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Di agnosi s of Al zheiner's Di sease The present invention
relates to a nethod of diagnosing Al zheiner's di sease
or an early stage of or predisposition for this

di sease, which nethod is based on the quantification
of mtogenically expressible surface nmarkers,
We2eHMB3218D69, of peripheral |y accessi bPETHERID4/010880
e.g. skin cells or |lynphocytes, (a) before and (b)
after mtogenic stinulation, a special stinulation
index a:b being a sign of Al zheiner's disease or an
early stage of or a predisposition for this disease.
The presen@uichuesttfothedDiagnosid it AlzheimeristBiseaset ed t o
carry out the diagnostic met hod according to the
invention. Al zheinmer's disease cannot. be di agnosed
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precondition for any form of therapeutic intervention in the neurodegenerative

process of Alzheimer's disease, which can only be successful in these early
'stages. Such a diagnostic c_ertainty can only be guaranteed by blomarkers of
Alzheimer's disease, ie. by easily determinable biological changes with
sensitivity and specificity adequate for this disease.

Biomarkers of Alzheimer's disease are thus of diagnostic value and shall in
particular assist in safely identifying risk groups and patients in preclinical stages
and early clinical stages. Biomarkers also serve the follow-up and thus the
prognosis and control of the responsiveness to therapeutic interventions. Model
~ biomarkers should comply with certain theoretical and practical requirements.
They include in particular a high specificity and sensitivity, the ability to identify




bi omarkers should conply with certain theoretical and
practical requirenents. They include in particular a
hi gh specificity and sensitivity, the ability to
identify 2 preclinical stages, and a high positive and
negative predictive value. THe biomarkers should be
determned, if possible, in a non-invasive way and
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be quantitatively detected, preferably by neans of
antigen-anti body interactions, nmagnetic particles

M 3" pokyibleO edbwiidh AndiadiR@tie Smeiodd whidhd,is based on the
determination of the mitogenic index (activation index) using peripherally
accessible patient cells, such as skin cells or blood lymphocytes, with and without
mitogenic stimulation, e.g. after immunomagnetic cell separation. The activation
of these cells is accompanied by the surface presentation of activation markers
which can be gquantitatively detected, preferably by means of antigen-antibody
_interactions, magnetic particles preferably coated with antibodies being used,
which permits the magnetic cell separation and subsequently the quantification of
the number of cells bearing this surface marker before and after mitogenic
stimulation. This feature shows disease-specific deviations from the normal
findings. The method according to the invention thus permits the diagnosis of
Alzheimers disease, the detection of preciinical disease stages and the
diagnostic differentiation of Alzheimer's disease from other dementias.



which permts the magnetic cell separation and
subsequently the quantification of the nunber of
cells bearing this surface narker before and after
mtogenic stinmulation. This feature shows

di sease-specific deviations ffomthe normal findings.
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For exanple, suitable sanples are dermal tissue
sanpl es, bl ood sanples, preferably from venous bl ood,
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mitogenically stimulable cells. For example, suitable samples are dermal tissue
samples, blood samples, preferably from venous blood, celis from the liquor
cerebrospinalis, and cells from the urine,

In a preferred embodiment of the diagnostic method according to the invention,
e.g. when a blood sample is used, an anticoagulative compound, e.g. sodium
citrate or heparin, is added for the purpose of stabilization prior to the other
method steps.

The term “diagnosis of Alzheimer's disease” as used herein also comprises the
follow-up and thus the prognosis, the control of the efficiency of therapeutic
interventions and the diagnostic differentiation of the disease from other
dementias.



In a preferred enbodi nent of the diagnostic nethod

according to the invention, e.g. when a blood sanple
is used, an anticoagul ative conmpound, e.g. sodium
citrate or heparin, is added for the purpose of
stabilization prior to the other nethod steps. The
term "di agnosis of Al zheiner's disease" as used herein
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The person skilled in the art also knows suitable surface markers by means of
-which a mifogenic stimulation manifests itself, e.g. CD69, CD25, CD45R0O, CD83
and HLA-Dr, the surface marker CD&9 being preferred. For the purposes of the
invention, it is also possible to carry out a determination of a combination of
surface markers or the further specification of the cells separated by means of a
certain surface marker, e.g. CD69, as regards further subpopulations, e.g. by
means of (e.g. CD4" and/or CD8" and/or CD19" and/or CD56%) subpopulations.

The stimulation index (activation index) follows from the relationship of the
number of cells bearing the surface marker or markers before and after the



conditions and it can be conducted in a gassing

i ncubator at 37C and with 5 % CO2, for exanple. The
person skilled in the art al so knows suitable surface
markers by neans of which a mtogenic stinulation
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direcleiagamist Surfdce markers are also commercially available.

In the most preferred embodiment of the diagnostic method according to the
invention, the antibody or antibodies specific to surface markers are bound to
magnetic particles, e.g. paramagnetic beads (e.g. available from DYNAL AS,,
P.0.Box 158 Skayen, N-0212 Oslo, Norway), which permits the separation of the
cells with the corresponding surface markers via immunomagnetic separation
according to current methods.

The stimulation index can then be specified by determining the amount of cells
separated by means of the desired surface marker on the basis of its nucleic acid
content and/or protein content using current methods, e.g. after lysis of the cells
~ by spectrophotometric determination of the nucleic acid or protein content or after
staining the nucleic acid using specific dyes, e.g. ethidium bromide, propidium



t he nonocl onal anti body (e.g. Fab, Fv or single chain

Fv fragnments) which have an epitope specificity the
same as that of the conplete antibody. The production
of such fragnments is known to the person skilled in
the art, many antibodies dirfected agai nst surface
mar kers are al so commercially available. In the nost

%@éérdﬁeiﬂmﬂgaempefer&hsy %%ﬂn@%tdr@tdméthe%uantiﬁcation. The
according to th I nvention, the anti body or
&all nbobee sar pegaiautated frotx the geotetr ktier audieit eciddontent of the

' ' ramagneti c beads (e.g.
%%ﬁaﬁ@?b%ﬁﬁﬂt%ﬂ%@' P. O Box 158 Skoyen, N-0212
Csl o, Norway), which permts the separation of the

I | . €O I Ng rface .marke via .
e A n AicBONse RRRS B MRRG AU Fortdirving out the
chigtgnositic meteodsacoonding twthe indentiorazand bemtaine = pexst the tbllowing
g¥m?)§égrm’ ning the amount of cells separated by neans

'&tg'si red surface marker on the basis of its
ajc| ea C:ompbgnc(ij ﬁﬁmﬁitb@bni%;whﬂﬂallmhpt el P cgnt enltI usi Bg

rrent, net hods, .e.qg. ,afte Sis o e cells
i%ect *?fo'&ﬁaft ohe enlibodfiitied aohaat afsqr%ee {iKer expiessed after
or  pr@itehehis stivhaRtiodpréfefly as bAtiTHdYDbIURE th HGhRiretié phficle.

usi ng specific dyes, e.g. ethidiumbromde, propidium
6 iodide, acridine orange, DAPI, etc., by neans of

TRekAERESIdgtBaRs infveRESH A8o pretsrabRddntdihgrber can be
cal cul ated fromthe protein and/or nucleic acid

EDnt efttleadtt ongdeaddipiess®ly neans of calibration curves.
e ' ' I iteihich is
fe. PapaffoaglIEN bafpaliPandird BaTéofod isith

uite 'ying out e diagnostic ne
& cor 2l buiienfor fixieg thevealisi on and contains at |east the

|1 o (. . -
[ ogRRench S RRIFR Tor 478, ademlingauBRTBPAE PRA, andipr protein
agai ngincentatidnaard readyenadegolatiasdfontheeproduttiomgaia calibration
stimulation, preferably an anti body bound to a
rmgne?l‘lnée’parti cle.

{e) a magnet for separating the cells bound to the magnetic particles
(contained if an antibody bound to a magnetic particle is used); and

-(f)  a reagent for removing bound magnetic particles {contained if an antibody
bound to a magnetic particle is used).

In a preferred embodiment of the kit according to the invention, the antibody is an
anti-CD69 antibody. Moreover, the kit can additionally contain, or contain instead
of the anti-CDG9 antibody, an anti-CD4 and/or anti-CD8 antibody.

Finally, the kit according to the invention may be present, where appropriate, in
combination with one or more suitable further detection agents, e.g. fluorescence-
coupled primary antibodies, secondary antibodies, detection agents for proteins
-and/or nucleic acids, e.g. an intercalating dye, efc.

Example



The kit according to the invention also preferably
contains (a) at |east one reaction vessel; (b) an
anti coagul ati ve conpound and/or a buffer for cel

lysis; (c) a buffer for fixing the cells; (d)
substances required for the dﬁantification of the DNA
and/ or protein concentration and ready-nade sol utions
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E-Determination of the mitogenic stinulation
i ndex by means of CD69 in patients suffering from
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In the below example, the question of whether there is a dysfunction typical of
Alzheimer’s disease of the intracellular mediation of trbphic and mitogenic signals
was determined by immunomagnetic cell separation of CD69 presenting
lymphocytes before and after mitogenic stimulation. '

The blood is collected by venous puncture using a blood withdrawal system from
SARSTEDT company. The blood is here stabilized during the withdrawal by
ahticoagulants integrated into the blood withdrawal system, such as sodium
citrate or sodium heparin. In this form, it can be stored at room temperature for 24
to 48 hours. The stimulation experiments were carried out in reaction vessels
which can well be aerated, such as a 24 well suspension culture plate of the
company Greiner bio-one. For this, the mitogens phytohemagglutinin {PHA),
protein A and pokeweed mitogen (PWM) were used separately or in different
combinations for 400 pl stabilized whole blood each. The final concentrations of
the respective mitogens were within the physiological range and were 12 pg/ml



stages of the disease as regards diagnostic

differentiation. The detection of preclinical disease
stages is currently not possible for lack of a

sui tabl e biomarker. The neurodegenerative changes are
based on disturbed processes ©f the intracellular

nmedi ati on of trophic and mtogenic signals in the case
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tUJBfaiford!Oﬁh@ telbaghber wh$ €alculated from the DNA and/or protein content
of the sample by means of calibration curves. This procedure permitted a direct
conclusion about the cell number. The calculation of the quotient from the number
of CD69 presenting cells before and after mitogenic stimulation (stimulation
index) furnished information on alterations of the mitogenic stimulability of these
cells.

A stimulation index which reaches at least 10 times, as a maximum 100 times,
the unstimulated control sample, is a sign of an Alzheimer's disease or an early
stage of or a predisposition for this disease. A stimulation index which is less than
10 times the unstimulated control sample is ho sign of an Alzheimer’s disease or
an early stage of or a predisposition for this disease.
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dyes, such as ethidium brom de, propidi umi odide,

acridine orange or DAPI, and subsequently quantified

photonetrically. The protein content of the sanples

was conpared by nmeans of the protein determnation

met hod according to Bradford. The cell nunber was

cal cul ated fromthe DNA and/or protein content - of the

sanpl e by neans of calibration curves. This procedure

permitted a direct conclusion about the cell nunber.

The cal culation of the quotient fromthe nunber of

CD69 presenting cells before and after mtogenic

stinmulation (stimulation index) furnished information

on alterations of the mtogenic stinmulability of these

cells. Astinmulation index which reaches at [east 10

times, as a maxi mum 100 tines, the unstinulated"

control sanple, is a sign of an Al zheinmer's di sease or

an early stage of or a predisposition for this

di sease. A stinulation index which is less than 10

tinmes the unstinulated control sanple is no sign of an

Al zhei mer' s di sease or



an early stage of or a predisposition for this
di.sease. 9 In another experinent, the protein content
of the sanple was determ ned and the DNA content was
determ ned wi thout the addition of DNA-staining
substances for the quantlflﬁgtlon of the CD69
presenting cells. In this case, the absorption of

light having a certain wayghgeoth (e.g. 260 nmor 280
nm by DNA or protein was neasured. 10 Clains 1. A
nmet hod of diagnosing Al zheiner's di sease or an early
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met hod according to claim1, wherein the sanple is a
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stage of or a predisposition for this disease.

2. The method according to claim 1, wherein the sampie is a biood sample
and the cells are lymphocytes.

3. The method according to claim 1 or 2, wherein the surface marker is
CD69.
4, The method according to claim 3, wherein the CD69” cells are further

specified with respect to CD4* and/or CD8" subpopulations,

5. The method according to any of claims 1 to 4, wherein the blood is
stabilized by one or more anticoagulative compounds before step (a).

6. The method according to any of claims 1 to 5, wherein the cells are
stimulated by PHA, protein A or PWM.



4. The method according to claim3, wherein the CD69
cells are further specified with respect to Ch4°

and/ or CD8' subpopul ations. 5. The method according to
any of clains | to 4, wherein_the blood is stabilized
by one or nore anticoagul ati & conmpounds before step
(a). 6. The nethod according to any of clains 1 to 5,

wher eMpethsthea! l4a |
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any of claims 1 to 7, wherein the stimulation index
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(b)si sat [bhst dhe alstibodCaipscied GghMst bhaduitaBe GharkBr e¥hRESEd after
the antibody is an anti body ‘bound to a magnetic

par t i Tftegeno stimylation.t according to any of clainms 9 to
11, wherein the antibody is an anti- CD69 anti body.
8 The kit according to any of clains 9 to 12, which
dPso Homkisaeeording ioelrintBgalsa santginingit i - CD8 ant i body.

(c)  an anticoagulative compound; and/or
(d)  a buffer for cell lysis.

11.  The kit according to claim 9 or 10, wherein the antibody is an antibody
bound to a magnetic particle.

12.  The Kit according to any of claims 9 to 11, wherein the antibody is an anti-
CD69 antibody.

13.  The kit according to any of claims 9 to 12, which also contains an anti-CD4
and/or anti-CD8 antibody. |



