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Description
FIELD OF THE INVENTION

[0001] Applicant’s related US Patent No. 6,210,895
(April 3, 2001), relates to a method for predicting, diag-
nosing, and/or prognosticating dementing diseases such
as Alzheimer Disease (AD) and Age-Associated Cogni-
tive Decline (AACD). The invention relates to improved
methods for predicting, diagnosing, prognosticating
and/or treating dementing diseases such as Alzheimer
Disease (AD) and Age-Associated Cognitive Decline
(AACD) or Mild Cognitive Impairment (MCI) as well as
methods and reagents to facilitate the study of the cause
and progression of these diseases.

BACKGROUND OF THE INVENTION

[0002] Alzheimer Disease (AD) is a neurodegenera-
tive disease which causes dementia. The terms "Alzhe-
imer Disease" and "Alzheimer’s Disease" are both uti-
lized in the art, these terms being equivalent and are
used interchangeably here and elsewhere. The period
from first detection of AD to termination can range from
a few years to 15 years, during which time the patient
progressively suffers loss of both mental function and
control of bodily functions. There is significant variability
in the progress of the disease. While the majority of pa-
tients have a gradual, inexorable progression (losing on
average 3 to 4 points on the 30 point Folstein mini-mental
state score annually), approximately 30% of AD cases
have a prolonged stable initial plateau phase lasting sev-
eral years, as described in Haxby et al. (1992). A sub-
group of patients has a fulminant, rapidly progressive
downhill course over several years, as described in Mann
et al. (1992). Other patients (about 10% of cohorts) re-
main slowly progressive, showing only gradual decline
from year to year, as described in Grossi et al. (1988).
The pathological, chemical and molecular bases of this
heterogeneity remain undetermined. Recognition of the
variability of AD progression represents animportant clin-
ical insight, and may explain the diagnostic difficulties
presented by "atypical" cases.

[0003] Attempts at predicting the onset of AD or mon-
itoring its progression have met with limited success.
While in certain cases, there is a familial manifestation
of the disease, it appears that the majority of AD cases
are non-familial, and until recently (see below), no simple
genetic marker for the disease had been determined.
Much research has focused on the protein beta-amyloid,
deposits of which are found in the brains of AD victims.
[0004] Takahashi et al. (Journal of Neurochemistry,
Vol. 72, No. 6, June 1999, pages 2356-2361) have dis-
closed factors that suppress the expression of heme ox-
ygenase-1 (HO-1). This study showed that the suppres-
sion of HO-1 mRNA expression occurs when T98G gliob-
lastoma cells are subjected to IFN-yand/or IL-1f and that
pretreatment with IFN-y partially suppresses the induc-
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tion of HO-1 mRNA expression caused by either sodium
nitroprusside, cadmium, or hemin.

[0005] Kutty et al. (Proceedings of the National Acad-
emy of Sciences of the United States, Vol. 92, No. 4,
1995, pages 1177-1181) have described the effect of in-
tense visible light on the expression of heme oxygenase-
1 (HO-1) and HO-2 in the rat retina

[0006] Suzuki et al. (Journal of Clinical Investigation,
Vol. 104, No. 1, July 1999, pages 59-66) have reported
the protective effects of HO-1 gene induction in cerebral
vasospasm after aneurysmal subarachnoid hemorrhage
(SAH) and demonstrated the upregulation of HO-1 mR-
NA in the cerebral arteries.

[0007] DE 4213497 A1 describes a method for produc-
ing monoclonal antibodies against various epitopes of
human interferon gamma (HulFN-gamma) with high af-
finity constants.

[0008] Takahashi et al. (Biochimica et Biophysica Ac-
ta, Gene Structure and Expression, Elsevier, Amster-
dam, NL, Vol. 1447, No. 2-3, 28 October 1999, Pages
231-235) investigated the basal regulation of the gene
expression of human heme oxygenase- (hHO-1) gene
expression using a series of deletion mutants of the 5'-
flanking region linked to the luciferase gene..

[0009] Liu etal. (The Journal of Biological Chemistry,
Vol. 271, No. 34, pp. 20965-20972) reported the purifi-
cation and characterization of a soluble IL-1 receptor of
70-80 kDa expressed from COS1 cells and the cloning
of an alternatively processed type Il IL-1 receptor mMRNA
from both human and COS1 cells.

[0010] Schipper et al. (EXP Gerontology, Vol. 35,
2000, pages 821-830) discussed how chronic over-ex-
pression of HO-1, and attendant liberation of intracellular
free iron and CO may contribute to the aberrant patterns
of brain iron deposition and mitochondrial insufficiency
documented in Alzheimer’s disease (AD), Parkinson’s
disease (PD) and other aging-related neurodegenerative
disorders. In stark contrast, HO-1 mRNA and protein lev-
els were found suppressed in the blood of patients with
early sporadic AD and Minimal Cognitive Impairment
(MCI). These observations suggested that HO-1 dysreg-
ulation may reflect some fundamental aspect of the
pathophysiology of early sporadic AD and implicate HO-
1 as a potential biological marker of this disease.
[0011] Schipperetal. (Neurology, Vol. 54,2000, pages
1297-1304) have investigated whether systemic HO-1
regulation is deranged in Alzheimer’s (AD) patients and
whether blood HO-1 levels provide a peripheral biomar-
ker of the disease. HO-1 has been found to be markedly
overexpressed in neurons and astrocytes of AD-dis-
eased cerebral cortex and hippocampus relative to age-
matched controls. However, the results of the study re-
veal that plasma HO-1 protein levels are significantly de-
creased in patients with AD. The results implicate HO-1
as a peripheral biomarker in sporadic AD.

[0012] Furthermore, using competitive RT-PCR, Ma-
wal et al. (ACTA Haematologica, Vol. 103, No. Supp1,
14-18 July 2000, page 86) disclosed that lymphocyte HO-



3 EP 1 303 537 B1 4

1 mRNA levels in Alzheimer’s patients were markedly
suppressed compared to those observed in normal eld-
erly controls thus suggesting that lymphocyte HO-1 mR-
NA levels may provide a useful biological marker of early
sporadic AD.

[0013] However, recently, as described in our related
US Patent (No. 6,210,895; April 3, 2001) and publication
(Schipper et al., 2000), we have devised a diagnostic
method, useful in the prediction, diagnosis, and prognos-
tication of AD, AACD/MCI, and related neurological dis-
eases. This diagnostic method is based on the determi-
nation that patients suffering from AD have a significantly
lower concentration of heme oxygenase-1 (HO-1) in their
lymphocytes and plasma, and, accordingly, a significant-
ly lower concentration of ribonucleotide sequences en-
coding HO-1 in their lymphocytes.

[0014] HO-1: Hemeoxygenase-1(HO-1)isanenzyme
that catalyses the rapid degradation of heme to biliverdin
in brain and other tissues. This 32 kDa member of the
heat shock protein superfamily contains a heat-shock el-
ement in its promoter region and is rapidly up regulated
in response to oxidative stress, metal ions, amino acid
analogues, sulfhydryl agents, and hyperthermia. In re-
sponse to oxidative stress, induction of HO-1 may result
in protection of cells by catabolizing pro-oxidant metal-
loporphyrins, such as heme, into bile pigments (biliverdin,
bilirubin), with free radical scavenging capabilities. Heme
and other intracellular ferrous iron chelates are capable
of converting hydrogen peroxide to the highly cytotoxic
hydroxyl radical.

[0015] Using immunostaining techniques in conjunc-
tion with laser scanning confocal microscopy, intense
HO-1 immunoreactivity in neurons and astrocytes of
post-mortem hippocampus and temporal cortex derived
from AD subjects has been observed, whereas neural
HO-1 staining was faint or non-existent in the hippocam-
pus and temporal cortex of control specimens matched
for age and post-mortem interval, as noted in Schipper
et al. (1995). Furthermore, consistent co-localization of
HO-1 to neurofibrillary tangles and senile plaques in the
AD specimens has been demonstrated. Finally, robust
32 kDa bands corresponding to HO-1 were observed by
Western blotting of protein extracts derived from AD tem-
poral cortex and hippocampus after SDS-PAGE, where-
as control HO-1 bands were faint or absent. These results
indicate that HO-1 is significantly over-expressed in neu-
rons and astrocytes of AD hippocampus and cerebral
cortex relative to control brains and support the conten-
tion that AD-affected tissues are experiencing chronic
oxidative stress.

[0016] AACD/MCI: AACD and MCI are terms used to
identify individuals who experience a cognitive decline
that falls short of dementia. These terms are equivalent,
MCI being a more recently adopted term, and are used
interchangeably throughout this application. Satisfaction
of criteria (World Health Organization) for this diagnosis
requires a report by the individual or family of a decline
in cognitive function, which is gradual, and present at
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least 6 months. There may be difficulties across any cog-
nitive domains (although memory is impaired in the vast
majority of cases), and these must be supported by ab-
normal performance on quantitative cognitive assess-
ments for which age and education norms are available
for relatively healthy individuals (ie., the patient is com-
pared to normal subjects his/her own age). Performance
must be at least 1 SD below the mean value for the ap-
propriate population on such tests. Neither dementia, nor
significant depression or drug effects may be present.
No cerebral or systemic disease or condition known to
cause cerebral cognitive dysfunction may be present. In
Applicant’s experience, all patients who were classified
as CDR.5 ("questionable dementia") on the Clinical De-
mentia rating scale and who met these exclusions, also
met the criteria for AACD/MCI. About 1/3 of Alzheimer’s
patients have had a clearly definable period of isolated
memory deficit which preceded their more global cogni-
tive decline, as noted by Haxby et al. (1992). Using
AACD/MCI criteria which look at other domains in addi-
tion to memory, the percentage with an identifiable pro-
drome is likely higher. Fortunately, not all AACD/MCI in-
dividuals seem to decline. It appears that a significant
number of these subjects show a stable, non-progressive
memory deficit on testing.

[0017] Related Disorders: Determining HO-1 con-
centration can also assist.in predicting, diagnosing, or
prognosticating other dementing diseases having similar
manifestations and/or in distinguishing such diseases
from AD. Such other diseases include Parkinson disease
with dementia, Progressive Supranuclear Palsy, Vascu-
lar (i.e. multi-infarct) Dementia, Lewy Body Dementia,
Huntington’s Disease, Down’s syndrome, normal pres-
sure hydrocephalus, corticobasal ganglionic degenera-
tion, multisystem atrophy, head trauma, neurosyphilis,
Creutzfeld-Jacob disease and other prion diseases, HIV
and other encephalitides, and metabolic disorders such
as hypothyroidism and vitamin B12 deficiency. The meth-
od may also prove useful in differentiating the "pseudo-
dementia" of depression from Alzheimer disease.
[0018] The determination of a relationship between
HO-1 levels and AD represents a very significant ad-
vance in this field, and may be utilized for the develop-
ment of methods of predicting, diagnosingin its very early
stage, and prognosticating AD and other dementing dis-
eases. However, identification of the factor(s) and mech-
anism(s) which control HO-1 expression in the normal
versus the diseased state are needed, to provide even
earlier diagnosis, as well as therapeutic methods and
reagents or substances, and methods and reagents for
the study of AD and other dementing diseases. In addi-
tion, the reduction or absence of HO-1 in patients suffer-
ing from AD represents a negative test, and, particularly
for the purposes of diagnosis, it would be more desirable
to have a positive indicator of disease, i.e. afactor whose
presence (rather than absence) correlates with disease.
Further, the decrease in HO-1 expression may represent
an effect, rather than a cause of AD and other dementing
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diseases, therefore the identification of factor(s) and
mechanism(s) which control HO-1 expression in the nor-
mal versus the diseased state are also needed to identify
components and events which have an active causative
role in the onset and progression of these diseases.
[0019] It is a goal of the present invention to provide
improved methods for predicting, diagnosing, prognosti-
cating and/or treating AD and other dementing diseases,
as well as methods and reagents to facilitate the study
of the cause and progression of these diseases.

[0020] Advantageously, embodiments of thisinvention
provide an easily administered blood or cerebrospinal
fluid test which is used to predict, diagnose, or prognos-
ticate AD and other dementing diseases.

[0021] The application describes a heme oxygenase-
1 suppressor (HOS) factor, wherein said factor attenu-
ates the increase in the level of heme oxygenase-1 (HO-
1). In particular, such an increase may occur in response
to exposure to an experimental agent or treatment which
is capable of increasing the level of HO-1. For example,
such experimental agents or treatments comprise expo-
sure to any one or more of oxidative stress, metal ions,
amino acid analogues, sulfhydryl agents (e.g., cysteam-
ine, homocysteine), interleukin-1p, tumour necrosis fac-
tor-o. (TNF-a) and hyperthermia.

[0022] The invention thus provides a heme oxygen-
ase-1 suppressor glycoprotein (HOS) factor, said HOS
factor having the activity of attenuating an increase in
heme oxygenase-1 (HO-1) occurring in response to ex-
posure to an experimental agent or treatment of oxidative
stress, said HOS factor being obtainable by :

subjecting a tissue or body fluid derived from a pa-
tient suffering from a dementing disease to affinity
chromatography using a sequential combination of
a heparin-agarose column, a concanavallin-A (Con-
A) agarose column, and a Superose™-12 column;
eluting fractions of the sample and selecting those
fractions containing protein having a molecular
weight in the range of 80-100 kDa as determined
from an elution profile of protein standards with
known molecular weight; and

assaying the selected fractions eluted from affinity
chromatography for HOS activity by assessing ex
vivo the capacity of said fractions to attenuate an
increase in the level of heme oxygenase-1 (HO-1)
occurring in response to an experimental agent or
treatment of oxidative stress, wherein said HOS fac-
tor maintains attenuation of HO-1 activity even when
exposed to an antioxidant.

[0023] Another aspect of the invention is a method for
assaying the level of heme oxygenase-1 suppressor
glycoprotein (HOS) factor activity in a patient sample
which comprises:

exposing the patient sample to a cell culture;
subjecting the cell culture to exposure to an experi-
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mental agent or treatment that increases the level of
HO-1 protein or mMRNA encoding HO-1;
determining the level of HO-1 protein or mRNA en-
coding HO-1; and

comparing said level of HO-1 protein or mRNA en-
coding HO-1 with a corresponding control level of
HO-1 protein or mRNA encoding HO-1;

whereby the level of said HO-1 protein or mRNA encod-
ing HO-1 inversely correlates with the level of HOS factor
activity.

[0024] Another aspect of the present invention is a
method for assessing dementing diseases in a patient
which comprises: determining the level of heme oxyge-
nase-1 suppressor (HOS) factor activity by the method
of the invention, in tissue or a body fluid obtained from a
patient; and comparing said level of HOS factor activity
with the corresponding level of HOS factor activity in cor-
responding tissue or body fluid obtained from atleastone
control person, whereby if said level of HOS factor activity
is greater than said corresponding level of HOS factor or
activity in said tissue or body fluid obtained from at least
one control person then said patient suffers from a de-
menting disease; wherein such method is used to predict
the onset of, diagnose, or prognosticate dementing dis-
eases.

[0025] Yet another aspect of the present invention is
a diagnostic method for differentiating, in a patient suf-
fering from a dementing disease, between a dementing
disease which is HO-1-dependent and a dementing dis-
ease which is HO-1-independent, said method compris-
ing: determining the level of heme oxygenase-1 suppres-
sor (HOS) factor activity by the method of the invention,
in tissue or a body fluid obtained from a patient suffering
from a dementing disease; and comparing said level of
HOS factor activity with the corresponding level of HOS
factor activity in corresponding tissue or body fluid ob-
tained from at least one control person, whereby if said
level of HOS factor activity differs significantly from said
corresponding level of HOS factor activity in said tissue
or body fluid obtained from at least one control person
then said patient suffers from a dementing disease which
is HO-1-dependent, and if said level of HOS factor activity
does not differ significantly from said corresponding level
of HOS factor activity in said tissue or body fluid obtained
from at least one control person then said patient suffers
from a dementing disease which is HO-1-independent.
[0026] In an embodiment, another aspect of the
present invention is a method for differentiating the pseu-
dodementia of depression from other dementing diseas-
es in a patient which comprises: determining the level of
heme oxygenase-1 suppressor (HOS) factor activity by
the method of the invention, in tissue or body fluid ob-
tained from a patient; and comparing said level of HOS
factor activity with the corresponding level of HOS factor
activity in corresponding tissue or body fluid obtained
from at least one control person; whereby if said level of
HOS factor activity is greater than said corresponding
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level of HOS factor or activity in said corresponding tissue
or body fluid obtained from at least one control person
then said patient suffers from a dementing disease other
than the pseudodementia of depression; wherein such
method is used to differentiate the pseudodementia of
depression from other dementing diseases.

[0027] The dementing diseases assessed using the
methods described above include, but are not limited to,
Alzheimer Disease, Age-Associated Cognitive Decline,
Mild Cognitive Impairment, Parkinson disease with de-
mentia, Progressive Supranuclear Palsy, Vascular (i.e.
multi-infarct) Dementia, Lewy Body Dementia, Hunting-
ton’s Disease, Down’s syndrome, normal pressure hy-
drocephalus, corticobasal ganglionic degeneration, mul-
tisystem atrophy, head trauma, neurosyphilis, Creut-
zfeld-Jacob disease and other prion diseases, HIV and
other encephalitides, and metabolic disorders such as
hypothyroidism and vitamin B12 deficiency. Further, as
noted above, the methods may also prove useful in dif-
ferentiating the "pseudodementia” of depression from
Alzheimer disease.

[0028] Examples of the above mentioned tissue or
body fluids include, but are not limited to, blood, plasma,
lymphocytes, cerebrospinal fluid, urine, saliva, epithelia,
and fibroblasts.

[0029] The above-mentioned control tissue or body flu-
id, for example, may be obtained from at least one normal
age-matched control person or from the patient at anoth-
er time, in an embodiment, at an earlier time.

[0030] Itis further described a method for assaying the
level of heme oxygenase-1 (HO-1) suppressor (HOS)
factor activity in a sample which comprises: exposing the
sample to a cell culture; subjecting the cell culture to ex-
posure to an experimental agent or treatment which may
increase the level of HO-1 protein or mRNA encoding
HO-1; determining the level of HO-1 protein or mRNA
encoding HO-1; and comparing said level of HO-1 protein
or mRNA encoding HO-1 with a corresponding control
level of HO-1 protein or mRNA encoding HO-1;
whereby the level of said HO-1 protein or mRNA encod-
ing HO-1 inversely correlates with the level of HOS factor
activity.

[0031] The present invention also provides evidence
for the existence of a putative heme oxygenase-1 (HO-
1) suppressor (HOS) factor in the samples derived from
a patient suffering from a dementing disease, as well as
a partially purified fraction comprising HOS activity and
a corresponding putative HOS factor.

[0032] The above-mentioned corresponding control
level of HO-1 protein or mMRNA may be obtained, for ex-
ample, by assaying the level of HO-1 protein or mRNA
in a corresponding cell culture which has been subjected
to exposure to the above-mentioned experimental agent
or treatment, but has not been exposed to the above-
mentioned sample prior to exposure to the above-men-
tioned experimental agent or treatment.

[0033] The application further describes polyclonal
and monoclonal antibodies which recognize the HOS fac-
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tor, as well as hybridoma cells which produce the latter
monoclonal antibodies.

[0034] It is also described a method for assaying the
level of heme oxygenase-1 (HO-1) suppressor (HOS)
factor or activity in a sample comprising: exposing said
sample to an antibody which recognizes the HOS factor;
isolating immune complexes; and determining the level
of HOS factor or activity in the immune complex.

[0035] Since HOS affects the levels of HO-1 mRNA
and protein, therefore the application also discloses a
method for assaying the level of HOS activity or factor
using a reporter construct comprising transcriptional reg-
ulatory element(s) (e.g., a promoter region) of the HO-1
gene operably linked to a suitable reporter gene.

[0036] Accordingly, itis described a method for assay-
ing the level of heme oxygenase-1 (HO-1) suppressor
(HOS) activity in a sample comprising: exposing said
sample to areporter construct, wherein said reporter con-
struct comprises the HO-1 promoter region and a reporter
gene, wherein said reporter gene encodes a protein
which possesses a detectable reporter activity; determin-
ing the level of said reporter activity, and comparing said
level of said reporter activity with a corresponding control
level of said reporter activity; whereby the level of said
reporter activity inversely correlates with the level of HOS
factor or activity.

[0037] The above-mentioned control level of reporter
activity may be obtained, for example, by measuring the
reporter activity produced by a corresponding reporter
construct that has not been exposed to the above-men-
tioned sample.

[0038] The HOS activity of the present invention may
also be used for the elucidation of other factors and mech-
anisms involved in the onset and progression of AD and
other dementing diseases. These factors and mecha-
nisms may yield therapeutic agents and methods, as well
as contribute to our understanding of the molecular
events which are involved in the onset and progression
of AD and other dementing diseases.

[0039] Therefore, the present application further de-
scribes a method for screening a candidate compound
for the presence of an inhibitor or activator of HOS activity
or HOS factor comprising: exposing said candidate com-
pound to a sample known to comprise HOS activity or
HOS factor; assaying the level of HOS activity or HOS
factor using a method selected from the group consisting
of: (a) a method for assaying the level of heme oxygen-
ase-1 (HO-1) suppressor (HOS) factor or activity in a
sample which comprises: exposing the sample to a cell
culture; subjecting the cell culture to exposure to an ex-
perimental agent or treatment which may increase the
level of mMRNA encoding HO-1; determining the level of
HO-1 protein or mRNA encoding HO-1; and comparing
said level of HO-1 protein or mMRNA encoding HO-1 with
a corresponding control level of HO-1 protein or mRNA
encoding HO-1; whereby the level of said HO-1 protein
or mRNA encoding HO-1 inversely correlates with the
level of HOS factor or activity; (b) a method for assaying
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the level of heme oxygenase-1 (HO-1) suppressor (HOS)
factor or activity in a sample comprising: exposing said
sample to an antibody which recognizes the HOS factor;
isolating immune complexes; and determining the level
of HOS factor or activity in the immune complex; and (c)
a method for assaying the level of heme oxygenase-1
(HO-1) suppressor (HOS) factor or activity in a sample
comprising: exposing said sample to areporter construct,
wherein said reporter construct comprises the HO-1 pro-
moter region and a reporter gene, wherein said reporter
gene encodes a protein which possesses a detectable
reporter activity; and determining the level of said report-
er activity; and comparing said level of said reporter ac-
tivity with a corresponding control level of said reporter
activity; whereby the level of said reporter activity in-
versely correlates with the level of HOS factor or activity;
and comparing said level of HOS activity or HOS factor
with a corresponding control level of HOS activity or HOS
factor in a corresponding control sample, wherein said
control sample comprises said sample known to com-
prise HOS activity that has not been exposed to said
candidate compound.

[0040] In particular the invention provides a method
for screening a candidate compound for the presence of
an inhibitor or activator of HOS factor activity comprising:

(i) exposing said candidate compound to a sample
known to comprise HOS factor activity ;

(ii) assaying the level of HOS factor activity by the
method according to the invention; and

(iii) comparing said level of HOS factor activity with
a corresponding control level of HOS factor activity
in a corresponding control sample, wherein said con-
trol sample comprises said sample known to com-
prise HOS activity that has not been exposed to said
candidate compound.

[0041] A further aspect of the present invention is a
commercial package comprising means for determining
the level of heme oxygenase-1 (HO-1) suppressor (HOS)
factor activity, in tissue or body fluid obtained from a pa-
tient, and instructions for comparing said level of HOS
factor activity

with an established standard of the corresponding HOS
activity in corresponding control tissue or body fluid. Such
control tissue or body fluid, for example, may be obtained
from at least one normal age-matched control person or
from the patient at another time, in an embodiment, at
an earlier time.

[0042] Since levels of HO-1 mRNA, protein and/or ac-
tivity as well as HOS factor and/or activity may be altered
in patients suffering from a dementing disease, inhibitors
or activators of HOS factor or HOS activity represent po-
tential substances or compounds which may be utilized
for the treatment of a dementing disease.

[0043] Accordingly, itis further described a compound
for the treatment of a dementing disease, wherein the
compound alleviates the dementing disease by increas-
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ing or decreasing the level of heme oxygenase-1 (HO-
1) mRNA, protein or activity.

[0044] A further disclosure of the application is a com-
pound for the treatment of a dementing disease, wherein
the compound alleviates the dementing disease by in-
creasing or decreasing the level of heme oxygenase-1
(HO-1) suppressor (HOS) factor or activity.

[0045] Itis further described a pharmaceutical compo-
sition for the treatment of a dementing disease which
comprises the substance or compound described above
in admixture with a suitable pharmaceutically acceptable
diluent or carrier.

[0046] Yet a further disclosure of the present applica-
tion is a method of treating a dementing disease in a
patient, comprising administering to said patient the com-
pound or pharmaceutical composition described above
in an amount effective to treat a dementing disease,
wherein said method results in the alleviation of the de-
menting disease by increasing or decreasing the level of
heme oxygenase-1 (HO-1) mRNA, protein or activity.
[0047] Yet a further disclosure of the present applica-
tion is a method of treating a dementing disease in a
patient, comprising administering to said patient the com-
pound or pharmaceutical composition described above
in an amount effective to treat a dementing disease,
wherein said method results in the alleviation of the de-
menting disease by increasing or decreasing the level of
heme oxygenase-1 (HO-1) suppressor (HOS) factor or
activity.

[0048] Yet a further aspect of the present-invention is
a use of the HOS factor according to the invention for the
manufacture of a medicament for the treatment of a de-
menting disease.

[0049] A commercial package containing as an active
pharmaceutical ingredient the compound or pharmaceu-
tical composition described above together with instruc-
tions for its use in the treatment of a dementing disease
is further described.

[0050] The substance or compound, composition,
method and commercial package noted above may, for
example, be utilized for the treatment of a dementing
disease selected from the group consisting of Alzheimer
Disease, Age-Associated Cognitive Decline, Mild Cog-
nitive Impairment, Parkinson disease with dementia, Pro-
gressive Supranuclear Palsy, Vascular (i.e. multi-infarct)
Dementia, Lewy Body Dementia, Huntington’s Disease,
Down’s syndrome, normal pressure hydrocephalus, cor-
ticobasal ganglionic degeneration, multisystem atrophy,
head trauma, neurosyphilis, Creutzfeld-Jacob disease
and other prion diseases, HIV and other encephalitides,
and metabolic disorders such as hypothyroidism and vi-
tamin B12 deficiency.

BRIEF DESCRIPTION OF THE DRAWINGS
[0051]

Figure 1 is a Northern analysis of HO-1 mRNA im-
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plicating the presence of a circulating HO-1 suppres-
sor (HOS) factor in sporadic AD, as described in Ex-
ample 1. Control GAPDH bands used to ensure uni-
formity of RNA loading are depicted below the HO-
1 bands.

Figure 2 depicts tabular results of studies of demo-
graphics and HOS activity in normal young control
(NYC), normal elderly control (NEC), mild cognitive
impairment (MCI) and sporadic Alzheimer disease
(AD) subjects, as described in Example 2. Suppres-
sion by 24h incubation in human plasma of CSH-
induced (880,,M x 6 h) glial HO-1 mRNAband (North-
ern blot) relative to CSH-treated astrocytes grown in
standard culture media; 0=0-25% suppression,
1=26-50% suppression, 2=51-75% suppression,
3=76-100% suppression. HOS = HOS activity;
MMSE = Folstein Mini-mental State Exam Score;
Cortisol = Plasma cortisol levels (nMol/L); AD Meds
= cholinesterase inhibitors used for treatment of
Alzheimer disease; E400 and E800 = 400 and 800
units vitamin E, respectively; C500 = 500 mg vitamin
C.

Figure 3 depicts graphical results of HOS activity in
normal control (NC), mild cognitive impairment (MCI)
and sporadic Alzheimer disease (AD) subjects. HOS
activity=percentage suppression (quartiles) by 24h
incubation in human plasma of CSH-induced
(880,,M x 6 h) glial HO-1 mRNA band (Northern blot)
relative to CSH-treated astrocytes grown in standard
culture media, as described in Example 3.

Figure 4 depicts analysis of plasma cortisol levels
(mean = SD) in normal control (NC), mild cognitive
impairment (MCI) and sporadic Alzheimer disease
(AD) subjects (panel A), as described in Example 4.
( )=number of cases per group. Differences between
groups are not statistically significant (1-way ANO-
VA). Correlation between plasma cortisol levels and
HOS activity in the MCI (panel B) and AD (panel C)
groups is not significant (linear regression analysis).

Figure 5 is a Northern analysis of HO-1 mRNA dem-
onstrating the effects of sample storage time and
antioxidant exposure on plasma HOS activity, as de-
scribed in Example 8. C=Control (untreated) astro-
cyte cultures, CSH=cysteamine-treated astrocyte
culture, AD=Alzheimer, MCI=Mild Cognitive Impair-
ment, NEC=normal elderly control, N=normal sub-
jecton antioxidants. Control GAPDH bands are used
as noted in Figure 1.

Figure 6 is a Northern analysis of HO-1 mRNA dem-
onstrating the effects of plasma dilution on HOS ac-
tivity, as described in Example 6.

Figure 7 is a Northern analysis of HO-1 mRNA dem-
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onstrating the effect of heat treatment on HOS ac-
tivity, as described in Example 7. Control GAPDH
bands are used as noted in Figure 1.

Figure 8 is a Northern analysis of HO-1 mRNA dem-
onstrating the partial purification of HOS factor by
heparin-agarose chromatography, as described in
Example 8. Control GAPDH bands are used as noted
in Figure 1.

Figure 9 is a Northern analysis of HO-1 mRNA dem-
onstrating further HOS purification of the heparin
agarose eluate by Concanavalin-A (Con-A) Agarose
affinity column chromatography, as described in Ex-
ample 9. Control GAPDH bands are used as noted
in Figure 1.

Figure 10 is a Northern analysis of HO-1 mRNA dem-
onstrating further HOS purification of the heparin
agarose-conconavalin A eluate derived from 4
pooled AD plasma samples (29 cc starting material)
ona Superose™ 12 HR FPLC Column, as described
in Example 10. Control GAPDH bands are used as
noted in Figure 1.

Figure 11 presents graphical results of relative pro-
tein concentrations in Superose™ 12 HR FPLC Col-
umn fractions derived from pooled AD plasma sam-
ples described in Fig. 10, as described in Example
10. Arrow denotes protein concentration in fraction
(number 20-22) exhibiting robust HOS activity.

Figure 12 depicts results of a chromatogram from a
function test of Superose™ 12 HR FPLC 1-cm diam-
eter column (Catl. # 17-0538-01, Lot # 8283034)
[Amersham Pharmacia Biotech, Inc Quebec Cana-
da] using standard protein mixtures, as described in
Example 10.

Figure 13 is a Northern analysis of HO-1 mRNA dem-
onstrating the effects of NEC and AD plasma on as-
trocyte HO-1 mRNA induction by multiple stimuli.
The HOS bioassay was performed as described for
Figure 1. Northern blots for HO-1 mRNA (top) and
respective GAPDH mRNA (bottom) are shown. Con-
trol GAPDH bands are used as noted in Figure 1.

[0052] Applicant has devised an improved diagnostic
method, useful in the prediction, diagnosis, and prognos-
tication of AD, AACD/MCI, and related neurological dis-
eases, as well as methods and reagents which are useful
in the treatment and study of AD, AACD/MCI, and related
neurological diseases. These methods are based on the
discovery that patients suffering from AD have an activity
and corresponding factor in their plasma which signifi-
cantly suppresses the expression of heme oxygenase-1
(HO-1). This HO-1 suppressor activity is assayed via the
inability to upregulate the concentration of nucleotide se-
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quences encoding HO-1, in response to exposure to a
suitable experimental agent or treatment, in a suitable
cell culture system pre-incubated with a tissue or body
fluid derived from patients suffering from AD or other de-
menting diseases. This suppressor activity and corre-
sponding factor shall be referred to as HO-1 suppressor
(HOS) activity and factor, respectively.

[0053] Applicant has identified an activity, namely
HOS activity, which is present in tissue or body fluids
derived from patients suffering from AD as well as pos-
sibly those suffering from other dementing diseases, but
is absent in normal age-matched control subjects. This
activity may be detected in a tissue or body fluid obtained
from these patients. Examples of possible sources of
suitable tissue or body fluids include blood, plasma, lym-
phocytes, cerebrospinal fluid, urine, saliva, epithelia
(such as skin epithelia) and fibroblast cell lines derived
from patients.

[0054] The HOS activity, is an activity that suppresses
the upregulation of HO-1 expression. Such upregulation
occurs, for example, following exposure to an experimen-
tal agent or treatment which is, in the absence of HOS
activity, capable of increasing HO-1 expression, as de-
tected.by increases in HO-1 protein or HO-1 mRNA. In
patients suffering from AD, as well as possibly those suf-
fering from other dementing diseases, HOS activity sup-
presses the expression of HO-1, which is expressed at
significantly higher levels in lymphocytes and possibly
other non-neural tissue or body fluids in normal aged-
matched control subjects.

[0055] A further aspect of the invention is the method
of assaying HOS activity in a sample as described above.
Examples of possible sources of suitable samples in-
clude tissues and body fluids such as, for example, blood,
plasma, lymphocytes, cerebrospinal fluid, urine, saliva,
epithelia and fibroblast cell lines derived from patients,
or fractions derived from these samples. The assay in-
volves exposing the sample to be tested to a cell culture
that is capable of undergoing an induction in HO-1 ex-
pression in response to exposure to a certain experimen-
tal agent or treatment. An example of such a cell culture
is a rat astroglial culture, however, many other useful
possibilities exist. Examples of such exposure to an ex-
perimental agent or treatment include exposure to oxi-
dative stress, metal ions, amino acid analogues, sulfhy-
dryl agents, interleukin-1B3, tumour necrosis factor-o
(TNF-a)) and hyperthermia. Examples of suitable sulfhy-
dryl reagents include, but are not limited to, cysteamine
and homocysteine. Following such exposure to an ex-
perimental agent or treatment, the level of HO-1 protein
or HO-1 mRNA may be detected using suitable methods.
The level of HO-1 may for example be detected by an
immunoassay. The level of HO-1 mRNA may for example
be detected by Northern analysis using an appropriate
probe (s). Detection of HO-1 mRNA of greater sensitivity
may be achieved for example using the reverse tran-
scriptase-polymerase chain reaction (RT-PCR) method,
described in Abraham (1998) and Mawal et al. (2000).
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The activity assay may be adapted to a large scale level
for analyzing a large number of samples simultaneously,
possibly in a suitable array format, possibly with the au-
tomated execution (e.g., by robotics) of some or all of the
steps therein.

[0056] A further possibility may be the development of
a reporter-based assay for assaying HOS activity. Such
an assay may involve the preparation of a suitable re-
porter construct, e.g. comprising a transcriptional regu-
latory element, such as the 5’ untranslated promoter re-
gion, of the HO-1 gene, operably linked to a suitable re-
porter gene, i.e., capable of regulating the expression of
a suitable reporter gene. Such a construct may addition-
ally comprise the 3’ untranslated region of the HO-1 gene
or another suitable 3’ sequence. In another embodiment,
the construct may comprise an in frame fusion of a suit-
able reporter gene within the open reading frame of the
HO-1 gene. The reporter gene may be chosen as such
to facilitate the detection of its expression, e.g. by the
detection of the presence and/or activity of its gene prod-
uct. Many such suitable reporters may be used, which
provide detectable signals. Most preferred embodiments
in this class are those that provide a conveniently detect-
able signal, which may be detected by, for example, spec-
troscopic methods. Examples of suitable reporter genes
include those encoding luciferase, beta-galactosidase,
green fluorescent protein, alkaline phosphatase, chlo-
ramphenicol acetyltransferase, as well as others. Such
a reporter construct may be introduced into a suitable
system capable of exhibiting an increase in the level of
expression of the reporter gene in response to exposure
to an experimental agent or treatment which is capable
of increasing HO-1 expression as noted above. Such an
assay would also be adaptable to a possible large scale,
high-throughput, automated format as noted above, and
would allow more convenient detection due to the pres-
ence of its reporter component.

[0057] Using methods of assaying HOS activity as de-
scribed above, applicant has determined that the level
of HOS activity in a sample decreases with the increasing
dilution of the sample, suggesting that HOS activity is
attributed to the presence of a corresponding HOS factor.
Using the same assay methods, applicant has further
determined that pre-heating the sample to be tested ab-
rogates HOS activity, suggesting that HOS activity is at-
tributed to a protein or complex of proteins. Since, to ap-
plicant’s knowledge, glucocorticoids are the only known
suppressors of HO-1 expression (Lavrovsky et al., 1996;
Deramaudt et al., 1999), the discovery of a protein-like
HOS factor is novel. Applicant has further demonstrated
that cortisol levels are not increased in AD or MCI sam-
ples with respect to normal samples, thus demonstrating
that suppression of HO-1 expressionin AD and MCl sam-
ples is not attributed to glucocorticoids, but rather, is a
result of the activity of a (non-glucocorticoid) HOS factor.
[0058] Applicant has accomplished a partial purifica-
tion of HOS activity and therefore HOS factor using one
or multiple chromatographic methods in sequential fash-
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ion. An example of a suitable chromatographic method
is affinity chromatography using a heparin-agarose ma-
trix or a concanavallin-A (Con-A) agarose matrix or gel
filtration chromatography using for example a Super-
ose™-12 matrix. Applicant has accomplished further pu-
rification of HOS factor using heparin-agarose, concana-
vallin-A (Con-A) agarose and Superose™-12 chromatog-
raphy, in sequence, further suggesting that HOS factor
comprises a protein or complex of proteins, and, based
on binding to the Con-A matrix, likely comprises a glyc-
oprotein, in an embodiment, a mannoprotein. This sug-
gests that HOS activity and the corresponding HOS fac-
tor may be obtained in a more highly purified form using
various chromatographic methods. Such purification is
for example shown in Figure 11, where the peak of HOS
activity elutes later that most of the protein in the sample,
thus indicating that the Superose™-12 column has re-
moved the majority of protein contaminants from the HOS
factor-containing sample. Calibration of the column using
known protein molecular weight standards (Figure 12)
indicates that HOS factor is a protein or complex of pro-
teins having an approximate molecular weight in the
range of 80-100 kDa, in an embodiment, having a mo-
lecular weight of approximately 90 kDa. These data thus
provide further support that HOS factor is a protein-like
molecule. Applicant has further shown that HOS factor
and associated HOS activity are stable during prolonged
storage.

[0059] Accordingly, the invention further provides a
HOS factor, as defined above.

[0060] Applicant has further demonstrated that HOS
activity is not due to simple antioxidant behaviour, since
both AD and normal plasma exhibit equivalent levels of
partial suppression of the HO-1 mRNA response to a pro-
oxidant, for example, menadione. Further, typical doses
of antioxidants have no effect on the induction of HO-1
mMRNA expression, and exposure of multiple, high dose,
antioxidants only results in partial suppression.

[0061] A further aspect of the present invention is an
improved diagnostic method, potentially useful in the pre-
diction, diagnosis, and prognostication of AD,
AACD/MCI, and related neurological diseases. This di-
agnostic method is based on the detection of HOS ac-
tivity, using for example the assay methods described
above, in a tissue or body fluid obtained from a patient.
Because the presence of HOS activity precedes any de-
crease in HO-1 expression in a patient, this diagnostic
method provides an even earlier diagnosis of AD,
AACD/MCI, and related neurological diseases. In addi-
tion, the immunodetection of HOS factor or activity (see
below) may provide an improved method of diagnosis
overthe detection of decreases in HO-1 expression using
methods such as Northern analysis or the reverse tran-
scriptase-polymerase chain reaction (RT-PCR) method,
described in Abraham (1998) and Mawal et al. (2000).
Further, the correlation of the presence of HOS activity
with the disease state represents a positive test for diag-
nosis. This is more desirable than a negative test, used
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for diagnosis based on the reduction or absence of HO-
1 expression in a patient suffering from one of the de-
menting diseases described above.

[0062] Itis known in the art that certain dementing dis-
eases, for example, AD, correlate with changes in HO-1
levels while others do not. Such dementing diseases may
be categorized as HO-1-dependent and HO-1-independ-
ent. Asdescribed in the instant application, such changes
in HO-1 levels are a result of changes in the levels of
HOS factor or activity. Therefore, the application further
describes methods, reagents, compounds and commer-
cial packages to differentiate a dementing disease which
exhibits a significantly altered level of HO-1 protein, HO-
1 mRNA, HOS factor, or HOS activity, i.e., an HO-1-de-
pendent dementing disease, from a dementing disease
which does not exhibit such a significantly altered level
of HO-1 protein, HO-1 mRNA, HOS factor, or HOS ac-
tivity, i.e., an HO-1-independent dementing disease. The
term " significantly" as used here means that the levels
are altered from control levels beyond the range of ex-
perimental error, as known in the art.

[0063] The HOS activity of the present invention may
also be used to develop therapeutic agents and methods
for the treatment of AD and other dementing diseases.
Since the appearance of HOS activity correlates with the
presence of the disease state, the HOS activity and HOS
factor is expected to play a causative role in the onset
and/or progression of AD and other dementing diseases.
Therefore, identification of factors or mechanisms which
inhibit or activate HOS activity may be utilized for the
development of therapeutic agents and methods for the
treatment of AD and other dementing diseases. If an in-
crease in HOS activity is a causative event in the onset
and/or progression of AD and other dementing diseases,
an inhibitor of HOS activity is expected to have therapeu-
tic potential. Conversely, an activator of HOS activity is
expected to represent an upstream causative agent of
the onset and/or progression of AD and other dementing
diseases, which may provide even earlier and improved
methods of diagnosis. Further, all factors which effect
HOS activity will lead to a better understanding of the
mechanisms of the onset and/or progression of AD and
other dementing diseases, and ultimately contribute to
the development of improved therapeutic methods and
agents. In addition, other factors which affect levels of
HO-1 mRNA, protein and activity are also useful to the
invention, similar to the above, and are thus a further
aspect of the invention.

[0064] Accordingly, itis a further aspect of the present
invention to provide a HOS activity-based screening
method to identify putative compounds which either in-
hibit or augment HOS activity. Such screening is per-
formed using the HOS activity assays defined above, and
may be adapted to a large scale, and possibly automated
format. Such a method comprises exposing a known
HOS activity-containing sample to the compound to be
tested, and subsequently determining the level of HOS
activity present, which is then compared to a control sam-
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ple that was not exposed to the compound to be tested.
In a high-throughput, automated format, this screening
method may be used for the rapid analysis of libraries
containing a large number of compounds for their effects
on HOS activity. In an embodiment, examples of such
libraries include chemical libraries prepared by combina-
torial synthesis.

[0065] The partially purified fraction comprising HOS
factor and HOS activity, obtained, for example, from
heparin-agarose and/or Con-A agarose and/or Super-
ose™-12 column chromatography, may be used to im-
munize a small mammal, e.g., a mouse or a rabbit, in
order to raise antibodies which recognize this activity.
The above mentioned fraction may be obtained from se-
quential heparin-agarose, Con-A agarose and Super-
ose™-12 column chromatography.

[0066] An antibody is either polyclonal or monoclonal.
Antibodies may be recombinant, e.g., chimeric (e.g., con-
stituted by a variable region of murine origin associated
with a human constant region), humanized (a human im-
munoglobulin constantbackbone together with hypervar-
iable region of animal, e.g., murine, origin), and/or single
chain. Both polyclonal and monoclonal antibodies may
also be in the form of immunoglobulin fragments, e.g., F
(ab)’s, Fab or Fab’ fragments. The antibodies are of any
isotype, e.g., IgG or IgA, and polyclonal antibodies are
of a single isotype or a mixture of isotypes.

[0067] Antibodies against the HOS factor may be gen-
erated by immunization of a mammal with a partially pu-
rified fraction comprising HOS factor. The above men-
tioned fraction may be obtained from sequential heparin-
agarose, Con-A agarose and Superose™-12 column
chromatography. Such antibodies may be polyclonal or
monoclonal. Methods to produce polyclonal or mono-
clonal antibodies are well known in the art. For a review,
see Harlow and Lane (1988) and Yelton et al. (1981).
For monoclonal antibodies, see Kohler and Milstein
(1975).

[0068] The antibodies, which are raised to a partially
purified fraction comprising HOS factor may be produced
and identified using standard immunological assays,
e.g., Western blot analysis, dot blot assay, or ELISA (see,
e.g., Coligan et al. (1994)). The antibodies may be used
in diagnostic methods to detect the presence of a HOS
factor and activity in a sample, such as a tissue or body
fluid. The antibodies may also be used in affinity chro-
matography for obtaining a purified fraction comprising
the HOS factor.

[0069] Accordingly, a further disclosure of the applica-
tion (i) a reagent for detecting the presence of HOS factor
and activity in a tissue or body fluid; and (ii) a diagnostic
method for detecting the presence of HOS factor and
activity in a tissue or body fluid, by contacting the tissue
or body fluid with an antibody of the invention, such that
an immune complex is formed, and by detecting such
complex to indicate the presence of HOS factor and ac-
tivity in the sample or the organism from which the sample
is derived.
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[0070] Those skilled in the art will readily understand
that the immune complex is formed between a compo-
nent of the sample and the antibody, and that any un-
bound material is removed prior to detecting the complex.
It is understood that an antibody of the invention is used
for screening a sample, such as, forexample, blood, plas-
ma, lymphocytes, cerebrospinal fluid, urine, saliva, epi-
thelia and fibroblasts, for the presence of HOS activity.

[0071] For diagnostic applications, the reagent (i.e.,
the antibody of the invention) is either in a free state or
immobilized on a solid support, such as a tube, a bead,
or any other conventional support used in the field. Im-
mobilization is achieved using direct or indirect means.
Direct means include passive adsorption (non-covalent
binding) or covalent binding between the support and the
reagent. By "indirect means" is meant that an anti-rea-
gent compound that interacts with a reagent is first at-
tached to the solid support. Indirect means may also em-
ploy a ligand-receptor system, for example, where a mol-
ecule such as a vitamin is grafted onto the reagent and
the corresponding receptor immobilized on the solid
phase. This is illustrated by the biotin-streptavidin sys-
tem. Alternatively, a peptide tail is added chemically or
by genetic engineering to the reagent and the grafted or
fused product immobilized by passive adsorption or cov-
alent linkage of the peptide tail.

[0072] Such diagnostic agents may be included in a
kit which also comprises instructions for use. The reagent
is labeled with a detection means which allows for the
detection of the reagent when it is bound to its target.
The detection means may be a fluorescent agent such
as fluorescein isocyanate or fluorescein isothiocyanate,
or an enzyme such as horse radish peroxidase or luci-
ferase or alkaline phosphatase, or a radioactive element
such as 125] or 51Cr.

[0073] Accordingly, the application further describes a
process for purifying, from a tissue or body fluid, the HOS
factor of the invention, which involves carrying out anti-
body-based affinity chromatography with the tissue or
body fluid, wherein the antibody is an antibody as de-
scribed herein.

[0074] For use in a purification process, the antibody
is either polyclonal or monoclonal, and preferably is of
the IgG type. Purified IgGs are prepared from an antise-
rum using standard methods (see, e.g., Coligan et al.
(1994)). Conventional chromatography supports, as well
as standard methods for grafting antibodies, are de-
scribed in, e.g., Harlow and Lane (1988), and outlined
below.

[0075] Briefly, a tissue or body fluid, such as plasma
from a patient suffering from AD, preferably in a buffer
solution, is applied to a chromatography material, pref-
erably equilibrated with the buffer used to dilute the tissue
or body fluid so that the HOS factor of the invention (i.e.,
the antigen) is allowed to adsorb onto the material. The
chromatography material, such as a gel or a resin cou-
pled to an antibody of the invention, is in either a batch
form or a column. The unbound components are washed
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off and the antigen is then eluted with an appropriate
elution buffer, such as a glycine buffer or a buffer con-
taining a chaotropic agent, e.g., guanidine HCI, or high
salt concentration (e.g., 3 M MgCl,). Eluted fractions are
recovered and the presence of the antigen is detected,
e.g., by measuring the absorbance at 280 nm.

[0076] The application further describes a diagnostic
imaging method, which comprises introducing into a bi-
ological system, an antibody as described herein, which
is used in conjunction with an appropriate detection sys-
tem to identify areas where HOS factor or activity is
present or absent.

[0077] The following examples are provided in order
to illustrate the methods of the present invention and are
not meant to limit the scope of the invention.

Example 1: Determination of the presence of HOS
activity in plasma derived from AD patients

[0078] Whole blood is collected from normal elderly
(N1, N2) subjects or patients with probable sporadic AD
(AD1, AD2) in heparinized tubes. This is then layered
over a Ficoll Paque™ density gradient and centrifuged at
1800 rpm for 20 minutes. The top plasma layer is then
collected and saved for incubation with rat astroglia as
described below. The lymphocyte fractions are collected
and used for the isolation of mMRNA for Northern analysis
as described below.

Determination of lymphocyte HO-1 mRNA levels:

[0079] Lymphocyte fractions were obtained by differ-
ential centrifugation of whole blood on Ficoll Paque™ gra-
dients as described above. Cytoplasmic RNA was iso-
lated from the lymphocytes using an acid guanidinium
thiocyanate-phenolchloroform extraction method, as de-
scribed by Chomezynski et al. (1997), herein incorporat-
ed by reference. Six micrograms of RNA was denatured
and size-separated by electrophoresis on 1% agarose/
formaldehyde gels. RNA integrity was confirmed by
ethidium bromide staining. The RNA was transferred on-
to Hybond-N™ filter paper and covalently cross-linked to
the membrane by UV light for two minutes. The hybridi-
zation probe (HO-1; 1.0kb) was prepared by random
priming using the Random Primer DNA Labelling Sys-
tem, as described by Feinberg et al. (1984). Prehybridi-
zation was performed for 12 hours at 42°C in a buffer
containing formamide deionized, 5 x Denhardt’s reagent,
6 x SSPE and 0.5% SDS. The hybridization buffer con-
sisted of the prehybridization buffer without 5 x Den-
hardt’s reagent, and 32P-labelled denatured DNA probe,
as described in Noonberg et al. (1994), herein incorpo-
rated by reference. Equal loading of RNA was confirmed
by hybridization with a cDNA for the (housekeeping)
gene, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). All washes were performed under stringent
conditions (1 x SSC and 0.2% SDS for 45 minutes at
room temperature, 0.4 x SSC and 0.2% SDS for 15 min-
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utes at 65°C). The RNA hybridizing with cDNA probes
was visualized by autoradiography using an intensifying
screen at -80°C, as described in Church et al. (1984),
herein incorporated by reference.

[0080] As noted in our related US Patent (No.
6,210,895; April 13, 2001) and publication (Schipper et
al., 2000). and as reiterated in Panel A of Figure 1, lym-
phocytes isolated from normal subjects N1 and N2 exhibit
significant levels of HO-1 mRNA (lanes 1 and 2), which
is not detectable in lymphocytes isolated from AD pa-
tients AD1 and AD2 (lanes 3 and 4).

Assay of plasma HOS activity via the induction of
HO-1 expression upon cysteamine (CSH) treatment
of rat astroglia:

[0081] Brain cell cultures: Rat astroglia were prepared
as described in Schipper et al. (1999), as follows:
[0082] Pregnant Sprague-Dawley rats were obtained
from Charles River Breeding Farms. Primary neural cell
cultures were prepared from 1-day old neonates by
mechanoenzymatic dissociation of cerebral tissue or
body fluid as previously described by Chopra et al.,
(1997), herein incorporated by reference. Cells were
grown in Ham’s F-12 and high-glucose DMEM (50:50
vol/vol) supplemented with 10 mM HEPES. 5% heat-in-
activated horse serum, 5% heat-inactivated fetal bovine
serum, and penicillin/streptomycin (50 U/ml and 50
ng/ml, respectively). The cells were plated in 75-cm? tis-
sue or body fluid culture flasks at a density of 1 x 108
cells/ml. Cultures were incubated at 37°C in humidified
95% air/5% CO, for 6h, at which time they were vigor-
ously shaken 20-30 times with replacement of fresh me-
dium to remove adherent oligodendroglia and microglia
from the astrocytic monolayers. The cultures were then
incubated under the above-mentioned conditions for 6
days, at which time >98% of the cells composing the
monolayer were astroglia, as determined by immunohis-
tochemical labeling for the astrocyte-specific marker glial
fibrillary acidic protein, as described by Chopra et al.
(1995). These astroglia cultures were grown under dif-
ferent conditions and subjected to different treatments
(see below), and subsequently mRNA was isolated for
Northern analysis of HO-1 mRNA levels as described in
Schipper et al. (1999), as follows:

[0083] RNA isolation and Northern analysis: Cultured
astrocytes were harvested using a rubber policeman, and
cytoplasmic RNA was isolated using an acid guanidinium
thiocyanate/phenol/chloroform extraction method, as de-
scribed by Chomczynski and Sacchi (1987). Ten micro-
grams of RNA was denatured and size-separated by
electrophoresis on 1% agarose/formaldehyde gels. RNA
integrity was confirmed by ethidium bromide staining.
The RNA was transferred onto Hybond-N™ filter paper
and covalently cross-linked to the membrane by UV light
for 2 min. The hybridization probe (HO-1; 1.0 kb) was
prepared by random primer-generated double-strand
DNA probes using the random primer DNA labeling sys-




21 EP 1 303 537 B1 22

tem, as described by Feinberg and Vogelstein (1984).
Prehybridization was performed for 12 h at 42°C in a
buffer containing formamide-deionized, 5X Denhardt’s
reagent, 6X saline-sodium phosphate-EDTA, and 0.5%
sodium dodecyl sulfate (SDS). The hybridization buffer
consisted of the prehybridization buffer without 5X Den-
hardt’s reagent and 32P-labeled denatured DNA probe,
as described by Noonberg et al. (1994), herein incorpo-
rated by reference. Equal loading of RNA was confirmed
by hybridization with a cDNA for the (housekeeping)
gene, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), or 18S mRNA. All washes were performed
under stringent conditions [1X saline-sodium citrate
(SSC) and 0.2% SDS for 45 min at room temperature,
0.4X SSC and 0.2% SDS for 15 min at 65°C, and 0.1X
SSC and 0.2% SDS for 15 min at 65°C]. The RNA hy-
bridizing with cDNA probes was SDS for 15 min at 65°C,
and 0.1X SSC and 0.2% SDS for 15 min at 65°C]. The
RNA hybridizing with cDNA probes was visualized by
autoradiography using an intensifying screen at -80°C,
as described by Church and Gilbert (1984). Resulting
bands on the autoradiograph were analyzed using a
phosphorimager S1 densitometer. Densitometry data
were normalized by calculating the ratios of the HO-1
mRNA signals to control GAPDH or 18S mRNA signals.
[0084] Figure 1, panel A: Northern blot of lymphocyte
HO-1 mRNA (and control GAPDH mRNA) derived from
2 normal elderly individuals (N1, N2) and 2 patients with
probable sporadic AD AD1, AD2). As noted in our related
US Patent(No. 6,210,895; April 13,2001) and publication
(Schipper et al., 2000), lymphocyte HO-1 mRNA bands
are visible in the controls (lanes 1 and 2), and not detect-
able (lanes 3 and 4) in the AD subjects, indicating the
presence of HOS activity in the latter.

[0085] Using the methods described above, Northern
analysis of HO-1 mRNA levels of rat astroglia grown un-
der different conditions and subjected to different treat-
ments was performed, the results of which are shown in
panels B and C of Figure 1. Panel B: Control (unchal-
lenged) rat astroglia grown in standard culture media for
6 days exhibit faint or no HO-1 mRNA bands (lanes 5-7).
Cysteamine (CSH) treatment (880, M x 6hr) induces ro-
bust HO-1 mRNA bands in these cells (lanes 8-10).
Twenty-four hour incubation of the rat astroglia with the
plasma derived from the same 2 normal subjects (N1,
N2; lanes 11-12) and the 2 AD patients (AD1, AD2; lanes
13-14) noted above (see panel A) has no appreciable
affect on baseline HO-1 mRNA levels. Panel C: In con-
trast to plasma derived from the 2 normal subjects (lanes
15-24), undiluted plasma from the 2 AD patients mark-
edly suppresses the rat astroglial HO-1 mRNA response
to CSH (lanes 25-27; 30-32). Dilution of the AD plasma
(1:9in standard culture media; "10%") greatly diminishes
its inhibitory effect on CSH-induced HO-1 mRNA expres-
sion (lanes 28-29; 33-34). Therefore, there exists in the
plasma of AD patients an HOS activity, which is not
present in the plasma of normal subjects, and which is
assayable by the determination of HO-1 mRNA levels in
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rat astroglia incubated with the relevant plasma sample
and subjected to CSH treatment.

Example 2: Demographics and HOS activity in nor-
mal young control (NYC), normal elderly control
(NEC), mild cognitiveimpairment (MCI) and sporadic
Alzheimer disease (AD) subjects.

[0086] Results are shown in tabular form in Figure 2.
Suppression by 24h incubation in human plasma of CSH-
induced (880,,M x 6 h) glial HO-1 mRNA band (Northern
blot) relative to CSH-treated astrocytes grown in stand-
ard culture media; 0=0-25% suppression, 1=26-50%
suppression, 2=51-75% suppression, 3=76-100% sup-
pression. HOS = HOS activity; MMSE = Folstein Mini-
mental State Exam Score; Cortisol = Plasma cortisol lev-
els (nMol/L). AD Meds = cholinesterase inhibitors used
for treatment of Alzheimer disease. E400 and E800 =
400 and 800 units vitamin E, respectively; C500 = 500
mg vitamin C. HOS activity was assayed as described in
Example 1. Measurement of cortisol levels were per-
formed using the GammacCoat [I-125] Cortisol Radioim-
munoassay (RIA) Kit based on the competitive binding
principles of RIA.

Example 3: HOS activity in normal control (NC), mild
cognitive impairment (MCI) and sporadic Alzheimer
disease (AD) subjects.

[0087] Results are shown in Figure 3. HOS activity =
percentage suppression (quartiles) by 24h incubation in
human plasma of CSH-induced (880MM x 6 h) glial HO-
1 mRNA band (Northern blot) relative to CSH-treated as-
trocytes grown in standard culture media. HOS activity
was assayed as described in Example 1.

Example 4: Plasma cortisol levels (mean = SD) in
normal control (NC), mild cognitive impairment
(MCI) and sporadic Alzheimer disease (AD) subjects.

[0088] Results are shown in Figure 4. Panel A shows
mean (+ SD) plasma cortisol levels of NC, MCI and AD
subjects. () = number of cases per group. Differences
between groups are not statistically significant (1-way
ANOVA). Correlations between plasma cortisol levels
and HOS activity in the MCI (panel B) and AD (panel C)
groups are not significant (linear regression analysis).
Although glucocorticoids are known suppressors of the
HO-1 gene, these dataindicate that elevated cortisol lev-
els are not responsible for HOS activity in the MCI and
AD plasma.

Example 5: Effects of sample storage time and anti-
oxidant exposure on plasma HOS activity.

[0089] Resultsare showninFigure 5. HOS activity was
assayed as described in Example 1. C = Control (untreat-
ed) astrocyte cultures, CSH = cysteamine-treated astro-



23

cyte culture, AD = Alzheimer, MCI = Mild Cognitive Im-
pairment, NEC = normal elderly control, N = normal sub-
ject on antioxidants. Protease inhibitors (Complete Pro-
tease Inhibitor Cocktail, Cat. # 1836153, Roche, Man-
nheim) were added to all plasma samples prior to freez-
ing. HOS activity is retained in AD and MCI plasma sam-
ples stored at -85° C for up to 15 months. In normal sub-
jects, low-dose vitamin E (400U/day), a dose of vitamin
E commonly taken by AD patients, does not affect the
astrocyte HO-1 mRNA response to CSH (N1). In normal
individuals, exposure to multiple, very high-dose antioxi-
dants partially attenuates the glial HO-1 mRNA response
to CSH (N2, N3).

Example 6: Effects of plasma dilution on HOS activ-
ity

[0090] Plasma HOS activity was assayed via the de-
termination of HO-1 mRNA levels in treated rat astroglia
as described in Example 1. In this case, the effects of
plasma dilution were examined, as documented in Figure
6.

[0091] Lane 1: Absence of HO-1 mRNA in unchal-
lenged rat astrocytes grown in standard culture media.
Lane 2: Cysteamine (CSH; 880, M x 6h)induces strong
HO-1 mRNA bands in cultured astroglia grown in stand-
ard media. Lane 3: Absence of HO-1 mRNA bands in
unchallenged astrocytes grown in Alzheimer (AD) plas-
ma (A: patient 1; B: patient 2). Lanes 4-6: undiluted AD
plasma markedly suppresses the HO-1 mRNA response
to CSH in cultured astroglia (intense HOS activity
present). The glial HO-1 mRNA response to CSH pro-
gressively increases (abrogation of HOS activity) with
increasing dilutions of AD plasma using standard media
(lanes 7-15).

[0092] Panel A and panel B of Figure 6 represent data
obtained using plasma obtained from two different AD
patients (A: patient 1; B: patient 2). As noted above and
shown again in Figure 6, untreated rat astroglia grown in
standard culture media exhibit little or no detectable HO-
1 mRNA (lane 1), however, HO-1 expression increases
significantly upon CSH treatment (lane 2). In the absence
of CSH treatment, rat astroglia incubated with AD plasma
show no detectable HO-1 mRNA (lane 3), also as noted
in Example 1. CSH treatment of rat astroglia incubated
with undiluted AD plasma ("100%") failed to induce any
significant induction of HO-1 expression (lanes 4-6), due
to the intense HOS activity present in the undiluted AD
plasma. However, the rat astroglial response to CSH pro-
gressively increases (abrogation of HOS activity) with
increasing dilutions of the AD plasma using standard me-
dia (lanes 7-15). Therefore, there appears to exist in AD
plasma a HOS factor whose plasma concentration cor-
relates with HOS activity.

Example 7: Effect of heat treatment on HOS activity

[0093] Plasma HOS activity was assayed via the de-
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termination of HO-1 mRNA levels in treated rat astroglia
as described in Example 1. In this case, the effects of
prior heat treatment of AD plasma were examined, as
documented in Figure 7.

[0094] As noted above, control rat astroglia grown in
standard media or exposed to human plasma (from nor-
mal [NEC] subjects or AD patients) exhibit little or no HO-
1 mRNA via Northern analysis in the absence of CSH
treatment (lanes 1, 5, 7 and 10). CSH treatment (880 pLM
CSH x 6h) of astroglia grown in standard media results
in the observation of an intense HO-1 mMRNA signal (lane
2). Also as noted above, this induction of HO-1 expres-
sion in response to CSH treatment is significantly atten-
uated in astroglia incubated in AD plasma for 24 h (lanes
3 and 4). However, this attenuation is no longer observed
when the AD plasma is heated (100°C for 10 min.) prior
to incubation with rat astroglia, indicating that as a result
of this pre-heating AD plasma HOS activity is abrogated,
as observed in the robust HO-1 - mRNA signal seen in
lane 6. CSH treatment of rat astroglia with normal plasma
either untreated or pre-heated results in a robust ob-
served HO-1 mRNA signal, since HOS activity is absent
in either case (lanes 8 and 9). Therefore, these data in-
dicate that HOS activity in AD plasma is mediated by a
protein.

Example 8: Partial purification of HOS factor by
heparin-agarose affinity column chromatography

[0095] Plasma from one normalsubject (NEC)andone
AD patient (AD) was subjected to affinity purification on
a heparin-agarose column as described in Sasaki et al.
(1987), as follows:

[0096] Plasma preparation for loading onto Heparin
Agarose column: The NEC and AD plasma tubes were
thawed at 4°C. The samples were then dialyzed against
Heparin Agarose column loading buffer [HALB: 20 mM
Hepes (SIGMA Chemical Co., Saint Louis, MI, USA, Cat1
#H-4034) pH 7.2, 150 mM NaCl, protease inhibitor tablet
(Roche Diagnostics, Laval, PQ, CANADA Catl. # 1 873
580)] for 2h with gentle stirring. The samples were then
centrifuged at 15,000 g at 4°C for 20 minutes and super-
natants collected.

[0097] Heparin Agarose affinity column chromatogra-
phy: The Heparin Agarose column (1 cm X 2 cm; SIGMA
Chemical Co., Saint Louis, MI, USA, Catl # H-0402) was
prewashed with 20 ml of HALB. Plasma supernatants
were loaded on the column. The column was washed
with 4-6 volumes of HALB and 1 ml fractions collected.
The flow-through fractions containing protein were
pooled. The column was eluted with elution buffer [EB:
20 mM Hepes pH 7.2, 1 M NaCl, protease inhibitor] and
1 ml eluates containing proteins were pooled and dia-
lyzed against HALB for 2-4h.

[0098] The preparation of protein (e.g. plasma or col-
umn fractions) for the rat astroglia/HOS activity assay
was performed as described in Sasaki et al. (1987), as
follows:
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[0099] Media was removed from 70 ml, 25 cm? flasks
containing confluent astrocyte monolayer (7-10 days in
culture). To each individual flask, 1.4 ml of NEC or AD
plasma was added. To each individual flask, approxi-
mately 1.4 ml (10 mg protein based on the Bradford Bio-
Rad Protein assay kit using BSA as control) of the
Heparin Agarose flow-through fraction derived from NEC
or AD subjects was added with 0.6 ml of complete DMEM
medium. To each individual flask, approximately 1.4 ml
(0.5 mg protein) of the Heparin Agarose eluate fractions
derived from NEC or AD subjects was added with 0.6 ml
of complete DMEM medium.

[0100] Subsequently, the various samples were as-
sayed for HOS activity as described in Example 1. Briefly,
the eluate samples were incubated with rat astroglia,
which were then subjected to CSH treatment. Subse-
quent mRNA isolation and Northern analysis to deter-
mine the level of HO-1 mRNA was performed, with the
results shown in Figure 8.

[0101] Figure 8: Panel A: Northern blots of HO-1 mR-
NA. Panel B: Control GAPDH mRNA. Plasma from one
NEC and one AD patient was affinity purified on a
heparin-agarose column and the eluate, collected using
a high salt solution, was dialyzed. In the absence of CSH
treatment, control rat astroglia pre-incubated with
heparin eluates from NEC or AD plasma for 24h did not
exhibit an increase in HO-1 expression, as observed by
the relatively faint HO-1 mRNA bands which correspond
tothese samples (lanes 1 and 4). CSH treatment (880 ,M
CSH x 6h) of rat astroglia incubated with the heparin el-
uate from NEC plasma results in an induction of HO-1
expression, as observed by intense HO-1 mRNA bands
(lanes 2 and 3). Conversely, no augmentation of HO-1
mRNA bands in response to CSH treatment was ob-
served in rat astroglia incubated for 24h with the heparin
eluate fraction derived from the plasma of the AD patient.
These data support the presence of a HOS factor in the
plasma of AD patients, but not normal (NEC) subjects,
and indicate that the factor binds to heparin-agarose af-
finity columns.

Example 9: Further HOS purification of heparin aga-
rose eluate by Concanavalin-A (Con-A) Agarose af-
finity column chromatography.

[0102] Heparin Agarose column eluate (as described
in Fig. 8) was dialyzed against loading buffer: 50 mM
Hepes, pH 7.2 containing 150 mM NaCl, 1 mM MgCl,,
1mM MnCly, 1 mM CaCl, and Complete™ EDTA-free
Protease inhibitor cocktail for 4 h at 4 °C. The dialysate
was loaded onto Con-A Agarose column. The column
was washed with four bed volumes of loading buffer. The
HOS fraction was eluted with loading buffer containing
0.2M a-D-methyl mannopyranoside. The eluate was di-
alyzed against loading buffer. The HOS bioassay (glial
HO-1 mRNA response to 880MM CSH x 6 h) was per-
formed as described in Example 1 and Figure 1. Results
are shown in figure 9. Glial HO-1 mRNA bands were faint
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in all specimens not exposed to CSH. Robust HO-1 mR-
NA responses to CSH were observed in control astroglial
cultures (grown in standard culture media) and astro-
cytes incubated for 24 hours in NEC plasma. In contrast,
HO-1 mRNA responses to CSH were markedly sup-
pressed in astrocytes incubated for 24 hours in (i) whole
AD plasma, (ii) dialyzed AD plasma prior to heparin-ConA
chromatography and (iii) heparin Agarose-ConA eluate
derived from AD plasma These data indicate that the AD
plasma HOS factor binds to ConA columns and is there-
fore likely a glycoprotein.

Example 10: Further HOS purification of heparin
agarose-conconavalin A eluate derived from 4
pooled AD plasma samples (29 cc starting material)
on Superose™ 12 HR FPLC Column.

[0103] Results are shown in Figures 10 to 12. Heparin
Agarose - ConA Agarose purified AD plasma (1-ml) was
dialyzed against 20 mM Hepes, pH 7.2 containing 150
mM NaCl and Complete™ EDTA-free Protease inhibitor
cocktail (1 tablet/100-ml; Catl. # 1873580, Lot 61320101;
Roche Diagnostics, Quebec, Canada) for four hours at
4°C. The dialyzed fraction was loaded on Superose™ 12
HR FPLC 1-cm diameter column (Catl. # 17-0538-01,
Lot# 8283034) [Amersham Pharmacia Biotech, Inc Que-
bec Canada)]. HOS activity was measured by bioassay
in each fraction as described in Example 1 and Figure 1.
As shown in Figure 10, robust HOS activity was observed
in fraction number 20-22.

[0104] Figure 11: Relative protein concentrations in
Superose™ 12 HR FPLC Column fractions derived from
pooled AD plasma samples described in Fig. 10. Each
0.5-ml fraction of the flow-through was collected and ab-
sorbance (O.D.) measured at 280 nm by spectrophotom-
eter. A graph of O.D. versus fraction number is plotted.
Arrow denotes protein concentration in fraction (number
20-22) exhibiting robust HOS activity (Figure 11).
[0105] Figure 12: A chromatogram from a function test
of Superose™ 12 HR FPLC 1-cm diameter column (Catl.
# 17-0538-01, Lot # 8283034) [Amersham Pharmacia
Biotech, Inc Quebec Canada] using standard protein mix-
tures. Plasma samples were derived from the same
pooled AD plasmas described in Fig. 10. Each 0.5-ml
fraction of the flow-through was collected and absorb-
ance measured at 280 nm. A graph of peak molecular
weight for each protein standard versus fraction number
was plotted. Based on the elution profile of standards
with known molecular weight, the molecular weight of the
HOS-positive fraction (number 20-22) is estimated at ap-
proximately 90 kDa.

Example 11: Effects of NEC and AD plasma on as-
trocyte HO-1 mRNA induction by multiple stimuli.

[0106] The HOS bioassay was performed as de-
scribed in Example 1 and Figure 1. Northern blots for
HO-1 mRNA (top) and respective GAPDH mRNA (bot-
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tom) are shown in Figure 13. AD plasma strongly sup-
pressed the HO-1 mRNA response to CSH (880, M), in-
terleukin-18 (II-18 50 and 100 ng/ml), and homocysteine
(HC ZOOMM). NEC plasma showed no HOS activity in the
face of these stimuli. AD plasma completely suppressed,
whereas NEC plasma partially suppressed, the HO-1
mRNA response to tumour necrosis factor-o. (TNF-ao 50
and 100 ng/ml). AD and NEC plasma exhibited partial
and equal suppression of the glial HO-1 mMRNA response
to menadione (Mena 1OOMM. These data indicate that:
A) The HOS protein in AD plasma is active against mul-
tiple inducers of astroglial HO-1 mRNA. B) HOS activity
in AD plasma is particularly potent in the face of TNF-o
challenge. Since partial HOS activity against TNF-c. also
occurs in NEC plasma, differences in HOS protein ex-
pression between AD and NEC may be quantitative rath-
er than qualitative. C) Simple antioxidant behaviour does
not account for HOS activity in AD plasma because both
AD and NEC plasma exhibit partial and equal suppres-
sion of the glial HO-1 mRNA response to the pro-oxidant,
menadione.

[0107] The above examples illustrate application of the
testing method to detect HOS activity. Further, the above
examples illustrate the testing method using plasma as
the tissue or body fluid sample. The method can also be
applied to other tissue or body fluids such as blood, cer-
ebrospinal fluid, urine, saliva, epithelia and to fibroblast
cell lines derived from patients.

[0108] The test can be applied to compare the level of
HOS activity in a specific patient over a period of time,
or to compare the level of HOS activity in a patient with
the corresponding level in a normal control population.
[0109] The above examples further demonstrate the
presence of a HOS factor which is a glycoprotein, in an
embodiment a mannoprotein, having an approximate
molecular weight in the range of 80-100 kDa, in an em-
bodiment having a molecular weight of approximately 90
kDa, and which is not a glucocorticoid.
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Claims

1.

A heme oxygenase-1 suppressor glycoprotein
(HOS) factor, said HOS factor having the activity of
attenuating an increase in heme oxygenase-1 (HO-
1) occurring in response to exposure to an experi-
mental agent or treatment of oxidative stress, said
HOS factor being obtainable by :

subjecting a tissue or body fluid derived from a
patient suffering from a dementing disease to
affinity chromatography using a sequential com-
bination of a heparin-agarose column, a conca-
navallin-A (Con-A) agarose column, and a Su-
perose™-12 column ;

eluting fractions of the sample and selecting
those fractions containing protein having a mo-
lecular weight in the range of 80-100 kDa as
determined from an elution profile of protein
standards with known molecular weight; and
assaying the selected fractions eluted from af-
finity chromatography for HOS activity by as-
sessing ex vivo the capacity of said fractions to
attenuate an increase in the level of heme oxy-
genase-1 (HO-1) occurring in response to an
experimental agent or treatment of oxidative
stress, wherein said HOS factor maintains at-
tenuation of HO-1 activity even when exposed
to an antioxidant.

The HOS factor according to claim 1, wherein the
eluted fractions of the sample are selected to contain
protein having a molecular weight of 90 kDa as de-
termined from an elution profile of protein standards
with known molecular weight.
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3.

The HOS factor according to claim 1 or 2, wherein
the sample is derived from a patient with Alzheimer
disease.

The HOS factor of any one of claims 1 to 3 wherein
the HOS factor substantially binds to the heparin-
agarose column under conditions of 20 mM Hepes
pH 7.2, 150 mM NaCl, and is substantially eluted
from the heparin-agarose column under conditions
of 20 mM Hepes pH 7.2, 1 M NaCl.

The HOS factor of any one of claims 1 to 4, wherein
the exposure to an experimental agent or treatment
of oxidative stress comprises exposure to one or
more of metal ions, amino acid analogues, sulfhydryl
agents, interleukin-1f (IL-1f), tumour necrosis fac-
tor-o. (TNF-a) or hyperthermia.

The HOS factor of claim 5, wherein the sulfhydryl
agent is selected from the group consisting of cy-
steamine and homocysteine.

The HOS factor of claim 6, wherein the sulfhydryl
agent is cysteamine.

A method for assaying the level of heme oxygenase-
1 suppressor glycoprotein (HOS) factor activity in a
patient sample which comprises:

exposing the patient sample to a cell culture;
subjecting the cell culture to exposure to an ex-
perimental agent or treatment thatincreases the
level of HO-1 protein or mRNA encoding HO-1;
determining the level of HO-1 protein or mRNA
encoding HO-1; and

comparing said level of HO-1 protein or mRNA
encoding HO-1 with a corresponding control lev-
el of HO-1 protein or mRNA encoding HO-1;

whereby the level of said HO-1 protein or mRNA en-
coding HO-1 inversely correlates with the level of
HOS factor activity.

An ex vivo method for assessing dementing diseas-
es in a patient which comprises:

(i) determining the level of heme oxygenase-1
suppressor glycoprotein (HOS) factor activity, in
tissue or a body fluid obtained from a patient; by
a method according to claim 8, and

(ii) comparing said level of HOS factor activity
with the corresponding level of HOS factor ac-
tivity in corresponding tissue or body fluid ob-
tained from at least one control person, whereby
if said level of HOS factor activity is greater than
said corresponding level of HOS factor activity
in said tissue or body fluid obtained from at least
one control person then said patient suffers from
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a dementing disease;

wherein such method is used to predict the onset of,
diagnose, or prognosticate dementing diseases.

The ex vivo diagnostic method according to claim 9,
wherein if said level of HOS factor activity of step (i)
differs significantly from said corresponding level of
HOS factor activity in said tissue or body fluid ob-
tained from at least one control person then said pa-
tient suffers from a dementing disease which is HO-
1-dependent, or if said level of HOS factor activity
does not differ significantly from said corresponding
level of HOS factor activity in said tissue or body fluid
obtained from at least one control person and if said
patient is known to suffer from a dementing disease,
then said patient suffers from a dementing disease
which is HO-1-independent.

The method according to claim 9 or 10 wherein the
tissue or body fluid is selected from blood, plasma,
lymphocytes, cerebrospinal fluid, urine, saliva, epi-
thelia and fibroblasts.

The method according to claim 9 or 10 wherein the
dementing disease is selected from the group con-
sisting of Alzheimer Disease, Age-Associated Cog-
nitive Decline, Mild Cognitive Impairment, Parkinson
disease with dementia, Progressive Supranuclear
Palsy, Vascular (i.e. multi-infarct) Dementia, Lewy
Body Dementia, Huntington’s Disease, Down’s syn-
drome, normal pressure hydrocephalus, corticoba-
sal ganglionic degeneration, multisystem atrophy,
head trauma, neurosyphilis, Creutzfeld-Jacob dis-
ease and other prion diseases, HIV and other en-
cephalitides, and metabolic disorders such as hy-
pothyroidism and vitamin B12 deficiency.

The method of claim 9 or 10 wherein the control per-
son is a normal age-matched person.

The method of claim 9 wherein the method is used
to prognosticate dementing diseases and wherein
the control person is the patient from whom the cor-
responding tissue or body fluid was obtained at an-
other time.

The method according to claim 10 wherein the HO-
1-dependent dementing disease is Alzheimer Dis-
ease.

The method of claim 10 wherein the control person
is the patient from whom the corresponding tissue
or body fluid was obtained at another time.

A method for screening a candidate compound for
the presence of an inhibitor or activator of HOS factor
activity comprising:
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(i) exposing said candidate compound to a sam-
ple known to comprise HOS factor activity ;

(i) assaying the level of HOS factor activity by
the method according to claim 8 ; and

(iii) comparing said level of HOS factor activity
with a corresponding control level of HOS factor
activity in a corresponding control sample,
wherein said control sample comprises said
sample known to comprise HOS activity that has
not been exposed to said candidate compound.

A commercial package comprising means for deter-
mining the level of the HOS factor activity as defined
in claim 8, in tissue or body fluid obtained from a
patient, and instructions for comparing said level of
HOS factor activity with an established standard of
a corresponding HOS activity in corresponding con-
trol tissue or body fluid.

The commercial package of claim 18 for use in a
method for assessing dementing diseases in a pa-
tient.

Use of the HOS factor as defined in any one of claims
1 to 7 for the manufacture of a medicament intended
for the treatment of a dementing disease.

Use of the HOS factor according to any of claims 1
to 7 for the ex vivo identification of a candidate com-
pound that inhibits or activates HOS factor activity.

Patentanspriiche

1.

Hamoxygenase-1 Suppressor Glykoprotein
(HOS)-Faktor, wobei der HOS-Faktor die Wirksam-
keit der Abschwachung eines als Reaktion auf die
Aussetzung gegeniiber einem experimentellen Mit-
tel oder der Behandlung von oxidativem Stress auf-
tretenden Anstiegs der Hadmoxygenase-1 (HO-1)
aufweist, wobei der HOS-Faktor erhaltlich ist durch:

Unterwerfen eines aus einem an einer Demenz-
krankheit leidenden Patienten stammenden Ge-
webes oder einer Korperflissigkeit einer Affini-
tatschromatographie unter Einsatz einer se-
quentiellen Kombination einer Heparin-Agarose
Saule, einer Concanavalin-A (Con-A)-Agarose
S3ule sowie einer Superose™-12 Saule;

Eluieren von Fraktionen der Probe und Auswah-
len solcher Fraktionen, welche Protein mit ei-
nem aus einem Elutionsprofil von Proteinstan-
dards mit bekanntem Molekulargewicht be-
stimmten Molekulargewicht in dem Bereich zwi-
schen 80 und 100 kDa enthalten, sowie

Untersuchen der ausgewahlten, von der Affini-
tatschromatographie eluierten Fraktionen be-
zlglich HOS Aktivitat durch ex vivoBestimmung
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der Kapazitat der Fraktionen zum Abschwachen
eines als Antwort auf ein experimentelles Mittel
oder die Behandlung von oxidativem Stress er-
folgenden Anstiegs des Pegels an Hamoxyge-
nase-1 (HO-1), wobei der HOS-Faktor die Ab-
schwachung der HO-1 Aktivitat selbst dann auf-
recht erhalt, wenn einem Antioxidationsmittel
ausgesetzt.

HOS-Faktor nach Anspruch 1, wobei die eluierten
Fraktionen der Probe so ausgewahlt werden, dass
diese ein Protein mit einem aus einem Elutionsprofil
von Proteinstandards mit bekanntem Molekularge-
wicht bestimmten Molekulargewicht von 90 kDa ent-
halten.

HOS-Faktor nach Anspruch 1 oder 2, wobei die Pro-
be aus einem Patienten mit Alzheimerkrankheit
stammt.

HOS-Faktor nach einem der Anspriiche 1 bis 3, wo-
bei der HOS-Faktor unter den Bedingungen von 20
mM Hepes mit pH 7,2, 150 mM NaCl im Wesentli-
chen an die Heparin-Agarose-Saule bindet und un-
ter den Bedingungen von 20 mM Hepes mit pH 7,2,
1M NaClim Wesentlichen von der Heparin-Agarose-
Saule eluiert wird.

HOS-Faktor nach einem der Anspriiche 1 bis 4, wo-
bei die Aussetzung gegeniiber einem experimentel-
len Mittel oder einer Behandlung von oxidativem
Stress die Aussetzung gegeniiber einem oder meh-
reren von Metallionen, Aminosaurenanaloga, Sulf-
hydrylmitteln, Interleukin-1p (IL-1B), Tumornekrose-
faktor-a (TNF-ot) oder Hyperthermie umfasst.

HOS-Faktor nach Anspruch 5, wobei das Sulfhydryl-
mittel ausgewahlt ist aus der Gruppe bestehend aus
Cysteamin und Homocystein.

HOS-Faktor nach Anspruch 6, wobei das Sulfhydryl-
mittel Cysteamin ist.

Verfahren zum Untersuchen des Pegels an Ha-
moxygenase-1 Suppressor Glykoprotein
(HOS)-Faktor Aktivitat in einer Patientenprobe, wel-
ches umfasst:

Aussetzen der Patientenprobe gegenlber einer
Zellkultur;

Aussetzen der Zellkultur gegenuber einem ex-
perimentellen Mittel oder einer Behandlung,
welche den Pegel an HO-1 Protein oder HO-1
kodierender mRNA erhoht;

Bestimmen des Pegels an HO-1 Protein oder
an HO-1 kodierender mRNA sowie
Vergleichen des Pegels an HO-1 Protein oder
an HO-1 kodierender mRNA mit einem entspre-
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chenden Kontrollpegel an HO-1 Protein oder
HO-1 Protein kodierender mRNA;

wobei der Pegel an HO-1 Protein oder HO-1 kodie-
render mRNA umgekehrt mit dem Pegel an HOS-
Faktoraktivitat korreliert.

Ex vivo Verfahren zum Bestimmen von Demenz-
krankheiten in einem Patienten, welches umfasst:

(i) Bestimmen des Pegels an Hdimoxygenase-1
Suppressor Glykoprotein (HOS)-Faktor Aktivitat
in von einem Patienten erhaltenem Gewebe
oder Korperflissigkeit durch ein Verfahren nach
Anspruch 8 und

(i) Vergleichen des Pegels der HOS-Faktorak-
tivitat mit dem entsprechenden Pegel an HOS-
Faktoraktivitat in entsprechenden, von wenig-
stens einer Kontrollperson erhaltenem Gewebe
oder Korperflissigkeit, wobei, wenn der Pegel
an HOS-Faktoraktivitat groRer ist als der ent-
sprechende Pegel an HOS-Faktoraktivitat in
dem aus wenigstens einer Kontrollperson erhal-
tenem Gewebe oder Korperflissigkeit, der Pa-
tient dann an einer Demenzkrankheit leidet;

wobei ein solches Verfahren eingesetzt wird, um den
Beginn von Demenzkrankheiten vorherzusagen,
Demenzkrankheiten zu diagnostizieren oder zu pro-
gnostizieren.

Ex vivo diagnostisches Verfahren nach Anspruch 9,
wobei, wenn der Pegel an HOS-Faktoraktivitat von
Schritt (ii) signifikant von dem entsprechenden Pegel
an HOS-Faktoraktivitat in dem aus wenigstens einer
Kontrollperson erhaltenem Gewebe oder Korper-
flussigkeit abweicht, der Patient dann an einer De-
menzkrankheit leidet, welche HO-1 abhangig ist,
oder, wenn der Pegel an HOS-Faktoraktivitat nicht
signifikant von dem entsprechenden Pegel an HOS-
Faktoraktivitatin dem aus wenigstens einer Kontroll-
person erhaltenem Gewebe oder Korperflissigkeit
abweicht, und, wenn bekannt ist, dass der Patient
an einer Demenzkrankheit leidet, der Patient dann
an einer Demenzkrankheit leidet, welche HO-1 un-
abhéngig ist.

Verfahren nach Anspruch 9 oder 10, wobei das Ge-
webe oder die Korperflissigkeit ausgewahlt ist aus
Blut, Plasma, Lymphozyten, Zerebrospinalfliissig-
keit, Urin, Speichel, Epithel und Fibroblasten.

Verfahren nach Anspruch 9 oder 10, wobei die De-
menzkrankheit ausgewahlt ist aus der Gruppe be-
stehend aus Alzheimerkrankheit, altersbedingtem
Verfall, milder kognitiver Beeintrachtigung, Parkin-
sonkrankheit mit Demenz, progressiver supranu-
klearer Paralyse, vaskularer (d.h. Multiinfarkt-) De-
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menz, Lewy-Kdérper-Demenz, Huntington-Krank-
heit, Down-Syndrom, Normaldruckhydrozephalus,
kortikobasaler ganglionischer Degeneration, Multi-
system-Atrophie,  Kopftrauma,  Neurosyphilis,
Creutzfeld-Jakob-Krankheit und anderen Prionen-
Krankheiten, HIV und anderen Enzephalien und
Stoffwechselstérungen, wie beispielsweise Hypo-
thyroidismus und Vitamin B12-Mangel.

Verfahren nach Anspruch 9 oder 10, wobei die Kon-
trollperson eine normalem Alter entsprechende Per-
son ist.

Verfahren nach Anspruch 9, wobei das Verfahren
eingesetzt wird, um Demenzkrankheiten zu progno-
stizieren, und, wobei die Kontrollperson ein Patient
ist, von dem das entsprechende Gewebe oder die
entsprechende Korperfliissigkeit zu einem anderen
Zeitpunkt erhalten wurde.

Verfahren nach Anspruch 10, wobei die HO-1 ab-
hangige Demenzkrankheit eine Alzheimer-Krank-
heit ist.

Verfahren nach Anspruch 10, wobei die Kontrollper-
son derjenige Patient ist, von dem das entsprechen-
de Gewebe oder die Korperflissigkeit zu einem an-
deren Zeitpunkt erhalten wurde.

Verfahren zum Uberpriifen einer Kandidatverbin-
dung aufdie Anwesenheit eines Inhibitors oder eines
Aktivators der HOS-Faktoraktivitdt umfassend:

(i) Aussetzen der Kandidatverbindung gegen-
Uber einer Probe, von der bekannt ist, dass die-
se eine HOS-Faktoraktivitat aufweist;

(i) Untersuchen des Pegels an HOS-Faktorak-
tivitdt durch das Verfahren nach Anspruch 8 und
(iii) Vergleichen des Pegels an HOS-Faktorak-
tivitdt mit einem entsprechenden Kontrollpegel
an HOS-Faktoraktivitatin einer entsprechenden
Kontrollprobe, wobei die Kontrollprobe die Pro-
be enthalt, von der bekannt ist, dass diese eine
HOS-Aktivitat aufweist, welche nicht der Kandi-
datverbindung ausgesetzt wurde.

Kit enthaltend Mittel zum Bestimmen des Pegels an
HOS-Faktoraktivitat wie in Anspruch 8 definiert in
von einem Patienten erhaltenen Gewebe oder Kor-
perflissigkeit und Anleitungen zum Vergleichen des
Pegels an HOS-Faktoraktivitat mit einem etablierten
Standard einer entsprechenden HOS-Aktivitat in ei-
nem entsprechenden Kontrollgewebe oder -kdrper-
flussigkeit.

Kit nach Anspruch 18 zur Verwendung in einem Ver-
fahren zum Bestimmen von Demenzkrankheiten in
einem Patient.
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20. Verwendung des HOS-Faktors nach einem der An-

21.

spruche 1 bis 7 zur Herstellung eines Medikamentes
fur die Behandlung einer Demenzkrankheit.

Verwendung eines HOS-Faktors nach einem der
Anspriiche 1 bis 7 flr die ex vivo Identifizierung einer
Kandidatverbindung, welche die HOS-Faktoraktivi-
tat inhibiert oder aktiviert.

Revendications

Facteur glycoprotéique suppresseur de 'heme oxy-
génase-1 (HOS), ledit facteur HOS ayant I'activité
consistant a atténuer une augmentation de 'héme
oxygénase-1(HO-1) se produisanten réponse a une
exposition a un agent expérimental ou a un traite-
ment du stress oxydatif, ledit facteur HOS étant sus-
ceptible d’étre obtenu :

en soumettant un tissu ou un fluide corporel issu
d’un patient souffrant d’'une maladie démentielle
aune chromatographie d’affinité en utilisant une
combinaison séquentielle d’'une colonne d’hé-
parine-agarose, d’'une colonne de concanavali-
ne-A (Con-A)-agarose et d’'une colonne de Su-
perose™-12 ;

en éluant des fractions de I'échantillon et en sé-
lectionnant les fractions contenant une protéine
ayant un poids moléculaire dans la plage de 80
a 100 kDa comme déterminé a partir d’'un profil
d’élution de protéines étalons avec un poids mo-
Iéculaire connu ; et

en déterminant I'activité HOS des fractions sé-
lectionnées éluées a partir de la chromatogra-
phie d’affinité en évaluant ex vivo la capacité
desdites fractions a atténuer une augmentation
du niveau de 'héme oxygénase-1 (HO-1) se
produisant en réponse a un agent expérimental
ou a un traitement du stress oxydatif, dans le-
quel ledit facteur HOS maintient I'atténuation de
l'activité HO-1 méme lorsqu'’il est exposé a un
antioxydant.

Facteur HOS selon la revendication 1, dans lequel
les fractions éluées de I'échantillon sont sélection-
nées pour contenir une protéine ayant un poids mo-
|éculaire de 90 kDa comme déterminé a partir d’'un
profil d’élution de protéines étalons avec un poids
moléculaire connu.

Facteur HOS selon la revendication 1 ou 2, dans
lequel I'échantillon est issu d’un patient souffrant de
la maladie d’Alzheimer.

Facteur HOS selon 'une quelconque des revendi-
cations 1 a 3, dans lequel le facteur HOS se fixe
sensiblement a la colonne d’héparine-agarose dans
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des conditions de 20 mM Hepes, pH 7,2 et 150 mM
NaCl et est sensiblement élué a partir de la colonne
d’héparine-agarose dans des conditions de 20 mM
Hepes, pH 7,2 et 1 M NaCl.

Facteur HOS selon I'une quelconque des revendi-
cations 1 a 4, dans lequel I'exposition a un agent
expérimental ou a un traitement du stress oxydatif
comprend I'exposition a un ou plusieurs éléments
parmi les ions métalliques, les analogues d’acides
aminés, les agents sulfhydryle, l'interleukine-1p3 (IL-
1B), le facteur de nécrose tumorale o. (TNF-ot) ou
I'hyperthermie.

Facteur HOS selon la revendication 5, dans lequel
'agent sulfhydryle est sélectionné dans le groupe
constitué par la cystéamine et 'lhomocystéine.

Facteur HOS selon la revendication 6, dans lequel
I'agent sulfhydryle est la cystéamine.

Procédé pour analyser le niveau d’activité du facteur
glycoprotéique suppresseur de 'héme oxygénase-
1 (HOS) dans un échantillon prélevé sur un patient
qui comprend les étapes consistant a:

exposer I'échantillon prélevé sur un patient a
une culture cellulaire ;

soumettre la culture cellulaire a une exposition
a un agent expérimental ou a un traitement qui
augmente le niveau de protéine HO-1 ou
d’ARNm codant pour HO-1 ;

déterminer le niveau de protéine HO-1 ou
d’ARNm codant pour HO-1 ; et

comparer ledit niveau de protéine HO-1 ou
d’ARNm codant pour HO-1 avec un niveau té-
moin correspondant de protéine HO-1 ou
d’ARNm codant pour HO-1 ;

ce par quoi le niveau de ladite protéine HO-1 ou
d’ARNm codant pour HO-1 esten corrélation inverse
avec le niveau d’activité du facteur HOS.

Procédé ex vivo pour évaluer les maladies démen-
tielles chez un patient, qui comprend :

(i) la détermination du niveau de facteur glyco-
protéique suppresseur de 'lhéme oxygénase-1
(HOS) dans un tissu ou un fluide corporel obtenu
aupres d’'un patient ; par un procédé selon la
revendication 8, et

(i) la comparaison dudit niveau d’activité du fac-
teur HOS avec le niveau correspondant d’acti-
vité du facteur HOS dans le tissu ou le fluide
corporel correspondant obtenu aupres d’au
moins une personne témoin, ce par quoi, si ledit
niveau d’activité du facteur HOS est plus impor-
tant que ledit niveau correspondant de 'activité
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du facteur HOS dans ledit tissu ou ledit fluide
corporel obtenu auprées d’au moins une person-
ne témoin, alors ledit patient souffre d’'une ma-
ladie démentielle ;

dans lequel ce procédé est utilisé pour prédire I'ini-
tiation, diagnostiquer ou pronostiquer des maladies
démentielles.

Procédé de diagnostic ex vivoselon la revendication
9, dans lequel, si ledit niveau d’activité du facteur
HOS de I'étape (ii) différe significativement dudit ni-
veau correspondant de I'activité du facteur HOS
dans ledit tissu ou fluide corporel obtenu auprés d’au
moins une personne témoin, alors ledit patient souf-
fre d’'une maladie démentielle qui dépend de HO-1,
ou si ledit niveau d’activité du facteur HOS ne differe
pas significativement dudit niveau correspondant de
l'activité du facteur HOS dans ledit tissu ou fluide
corporel obtenu auprés d’au moins une personne
témoin et si ledit patient est réputé souffrir d’'une ma-
ladie démentielle, alors ledit patient souffre d’'une
maladie démentielle indépendante de HO-1.

Procédé selon la revendication 9 ou 10, dans lequel
le tissu ou fluide corporel est sélectionné parmi le
sang, le plasma, les lymphocytes, le liquide
céphalorachidien, I'urine, la salive, I'épithélium et les
fibroblastes.

Procédé selon la revendication 9 ou 10, dans lequel
la maladie démentielle est sélectionnée dans le
groupe constitué par la maladie d’Alzheimer, le dé-
clin cognitif associé au vieillissement, I'altération co-
gnitive légére, la maladie de Parkinson associée a
une démence, la paralysie supranucléaire progres-
sive, la démence vasculaire (a savoir, multi-infarc-
tus), la démence a corps de Lewy, la maladie de
Huntington, le syndrome de Down, 'hydrocéphalie
a pression normale, la dégénérescence ganglion-
naire corticobasale, l'atrophie multiviscérale, les
traumatismes céphaliques, la neurosyphilis, la ma-
ladie de Creutzfeld-Jacob et d’autres maladies a
prion, le VIH et autres encéphalites et les troubles
métaboliques comme I'hypothyroidie et la carence
en vitamine B12.

Procédé selon la revendication 9 ou 10, dans lequel
le témoin est une personne normale appariée selon
l'age.

Procédé selon la revendication 9, dans lequel le pro-
cédé est utilisé pour pronostiquer des maladies dé-
mentielles et dans lequel la personne témoin est le
patient auprés duquel on a obtenu a un autre mo-
ment le tissu ou le fluide corporel correspondant.

Procédé selon la revendication 10, dans lequel la
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maladie démentielle dépendant de HO-1 est la ma-
ladie d’Alzheimer.

Procédé selon la revendication 10, dans lequel la
personne témoin est le patient auprés duquel on a
obtenu a un autre moment le tissu ou le fluide cor-
porel correspondant.

Procédé pour cribler un composé candidat pour dé-
terminer la présence d’un inhibiteur ou d’'un activa-
teur de l'activité du facteur HOS comprenant :

(i) rexposition dudit composé candidat a un
échantillon dont on sait qu’il comprend l'activité
du facteur HOS ;

(i) 'analyse du niveau de l'activité du facteur
HOS par le procédé selon la revendication 8 ; et
(iii) la comparaison dudit niveau d’activité du fac-
teur HOS avec un niveau témoin correspondant
d’activité du facteur HOS dans un échantillon
témoin correspondant, dans lequel ledit échan-
tillon témoin comprend ledit échantillon dont on
sait qu’il comprend I'activité HOS qui n’a pas été
exposé audit composé candidat.

Conditionnement commercial comprenant des
moyens pour déterminer le niveau de l'activité du
facteur HOS selon la revendication 8, dans un tissu
ou un fluide corporel obtenu auprés d’un patient et
des instructions pour comparer ledit niveau de 'ac-
tivité du facteur HOS a un étalon établi d’une activité
HOS correspondante dans du tissu ou du fluide cor-
porel témoin correspondant.

Conditionnement commercial selon la revendication
18, destiné a étre utilisé dans un procédé pour éva-
luer les maladies démentielles chez un patient.

Utilisation du facteur HOS selon I'une quelconque
des revendications 1 a 7 pour fabriquer un médica-
ment destiné au traitement d’'une maladie démen-
tielle.

Utilisation du facteur HOS selon I'une quelconque
des revendications 1 a 7 pour identifier ex vivo un
composé candidat qui inhibe ou active I'activité du
facteur HOS.
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PATIENT{DIAGNOSIS |HOS | AGE |MMSE| SEX [AD MEDS| ANTIOX. [CORTISOL
295 NYC 0 (42| 30 | F NONE NONE 215
296 NYC 0 | 56 | 28 F NONE NONE 163
297 NYC 0 |26 30 | M NONE NONE 234
298 NYC 0 [ 35 30 | F NONE NONE 183
299 NYC 0 (40| 30 [ F NONE NONE 121
300 NYC 0 1471 30 F NONE NONE 245
301 NYC 0 1391 30 - NONE NONE
302 NYC 0 1291 30 - NONE NONE
318 NEC 0 |1 67 28 | M NONE NONE 176
325 NEC 0 | 66 29 ¥ NONE NONE
333 EC 0 1891 29 | M NONE NONE 129
345 NEC 0 [ 71 ] 28 | F NONE NONE 225
346 NEC 0 183 28 | M NONE NONE 163
731 NEC 0 [ 92 29 | F NONE NONE
335 MCI 2 1791 29 | M | NONE NONE 270
337 MCI 0 | 56| 30 | M | NONE NONE
344 MCI 2 (80| 28 | M NONE NONE
351 MCI 0 [ 791 28 | M NONE | E800,C500] 259
352 MC 0 [ 71 25 F NONE NONE
354 _MC 0 | 721 29 | M NONE NONE
358 MCI 0 | 791 28 | M NONE [E400,C500| 289
472 MCI 3 [ 821 27 | F NONE NONE 312
293 AD 3 | 661 13 | F [ARICEPT | NONE
304 AD 3 | 70 [ 26 | M | ARICEPT [ NONE
305 AD 3 [ 60 [ 17 | M | ARICEPT | NONE
306 AD dJ 1831 19 F NONE NONE
307 AD 3 168 [ 21 F NONE NONE 292
310 AD 3 | 651 19 F | ARICEPT | NONE 136
312 AD 3 1811 28 | M | NONE NONE 285
316 AD 3 (78 28 | M | ARICEPT | NONE 184
322 AD 2 | 68| 13 | F | ARICEPT | NONE
328 AD 2 | 77 | 25 | M | ARICEPT NONE 69
330 AD 3 | 771 21 | M | NONE NONE 407
336 AD 3 [ 811 23 [ M | NONE NONE 278
342 AD 1 184 | 27 F NONE NONE
343 AD 3 1 871 20 F__| ARICEPT NONE 187
347 AD 1 {711 19 | F | ARICEPT NONE 265
35 AD 3 [ 76 | 24 | M | ARICEPT E400 135
356 AD d 183 | 23 F NONE NONE 274
359 AD Jd | 66| 21 F [ ARICEPT | E800 325
360 AD d 1821 20 | M NONE NONE 311
475 AD 3 [ 621 29 | M |ARICEPT | (500 292
714 AD 2 | 70 | 24 F NONE NONE
730 AD 2 [ 81 ] 24 [ M NONE NONE
294 AD 3 1801 25 | M _{ARICEPT NONE
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MCI
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AD3
N1
N2
N3
CSH
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GAPDH

SAMPLE STORAGE TIME ~ ANTI-OXIDANT

MCI 15 MONTHS NONE

AD1 15 MONTHS VIT C 500 mg

AD2 2 MONTHS NONE

NEC 9 DAYS NONE

AD3  9DAYS NONE

N1~ 9DAYS VIT E 400U

N2~ 9DAYS VIT C 2000mg, COENZYME Q10 100mg, E 400U
ot LIPOIC ACID 600mg, LYCOPENE 15mg

N3 9DAYS '

BETA CAROTENE 10,000U, VIT C 1000mg, E 400U
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