1 Quick test for the Diagnosis of Al zheiner's D sease The present
invention relates to a nethod of diagnosing Al zheiner's di sease or an early
stage of or predisposition for this disease, which nmethod is based on the
guantification of mtogenically expressible surface markers, preferably
CD69, of peripherally accessible cellg, e.g. skin cells or |lynphocytes, (a)
before and (b) after mtogenic stinulation, a special stinmulation index at
being a sign of Alzheiner's disease or an early stage of or a
predi sposition for this disease. The present invention also relates to kits
suited to carry out the diagnostic nethod according to the invention.
Al zhei nmer' s di sease cannot be diagnosed with ultimte certainty by clinical
means and the avail abl e paraclinical nmethods and net hods based on appar at us
and technol ogy as such. It always requires autopsy verification. The
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difficult, in particular in the early stages of the disease. In these very
early stages of the disease, however, assured diagnosis is inportant for
two reasons.Therpresaat bventinmniglates topemethod of diagnpsing ddzheimers fdisereadi at i on of
potential l'y dnéamy aldlg8 of 8F pedis oﬁﬁiﬁ‘?@ﬁﬁ‘nﬁ o?%gsé,hM'ﬁchﬁl@thﬁH@ ﬁ%%d%ﬁ to an
and, 1t p

effective treatngent and, on the other S a precondition for any

form of t herdpBiicRton ¢ raiteaanicrbnexniessie rufrcedaarkney Rraferably GRESs of of
Al zhei mer' s pdlipiRRalR, aodefséme%ans,%.ysmﬁcaré,m%wcgtég, td)Bfor8ahliYpst ages.
Such a diagngsti ¢, certainty can onl%, be ,%‘gdar_an eed by bi omarkers' of
Al zhei ner's F%Qﬁ@@‘?mﬁét'"ﬁe}(at@asﬁl SPesi stifpuiatipn é“({!ﬁ"ola%’gPE'ﬁg IFHYEE with
,SAI enﬁ i tivity Aumdinsgreciiddast EYaﬁ@?ﬂwster bosr 4 blieailsﬂbéiﬁ?ﬁa;@rﬁ ?Q@ds%.eTﬁe of |

zhei ner' s di se are thus i agnosti.c val ue all .in rticular
assi st in sgge«ﬁ%@ W&%'ﬁ‘f’f‘f%’?%be@?%g’ g&oﬁ‘ﬂ@déﬂﬁaﬂé{ﬂ”ﬂq%aiaﬂ"‘ﬂﬁt'ﬁd?%ﬁ@gl st ages
and early claccording tcsthagreentiddi.omar kers al so serve the followup and thus the
prognosi s and control of the responsiveness to therapeutic interventions.
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process of Alzheimer's disease, which can only be successful in these early
stages. Such a diagnostic certainty can only be guaranteed by biomarkers of
Alzheimer’s disease, ie. by easily determinable bioclogical 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



Thus, the invention is substantially based on the technical problem of
providing a sinple nethod for the diagnosis of Al zheiner's disease, which
permts the diagnosis of Al zheiner's disease, the detection of predinical
di sease stages and the diagnostic differentiation of Alzheiner's disease
fromother denmentias wth adequate sensitivity and specificity. This
techni cal probl em was sol ved by providifg the enbodi nents characterized in
the clains. It was possible to devel op a diagnostic nmethod which is based
on the determnation of the mtogenic index (activation |ndex usi ng
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This technical problem was solved by providing the embodiments characterized

in the claims.

It was possible to develop a diagnostic method which 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
mitogcnic stimulation, e.g. after immunomagnetic cell separation. The activation
of these cells is accompanied by the surface presentation of activation markers
which can be guantitatively 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
Alzheimer's disease, the detection of preclinical disease stages and the
diagnostic differentiation of Alzheimer's disease from other dementias.



(c) determnation of the stimulation index as a relationship between the
nunber of cells bearing the surface narker or markers before and after step
(a), a stimulation index which reaches at least 10 tines, as a maxi num 100
times, the unstinmulated control sanple, being a sign of Al zheiner's disease
or an early stage of or a predisposition for this disease. A person skilled
in the art knows suitable nmeasures serving for obtaining patient sanples
suited for the nmethod according to the invention, which contain sufficient
mtogenically stimulable cells. For exanple, sui tabl e sanpl es are der nal
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(c) determination of the stimulation index as a relationship between the
number of cells bearing the surface marker or markers before and after
step (a),

a stimulation index which reaches at least 10 times, as a maximum 100 times, the
unstimulated control sample, being a sign of Alzheimer's disease or an early
stage of or a predisposition for this disease.

A person skilled in the art knows suitable measures serving for obtaining patient
samples suited for the method according to the invention, which contain sufficient
mitogenically stimulable cells. For example, suitable samples are dermal tissue
samples, blood samples, preferably from venous blood, cells 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.



The mtogenic stinulation for obtaining the expression of surface markers
can be effected by known stimulators, such as phytohenmaggl utlnin (PHA),
protein A, PWMJ or other compounds having a trophic or mtogenic effect. The
stinmulation can be effected by addi ng the individual compounds or by a
conbi ned addition. The person skilled in the art knows suitable
experimental conditions for such a stinylation, e.g. as regards the
concentration of the mtogens used, the duration of stimulation and ot her
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al so commer ci,glchya AKSdnRtfhulation manifests itself, e.g. CDB9, CD25, CD45R0, CD63
and HLA-Dr, the surface marker CD69 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



In the nost preferred enbodi nent of the diagnostic nmethod according to the
i nvention, the antibody or antibodies specific to surface markers are bound
to magnetic particles, e.g. paranagnetic beads (e.g. available from DYNAL
P. O. Box 158 Skayen, N-0212 Gslo, Norway), which permts the separation of
the cells with the correspondi ng surface markers via i nmunomagnetic
separation according to current nmethodsg The stinulation index can then be
specified by determ ning the anount of cells separated by neans of the
desired surface marker on the basis of its nucleic acid content and/or
protein cont etimuladipmcA stimuletinn indehwbish reaches af least 10\times, o atmaximein s by
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markers by means of characteristic cell features.

In the diagnostic method of the present invention, the cells bearing the surface
markers are separated from the cells which bear no surface markers by
antibodies directed against the desired surface marker(s). The antibodies suited
for this purpose may be monoclonal, polyclonal or synthetic antibodies or
fragments thereof. In this connection, the term “fragment” means all the parts of
the monoclonal antibody (e.g. Fab, Fv or single chain Fv fragments) which have
an epitope specificity the same as that of the complete antibody. The production
of such fragments is known to the person skilled in the art, many antibodies

directed against surface 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
celis 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



(a) at |east one reaction vessel; (b) an anticoagul ati ve conmpound and/or a
buffer for cell lysis; (c) a buffer for fixing the cells; (d) substances
required for the quantification of the DNA and/or protein concentration and
ready- made sol utions for the production of a calibration curve; (e) a
magnet for separating the cells bound to the nmagnetic particles (contained
if an antibody bound to a magnetic particle is used); and (f) a reagent for
removi ng bound magnetic particles (contained if an antibody bound to a
magnetic particle is used). In a preferred enbodi nent of the kit according
to the i nventi¢dide, actiding arangedyARls efen byrmeanspd phaiemebisoyuanifisetiovdihe t he kit

ddi t i ' i o t ' body,
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diagnostic method according to the invention and contains at least the following

componenfs:

(@) acompound for mitogenic stimulation;

(b) at least one antibody directed against a surface marker expressed after
mitogenic stimulation, preferably an antibody bound to a magnetic particle.

The kit according to the invention also preferably contains

(@) atleast one reaction vessel;

(b) an anticoagulative compound and/or a buffer for cell lysis;

(c) a buffer for fixing the cells;

(d) substances required for the quantification of the DNA and/or protein
concentration and ready-made solutions for the production of a calibration
curve;

(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-CD69 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



7 Determ nation of the mtogenic stinulation index by means of CD69 in
patients suffering fromAl zheiner's di sease The determ nation of features
known to date of Al zheiner's disease, which can be carried out in |iving
patients (biomarkers), only shows insufficient sensitivity and specificity
or is not suited for exam nations with great case nunbers for reasons of
cost or the highly conplicated test arrangenent. Wth clinical neans, the
di agnostic certainty is only 80 %to 90 %and difficult in particular in
the early stages of the disease as regards diagnostic differentiation. The
detection of prikiprnipationpttheyuitegetiestimylatign indexq By meansofkGReR 8 for | ack
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wi t hdrawal system such as sodiumcitrate or sodiumheparin. In this form
it can be stored at roomtenperature for 24 to 48 hours. The stinulation
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lymphocytes of the peripheral blood of these patients. On account of their disease
specificity, this alteration is of diagnostic value and suited as a biomarker.

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 CD6S 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
anticoagulants 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/mi



for PHA, 50 pg/ml for protein A and 4 pg/m for PWin this exanple. The
stinulation was carried out under physiological conditions at 37"C and a
CO2 concentration of 5 %in a gassing incubator for 4 hours. 100 pl each of
the stinmul ated whol e bl ood was i ncubated with different antibody coated
magnetic particles. In this exanple, anti-CD4 and anti-CE)8 coated nmagnetic
particles from DYNAL conpany were used. gThe correspondi ng nmagnetic
particles were added to the particul ar sanple in excess (10 pi magnetic
particle suspension) to ensure conmplete isolation of the corresponding
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to Bradford. The cell number was calculated 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 no sign of an Alzheimer’s disease or
an early stage of or a predisposition for this disease.



Clainms 1. A method of diagnosing Al zheiner's di sease or an early stage of or
a predisposition for this disease by neans of a patient blood sanple, the
met hod conprising the steps of: (a) stabilizing the blood is stabilized by
one or nore anticoagul ati ve conpounds and, thereafter, mtogenic
stimulation of |ynphocytes in the sanple by PW wherein the stimulation is
carried out for 2 to 24 hours at 37C angl with CO2; (b) quantification of
the mtogenically stinulated | ynphocytes within the | ynphocyte popul ation
before and after step (a) by neans of CD69 surface marker expressed after
m t ogeni ¢ st imanethergxperiment] Hieprieiy certepied thangpnte wepdetermained ardivgr at ed
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| ynphocyt es bear| the CD69 surface nmarker before and after step (a),
wherein a sti”?ﬁ?fsﬁ'legon i ndex which reaches at |east 10 tines, as a nmaxi mum
100 times, the unstinulated control sanple, being a sign of an Al zheiner's
di sease or an early stage of or a predisposition for this disease. 2.The
nmet hod according to claim1l, wherein 1 to 50 pg/m PWM are added. 3. The
met hod according to claim2, wherein 4 pg/m PWM are added.



4. The nmethod according to claim 1, wherein the stinulation index is

determ ned by determ ning the protein content and/or nucleic acid content
of the cells bearing surface nmarkers before and after step (a). 5. A kit for
the diagnosis of Alzheinmer's disease or an early stage of or a

predi sposition for this disease, the ﬁ)i t containing the following
constituents: (a) PW for mtogenic stinulation; and (b) an anti-CD69

anti body bound to a magnetic particle, (c) an anticoagul ati ve conpound; and
(d) a buffer for cell lysis.

Claims

1, A method of diagnosing Alzheimer’s disease or an early stage of or a predisposition for this

disease by means of a patient blood sample, the method comprising the steps of:

(a) stabilizing the blood is stabilized by one or more anticoagulative compounds and, thereafter,
mitogenic stimulation of lymphocytes in the sample by PWM, wherein the stimulation is
carried out for 2 to 24 hours at 37°C and with CO,;

(b) quantification of the mitogenically stimulated lymphocytes within the lymphocyte population
before and after step (a) by means of CD69 surface marker expressed after mitogenic
stimulation, the lymphocytes bearing the CD69 being separated from the lymphocytes bearing
no CD69 by means of antibodies directed against the CD69, wherein the antibodies are bound
to magnetic particles and the separation is carried out via immunomagnetic separation.

(© determination of the stimulation index as a relationship of the number of lymphocytes bearing
the CD69 surface marker before and after step (a), wherein a stimulation index which reaches
at least 10 times, as a maximum 100 times, the unstimulated control sample, being a sign of

an Alzheimer’s disease or an early stage of or a predisposition for this disease.
2. The method according to claim 1, wherein 1 to 50 pg/ml PWM are added.
3. The method according to claim 2, wherein 4 g/ml PWM are added.

4, The method according to claim 1, wherein the stimulation index is determined by determining
the protein content and/or nucleic acid content of the cells bearing surface markers before and after
step (a).

5. A kit for the diagnosis of Alzheimer’s disease or an early stage of or a predisposition for this
disease, the kit containing the following constituents:

(a) PWM for mitogenic stimulation; and

(b) an anti-CD69 antibody bound to a magnetic particle,

(©) an anticoagulative compound; and

(d) a buffer for cell lysis.



