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ABSTRACT

The present invention provides a method for the differential diagnosis of an individual
suffering from Alzheimer's disease versus an individual suffering from another neurological
disease. More specifically, the present invention provides a method for the differential
diagnosis of an individual suffering from Alzheimer's disease versus an individual suffering
from dementia with Lewy bodies, versus an individual suffering from Parkinson’s disease
without dementia, versus an individual suffering from multi-system atrophy and/or versus an
individual suffering from progressive supranuclear palsy, said method characterized that

phospho-tau is used as a neurological marker.
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DIFFERENTIAL DIAGNOSIS OF NEUROLOGICAL DISEASES

FIELD OF THE INVENTION

The present invention relates to the field of the diagnosis of neurological diseases. The
present invention provides a new method for the differential diagnosis of Alzhemmer’s
disease versus other meurological diseases. Particularly, the present nvention
provides a method for the differential diagnosis of Alzheimer's disease versus dementia
with Lewy bodies, versus Parkinson’s disease without dementia, versus multl-system

atrophy and/or versus progressive supranuclear palsy.

BACKGROUND OF THE INVENTION

The use of tau and phospho-tau as neurological markers in the diagnosis of neurological

f‘

diseases has been postulated (Blennow et al., 1995; Vigo-Pelfrey et al., 1995; Andreasen

et al., 1998; Andreasen et al., 1999a; Ishiguro et al., 1999). The microtubule-associated

°
7/

protein tau is a major protein component of paired helical filaments (PHF) and

neurofibrillar tangles (NFT), associated with Alzheimer’s disease (Brion et al., 1985;

Delacourte and Defossez, 1986; Grundke-Igbal et al., 1986; Kosik et al., 1936; Wood et

al., 1986; Kondo et al., 1988). Tau protein exists in different isoforms, of which 4 to 6 are

found in adult brain but only 1 isoform is detected in fetal brain. The diversity of the

isoforms 1s generated from a single gene on human chromosome 17 by alternative mRINA

splicing (Himmier, 1989; Goedert et al., 1989; Andreadis et al., 1992). The most striking

feature of tau protein, as deduced from molecular clonming, 1s a stretch of 31 or 32 amino

acids, occurring 1 the carboxy-terminal part of the molecule, which can be repeated

either 3 or 4 times. Additional diversity 1s generated through 29 or 58 anmuno acid-long

imsertions mn the NHy-ternunal part of tau molecules (Goedert et al., 1989). In vivo tau
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interactions mvolving its microtubule binding domain which 1s localized 1n the repeat
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region of tau (255-381) (Lewis et al., 1988). In normal circumstances adult brain contains
2-3 mole phosphate per mole of tau (Selden and Pollard, 1983: Ksiezak-Reding et al.,
1992). Phosphorylation of different sites in normal tau as studied in rat and humans is
dependent on the developmental state (Lee et al., 1991; Bramblett et al., 1993: Goedert et
al., 1993). Tau variants of 60, 64 and 68 kDa arising as a consequence of phosphorylation
have been detected in brain areas showing neurofibrillary tangles (Delacourte et al., 1990;
Goedert et al., 1992; Flament et al., 1990, Greenberg and Davies, 1990). These brains
contain 6-8 mole phosphate per mole tau (Ksiezak-Reding et al., 1992). In tau isolated
from PHF (PHF-tau), phosphorylation occurs at several positions (Igbal et al., 1989; Lee
et al., 1991; Hasegawa et al., 1992; Hanger et al., 1998; Buee et al., 1999).

Alzheimer’s disease (AD) and frontotemporal dementia (FTD) are the most common
types of primary degenerative dementia associated with a tau pathology, having a
prevalence of respectively 42-75% and 8-10% (Brun, 1993; Gustafson, 1993; Ebly et al.,
1994). Filamentous tau pathology i.e. neurofibrillary tangles (NFT), are consistently
found m AD (Tomlinson and Corsellis, 1984) but may also be found in FTD (Spillantini
and Goedert, 1998). Pathological tau proteins are found both in AD and FTD (Vermersch
et al., 1995; Delacourte et al., 1996). Studies on brain tissue, however, have suggested
that the tau pathology differs between AD and FTD, possibly being related to the degree
of phosphorylation (Delacourte et al., 1996). Other forms of dementia associated with a
tau pathology include familial FTD, progressive supranuclear palsy (PSP), corticobasal
degeneration (CBD) and subacute sclerosing panencephalitis. The role of
hyperphosphorylation in the pathology of these tauopathies is at present not well

understood.

Dementia with Lewy bodies (DLB) is an illness that presents with progressive dementia
or psychosis. Parkinsonian signs, which may be absent or mild at the onset, eventually
become common and rigidity is usually severe. Lewy bodies are found profusely in the
brainstem, basal forebrain, hypothalamic nuclei and neocortex. Dementia with Lewy
bodies 1s characterized by the relative absence of tangles and hyperphosphorylated tau in
the brain. Parkinson’s disease (PD) 1s a type of Lewy Body disease occurring in the
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middle or late life, with very gradual progression and a prolonged course. It can be
considered as an example of neuronal system disease, involving mainly the nigrostriatal
dopaminergic system. Dementia with Lewy bodies was recently defined as a special form
of dementia requiring differential patient management (Lebert et al., 1998; McKeith et
al., 1999). Dementia with Lewy bodies, which is sensitive to neuroleptics, is clinically
very difficult to differentiate from Alzheimer’s disease (McKeith et al., 1996; Ballard et
al., 1998). Most patients (more than 75%) are neuropathologically defined as Alzheimer's
disease patients while 1t 1s estimated that 15 to 25 % of the clinically diagnosed
Alzheimer's disease patients have dementia with Lewy bodies (Hooten et al., 1998). As
dementia with Lewy bodies 1s more susceptible to acetylcholinesterase treatment,
differentiation of dementia with Lewy bodies from Alzheimer’s disease is essential for

optimization of treatment (Levy et al., 1994; Perry et al., 1994; Wilcock et al., 1994).

Cerebrospinal fluid (CSF) -B-amyloid and CSF-tau have been validated to discriminate
Alzheimer's disease from normal aging, depression and Parkinson's disease (Galasko et
al., 1998; Kanai et al., 1998; Hulstaert et al., 1999) and these markers are well suited for
the differential diagnosis of these disorders (Andreasen et al., 1999b). More controversial,
however, 1s their role 1n the discrimination of Alzheimer's disease from closely related
conditions such as dementia with Lewy bodies and from other dementia associated with
tau pathology such as frontotemporal dementia, multi-system atrophy (MSA) and/or

progressive supranuclear palsy. At present, no accurate methods exist for the differential

diagnosis of these neurological diseases.
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AIMS OF THE INVENTION

It 1s an aim of the present invention to provide a method for the differential diagnosis of
an individual suffering from Alzheimer's disease versus an individual suffering from
another neurological disease.

It 1s an aim of the present invention to provide a method for the differential diagnosis of
an individual suffering from Alzheimer's disease versus an individual suffering from
dementia with Lewy bodies.

It is an aim of the present invention to provide a method for the differential diagnosis of
an individual suffering from Alzheimer's disease versus an individual suffering from
Parkinson’s disease without dementia.

It 1s an aim of the present invention to provide a method for the differential diagnosis of
an mdividual suffering from Alzheimer's disease versus an individual suffering from
multi-system atrophy.

It 1s an aim of the present invention to provide a method for the differential diagnosis of
an individual suffering from Alzheimer's disease versus an individual suffering from
progressive supranuclear palsy.

It 1s an aim of the present mmvention to provide an in vitro method for the differential
diagnosis of an individual suffering from Alzheimei"s disease versus an individual
suffering from another neurological disease. |
It 1s an aim of the present mvention to provide an in vitro method for the differential
diagnosis of an individual suffering from Alzheimer's disease versus an individual
suffering from dementia with Lewy bodies.

It 1s an aim of the present mvention to provide an in vifro method for the differential

diagnosis of an individual suffering from Alzheimer's disease versus an individual

suffering from Parkinson’s disease without dementia.

It 1s an aim of the present imnvention to provide an in vitro method for the differential
diagnosis of an individual suffering from Alzheimer's disease versus an individual

suffering from multi-system atrophy.
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It is an aim of the present invention to provide an in vitro method for the differential
diagnosis of an individual suffering from Alzheimer's disease versus an individual
suffering from progressive supranuclear palsy.

It 1s an aim of the present invention to provide a diagnostic kit for the differential
diagnosis of an individual suffering from Alzheimer's disease versus an individual
suffering from another neurological disease.

It is an aim of the present invention to provide a diagnostic kit for the differential
diagnosis of an individual suffering from Alzheimer's disease versus an individual
suffering from dementia with Lewy bodies.

It is an aim of the present invention to provide a diagnostic kit for the differential
diagnosis of an individual suffering from Alzheimer's disease versus an individual
suffering from Parkinson’s disease without dementia.

It 1s an aim of the present invention to provide a diagnostic kit for the differential
diagnosis of an individual suffering from Alzheimer's disease versus an individual
suffering from mulfi-system atrophy.

It is an aim of the present invention to provide a diagnostic kit for the differential
diagnosis of an individual suffering from Alzheimer's disease versus an individual
suffering from progressive supranuclear palsy.

It is an aim of the present invention to provide a method to screen or monitor the effect of
compounds which prevent dementia with Lewy bodies, Parkinson’s disease without
dementia, multi-system atrophy and/or progressive supranuclear palsy or which treat an
individual suffering from dementia with Lewy bodies, an individual suffering from
Parkinson’s disease without dementia, an individual suffering from multi-system atrophy

and/or an individual suffering from progressive supranuclear palsy.



(100°0>d) TV w0y Jua.0fy1p APUEdusiSy
(S0°0>d) s[onwod wo.y yua.IRyyIp AuedIsiSy
v (100°0>d) S[o.nuo0d Woij Jua._JIp Apuedrugiq,,

HONRISUSFAP [BSBQOONI00 = (T ‘Asjed reoponuerdns aarssaidord = g ‘Aydone W9ISAS-TINW = VSl

"9SBOSIP S UOSUDIR] = ([J ‘SOIPOq AMT U)IM BNUSLWSD = (] “BNUSWIP [RIOAUD)ONOY = ([ ]] OSBOSIP S JOWISYZ[Y = ([V

CA 02411584 2009-06-19

TABLES

(T°€1-1°6) LTI ('S1-8'6) 6°C1 (T1L-zewyzoL  (S1-ZD €T ¥ (SL-LS) OL (S/0) S adqD
$(S°L-19) 69 $(S¥-07) 8T (I'101-228) 996 (LT-1D 9T + (9L-%9) L9 (7/11) ST dsd
$(6°01-29) 9L $(c8-8°€) €6 (FE11-6'17) S'16  (ZT-02) 0T € (LL-T¥) 9 (S/11) 91 VSIAI
$(8°8-69) ¥'L $OL-TDTY (1°66-1"8S) €L €T I (6L-15) 0L (L/8) S1 ad
$(0°01-179) '8 $0°6-91) L°S Heol-€s)zeL  (PTv1) 61 LE (L8-19) TL (8/S¢) €F 14d
$FECTI-TVe $HIOI-TS)SL  $(5TET-0'L9) €06 (ST91)TT 19 (r6-0v) L9  (LZ/Th) 69 d.LAa
$(6°8-7'9) 8L SOV-120)0¢  $esrI-ssL) €66 (0€-67) 08 0T (¥8-99) 0L  (0Z/07) OF s[onpuo)
«(161-911) LY {O°L176) Tl #(096°1°LP) T69  (PTYDTC 8L (98-¢5)ze  (St/5¢€) 08 av
(6Ld-gzd)
23@@2 8
(gLd-¢zd) mepown (g d-gzd) nepowr (g d-gzd) wuipow (dduw.x) (/TN

‘nd ‘ne T,

‘Nd ‘ZFgVv

HSIATIAL

‘usipaur ‘4 Q3dy  u ‘spoalqng

dno.an

‘WA ‘(18 neId

'sdnors onsoudeIp JuaIoffIp Aq S)MSar JS0) pue erep onyderdowra(y 1 a[qe Y

LR J



CA 02411584 2002-12-03
WO 02/03073 PCT/EP01/07029

Table 2: Comparison of the discriminative power of CSF-tau and CSF-phopsho-tau using

ROC analysis.
Groups CSF-tau (AUC % SE) CSF-phospho-tau p-value
(AUC = SE)

...... 5 Vscoﬁt}ols(n“zéimOBMMO““862—_%_00380897J_r,0032“0191
AD vs FTD (n=69) 0.711 £ 0.045 0.754 + 0.044 0.049
AD vs DLB (n=43) 0.782 X 0.048 0.839 +£0.042 0.039
AD vs Parkinson related 0.873 % 0.035 0.864 = 0.037 0.319

conditions (n=46)

Receiver operating curve (ROC) analysis with area under the curve (AUC) and standard
error (SE) calculated according to Hanley and McNeil. |

AD = Alzheimer’s disease, FTD = frontotemporal dementia, DLB = dementia with Lewy

bodies, Parkinson-related conditions include Parkinson’s disease without dementia

(n=15), multiple system atrophy (n=16) and progressive supranuclear palsy (n=15).
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DETAILED DESCRIPTION OF THE INVENTION

The present mvention relates to a method for the differential diagnosis of an individual

sutfering from Alzheimer’s disease (AD) versus an individual suffering from another

Lh

neurological disease characterized in that phospho-tau is used as a neurological marker.
More specifically, the present invention relates to a method
comprising the steps of:
- determining the level of phospho-tau 1 said individual;
- 1nference that said individual 1s suffering from a neurological disease other
10 than Alzheimer’s disease by comparing the obtained level of phospho-tau

n saxd mdividual with the level of phospho-tau in individuals suffering

M

om Alzhemmer’s disease, whereby a decreased level of phospho-tau being

~

an 1ndication that said imdividual is suffering from a neurological disease

other than Alzheimer’s disease.

15 "Differential diagnosis of an mdividual suffering from a neurological disease versus an

mdividual surfering from another neurological disease’ as used in the present invention

refers to the discrimination between said first neurological disease and other neurological

diseases 1n this way that a certain neurological disease or a certain cause of neurological

disorder in an mdividual is associated with a certain neurodegenerative condition of said

20 1dividual. The method of the present invention allows the differential diagnosis of a

™~

mmdividual suffering from Alzheimer’s disease versus an individual suffering from a

neurological disease other than Alzheimer's disease. In a specific embodiment, the

present 1mvention allows the differential diagnosis of an individual suffering from

Alzheimmer’s disease (AD) versus an individual suffering from dementia with Lewy

)
LN

bodies (DLB). In another specific embodiment, the present invention allows the

differential diagnosis of an mdividual suffering from Alzheimer’s disease (AD) versus an

individual suffering from Parkinson’s disease (PD) without dementia. In another specific
embodiment, the present mvention allows the differential diagnosis of an individual
suffering from Alzheimer’s disease (AD) versus an individual suffering from multi-

50 system atrophy (MSA). In another specific embodiment, the present invention allows the

)

differential diagnosis of an ndividual suffering

‘om Alzhemmer’s disease (AD) versus an
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individual suffering from progressive supranuclear palsy (PSP). Alzheimer’s disease,
dementia with Lewy bodies, Parkinson’s disease without dementia, multi-system atrophy
and progressive supranuclear palsy as well as other neurological diseases have been
described 1n detail by Wilson et al. (1991) and McKeith et al. (1999).

The present mvention 1s based on the finding that the level of phospho-tau in CSF from

mdividuals suffering from dementia with Lewy bodies, from PD without dementia, from

MSA or from PSP i1s significantly decreased compared to the level of phospho-tau in CSF
from 1ndividuals suffering from Alzheimer's disease. The indication that the level of

phospho-tau differs between said neurclogical diseases, formis the basis for the

development of a diagnostic test for the differential diagnosis of said neurological

diseases 1 an individual. Accordingly, the present mvention relates to a method for the

differential diagnosis of an individual suffering from Alzheimer's disease versus an

A

individual suffering

om dementia with Lewy bodies, versus an individual suffering

r\

rom Parkinson’s disease without dementia, versus an individual suffering

—

om multi-

system atrophy and/or versus an individual suffering from progressive supranuclear
palsy, said method characterized in that phospho-tau is used as a neurological marker.
The method of the invention thus compnises the step of determining the level of phospho-

om AD, from DLB, from PD without

~

tau m said individual suspected of suffering

dementia, from MSA or from PSP and comparing it with a previously defined phospho-

tau level range characteristic for AD, DLB, PD without dementia, MSA or PSP. A level

of phospho-tau falling within the previously defined phospho-tau level range for

Alzheimer’s disease 1s an indication that said individual 1s suffering from AD. A level of

phospho-tau falling within the previously defined phospho-tau level range for DLB 1s an

indication that said individual 1s suffering from DLB. A level of phospho-tau falling

within the previously defined phospho-tau level range for PD without dementia 1s an

™~

om PD without dementia. A level of

indication that said mdividual 1s suffering

phospho-tau falling within the previously defined phospho-tau level range for MSA 1s an

indication that said individual 1s suffering from MSA. A level of phospho-tau falling

within the previously defined phospho-tau level range for PSP 1s an mdication that said

individual 1s suffering from PSP.
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Accordingly, the present invention relates to a method for the differential diagnosis of an
individual suffering from Alzheimer's disease versus an individual suffering from
dementia with Lewy bodies, versus an individual suffering from Parkinson’s disease
without dementia, versus an individual suffering from multi-system atrophy and/or versus
an individual suffering from progressive supranuclear palsy, comprising the steps of:

- determining the level of phospho-tau in said individual;

- inference that said individual is suffering from DLB, from PD without
dementia, from MSA and/or from PSP by comparing the obtained level of
phospho-tau in said individual with the level of phospho-tau in individuals
suffering from AD, whereby a decreased level of phospho-tau being an
indication that said individual i1s suffering from DLB, from PD without
dementia, from MSA and/or from PSP.

The level of phospho-tau can be detected in vitro as well as in vivo. The method for the in
vitro detection of the level of phospho-tau in an individual comprises the steps of
obtaining a sample from said individual, determining the level of phospho-tau in said
sample and comparing it with a previously defined phospho-tau level range for said
neurological disease.
The term ‘sample’ refers to any source of biological material, for instance body fluids, bran
extract, peripheral blood or any other sample comprising phospho-tau protemn. In a
preferred embodiment, the level of phospho-tau is determined in vifro by analysis of the
level of phospho-tau in a body fluid sample of the patient. The term ‘body fluid’ refers to
all fluids that are present in the human body including but not limited to blood, lymph,
urine and cerebrospinal fluid (CSF) comprising phospo-tau protein. The blood sample
may include a plasma sample or a serum sample.
In a preferred embodiment of the present invention the level of phospho-tau 1s determined
in a cerebrospinal fluid sample taken from the patient. In accordance, the present
invention relates to a method as described above, comprising the steps of:

- obtaining a cerebrospinal fluid sample from said individual,

- determining the level of phospho-tau in said cerebrospinal fluid sample;



10

15

20

25

30

CA 02411584 2002-12-03
WO 02/03073 PCT/EP01/07029

11

- Inference that said individual is suffering from a neurological disease other
than AD such as DLB, PD without dementia, MSA and/or PSP by
comparing the obtained level of phospho-tau in said cerebrospinal fluid
sample with the level of phospho-tau in a cerebrospinal fluid samﬁle from
individuals suffering from AD, whereby a decreased level of phospho-tau
being an indication that said individual is suffering from another
neurological disease such as DLB, PD without dementia, MSA and/or
PSP.

The level of phospho-tau as measured in the CSF of the individual suspected to suffer
from DLB, from PD without dementia, from MSA and/or from PSP is compared with the
level of phospho-tau in the CSF of an individual suffering from AD. A decreased level of
CSE-phospho-tau 1s interpreted as an indication of the individual suffering from DLB,
from PD without dementia, from MSA and/or from PSP.
Phospho-tau include all forms of tau that have a phosphorylation on any position of the
tau protem sequence, but more specifically it refers to phosphorylations on amino acid
positions that are not phosphorylated in human normal tau isolated from adult individuals
not suffering from any neurological disorder.
"A decreased level of phospho-tau’ means that the level of phospho-tau measured in the
patient 1s lower than the level of phospho-tau measured in patients suffering form AD.
Phospho-tau can be quantified by any method known in the art, including but not limited
to the use of antibodies. In a preferred embodiment, phospho-tau is quantified by an
immunoassay comprising at least the following steps:

- obtaining a sample from the patient;

- bringing said sample into contact with a monoclonal antibody specifically
recognizing phospho-tau, under conditions being suitable for producing an antigen-
antibody complex;

- detecting the immunological binding of said antibody to said sample.

In another embodiment, phospho-tau can be quantified by a sandwich ELISA comprising
the following steps:

- obtaining a sample from the patient;
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- bringing said sample into contact with an antibody (primary antibody or
capturing antibody) recognizing phospho-tau, under conditions being suitable
for producing an antigen-antibody complex;

- bringing said sample into contact with a monoclonal antibody (secondary
antibody or detector antibody) specifically recognizing phospho-tau, under
conditions being suitable for producing an antigen-antibody complex;

- bringing the antigen-antibody complex into contact with a marker either for
specific tagging or coupling with said secondary antibody, with said marker
being any possible marker known to the person skilled in the art;

- possibly also, for standardization purposes, bringing the antibodies in contact
with a purified phospho-tau protein or phospho-peptide reactive with both
antibodies.

Advantageously, the secondary antibody 1tself carries a marker or a group for direct or
indirect coupling with a marker.

The expression ‘recognizing’, ‘reacting with’, ‘‘mmunological binding’ or ‘producing an
antigen-antibody complex’ as used in the present invention is to be interpreted that
binding between the antigen and antibody occurs under all conditions that respect the

immunological properties of the antibody and the antigen.

The expression ‘specifically recognizing’ as used i the present invention 1s to be
interpreted that said antibody is capable of forming an immunological complex with
phospho-tau but not with human normal tau.

Any monoclonal antibody that specifically recognizes phospho-tau can be used in said
method for the quantification of phospho-tau. Monoclonal antibodies for use i the
quantification of phospho-tau include AT8 (WO 93/08302), AT180 and AT270 (WO
95/17429) and AT100 (WO 96/04309). Other antibodies known 1n the art that specifically
recognize phospho-tau can be used as well.

Also fragments derived from these monoclonal antibodies such as Fab, F(ab)',, ssFv (“single
chain variable fragment’) and other antibody-like constructs that retain the variable region of
the antibody, providing they have retained the original binding properties, can be used 1n a
method of the present invention. Such fragments are commonly generated by, for instance,

enzymatic digestion of the antibodies with papain, pepsin, or other proteases. It 1s well



10

15

20

25

30

CA 02411584 2002-12-03
WO 02/03073 PCT/EP01/07029

13

known to the person skilled in the art that monoclonal antibodies, or fragments thereof, can
be modified for various uses. Also mini-antibodies and multivalent antibodies such as
diabodies, triabodies, tetravalent antibodies and peptabodies can be used 1n a method of the
invention. The preparation and use of these fragments and multivalent antibodies has been
described extensively in International Patent Application WO 98/29442.

The monoclonal antibodies used in a method of the imvention may be humanized versions of
the mouse monoclonal antibodies made by means of recombmant DNA technology,
departing from the mouse and/or human genomic DNA sequences coding for H and L
chains or from ¢cDNA clones coding for H and L chains. Alternatively the monoclonal
antibodies used in a method of the invention may be human monoclonal antibodies. The
term ‘humanized antibody’ means that at least a portion of the framework regions of an
immunoglobulin is derived from human immunoglobulin sequences.

The antibodies used in a method of the present invention may be labeled by an appropnate
label of the enzymatic, fluorescent, or radioactive type.

The method for the in vivo detection of the level of phospho-tau 1in an individual
comprises the steps of determining the level of phospho-tau 1 said individual and
comparing it with a previously defined phospho-tau level range characteristic for AD,
DLB, PD without dementia, MSA or PSP. In an embodiment of the invention, phospho-
tau can be quantified by in vivo imaging. Phospho-tau can be quantified in situ by non-
invasive methods including but not limited to brain imaging methods described by Arbit
et al. (1995), Tamada et al. (1995), Wakabayashi et al. (1995), Huang et al. (1996),
Sandrock et al. (1996), Mariani et al. (1997). These in vivo imaging methods may allow
the 'localization and quantification of phospho-tau, for example, by use of labeled

antibodies specifically recognizing phospho-tau.

The present invention thus relates to the use of phospho-tau as a neurological marker for
the differential diagnosis of an individual suffering from AD versus an 1ndividual
suffering another neurological disease. The present invention specifically relates to the
use of phospho-tau as a neurological marker for the differential diagnosis of an individual

suffering from AD versus an individual suffering from DLB, versus an individual
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suffering from PD without dementia, versus an individual suffering from MSA and/or
versus an individual suffering from PSP.

The present invention also relates to the use of phospho-tau as a neurological marker for
the manufacture of a diagnostic kit for the differential diagnosis of an individual suffering
from Alzheimer’s disease versus an individual suffering from another neurological
disease. The present invention specifically relates to the use of phospho-tau as a
neurological marker for the manufacture of a diagnostic kit for the différential diagnosis
of an individual suffering from Alzheimer's disease versus an individual suffering from
DLB, versus an individual suffering from PD without dementia, versus an individual
suffering from MSA and/or versus an individual suffering from PSP.

The present invention also relates to the use of an antibody that specifically recognizes
phospho-tau for the manufacture of a diagnostic kit for the differential diagnosis of an
individual suffering from Alzheimer’s disease versus an individual suffering from
another neurological disease. The present invention specifically relates to the use of an
antibody that specifically recognizes phospho-tau for the manufacture of a diagnostic kit
for the differential diagnosis of an individual suffering from Alzheimer's disease versus
an individual suffering from DLB, versus an individual suffering from PD without
dementia, versus an individual suffering from MSA and/or versus an individual suffering
from PSP.

In accordance, the present invention also relates to a diagnostic kit for use in the
differential diagnosis of an individual suffering from Alzheimer’s disease versus an
individual suffering from another neurological disease, comprising an antibody that
specifically recognizes phopho-tau. The present invention specifically relates to a
diagnostic kit for use in the differential diagnosis of an individual suffering from
Alzheimer’s disease versus an individual suffering from DLB, versus an individual
suffering from PD without dementia, versus an individual suffering from MSA and/or
versus an individual suffering from PSP, comprising an antibody that specifically
recognizes phopho-tau.

A possible kit for carrying out the method of the invention 1s based on an immunoassay

and comprises:
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- an antibody (primary antibody) which forms an immunological
complex with an epitope of phospho-tau;

- a monoclonal antibody (secondary antibody) which specifically
recognizes phospho-tau;

- a marker either for specific tagging or coupling with said secondary
antibody;

- appropriate buffer solutions for carrying out the immunological
reaction between the primary antibody and the test sample, between
the secondary antibody and the test sample and/or between the bound
secondary antibody and the marker:

- possibly, a purified phospho-tau protein or a phospho-peptide for
standarization purposes.

T'he present mvention further relates to the use of a diagnostic kit as described above for
the differential diagnosis of an individual suffering from Alzheimer’s disease versus an
individual suffering from another neurological disease. The present invention specifically
relates to the use of a diagnostic kit as described above for the differential diagnosis of an
individual suffering from Alzheimer’s disease versus an individual suffering from DLB,
versus an individual suffering from PD without dementia, versus an individual suffering
tfrom MSA and/or versus an individual suffering from PSP.

The mvention also relates to a method to screen or monitor the effect on an individual of
compounds which prevent or treat Alzheimer’s disease, dementia with Lewy bodies,
Parkinson’s disease without dementia, multi-system atrophy and/or progressive

supranuclear paly.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” and “éomprising”,
will be understood to imply the inclusion of a stated integer or step or group of stated

integers or steps but not to the exclusion of any other integer or step or group of integers

Or steps.
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The present invention will now be illustrated by reference to the tollowing examples that
set forth particularly advantageous embodiments. However, it should be noted that these

examples are illustrative and can not be construed as to restrict the invention in any way.
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EXAMPLES

Subjects and methods

14 umversity centers involved in CSF research were contacted to participate in a
multicenter study. Each center was requested to include 500 ul CSF of exactly 10 AD
patients (McKhann et al., 1984) and a minimum of 6 samples from patients with DLB
(McKeith et al., 1996) or FTD (Anonymous, 1994). Eight centers complied with these
conditions. If CSF was available from patients with PSP (Golbe et al, 1993), CBD (Rinne
et al., 1994) and multiple system atrophy (MSA) (Colosimo et al., 1995) they were also
included in the study. Age-matched controls without neurological and co gnitive problems
and Parkinson’s disease (PD) without dementia (Langston et al., 1992) were included if

10 samples were available per center.

The study was performed on CSF samples available for research purposes and if required
the protocol was reviewed and approved by the local Independent Ethics

Commuittee/Institutional Review Board (IEC/IRB) prior to the study start.

Samples were collected in polypropylene tubes using lumbar puncture. Because it has
been demonstrated that freeze-thawing seriously affects p-amyloidy, (AB42) levels
(Andreasen et al., 1999b; Vanderstichele et al., 1998) the number of freeze-thaw cycles

was documented. CSF samples that contained > 500 red blood cells per microliter were

not mcluded.

All determinations were performed at Innogenetics (Gent, Belgium) using standard kits
for CSF-AB42 (K-1080, Innogenetics) (Andreasen et al., 1999b: Vanderstichele et al.,
1998), hTau (K-1032, Innogenetics)(Vandermeeren et al., 1993; Blennow et al., 1995;
Van de Voorde et al., 1995) and a research version of the INNOTEST PHOSPHO-TAU.
The phospho-tau kit is developed using a human-specific antibody, HT7, for capturing
and a phospho-threonine-181-specific antibody, AT270, for detection (Goedert et al.,
1994). As a standard, a synthetic peptide (Ac-
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P15sRGAAPPGQKGQANATRIPAKTPPAPKT(p)PPSSGE;g7-NH>) with the
corresponding threonine 181 phosphorylated was used. The reliability and performance
of the phospho-tau assay was momnitored using 5 pooled CSF samples, covering the

performance range of the assay.

Statistical methods

Normal distribution of CSF-tau, AB42 and phospho-tau were tested using the Shapiro-
Wilk test and 1f normality was rejected, non-parametric (Kruskal-Wallis) tests were used
for comparison. For comparisons with the AD or control group, p-values were adjusted
using Dunn’s multiple comparison test. Receiver operating curve (ROC) analysis was
used to examine the discriminatory power of tau and phospho-tau between AD and
confrols, DLB, FTD or Parkinson-related conditions, respectively (Hanley and McNeil,
1983). Possible correlations were determined with the Spearman rank correlation

coefficient.

CSK-phospho-tau levels in the different neurological disease groups

Overall 294 CSF samples were collected from &8 centers. Transportation of CSF samples
from one center took longer than 5 days and samples were thawed during transportation.
Consequently, new aliquots of these CSF samples were reshipped, apart from one CSF
sample (FTD). Five samples from center 2 (5 FTD) and 5 from center 8 (5 PD) were also
not assayed because the amount of CSF that was shipped was not sufficient to perform all
tests. In summary, 283 CSF samples from the different diagnostic groups (40 controls, 80
AD, 43 DLB, 69 FTD, 15 PD, 15 PSP, 16 MSA and 5 CBD) were assayed for at least one
of the biochemical markers (see Table 1). CSF samples were collected between 1985 and
1999. The percentage of males 1n the group of patients with DLB 1s high, as expected.

The levels of phospho-tau and their confidence intervals were determined on five QC
samples which were used to monitor the performance of the phospho-tau tests. Values for

all QC samples fell within the established criteria (results not shown).
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Center effects were observed for AB342 and tau, but not for phospho-tau in the AD group.

An effect of freeze-thawing was observed (p<0.0001) for AB342, but not for tau and
phospho-tau and was particularly pronounced in the AD and DLB groups. The effect was
further confirmed in the analysis of CSF from center 03. These samples have been
assayed previously on site for both tau and AB42 and were re-assayed at Innogenetics
(Gent, Belgium) after two freeze-thaw cycles. An overall 20% reduction of CSF-Af342

was observed 1n 8 of the 10 control samples.

No effect of age on the different markers was observed in any of the diagnostic groups.
No significant correlation was found between a biomarker and MMSE 1n the male or
female AD group or the total AD group, except for tau and MMSE 1n the total group
(Spearman, r=-0.275[-0.491, -0.059], p=0.01). ApoE genotype did not correlate with
CSF-tau or CSF-phospho-tau levels, while a significant correlation was observed for

CSF-AB42 (Spearman, r=-0.263 [-0.434, -0.093], p=0.003).

Normality was rejected for AB342, tau and phospho-tau in all groups and thus analyses
were performed using non-parametric tests (Table 1). Significantly increased CSF-tau
levels were present in the AD (p<0.001) and FTD group (p<0.05) compared to the control
group. Although CSF-tau levels were increased in FTD, levels were significantly higher
in the AD group (p<<0.01). Using PSP as a reference group, in addition to AD and FTD,
CBD had significantly higher CSF-tau levels (p<0.05). For phospho-tau a similar pattern

was observed when AD and controls were used to compare. Significantly decreased Al342
levels are only observed in the AD (p<0.001) and DLB group (p<0.05) compared to the
control group and comparing AB42 levels of all groups with the AD group shows a
clearly significant difference between AD and FTD (p<0.001). Since in all the Parkinson-
related conditions, except CBD, mean levels of biomarkers were within the normal range,

these groups were treated as one group in the subsequent analysis.

The strong correlation between tau and phospho-tau for all patients, independent of the

diagnostic group (y=0.75x+4.6, r=0.904, p<0.001) suggests that the discrimination



10

15

CA 02411584 2002-12-03
WO 02/03073 PCT/EP01/07029

20

between AD and other groups obtained with tau can also be obtained with phospho-tau.
Using ROC analysis, the discriminative power of total tau with that of phospho-tau was
compared. A significant difference between tau and phospho-tau was observed for
discriminating AD versus FTD and AD versus DLB, while no difference was observed
for AD compared to controls or to the Parkinson-related conditions (Table 2). Since

males are overrepresented 1n the DLB group, the ROC analysis was also performed for

male AD versus male DLB with an AUC of 0.800 + 0.057, comparable to females and

males together.

Using the previously established discrimination line that combines CSF-tau and CSF-[3-

amyloidsy (APsz = 240 + 1.18 tau) (Hulstaert et al., 1999), the sensitivity (98% (CI 91-

99%)) and specificity for the control population (73% (CI 56-85%)) was comparable to
the previous studies. The specificity of this discrimination hine for FTD 1s 77% (CI 66-
85%)), for DLB 67% (CI 52-80%)) and for the Parkinson-related conditions 68% (CI 50-
81%)).
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CLAIMS:

1) A method for the differential diagnosis of an individual suffering from Alzheimer's

2)

3)

4)

disease versus an individual suffering from another neurological disease selected from

dementia with Lewy bodies, Parkinson’s disease without dementia, multi-system

atrophy, and progressive supranuclear palsy, characterized in that phospho-tau is used as

a neurological marker, and comprising the steps of:

- determining the level of phospho-tau in a cerebrospinal fluid sample of said
individual;

- comparing the obtained level of phospho-tau in said individual with the level of
phospho-tau in an individual suffering from Alzheimer’s disease, whereby a
decreased level of phospho-tau is an indication that said individual is suffering from

the neurological disease other than Alzheimer’s disease.

The method according claim 1 further characterized in that the level of phospho-tau is
determined immunologically, making use of an antibody that specifically recognizes

phospho-tau.

Use of an antibody that specifically recognizes phospho-tau for the manufacture of a
diagnostic kit for the differential diagnosis of an individual suffering from Alzheimer's
disease versus an individual suffering from dementia with Lewy bodies, versus an
individual suffering from Parkinson’s disease without dementia, versus an individual
suffering from multi-system atrophy and/or versus an individual suffering from

progressive supranuclear palsy.

Use of an antibody that specifically recognizes phospho-tau for the differential
diagnosts of an individual suffering from Alzheimer's disease versus an individual
sutfering from dementia with Lewy bodies, versus an individual suffering from
Parkinson’s disease without dementia, versus an individual suffering from multi-system

atrophy and/or versus an individual suffering from progressive supranuclear palsy.
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