
candidate polypeptide is aggregated With the aggre 
gated polypeptide and the target epitope cannot react 
With the blocking agent; 

[0077] contacting the sample With a conversion agent to 
modify the candidate polypeptide to convert any inac 
cessible target epitope in the sample to accessible target 
epitope; 

[0078] contacting the polypeptide With a detection 
agent that binds selectively to target epitope that Was 
converted from inaccessible target epitope to accessible 
target epitope, Wherein binding betWeen detection 
agent and converted target epitope indicates that the 
candidate polypeptide Was in a non-Wildtype confor 
mation and the animal has a disease and Wherein lack 
of binding betWeen the detection agent and the target 
epitope indicates that the polypeptide Was in a Wild 
type conformation. 

[0079] The invention also includes a method of the inven 
tion described herein for screening, for example, by testing 
a sample, such as blood or blood products and other samples, 
to determine if the sample comprises a candidate polypep 
tide in a non-Wildtype conformation Wherein the candidate 
polypeptide includes a target epitope. In one embodiment, 
the method comprises; determining Whether the candidate 
polypeptide is in i) a Wildtype conformation or ii) a non 
Wildtype conformation, by a method comprising the steps 
of: 

[0080] contacting the sample With a blocking agent that 
selectively blocks accessible target epitope in the can 
didate polypeptide, Wherein in the Wildtype conforma 
tion, the target epitope is accessible and reacts With the 
blocking agent, and Wherein in the non-Wildtype con 
formation, the target epitope is inaccessible and cannot 
react With the blocking agent; 

[0081] contacting the sample With a conversion agent to 
modify the candidate polypeptide to convert any inac 
cessible target epitope in the sample to accessible target 
epitope; 

contacting the polypeptide With a detection agent that 
binds selectively to target epitope that Was converted 
from inaccessible target epitope to accessible target 
epitope, Wherein binding betWeen detection agent and 
converted target epitope indicates that the candidate 
polypeptide Was in a non-Wildtype conformation and 
the sample comprises a candidate polypeptide in a 
non-Wildtype conformation and Wherein lack of bind 
ing betWeen the detection agent and the target epitope 
indicates that the polypeptide Was in a Wild type 
conformation. 

[0082] In another embodiment, the invention relates to a 
method of detecting Whether a candidate polypeptide includ 
ing a target epitope is in i) a Wildtype conformation or ii) a 
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non-Wildtype conformation (for example, wherein the 
polypeptide aggregates in the non-Wildtype conformation), 
comprising: 

[0083] contacting the polypeptide With a blocking agent 
that selectively blocks accessible target epitope, 
Wherein in the Wildtype conformation, the target 
epitope is accessible and reacts With the blocking agent, 
and Wherein in the non-Wildtype conformation, the 
target epitope is inaccessible (for example, because the 
candidate polypeptide is aggregated) and the target 
epitope cannot react With the blocking agent; 

[0084] modifying the candidate polypeptide to convert 
inaccessible target epitope to accessible target epitope; 
and 

[0085] contacting the polypeptide With a detection 
agent that binds selectively to the target epitope that 
Was converted from inaccessible target epitope to 
accessible target epitope, Wherein binding betWeen 
detection agent and converted target epitope indicates 
that the candidate polypeptide Was in a non-Wildtype 
conformation and Wherein lack of binding betWeen the 
detection agent and the target epitope indicates that the 
polypeptide Was in a Wild type conformation. One also 
removes unreacted blocking agent from contact With 
the polypeptide, for example, by alloWing it to be 
consumed or degraded or removing it from the reaction 
by physical or chemical processes. 

[0086] The candidate polypeptide optionally comprises 
prion protein, the Wild type conformation comprises the 
conformation of Wild type prion protein and the non-Wild 
type conformation comprises the conformation of PrPS°. 
The candidate polypeptide optionally comprises beta-amy 
loid polypeptide, tau protein or APP protein, SODl, alpha 
synuclein, huntingtin protein, p53 or islet amyloid polypep 
tide or resistin. The blocking agent is optionally selected 
from the group consisting of peroxynitrite, hydrogen per 
oxide, methylene compounds, succinic anhydride, epoxides, 
diethyl pyrocarbonate, 4-hydroxynonenal (4HNE) and diaZ 
irine. The polypeptide is optionally modi?ed by denaturing 
the polypeptide. The polypeptide is also optionally dena 
tured by heat and/or detergent and/or chaotropic agents. The 
polypeptide is optionally modi?ed by treatment With a 
disaggregation agent to disaggregate the polypeptide from 
the aggregated polypeptides. The disaggregation agent is 
optionally selected from at least one of the group consisting 
of chaotropic agents, detergent and heat. The detergent 
optionally comprises SDS. The detection agent optionally 
comprises an aptamer or an antibody, for example, directed 
against a prion polypeptide epitope. The antibody optionally 
comprises 6H4 or 3E4. The aptamer or antibody is option 
ally directed against an amyloid beta epitope. The antibody 
optionally comprises 6El0 or 4G8. The non-Wildtype con 
formation is in certain embodiments indicative of a disease 
caused by protein aggregation, such as prion disease (eg. 
BSE or CJD), AlZheimer’s disease, Parkinson’s disease or 
LeWy body disease, Huntington’s disease, amyotrophic lat 
eral sclerosis, cancer or diabetes. Optionally, prior to con 
tacting the blocking agent With the candidate polypeptide, 
the candidate polypeptide is in a sample that is pretreated by 
one or more of the folloWing methods: adsorption, precipi 
tation, or centrifugation. Optionally, prior to contacting the 
blocking agent With the candidate polypeptide, the target 
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epitope is mapped (ie., the epitope is identi?ed, for example, 
as described beloW under the “Target Epitopes” section). 
Optionally, the polypeptide is in a postmortem or antemor 
tem sample selected from the group of: CSF, serum, blood, 
urine, biopsy sample or brain tissue. Another aspect of the 
invention relates to a kit for detecting Whether a candidate 
polypeptide including a target epitope is in i) a Wildtype 
conformation or ii) a non-Wildtype conformation, compris 
ing a detecting agent that recogniZes the target epitope and 
instructions for at least one of i) mapping a target epitope, ii) 
contacting a candidate polypeptide With a blocking agent, 
and iii) contacting a candidate polypeptide With a detecting 
agent. The kit is useful to implement method of the invention 
described herein. The detecting agent optionally comprises 
an aptamer or an antibody. The antibody optionally com 
prises 6H4, 3E4, 6El0 or 4G8, optionally immobilized to a 
solid support. The kit optionally further comprises buffers 
and reagents, for example, for ELISA, such as sandWhich 
ELISA, ?uorescent ELISA. The kit optionally further com 
prises a blocking agent. The kit optionally further comprises 
a denaturing agent selected from at least one of the group of 
detergents and chaotropic agents. The kit optionally further 
comprises a polypeptide standard. The kit optionally com 
prises a recombinant disease protein or a recombinant pro 
tein that mimics a disease protein. In another embodiment, 
the invention relates to method of detecting Whether a 
candidate polypeptide that has been contacted With a block 
ing agent is i) a Wildtype conformation or ii) a non-Wildtype 
conformation, Wherein the candidate polypeptide comprises 
at least one target epitope and, folloWing contact With the 
blocking agent and removal of the blocking agent, the 
candidate polypeptide has been modi?ed to convert any 
inaccessible target epitope to accessible target epitope, the 
method comprising: contacting the polypeptide With a detec 
tion agent that binds selectively to the target epitope that Was 
converted from inaccessible target epitope to accessible 
target epitope, Wherein binding betWeen detection agent and 
converted target epitope indicates that the candidate 
polypeptide Was in a non-Wildtype conformation (for 
example, an aggregated conformation) and Wherein lack of 
binding betWeen the detection agent and the target epitope 
indicates that the polypeptide Was in a Wild type conforma 
tion. Diseases, blocking agents, target epitopes, detecting 
agents and other aspects described herein are also useful in 
this method. The diseases, blocking agents, target epitopes, 
detecting agents and other aspects described herein are also 
readily adapted for the methods described in preceding 
paragraphs, such as methods for testing a sample from an 
animal (such as a human, livestock etc.) to determine if the 
animal has a disease or screening a sample. 

[0087] The reverse situation to the methods described in 
some of the aforementioned paragraphs is also usefully 
detected, for example, Where the Wildtype conformation 
includes an inaccessible epitope and the non-Wild type 
conformation has an accessible epitope. This situation is also 
readily adapted to methods described herein, such as diag 
nosing disease or screening samples. 

[0088] Other features and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description. It should be understood, hoWever, that the 
detailed description and the speci?c examples While indi 
cating preferred embodiments of the invention are given by 
Way of illustration only, since various changes and modi? 
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cations within the spirit and scope of the invention will 
become apparent to those skilled in the art from this detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0089] Embodiments of the invention are described in 
relation to the drawings in which: 

FIG. 1. Brain PrP Aggregated In vitro by Acid Treatment is 
Protected From Modi?cation by Peroxynitrite 

[0090] Mock or acid treated human brain homogenate was 
treated with increasing concentrations of peroxynitrite 
(ONOO) and then subjected to immunoblotting with 3E4 
(panel A) or 6H4 (panel B). Effect of peroxynitrite on the 
3E4 (C) and 6H4 (D) epitope in mock (III) and acid treated 
(O) brain homogenate. Immunoblot ?lms were scanned and 
band intensities determined by Unscanit software. The 
results are the combined relative intensities of 3 separate 
experiments. 

FIG. 2. PrP in Scrapie Infected Hamster Brain is Protected 
from Modi?cation by Peroxynitrite 

[0091] (A) Effect of peroxynitrite treatment on the 6H4 
epitope in scrapie infected hamster brain. (B) The blot in (A) 
was scanned and relative band intensities determined using 
Unscanit software. (O) Scrapie infected hamster brain. (III) 
Normal hamster brain. 

FIG. 3 Protection from Peroxynitrite Induced Modi?cation 
is Due to Aggregation in Acid Treated Brain 

[0092] (A) Effect of peroxynitrite on the immunoprecipi 
tation (IP) of PrP in mock and acid treated brain homoge 
nate. Brain homogenate was treated with 10 mM peroxyni 
trite followed by incubation for 2 h at RT with (+) or without 
(—) 2.5 M guanidine hydrochloride (Gu). The resulting 
samples were immunoprecipitated with 6H4 or 3E4. More 
PrP is precipitated in the acid treated sample following 
treatment with peroxynitrite+Gu whereas in the mock 
sample, Gu has no effect. This suggests that Gu is able to 
break up aggregated PrP in the acid sample that is protected 
from destruction by peroxynitrite. (B) Effect of peroxynitrite 
on PrP in mock and acid treated brain homogenate as 
measured by ELISA. Brain homogenate was treated with 
increasing concentrations of peroxynitrite followed by 2.5 
M Gu. Following a lO-fold dilution, the samples were 
analyzed by sandwich ELISA with 6H4 as the capture Ab 
and 3E4 as the detection Ab. Similar to the immunoblot and 
IP data, the results show that misfolded PrP is protected from 
destruction by peroxynitrite treatment, due to aggregation. 

FIG. 4 Detection of Aggregated Amyloid Beta (Abeta) 
Using EPA 

[0093] The 6El0 epitope in the Abeta region ofAPP is less 
accessible to peroxynitrite modi?cation in Alzheimer’s dis 
ease brain compared to normal brain (panel A), and in brain 
homogenates that have been treated at low pH to induce 
protein aggregation (panel B). Abeta l-42 peptide aggre 
gated in vitro shows prominent epitope protection of the 
6El0 epitope to peroxynitrite modi?cation, in comparison 
with soluble non-aggregated Abeta l-42 (panel C). Normal 
and aggregated Abeta l-42 treated with increasing concen 
trations of peroxynitrite and them immunoblotted with 6El0 
antibody also shows prominent epitope protection (panel D). 
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FIG. 5 Detection of Epitopes Modi?able by DEPC in SODl 

[0094] (A) Western blot showing soluble SODl treated 
with increasing concentrations of DEPC and immunoblotted 
with sheep anti-SODl. (B) Graphical representation of 
decreasing antibody binding to SODl with increasing 
DEPC-concentration. 

FIG. 6 Detection of Aggregated Alpha-Synuclein Using EPA 

[0095] (A) Western blot showing effect of increasing con 
centrations of DEPC on antibody binding to soluble and 
insoluble alpha-synuclein. (B) Graphical representation 
showing the extent of antibody binding to normal (—) and 
insoluble (at) alpha-synuclein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0096] The current invention provides a useful method for 
the detection of a disease related polypeptide counterpart of 
a normal cellular polypeptide which forms aggregates or 
otherwise leads to the obscuration of one or more epitopes 
that are not obscured in the normal or wild type polypeptide. 
The invention recognizes the importance of aggregation in 
the pathology of diseases such as prion disease. The inven 
tion also takes advantage of this aggregation effect and 
provides an assay that overcomes problems with prior art 
detection assays. In one embodiment, the method of the 
invention is applied to the detection of PrPSC in plasma, 
serum, urine or other biological sample. The methods of the 
invention are further useful for detecting any polypeptide 
that exists in two or more conformations, where one or more 
target epitopes are inaccessible in at least one conformation. 
In one embodiment the invention includes a method of 
detecting whether a candidate polypeptide including a target 
epitope is in a wild type or non-wild type conformation. 

[0097] “Epitope” refers to a portion of a sequence of 
contiguous or non-contiguous amino acids (antigen) which 
is recognized by and bound by a detection agent such as an 
antibody. Preferably, the epitope is a linear epitope on a 
polypeptide which typically includes 3 to 10 or 6 to 10 or 
more contiguous amino acids that are recognized and bound 
by a detection agent. A conformational epitope includes 
non-contiguous amino acids. Sometimes conformational 
epitopes can re-establish themselves after denaturation by 
partial refolding on, e.g, an immunoblot membrane. The 
detection agent such as an antibody recognizes the 3-dimen 
sional structure. When a protein molecule is folded into a 
three dimensional structure the amino acids forming the 
epitope are positioned in a manner that permits the detection 
agent to recognize and bind to the amino acids. In an 
unfolded (denatured) protein only the linear epitope is 
recognized and bound by the detection agent. Since the 
protein is unfolded prior to contact with the detection agent, 
the inaccessible epitope will typically be a linear epitope. 

[0098] “Blocking agent” refers to an agent that reduces 
epitope reactivity, for example by binding to the epitope or 
by modifying and destroying epitope reactivity, for example 
on an amino acid side group within a linear epitope, so that 
the epitope is prevented from binding to detection agent 
(usually but not always an antibody). An example of a 
blocking agent is peroxynitrite. Other examples would 
include methylene, hydrogen peroxide, diethyl pyrocarbon 
ate, 4-hydroxynonenal (4HNE) epoxides such as conduritol 



US 2007/0003977 A1 

B-epoxide and l,2-epoxy-3-(p-nitrophenoxy)propane and 
diaZirine. Chemical modifying agents that saturate acces 
sible amino acids critical for epitope recognition in native 
conditions are most useful in the applications of epitope 
protection technology. Additionally the blocking agent may 
phosphorylate, glycosylate or otherWise modify a target 
epitope. The blocking agent may also include peptides, 
antibodies or antibody fragments that bind to the epitope. 
The blocking agent should e?iciently modify accessible 
amino acids (eg modify at least: 50%, 75%, 90%, 95% or 
99% of accessible amino acids). 

[0099] “Accessible epitope” is target epitope that is avail 
able to react With blocking agent in methods of the inven 
tion. For example, epitope that is available to react With 
blocking agent is accessible epitope. After reacting With 
blocking agent, the accessible epitope is prevented from 
binding to detection agent (after this reacting step, the 
reacted epitope may be referred to as the blocked epitope). 

[0100] “Antibody” is intended to include Whole antibodies 
and fragments thereof Which also speci?cally react With one 
or more protein epitopes, such as disease protein epitopes. 
Antibodies can be fragmented using conventional tech 
niques and the fragments screened for utility in the same 
manner as described beloW. For example, F(ab')2 fragments 
can be generated by treating antibody With pepsin. The 
resulting F(ab')2 fragment can be treated to reduce disul?de 
bridges to produce Fab' fragments. 

[0101] “Aptamer” means a macromolecule such as a pep 
tide, RNA or DNA molecule that is able to speci?cally 
interact With a protein or peptide target. 

[0102] “lnaccessible epitope” means that target epitope 
modi?cation by the chemical blocking agent is prevented or 
signi?cantly reduced (e.g. reduced by at least: 50%, 75%, 
90%, or 95%), for example, by differential misfolding 
relative to the Wild type polypeptide, by aggregation of 
misfolded polypeptide or by post-translational modi?cations 
of the polypeptide. In some cases, inaccessible epitope is 
converted to accessible epitope by removing the hindrance 
(e.g. misfolding or aggregation) that prevents or signi? 
cantly reduces target epitope modi?cation by the blocking 
agent. The inaccessible epitope that is converted to acces 
sible epitope may also be called “revealed epitope”. 

[0103] “Detection agent” refers to an agent that binds to 
epitope and Which may be detected, such as antibody 
speci?c for prion polypeptide epitopes that can be used to 
probe the sample containing the polypeptide. The detection 
agent is used after the polypeptide is unfolded such that the 
detection preferentially binds the unblocked, unmodi?ed 
epitopes. 

[0104] “Disease protein or disease polypeptide” refers to a 
polypeptide associated With a disease or disorder state Where 
the modular or higher order conformation of the polypeptide 
differs from the Wild type or non-disease conformation and 
includes mutants, variants and polymorphic versions 
thereof. A disease protein or disease polypeptide can also be 
referred to as non-Wild type conformation protein or 
polypeptide. The modular conformation refers to conforma 
tional changes in the three dimensional structure of a single 
protein molecule. The higher order conformation refers to 
conformational changes in the three dimensional structure of 
many protein molecules aggregated together. The aggrega 
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tion can consist of one or more different proteins and can be 
associated With non-protein molecules. The Wildtype and 
non-Wildtype candidate polypeptides including disease pro 
teins or polypeptides also include recombinant proteins, 
such as cellularly expressed (i.e. bacteria, using baculovirus 
sytems etc.) and in vitro translated polypeptides 

[0105] “Wildtype folded conformation” refers to the Wild 
type, folded conformation of protein in a non-disease or 
non-disorder state. 

[0106] “Misfolded conformation” refers to the folded con 
formation of polypeptide in a disease or disorder state Where 
the conformation differs from the Wild type conformation. 
The difference in conformation is as a result of differential 
folding. The differential folding may cause protein aggre 
gation. 
[0107] “Wildtype conformation” refers to the conforma 
tion of polypeptide in its usual or normal state or in a 
reference or desired state and can include polypeptide in a 
non-disease or disorder state. 

[0108] “Non-Wildtype conformation” refers to a confor 
mation of polypeptide that differs from the conformation of 
the Wild type polypeptide and can include a conformation of 
polypeptide in a disease or disorder, Where the conformation 
differs from the Wild type conformation. The difference in 
conformation may be as a result of differential folding, 
polypeptide aggregation or differential post-translational 
modi?cation compared to the Wild type polypeptide. In the 
case of polypeptide aggregation, the aggregation may pre 
vent accessibility of the epitope rather than the changed 
conformation. 

[0109] Neurodegenerative diseases, such as AlZheimer’s 
disease (AD), amyotrophic lateral sclerosis (ALS) and Par 
kinson’s disease/LeWy body dementia (PD, LBD) pose 
major challenges to the aging population and health care 
system. No speci?c biochemical test exists for neurodegen 
erative diseases as a group (1,2). Sporadic AD, ALS, and 
PD/LBD are all associated With neural accumulation of 
pathological multimers of misfolded polypeptides (such as 
?brils, proto?laments; and amorphous aggregates), includ 
ing the Abeta fragment of the amyloid precursor protein 
(APP) in AD; superoxide dismutase-l (SODl) in ALS, and 
alpha-synuclein in PD and LED (1). As With prion diseases, 
mutations in genes encoding these aggregation-prone 
polypeptides are associated With autosomal dominant famil 
ial forms of AD, ALS, and PD. The detection of disease 
associated misfolded polypeptide aggregates enables spe 
ci?c and sensitive antemortem diagnostic tests for 
neurodegenerative diseases. 

[0110] To this end the inventors have invented the 
“epitope protection assay” (EPA), an innovative technology 
for detection of aggregated polypeptides in tissues and 
accessible biological ?uids, such as blood and CSF, Which 
serve as “sinks” for the aggregates released from dying 
neurons. The method optionally consists of: 

[0111] 
agent; 

reacting a sample With a chemical modifying 

[0112] disaggregating and denaturing the treated 
polypeptides; 

[0113] probing the sample With detection agents such as 
antibodies against speci?c epitopes blocked by the 
chemical modi?er; and 
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[0114] detection of agent-bound polypeptides (e.g., by 
ELISA). 

[0115] Normal soluble polypeptides in the sample are 
rendered “invisible” in the assay, because accessible 
epitopes are not detected by a detecting agent (eg. blocked 
to antibody recognition), Whereas a proportion of polypep 
tides in aggregates are “protected” from chemical modi? 
cation by virtue of their interior sequestration, and are still 
available to be detected by a detecting agent (eg. bind 
antibody) after disaggregation. 

[0116] The methods of the invention are useful to diagnose 
diseases characterized by polypeptide misfolding and/or 
aggregation such as in the diseases mentioned above or for 
diseases or disorders characterized by polypeptides With 
otherWise differentially accessible target epitopes in disease 
and Wildtype protein conformations. 

[0117] The present inventors have also found that treat 
ment of recombinant mouse prion polypeptide (rmPrP) at 
loW pH in the presence of loW concentrations of denaturants 
causes the polypeptide to acquire increased beta-sheet con 
tent, reminiscent of the misfolded disease-associated prion 
polypeptide isoforrn, PrPSc. This conversion of rmPrP is 
associated With increased solvent accessibility of tyrosine 
side chains4. The inventors have found that treatment of 
normal brain homogenate With acid and denaturants causes 
PrP to become detergent insoluble (29). In order to probe the 
surface accessibility of tyrosines and other residues in 
normal and misfolded PrPC, normal and acid-misfolded 
human brain tissue Was treated With the chemical nitrating 
compound peroxynitrite. Peroxynitrite treatment of brain 
tissue caused a reduction in the binding of the anti-PrP 
antibodies 3P4 and 6H4 as measured by immunoblotting, 
immunoprecipitation and ELISA. Peroxynitrite-induced 
epitope blocking Was more pronounced on normal brain PrP 
than on misfolded PrP, shoWing a protective effect of aggre 
gation. Similar ?ndings Were observed in normal and 
scrapie-infected hamster brain, in Which 3P4 and 6H4 
epitopes of scrapie brain PrP Were partially protected from 
peroxynitrite-induced modi?cation. Immunoprecipitation of 
peroxynitrite-treated brain With anti-nitrotyro sine antibodies 
suggests that either PrP is nitrated on tyrosine residues or 
another polypeptide in proximity to PrP is nitrated and 
coimmunoprecipitates PrP. 

[0118] Accordingly, the invention includes a method of 
determining polypeptide aggregation, including but not lim 
ited to PrPS°, comprising: 

[0119] reacting a sample With a chemical modifying 
agent Where such agent could be, but is not limited to, 
peroxynitrite 

[0120] disaggregating and/ or denaturing the chemically 
modi?ed sample With heat, detergent, or chaotropic 
agents; and 

0121 robin With antibodies s eci?c for rion P g P P 
polypeptide epitopes. 

[0122] The inventors have further shoWn that the methods 
of the invention are useful for detecting Alzheimer disease 
proteins. 
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[0123] In one embodiment, the Alzheimer’s disease detec 
tion method comprises: 

[0124] reacting a sample of polypeptide (the sample 
typically contains all or part of a disease protein or 
polypeptide such as amyloid precursor polypeptide or 
amyloid beta or tau and/ or the corresponding Wild type 
polypeptide, and in many cases an abundance of one or 
the other) With a chemical modifying agent, typically a 
blocking agent such as peroxynitrite, Which modi?es 
exposed epitopes so that they cannot bind to a detection 
agent; 

[0125] disaggregating and/or denaturing the polypep 
tide in the sample; and 

[0126] probing With detection agents, such as an anti 
body against a target epitope to determine Whether the 
polypeptide prior to disaggregation and/or denaturing, 
included inaccessible target epitopes. 

[0127] Abeta containing vascular or plaque ?laments are 
also associated With conditions such as trisomy 21 (DoWn’s 
syndrome), hereditary cerebral hemorrhage With amyloido 
sis (HCHWA)-Dutch type, and normal brain aging (Mori, H 
et al. JBC (1992) 267: 17082-86). Accordingly, in one 
embodiment detection of Abeta disease protein is prognostic 
for diseases HCHWA-Dutch type or normal brain aging. 

[0128] In addition, the methods of the invention can be 
combined With other diagnostic methods such as magnetic 
resonance imaging (MRI) or computed tomography (CT) 
scans to con?rm diagnosis. 

[0129] The methods of the invention are useful to detect 
protein or polypeptide including target that exists in tWo or 
more conformations, Where one or more target epitopes are 
concealed in at least one conformation. 

[0130] Accordingly, the invention relates to a detection 
method comprising: 

[0131] reacting polypeptide With a chemical modifying 
agent, typically a blocking agent, Which is de?ned to 
modify exposed epitopes so that they cannot bind to 
detection agents; 

[0132] disaggregating and/or denaturing the polypep 
tide in the sample; and 

[0133] probing With detection agents, such as antibodies 
against target epitope to determine Whether the polypeptide 
prior to disaggregation and/or denaturing, included target 
epitopes inaccessible to the chemical modifying agent. 

[0134] The result indicates Whether the polypeptide 
includes inaccessible epitopes, Which is indicative of the 
type of polypeptide that is present (i.e. Wild type or non-Wild 
type protein). 

[0135] The invention also includes a method of detecting 
Whether a candidate polypeptide including a target epitope 
that has been reacted With a blocking agent, is in a Wildtype 
conformation or a non-Wildtype conformation, comprising: 

[0136] modifying the candidate polypeptide to convert 
any inaccessible target epitope to accessible target 
epitope; and 

[0137] contacting the polypeptide With a detection 
agent that binds selectively to the target epitope that 
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was converted from inaccessible target epitope to 
accessible target epitope, Wherein binding betWeen 
detection agent and converted target epitope indicates 
that the candidate polypeptide Was in a non-Wildtype 
conformation and Wherein lack of binding betWeen the 
detection agent and the target epitope indicates that the 
polypeptide Was in a Wild type conformation. 

[0138] In another application, the invention also includes 
a method of detecting intrinsically modi?ed polypeptide, 
Wherein the modi?cation protects target epitope from react 
ing With the detecting agent, comprising: 

[0139] contacting the polypeptide With a blocking agent 
that selectively blocks accessible target epitope, 
Wherein in one of the non-Wildtype conformation or the 
Wildtype conformation, the target epitope is accessible 
and reacts With the blocking agent, and Wherein in the 
other conformation, the target epitope is inaccessible 
and does not react With the blocking agent; 

[0140] reacting the sample With an agent that removes 
the intrinsic modi?cation from the intrinsically modi 
?ed polypeptide target epitope; 

[0141] disaggregating and/or denaturing the polypep 
tide in the sample; and 

[0142] probing With a detection agent, such as antibodies 
against the target epitope, to determine Whether the candi 
date polypeptide is an intrinsically modi?ed polypeptide. 

Chemical Modifying Agents 

[0143] The chemical modifying agent of the invention 
comprises any chemical (including a biological agent) that 
modi?es target epitope residues such that the epitope is 
rendered invisible by the methods of the invention (ie. not 
detected by the detecting agent or detection is reduced). For 
example, peroxynitrite preferentially modi?es tyrosine, 
serine, methionine, histidine and tryptophan as Well as 
cysteine and other amino acids (25, 26). DEPC preferen 
tially modi?es histidines (37), and succinic anhydride pref 
erentially modi?es residues comprising amines. Epoxides, 
including conduritol-B-epoxide and 1,2-epoxy-3-(p-nitro 
phenoxy)propane) are a reactive group used Widely for 
“suicide inhibition” of carboxyl group side chains, such as 
the catalytic residues of aspartyl proteases (19, 20). Hydro 
gen peroxide and methylene are also useful. The chemicals 
may modify the target epitope by oxidiZing, nitrating, reduc 
ing, or otherWise modifying the epitope. In addition, the 
epitope may be modi?ed by a chemical modifying agent that 
is a phosphate group (by phosphorylation), or a gylcosyl 
group (by gylcosylation), and/or other chemical group that 
obscures the target epitope. 

[0144] Accordingly, in one embodiment the chemical 
modifying agent is chosen from the group peroxynitrite, 
DEPC, hydrogen peroxide, succinic anhydride, methylene 
and epoxides (conduritol-B-epoxide and l,2-epoxy-3-)p 
nitrophenoxy)propane and/ or related variants thereof. 

[0145] After reacting With candidate polypeptides, the 
chemical modifying agent is removed. It is readily apparent 
to a skilled person that the method steps of the invention 
recited here involving removing the blocking agent typically 
involve physically, chemically or otherWise removing the 
blocking agent aWay from the candidate polypeptide to 
prevent further reaction. Removal optionally involves alloW 
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ing a suf?cient time to pass so that the blocking agent is 
removed from the candidate polypeptide by being consumed 
or degraded (for example, such that the blocking agent 
becomes inert or oxidiZed). Removal optionally involves 
adding a compound to react With any excess blocking agent 
to inactivate it. Removal also optionally involves physical 
?ltering of the blocking agent by conventional ?ltration 
techniques or centrifugation to separate the candidate 
polypeptide and blocking agent, or physical binding to a 
substrate useful for removing the blocking agent, such as by 
binding of blocking agent or candidate polypeptide to an 
immobiliZed substrate in a column. 

[0146] Removing means preventing further reactions by 
the blocking agent by, for example, physically or chemically 
inactivating the blocking agent, taking the blocking agent 
out of contact With the sample including the candidate 
polypeptide or alloWing a sufficient amount of time to pass 
for the blocking agent to be consumed or degraded. 

[0147] Chemical modi?cation of a target epitope leads to 
obscuration of an epitope to antibody recognition. In one 
embodiment treatment With a blocking agent such as per 
oxynitrite leads to destruction of epitopes on monomeric 
proteins but not epitopes on aggregated proteins such as 
non-Wild type polypeptides or disease proteins. 

Pretreatment 

[0148] The methods of the invention also contemplate 
pretreatment of the sample to enhance EPA detection. For 
example if decreased detection of aggregated proteins such 
as prions in blood or urine is observed, pre-clearing strate 
gies are readily employed to enhance detection With deter 
gents, precipitating agents, and adsorbents such as those 
typically used in commercial ELISA assays Which are 
knoWn to one skilled in the art. Polypeptide samples may 
also be pretreated With agents such as detergents or quani 
dine or heat. Finally samples may be concentrated or pre 
cleared by methods such as centrifugation. Accordingly, in 
one embodiment the samples are pretreated before employ 
ing a method of the invention. 

Detecting Misfolded or Aggregated Proteins and Polypep 
tides 

[0149] The inventors have found a method that detects 
polypeptides that have target epitopes that are accessible to 
detection in one conformation and inaccessible in another by 
modi?cation of inaccessible epitopes by a modifying agent. 
The inventors have identi?ed several epitopes that are useful 
as target epitopes in the methods of the invention. Other 
target epitopes are identi?ed as described beloW. 

Target Epitopes 

[0150] Target epitopes are identi?ed for polypeptides that 
exist in tWo or more conformations Wherein epitopes that 
can be detected by detecting agents such as antibodies, 
aptamers or peptides, are accessible in one conformation and 
inaccessible in the other conformation. Where an epitope is 
found to be blocked from detection by a blocking agent in 
one conformation of the polypeptide, the epitope is a target 
epitope. To identify target epitopes, a detection agent such as 
an antibody is chosen. If the detection agent is an antibody 
it is preferably a monoclonal antibody although polyclonal 
antibodies are also usable. The epitope, Which can be a linear 
or non-linear epitope, and Which is speci?cally recogniZed 
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by the antibody, is optionally a known epitope. A candidate 
chemical modifying agent such as peroxynitrate is chosen. If 
the epitope recognized by the detection agent is knoWn, the 
candidate chemical modifying agent is preferably chosen 
based on its ability to modify amino acid residues in the 
target epitope. For example peroxynitrite preferentially 
modi?es tyrosine and histidine residues With some modi? 
cation of cysteine and other amino acids. Peroxynitrite is 
optionally chosen as chemical modifying agent if tyrosines 
and/ or histidines are present in the target epitope. Aliquots of 
a sample comprising Wild type polypeptide and aliquots of 
a sample comprising non-Wildtype polypeptide are reacted 
With increasing concentrations of the chosen chemical modi 
fying agent. Each sample comprises one or more of recom 
binant polypeptide, cell extracts or tissue samples knoWn to 
express the polypeptide in either the Wild type or non-Wild 
type conformation. Preferably samples of polypeptide have 
similar concentrations of polypeptide. The non-Wildtype 
conformation polypeptide sample is alternatively obtained 
by treating a polypeptide in Wild type conformation With an 
agent, such as acid, that induces conversion to a non 
Wildtype conformation. 

[0151] Each sample of polypeptide is denatured and/or 
disaggregated to convert any inaccessible putative target 
epitope to accessible target epitope. Each sample of 
polypeptide is then contacted With the chosen detection 
agent. Detection is performed using techniques knoWn in the 
art such as ELISA, and Western blotting. The amount of 
signal generated by the detection agent for sample compris 
ing polypeptide in a Wildtype conformation treated With 
protection agent and for sample comprising polypeptide in a 
non-Wildtype conformation treated With protection agent are 
compared. A difference in detection at one or more concen 
trations of chemical modifying agent indicates that the 
epitope is protected in one conformation and further indi 
cates that the epitope is a target epitope. A difference over a 
range of chemical modifying agent concentrations indicates 
that the target epitope is useful for EPA. The process is 
repeated With different blocking agents and/or detecting 
agents and target epitopes are identi?ed. One typically 
standardiZes and titrates the blocking agent and to performs 
experiments using a “universal” chemical modi?er such as 
methylene24’25, Which optionally yields more uniform and 
complete protection of the target epitope. 

[0152] Accordingly in one example, a method of identi 
fying a target epitope in a polypeptide that has tWo or more 
conformations Wherein the target epitope is accessible to 
detection in one conformation and inaccessible in another 
conformation comprises: 

[0153] reacting a sample comprising polypeptide in a 
Wild type conformation and a sample comprising 
polypeptide in a non-Wild type conformation typically 
With one or more concentrations of a chemical modi 
fying agent; 

[0154] denaturing and/or disaggregating each sample to 
convert any inaccessible target epitope to accessible 
target epitope; 

[0155] contacting the samples With a detection agent; 
and 

[0156] comparing the signal generated by the detection 
agent for samples comprising polypeptide in a Wildtype 
conformation treated With chemical modifying agent 
and for samples comprising polypeptide in a non 
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Wildtype conformation treated With chemical modify 
ing agent Wherein a difference in detection betWeen 
sample comprising Wildtype polypeptide and sample 
comprising non-Wild type sample indicates that the 
epitope is protected in one conformation and further 
indicates that the epitope is a target epitope. 

[0157] Conditions for EPA 

[0158] Titration experiments With peroxynitrite, hydrogen 
peroxide and methylene (based on UV light photolysis of the 
precursor diaZirine) or other modifying agents, are useful to 
improve conditions for epitope protection. 

[0159] Samples knoWn to contain polypeptides in tWo or 
more conformations, including disease proteins, are option 
ally reacted using immunoblotting and ELISA. In each case, 
samples are prepared and optionally mixed With increasing 
concentrations of the modifying agent and processed, for 
example, by immunoblotting, ELISA and/or time resolved 
?uorescence. This de?nes the type and concentration of 
chemical agent alloWing the maximal distinction betWeen 
monomeric and aggregated proteins including disease pro 
teins. Additional informative experiments can involve using 
recombinant disease (non-Wild type) protein (such as acid 
treated prion proteins or mutant p53 proteins and other 
protein listed in this application) and normal (Wild type) 
protein in place of samples containing disease proteins. 

[0160] In some cases, disease proteins may have different 
properties for chemical modi?cation than do recombinant 
disease proteins, and disease proteins in one sample type 
(such as brain tissue) may display different chemical modi 
?cation properties than disease proteins circulating in blood, 
or detectable in urine. One of skill in the art shall readily 
identify the optimal conditions for endogenous prions using 
knoWn techniques. 

[0161] The EPA achieves superior commercial utility by 
detecting disease proteins in biological tissues and ?uids for 
Which no present technology exists. Some disease proteins 
are in very loW abundance. For example prions are in very 
loW abundance (10-100 prions/mL by bioassay), and pro 
tease-resistant PrP in urine is only intermittently/sporadi 
cally detectable by precipitation of large ?uid volumes. 
Also, any prospective blood test must contend With high 
concentrations of Wildtype protein (i.e. for PrPC (typically 
l06-fold more than PrPS°)) and “blocking” by heterologous 
plasma proteins. Using the optimiZed chemical modi?cation 
regimen and the DELFIA-TRF system, the sensitivity 
thresholds for EPA in blood and urine are optionally deter 
mined using: 

[0162] 1. Animal and human plasma and urine “spiked” 
With a titration of disease protein; 

[0163] 2. Plasma and urine from model disease animals 
expressing a disease protein. 

[0164] Biological ?uids clinically accessible by non-inva 
sive routes provide a substrate for a practical antemortem 
test for diagnosis and screening of diseases involving aggre 
gated disease proteins in humans and animals. The methods 
of this invention are also useful in post-mortem testing. One 
of skill in the art readily determines Whether EPA With 
“disease protein spike” titration in normal blood and urine 
reveals similar DELFIA-TRF signals to the same disease 
protein titration in buffer, shoWing that the EPA is not 
affected by “blocking factors” in these biological ?uids. 
Preferential “blocking” of disease protein by heterologous 
proteins may actually enhance epitope protection to chemi 
































