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Abstract:

Methods For The Treatment Of Senile Dementia Of The
Alzheimer's Type Abstract The present invention relates to the
diagnosis, risk assessment, prevention, and treatment of Senile
Dementia of the Alzheimer's Type (SDAT). More specifically the
present invention relates to the measurement of ethanolamine
phospholipids in human serum. Subsets of these molecules are
significantly altered in subjects with pathologically confirmed
deposits of 13-amyloid versus subjects without B-amyloid
deposits and in subjects with a clinical manifestation of dementia
consistent with a diagnosis of SDAT versus non-demented
controls. Further, the invention relates to the diagnosis of
various stages of SDAT, the early detection and prevention
of SDAT symptoms, the treatment of SDAT, the differential
diagnosis of non-SDAT dementia, and the identification of
molecular targets for which chemical or biological treatments
can be designed for the therapeutic intervention of SDAT. The
present invention also relates to methods of using a molecular
diagnostic assay to direct and select the appropriate therapeutic
intervention for subjects suffering from dementia. The present
invention also relates to small molecules or metabolites that
are found to have significantly different abundances between
persons with a clinical manifestation of SDAT and normal, non-
demented patients. Figure 23
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Methods For The Treatment Of Senile Dementia Of The Alzheimer's Type
Abstract

The present invention relates fo the diagnosis, risk assessment, prevention, and
treatment of Senile Dementia of the Alzheimer's Type (SDAT). More specifically the
present invention relaies to the measurement of ethanolamine phospholipids in human
serum. Subsets of these molecules are significantly altered in subjects with
pathologically confirmed deposits of B-amyloid versus subjects without B-amyloid
deposits and in subjects with a clinical manifestation of dementia consistent with a
diagnosis of SDAT versus non-demented controls. Further, the invention relates to the
diagnosis of various stages of SDAT, the early detection and prevention of SDAT
symptoms, the treatment of SDAT, the differential diagnosis of non-SDAT dementia,
and the identification of molecular targets for which chemical or biological treatments
can be designed for the therapeutic intervention of SDAT. The present invention also
relates to methods of using a molecular diagnostic assay io direct and select the
appropriate therapeutic intervention for subjects suffering from dementia. The present
invention also relates to small molecules or metabolites that are found to have
significantly different abundances between persons with a clinical manifestation of

SDAT and normal, non-demented patients.

Figure 23
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Methods for the Treatment of Senile Dementia of the Alzheiner's Type

FIELD OF THE INVENTION

[0001] The present invention relates to the diagnosis, risk assessment, prevention, and
treatment of Senile Dementia of the Alzheimer’s Type (SDAT). More specifically the
present invention relates to the measurement of ethanolamine phospholipids in human
serum. Further, the invention relates to the diagnosis of various stages of SDAT, the
early detection and prevention of SDAT symptoms, the treatment of SDAT, the
differential diagnosis of non-SDAT dementia, and the identification of molecular targets
for which chemical or biological treatments can be designed for the therapeutic
intervention of SDAT. The present invention also relates to methods of using a
molecular diagnostic assay to direct and select the appropriate therapeutic intervention for
subjects suffering from dementia. Further, this invention relates to small molecules or
metabolites that are found to have significantly different abundances between persons

with a clinical manifestation of SDAT and normal, non-demented patients.

BACKGROUND OF THE INVENTION

[0002] The most severe consequence of the aging brain is dementia. The number of
elderly people is increasing rapidly within our society and as a consequence, dementia is
growing into a major health problem. It has been estimated that 25% of the population
over the age of 65 have a form of dementia (1) and that the cumulative incidence of

dementia in individuals living to the age of 95 is greater than 80% (2,3).

[0003] The clinical manifestation of dementia can result from neurodegeneration (e.g.
Senile Dementia of the Alzheimer’s Type (SDAT), dementia with Lewy bodies (DLB)
and frontotemporal lobe dementia (FTLD)), vascular (e.g. multi-infarct dementia) or
anoxic event (e.g. cardiac arrest), trauma to the brain (e.g. dementia pugilistica [boxer’s
demential]), or exposure to an infectious (e.g. Creutzfeldt-Jakob Disease) or toxic agent
(e.g. alcohol-induced dementia) (4). The fact that dementia can result from multiple
diseases indicates that the biochemical mechanism(s) of dementia are separate and

distinct from the individual disease pathologies. The metabolic basis for the specific



cognitive impairments caused by or associated with these specific pathologies are

currently unknown.

[0004] The differential diagnosis of the types and causes of dementia is not
straightforward. A prospective study on the prevalence of SDAT in people over the age
of 85 indicated more than half of the individuals with neuropathological criteria for
SDAT were either non-demented or were incorrectly diagnosed with vascular dementia.
As well, 35% of the clinically diagnosis SDAT subjects did not exhibit neuropathological
features sufficient to support the diagnosis (5). Clearly, SDAT symptomology can arise
from multiple pathological states that are often clinically indistinguishable. Therefore
there is a tremendous need for non-invasive biochemical testing procedures that can
accurately identify subjects with a particular neuropathology or increased risk of
| acquiring a specific neuropathology. SDAT is the most common type of dementia and
the percentage of dementias that is SDAT increases with increasing age (2) making this
form of dementia the most important one to be able to diagnose in living subjects

accurately.

[0005] The diagnosis of SDAT ultimately requires demonstration of SDAT pathology,
namely the presence of argyrophilic plaques (amyloid deposition) and neurofibrillary
degeneration of neurons in the cortex and hippocampus. However, SDAT pathology is
often found in the brains of older persons without dementia or mild cognitive impairment
(MCI) and may be related to subtle changes in episodic memory (6, 7, 8). At this time, the
best post-mortern correlate with dementia in Alzheimer’s disease (AD) remains the
selective loss/dysfunction of cholinergic projections from the N. basalis and septum to the

cortex and hippocampus, respectively.

{0006] In SDAT, the cholinergic deficit is best reflected by up to 80% decreases in
choline acetyltransferase (ChAT) activity in the neocortex and hippocampus (9, 10, 11,
12, 13). Data indicate that degeneration or dysfunction of cholinergic neurons in the basal
forebrain is a defining characteristic of SDAT. Reductions in cortical ChAT activity,
monitored via biopsy or in autopsy samples, correlate with the extent of intellectual
impairment in SDAT patients, as monitored by the Mini-Mental State Examination
(MMSE), an index of global cognitive function (9, 14, 15). In addition, these cortical

cholinergic deficits have been found in patients examined within a year of onset of
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symptoms and cholinesterase inhibitors, which potentiate residual cholinergic

transmission, slow the decline in executive memory functions in SDAT patients (16).

{0007] Detailed analyses revealed that cholinergic neurons were generally shrunken and
dysfunctional, but not dead, except in late stage AD (13, 18-22). These neuronal
phenotypic changes without frank neuronal degeneration occur early in cognitive decline
(23). The persistence of shrunken basal forebrain cholinergic neurons in SDAT is similar
to that seen in experimental studies of retrograde cellular degeneration in the N. basalis
foilowing axotomy (19). It is the applicant’s hypothesis that due to the preservation of
these magnocellular cholinergic neurons in shrunken form and the applicant’s novel
discovery of a systemic depletion of key ether lipid molecules that the cholinergic
dysfunction in SDAT may be responsive to restorative therapy through pharmacological

or supplementation strategies involving ether lipids.

[0008] Studies of ChAT levels in the N. basalis and cortex in the same autopsy samples
~ have shown that in 50% of AD patients there is a marked loss of cortical ChAT with no
reduction in N, basalis ChAT (13) suggesting abnormal axonal fransport in SDAT. In this
regard there are significant reductions in frontal (11.9%) and temporal (29.4%) white
matter in SDAT autopsy samples compared to normal controls (24). Atrophy of the
corpus callosum also is correlated with frontal executive dysfunction in AD patients (25).
These observations have led to suggestions that white matter degeneration is an intrinsic
component of SDAT (26, 27). Moreover, white matter losses in preclinical SDAT where
cortical atrophylis not evident (28), indicate that axonal dysfunction precedes the cortical
atrophy observed in clinically manifested SDAT. In fact, white matter lesions are
prevalent in aging, in MCI and in early-stage SDAT prior to the development of dementia
(29, 30). Again it is this information in combination with the applicant’s novel discovery
of a systemic depletion of key ether lipid molecules that has led the applicant to the novel
hypothesis that the early white matter losses described is due to decreased synthesis of
key ether lipid molecules and that this loss could be restored through supplementation of
ether lipid molecules. '

[0009] Lipids make up over 50% of the dry weight of the human brain. Of these lipids,
over 60 mol% are phospholipids, and of these phospholipids over 60% are
phosphatidylethanolamine (PtdEt or PE) lipids. Ethanolamine phospholipids can be
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further differentiated based on their sn-1 configurations (either acyl, ether, or vinyl ether).

The sn-2 position is typically acyl and the sn-3 position contains the
phosphoethanolamine moiety. Therefore the three classes are described as either diacyl
(PtdEt), alkyl-acyl (plasmany!) or alkenyl-acyl (EtnPl). F 6rty to forty five percent of the
ethanolamine phospholipid content is of the PtdEt type and 40-45% is of the EtnPl type,
and 10-15% of the plasmanyl type (36).

[0010] In the central nervous system (CNS), EmPIs constitute over 80% of the PE
content in non-neuronal brain membranes. and over 60 mol% in neurons and
synaptosomes (34). EntPls in white matter counterparts contain predominantly 18 carbon
mono- and di-unsaturated fatty acids (oleic acid (OA, 18:1), linoleic acid (LA, 18:2) at
sn-2; in contrast, EtnPls in gray matter contain predominantly longer chain
polyunsaturated fatty acids (for example, arachidonic acid (AA, 20:4) and
docosohexaenoic acid (DHA, 22:6)) (34). These differences result in different structural
characteristics. A high percentage of 18:1/18:2 at sn-2 results in very compact and stable
membrane conformations (40, 41), which is consistent with myelin sheath function,
whereas a high percentage of AA and DHA results in the fluid membrane structure
required for membrane fusion, transmembrane protein function, and intra-cellular—extra-
cellular cholesterol trafficking.

[0011] The second critical role that EmPls play in the CNS is as a key membrane
antioxidant. The EtnP1 vinyl ether bond acts is preferentially oxidized to form a saturated
aldehyde and a 1-lyso, 2-acyl GPE. The preferential oxidation of the vinyl ether linkage
preserves sn-2 fatty acids such as DHA and AA (42) that require essential dietary omega-
3 and -6 fatty acids, whereas the O-alkyl ether can be re-synthesized in the cell.
Oxidation of the vinyl ether bond, however, results in the irreversible turn-over of EtnPls
that can only be restored through the re-synthesis of these ether lipids in the peroxisome.

[0012] The key point in plasmalogen biosynthesis is that the creation of the 1-O-alkyl
.bond occurs exclusively in peroxisomes by the enzyme alkyl-dihydroxy acetone
phosphate (DHAP) synthase. Loss of function of this enzymé either through point
mutations or due to general peroxisomal dysfunction results in a severe plasmalogen
_deficiency. The remaining key synthetic processes occur in the endoplasmic reticulum

(ER) where the sn-2 position is acylated and phosphoethanolamine is added to the sn-3
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position to create plasmanyl PE. The final step involves a plasmanyl-specific enzyme
that desaturates the 1-O-alkyl ether to form EtnPL

[0013] Pathologically, the formation of extracellular AB plaques is a halimark of SDAT.
At the biochemical level, detailed analyses of brain lipidsrhave demonstrated a dramatic
(40 mol%) decrease in EtnPl levels of white matter in early SDAT patients, with no
further progression in these lipid losses (33-35). In contrast, there is a 10 mol% decrease
in gray matter EtnPls in early SDAT which progresses to 30 mol% later in the disease
process (34, 35).

[0014] Decreased levels of DHA and AA containing EtnPls in gray matter correlate with
both dementia severity and AP load, however significant changes do not occur until the
moderate stage of dementia (34). In contrast, significantly decreased levels of oleic acid
(OA)- and linoleic acid (LA)«cox_xtaining EtnPl in white matter are observed at all stages
of dementia (CDR0.5-3.0) in all brain regions, which is consistent with the prevalence of
white matter lesions in aging, MCI and pre-dementia SDAT (29, 30). This information
supports the present invention that these CNS decreases are the result of a peripheral
dysfunction in ether lipid synthesis and not entirely due to oxidative breakdown.

[0015] Direct incubation of oligodendrocytes with AP peptides selectively decreases
ptasmenyi PE content (45) and CNS plasmeny! PE decreases correlate with both the
temporal and anatomical characteristics of AP accumulation animal models (33, 34, 46).
A accumulation is also known to directly induce oxidative stress (47-49) and oxidative
stress can directly disrupt vesicular fusion, acetylcholine release, and synaptosomal PE
content (50). Oxidative stress also preferentially oxidizes EtnPls vs. PEts (42, 51). Due
to the sensitivity of EtnPls to oxidation, previous researchers have concluded that
decreased EtnPls in SDAT tissue is due to increased oxidative stress. It is only through
applicant’s discovery that both EtnPls and plasmanyl PEs decrease in SDAT that this
generally accepted theory is likely to be wrong. To the applicant’s best knowledge, this is
the first evidence that a systemic reduction in ether lipid synthesis is a causative factor in
SDAT.

[0016] In both humans and in animal models of AP over-production, an age-related
trigger is required before these peptide_s begin to accumulate extracellularly as plaques.



In humans, signs of AP accumulation start as early as agé 40 in non-demented subjects
and the prevalence increases with increasing age (53, 54). Inmice, genetic conditions that
produce 30 times the normal amount AP, still fail to resuit in accumulation until after 8
months of age; thereafter, AP begins to accumulate at an exponential rate and
| preferentially in cortex and hippocamﬁus vs. cerebellum (55). Other animal models of
AP accumulation show similar age profiles (56). Clearly, AB prodﬁction and
accumulation are separately regulated 'biological processes. The sporadic accumulation
of AP peptides in SDAT has been linked to a disruption in normal APP processing due to
increased membrane cholesterol levels (57). This is consistent with the fact that
membrane cholesterol increases with age in both rats and humans (58) and that a high

cholesterol diet can increase deposition of Af (59).

{0017] Although, peroxisomal function as a whole is known to decline with age (68) and
appears to be critical for neuronal migration (69), the applicant is the first to link the
timing of AP accumulation and increased lipid peroxidation (55) to decreased
peroxisomal activity in mice (70). Peroxisomal proliferation can inhibit AP induced
neurodegeneration (71) and preserve cognition in early SDAT (72). Peroxisomes
consume between 10 and 30% of total ceflular oxygen and generate over 30% of the
H,0,. Catalase, the principal peroxisomal enzyme responsible for detoxifying H,0,,
decreases in activity with age (73-75), and has been linked with increased lipid
peroxidation (73). The decrease in catalase import and increased intracellular H>O has
been linked to severely compromised peroxisomal targeting signals, as age increases (79).
Decreased peroxisomal function leads to decreased synthesis of EtnPls and DHA (80,
81), two critical components of normal neuronal functioning, and to increased oxidative
stress (79).

[0018] With respect to the membrane dysfunction and SDAT, there are well documented
age-related decreases in the bioactivities of peroxisomal. enzymes involved in the
synthesis of plasmalogens and DHA. The two most abundant fatty acids at the sn-2
position of EtnPls in neurons are AA and DHA. AA is an n-6 fatty acid, derived from
linoleic acid (18:2, n-6), whereas DHA is an n-3 fatty acid, derived from linolenic acid
(18:3, n-3). DHA synthesis involves chain elongation and desaturation of 18:3 n-3 in the
ER to 24:6 n-3 with the final step being B-oxidation to DHA in the peroxisome (76). Both
DHAP synthase (77) and B-oxidase (75) exhibit decreased function with age. AA
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synthesis doés not require peroxisomal B-oxidation. DHA- and AA-containing EmPls are
selectively decreased with age with DHA-EtmPIs being decreased to a greater extent than
AA-EmPls (78).

[0019] While the brain contains all of the peroxisomal machinery to synthesize both
DHA and EtnPls, studies have shown that DHA is produced and incorporated into
phospholipids in the liver, then transported to the brain in this form via the serum. Only
trace levels of newly synthesized DHA are found as free fatty acid or in triglycerides (82).
This provides further evidence to support the_é_pplicant’s hypothesis that decreased CNS
EtnPls is due to a peripheral dysfunction in ether lipid synthesis and that supplementation
of ether lipids will have a positive effect on CNS neuronal composition and function,

especially in subjects shown to be deficient in these molecules.

f0020] There is thus a need for a diagnostic assay that exploits the biochemical
alterations present in SDAT. There is also a need to treat subjects identified as having
this biochemical alteration in such a way as to restore this bicchemical alteration to
normal levels. There is also a need to be able to make this identification as early as
possible in the disease progression process as to have maximal benefit fo the health of an
individual at risk or in the early stages of SDAT.

SUMMARY OF THE INVENTION

[0021] The present invention relates to the diagnosis, risk assessment, prevention, and
treatment of Senile Dementia of the Alzheimer’s Type (SDAT). More specifically the
present invention relates to the measurement of ethanolamine phospholipids in human
serum. Subsets of these molecules have been found to be significantly altered in subjects
with pathologically confirmed deposits of $-amyloid versus subjects without B-amyloid
deposits and in subjects with a clinical manifestation of dementia consistent with a
diagnosis of SDAT versus non-demented controls. Of particular interest are changes in
ethanolamine phospholipids . containing a vinyl ether linkage at the sn-1 position,

commonly referred to as ethanolamine plasmalogens (EtnPls).

[0022] The present invention refates to small molecules or metabolites that are found to

have significantly different abundances between persons with a clinical manifestation of



SDAT and normal, non-demented patients. The present invention also relates to small
molecules or metabolites that have significantly different abundances between persons
with a neuropathological accumulation of amyloid-B and persons absent of such
pathology. Decreased levels of these small molecules or metabolites may be indicative of
a pre-dementia pathological state. Specifically, the present invention identifies spéciﬁc
" ethanoloamine phospholipids that are significantly decreased in the serum of subjects
suffering from SDAT. _The present invention also relates tb methods for diagnosing

~dementia and other neurological disorders.

[0023] The present invention discloses how subjects with SDAT may have metabolicaily
" compromised ethanolamine plasmalogen system and that this process can be monitored in

serum.

[0024] The present invention discloses that a depletion in plasmanyl ethanolamine
phospholipids and EtnPls is a causal factor in SDAT.

[0025] The present invention also discloses how subjects with SDAT have metabolically
compromised ether lipid synthesis capabilities, and how this system can be corrected
through the administration of metabolic precursors or peroxisomal proliferator receptor

activator agonists.

[0026] Thus, the present invention is directed a method of treating a patient with SDAT
by administering to said patient a therapeutically effective amount of a2 metabolic
precursor of ethanolamine plasmalogen biosynthesis system or a peroxisomal proliferator

receptor activator agonist.

[0027] The present invention discloses a novel method of diagnosing the presence of
SDAT in a subject by measuring the levels of specific ethanoloamine phospholipids
present in a serum sample taken from a subject of unknown disease status and comparing
these levels to “normal” or SDAT reference levels and through this comparison arriving

at either an SDAT positive or SDAT negative diagnosis. -

{0028] The present invention discloses a novel method for identifying subjects that are at

risk of developing SDAT by comparing serum levels of one or more than one metabolites



from a test subject to average level of such metabolites in either a control or a SDAT

population.

{0029] The present invention also discloses a novel method for identifying subjects at
risk of developing SDAT by comparing a mathematically determined metabolite score
from a test subject fo the average of such score from either a normal or SDAT reference

population.

[0030] The present invention further discloses a novel method for identifying subjects at
risk of developing SDAT by comparing the ratio of one or more than one metabolite to an
endogenous reference metabolite from a test subject to the average of such ration from

either a normal or SDAT reference population.

[0031] A method is provided for the diagnosis of subjects afflicted with SDAT and/or for
the differential diagnosis of subjects afflicted with SDAT versus subjects afflicted from
other dementia such as frontotemporal lobe dementia (FTD) or dementia with Lewy
bodies (DLB). Further, a method is provided that determines whether a subject who does
not show any cognitive signs of SDAT has the early neuropathological features of the

disease.

[0032] The methods of the present invention can be used for the following, wherein the

specific “health-state™ in this application refers to, but is not limited to SDAT:

[0033] 1. diagnosing a given health-state, or risk for development of a
health-state by determining the levels of any combination of metabolite features

disclosed in the method;

[0034] 2. diagnosing a given health-state, or risk for development of a
health-state by determining any combination of serum ratios of any of
metabolite features disclosed in the method;

f0035] 3. ftreating positively diagnosed or - at-risk individuals by
administration of one or more of the metabolite features alone or in combination
with other therapies including, but not limited td, chemotherapy and/or

biological therapy;



[0036] 4. treating positively diagnosed or at-risk individuals by
administration of a chemical analog, metabolic precursor, or formulation of any
or a subset of the metabolite features alone or in combination with other

therapies including, but not limited to, chemotherapy and/or biological therapy;

[0037] 5. targeting the metabolic pathway responsible for the feature set
perturbation in effort to restore levels of the features to within normal range
using any of the following: chemotherapy, biological therapy, dietary
intervention, lifestyle intervention, or other method. For example, and without
wishing to be limiting, subjects which test positive (i.e. low plasmalogens) may
preferentially benefit from the use of perdxisome proliferation activating
receptor (PPAR) agonists such as Avandia (rosiglitazone) whereas, subjects that
test normal may preferentially benefit from drugs or therapies that may not be
directly related plasmalogens synthesis or degradation such as cholesterol
lowering therapies like 3-hydroxy-3-methylglutaryl conenzyme A (HMG-CoA)
reductase inhibitors such as Lipitor (atorvastatin);

{0038] 6. monitoring therapeutic treatment of a health-state, including drug,
dietary or lifestyle effects;

[0039] 7. pre-dementia longitudinal monitoring of individual subjects in
order to create an individual-specific baseline that can be used for the early
detection of SDAT-like metabolic changes;

[0040] 8. screening of the general population for one or more health-state

using any single or combination of features disclosed in the method.

[0041] The present invention discloses endogenous human metabolites that can be
extracted from a serum sample and quantitatively analyzed. The resulfs of such analyses

can then be used as a diagnostic indicator of disease presence as well as disease severity.

{0042] The present invention pr(;vides a method for differentially diégnosing between
SDAT dementia, non-SDAT dementia, and non-demented normal states, comprising the
steps of: obtaining 2 serum sample from one or more than one patient with dementia

introducing said sample into an analytical instrument capable of quantifying all or a
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subset of the metabolites listed in Table 2, or closely related entities; obtaining
quantifying data for the metabolites; creating a database of said data; and comparing the
data from the sample with reference data obtained from similarly analyzed sampies
collected from one or more than one non-demented normal subject(s). Demented
subjects with decreased levels of metabolites are diagnosed as SDAT. Demented subjects
with normal levels of metabolites are diagnosed as non-SDAT.

[0043] The present invention also provides a method for identifying cognitively normal
individuals who are at risk of developing SDAT comprising: obtaining a blood sample
from said test subject; analyzing said blood sample to obtain quantifying dataon all ora
subset of the metabolites listed in Table 2, or closely related entities; comparing the data
obtained on said metabolites in said test subject with reference data obtained from the
analysis of a plurality of clinically-diagnosed SDAT human or from a plurality of non-
demented humans and using said comparison to determine the probability that the test
subject is at risk of developing SDAT. Non-demented subjects with decreases levels of
metabolites relative to healthy controls are at risk of developing SDAT.

[0044] In another embodiment of the present invention there is provided a method for
identifying individuals who would benefit from therapy targeted towards a specific
biochemical pathway aimed at restoring EtnPls to normal levels comprising: obtaininga
blood samples from said test subject; analyzing said blood sample to obtain quantifying
data on all or a subset of the metabolites listed in Table 2, or closely related entities;
comparing the data obtained on said metabolites in said test subject with reference data
obtained from the analysis of a plurality of clinically-diagnosed SDAT human or from a
plurality of non-demented humans; and using said comparison to determine the
probability that the test subject would benefit from such therapy.

[0045] In stili another embodiment of the present invention, there is provided a method
for identifying an individual who would benefit from an SDAT-specific therapy
comprising: obtaining a blood samples from said test subject; analyzing said blood
sample to obtain quantifying data on all or a subset of the metabolites listed in Table 2, or
closely related entities; comparing the data obtained on said metabolites in said test
subject with reference data obtained from the analysis of a plurality of clinically-

diagnosed SDAT human or from a plurality of non-demented humans; and using said
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comparison to determine the probability that the test subject is benefiting from such

therapy.

t0046] In a further embodiment of the present in.vention there is provided a method for
identifying individuals who are responding to a dietary, chemicai, or biological
therapeutic strategy designed to prevent, treat, or stabilize SDAT and/or dementia or
improve symptoms associated SDAT and/or dementia comprising: obtaining a plurality
of blood samples form said test subjects separated by time; analyzing said blood samples
to obtain quantifying data on all or a subset of the metabolites listed in Table 2, or closely
related entities; comparing the quantifying data obfained on said metabolites in said test
subject with reference data obtained from the analysis of a plurality of clinically-
diagnosed SDAT human or from a plurality of non-demented humans or with reference
data obtained from said test subject; and using said comparison to determine whether the
metabolic state of said test subject has improved during said therapeutic strategy

{0047] The present invention further provides a method for identifying dietary, chemical,
or biological thérapeutic strategies for the prevention, treatment, stabilization of SDAT
and/or dementia or the improvement of symptoms associated SDAT and/or dementia
comprising: obtaining a plurality of blood samples from a plurality of test subjects;
analyzing said blood samples to obtain quantifying data on all or a subset of the
metabolites listed in Table 2, or closely related entities; comparing the data obtained on
said metabolites in said test subject samples with epidemiological data comprising diet
history, family disease incidence, geographical location, drug use history, age, weight,
gender, smoking, alcohol use, physical activity, etc.; and using said comparison to
~ determine optimal diet, drug and behavioral conditions for the treatment or prevention of
SDAT and/or dementia.

{0048] In yet another embodiment of the present invention, there is provided a method
for identifying dietary, chemical, or biological therapeutic strategies for the prevention,
treatment, stabilization of SDAT and/or dementia or the improvement of symptoms
associated with SDAT and/or dementia comprising: incubating an in vitro cell culture
model of SDAT with putative dietary, chemical, or biological agents or combinations
thereof, analyzing the cells of supernatant derived from such incubations to obtain
quantifying data on all or a subset of the metabolites listed in Table 2, or closely related
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‘entities; comparing the data obtained on said metabolites to reference data obtained from

a plurality of cells or supernatants derived from the incubation of said model with vehicle
or a reference agent; and using said comparison to determine whether said putative agent
may be viable for the prevention, treé.tment, stabilization of SDAT and/or dementia or the
improvement of symptoms associated SDAT and/or dementia.

{0049] Another embodiment of the present invention provides a method for identifying
dietary, chemical, or biological therapeutic strategies for the prevention, treatment,
stabilization of SDAT and/or dementia or the improvement of symptoms associated with
SDAT and/or dementia comprising: administering putative dietary, chemical, or
biological agent or combination thereof to an in vivo and/or ex vive animal model of
SDAT and/or dementia, analyzing all or a subset of samples derived from biofluids or
tissues derived from such animal model to obtain quantifying data on all or a subset of
- the metabolites listed in Table 2, or closely related entities; comparing the data obtained
on said metabolites to reference data obtained from the administration of vehicle or a
reference agent to said model; and using said comparison to determine whether said
putative agent may be viable for the prevention, treatment, stabilization of SDAT and/or

dementia or the improvement of symptoms associated SDAT and/or dementia.

[0050] In a further embodiment of the present invention there is provided a method for
identifying dietary, chemical, or biological strategies for the visualization of these
metabolites within biofluid or tissue comprising: developing antibody or specific
histochemical staining techniqués in fresh, frozen, paraffin-embedded, epoxy-embedded,
or other tissue preparation, using said histochemical staining technique to visualize all or
a subset of the metabolites listed in Table 2, or closely related entities; and using said data

to determine the involvement of said metabolites in another human health disorder.

{0051] In stiil another embodiment of the present invention, there is provided a method
for identifying dietary, chemical, or biological therapeutic strategies for the in vivo and/or
ex vivo visualization of the SDAT and/or-dementia biochemical pathway comprising:
administering a dietary, chemical, or biological agent or combination thereof to an in vivo
and/or ex vivo animal model of SDAT and/or dementia or human with SDAT and/or
dementia, analyzing the entire animal or human or specific organ systems by imaging

techniques such as, but not limited to structural magnetic resonance imaging (MRI),
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positron emission tomography (PET), computerized tomography (CT), functional
magnetic resonance imaging (fMRI), electroencephalography (EEG), single positron
emission tomography (SPECT), event related potentials, magnetoencephalography, multi-
modal imaging; using said non-invasive imaging to obtain quantifying data on all or a
subset of the metabolites listed in Table 2, or closely related entities; comparing the data
obtained on said molecules to reference data obtained from a plurality of non-demented
animals/humans 01; with reference data obtained from said test subjects; using said
comparison to determine ﬁvhether the pathways involved in SDAT and/or dementia can
be visualized; and if any treatment or stabilizatioﬁ of SDAT and/or dementia or the

improvement of symptoms associated SDAT and/or dementia can be visualized.

[0052] A further embodiment of the present invention provides a methoci for identifying
diétaxy, chemical, or biological therapeutic strategies for the in vivo and/or ex vivo
visualization of the SDAT and/or dementia biochemical pathway comprising:
édministering adietary, chemical, or biological agent or combination thereof to an in vivo
and/or ex vivo animal model of SDAT and/or dementia or human with SDAT and/or
dementia, analyzing all or a subset of biofluids or tissue by imaging techniques such as,
but not limited to structural magnetic resonance imaging (MRI), positron emission
tomography (PET), computerized tomography (CT), functional magnetic resonance
imaging (fMRI), electroencephalography (EEG), éingle posjtron emission tomography
(SPECT)), event related potentials, magnetoencephalography, multi-modal imaging; using
said non-invasive imaging to obtain quantifying data on all or a subset of the metabolites
listed in Table 2, or closely related entities; comparing the data obtained on said
molecules to reference data obtained from a plurality of samples obtained from non-
demented animals/humans or with reference data obtained from said test subjects; using
said comparison to determine whether the pathways involved in SDAT and/or dementia
can be visualized; and if any treatment or stabilization of SDAT and/or dementia or the

improvement of symptoms associated SDAT and/or dementia can be visualized.

[0053] This summary of the invention does not neceséarily describe all features of the

ivention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0054] These and other features of the invention will become more apparent from the

following description in which reference is made to the appended drawings wherein:

[0055] FIGURE 1 shows the basic structure, different R groups and naming convention

used herein.

[0056] FIGURE 2 shows the White Matter and Gray Matter EtnPl Score Distributions for
the different dementia cohorts. ‘

[0057] FIGURE 3 shows the effect of dementia severity and SDAT pathology on serum
EtnP] levels (male and female subjects combined). (A) Mono and di-unsaturated EtnPls
and saturated PtdEt internal control. (B) Polyunsaturated EtnPls and free DHA (22:6).
EtnPls abbreviations: (fatty acid carbons : double bonds, not including the vinyl ether
double bond) and position on glycerol backbone (sn-1/sn-2). D16:0/18:0 represénts
diacylglycerophosphatidylethanolamine with palmitic acid (16:0) at sn-1 and stearic acid
(18:0) at sn-2; 22:6 represents free DHA. Values are expressed as mean £ SEM (n=19-
112).

{0058] FIGURE 4 shows serum DHA-EtnPls (Log(2) EtaPls 16:0/22:6 to PhiEt
16:0/18:0 ratio) distributions in subjects with different levels of dementia severity: A —
cognitive normal; B — low-cognitive impairment; C — moderate-cognitive impairment; D

— severe-cognitive impairment (male and female subjects combined).

[0059] FIGURE 5 gives a comparison of theoretical distributions of SDAT pathology (A)
compiled from ref. (5-8) and experimentally determined distributions of serum DHA-
EtnPls (Log(2) EtnPls 16:0/22:6 to PhtEt 16:0/18:0 ratio) (B) in cognitively normal and
demented subjects. Arrow indicates positive diagnosis of SDAT.

[0060] FIGURE 6 is a linear regression analysis of disease severity (ADAS-cog) and
serum DHA-PIsEtn (EtaPls 16:0/22:6 to PtdEt 16:0/18:0 ratio) levels in 256 SDAT

subjects. X = predicted initiation of PIsEtn depletion. Values are expressed as mean +
SEM (n=66-112). Clinical progression assumes 7.5 ADAS-cog points/year.
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[0061] FIGURE 7 shows serum DHA-EtnPls (EtnPls 16:0/22:6 to PtdEt 16:0/18:0 ratio)
levels in SDAT, Cognitive Normal (CN), and general population subjects. (A) Mean =
SEM (n= 68-256). (B) Log(2) distributions.

[0062] FIGURE 8 is a Q-Trap flow injection analysis standard curve of EmPIs 16:0/22:6

in healthy human serum.

{0063] FIGURE 9 shows LC-MS and MS/MS analysis of EtnPls 18:0/20:4. Panel Al -
Extracted ion chromatogram (EIC) of mass 750 (M-H-) of a pure standard; A2 —MS/MS
spectra of parent ion M/Z 750 @ retention time 4.8-5.0 minutes. B1 —EIC of 750 from a
cognitively normal subject; B2 — MS/MS spectra of M/Z 750 @ 4.8-5.0 min. C1-EIC
of 750 from a SDAT subject; C2 — MS/MS spectra of M/Z 750 @ 4.8-5.0 min.

[0064] FIGURE 10 shows an extracted ion chromatogram (upper panel) and MS/MS
_spectrum (lower panel) of EmmPls 16:0/18:1 in human serum.

[0065] FIGURE 11 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EtnPls 16:0/18:2 in human serum.

[06066] FIGURE 12 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EtnPis 16:0/20:4 in human serum.

[0067] FIGURE 13 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EtnPls 16:0/22:6 in human serum,

[0068] FIGURE 14 shows an extracted ion chromatogram (upper pancl) and MS/MS
spectrum (lower panel) of EtnPls 18:0/18:1 in human serum.

[0069] FIGURE 15 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EtnPls 18:0/18:2 in human serum.

[0070] FIGURE 16 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EtnPls 18:0/20:4 in human serum.

[0071] FIGURE 17 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EtnPls 18:0/22:6 in human serum.
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[0072] FIGURE 18 shows an extracted ion chromatogram (upper panel) é.nd MS/MS
spectrum (lower panel) of EtnPls 18:1/18:2 and Plasmanyl 16:0/20:4 in human serum.

[0073] FIGURE 19 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EtnPls 20:0/20:4 and EtnPls 18:0/22:4 in human serum.

{0074] FIGURE 20 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EtnPls 18:1/20:4 in human serum. |

[0075] FIGURE 21 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of Plasmanyl 18:0/20:4 and Plasmanyl 16:0/22:4 in human serum

[0076] FIGURE 22 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panels) of EmPls 18:1/20:4, EtnPls 16:0/22:5, Plasmanyl 16:0/22:6 in

human serum.

[0077] FIGURE 23 shows an extracted biosynthesis pathway. DHAP -~
Dihydroxyacetone phosphate; DHAP-AT - Dihydroxyacetone phosphate acyltransferase;
G3P - glyceraldehyde -3-phosphate; GPE — glycerylphosphatidylethanolamine; GPC -
glycerylphosphatidylcholine; PAF — platelet activating factor.

[0078] FIGURE 24 shows the structural determination by MS and MS/MS spectral

analysis of three metabolites identified in the present invention.

[0079] FIGURE 25 shows the relative change in the total EtnPls and PtdEt content.
Figure 25 a shows the change in EmPIs content after wild type CHO cells and
Plasmalogen deficient NRel-4 cells are treated with metabolic precursor 5a (20uM).
Figure 25 b shows the change in PtdEt content of CHO and NRel-4 cells following
treatment with metabolic precursor 5a.Values are normatized to untreated control CHO
cells, and are an average of three independent experiments. Statistical significance was

determined using a two-tailed #-test.

{0080] FIGURE 26 shows the relative change in the DHA-EtuPls and DHA-PtdEt
content. Figure 26a shows the change in DHA-EtnP! content after wild type CHO cells
and Plasmalogen deficient NRel-4 cells are treated with metabolic precursor 5a. Figure
26b shows the change in DHA-PtdEt content of CHO and NRel-4 cells following
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treatment with metabolic precursor 5a. Values are normalized to untreated control CHO
cells, and are an average of three independent experiments. Statistical significance was

determined using a two-tailed #-test.

[0081] FIGURE 27 shows the cholesterol content from total cell lysate. Total cholesterol
(solid bars), esterified cholesterol (hatched bars), and free cholesterol (dotted) content is
represented as pg per million cells, C_V: control CHO cells treated with ethanol carrief;
N_V:NRel4 celis treated with ethanol carriér; N_5a: Nrel-4 cells treated with metabolic
precursor 5a (20pM).

DETAILED DESCRIPTION

[0082] The present invention relates to small molecules or metabolites that are found to
have significantly different abundances between clinically diagnosed dementia or other
neurological disorders, and normal patients, The present invention also relates to

methods for diagnosing dementia and other neurological disorders.

[0083] The present invention provides novel methods for diagnosing one or more
diseases or particular health-states. In particular, the present invention provides methods
for the diagnosis and differential diagnosis of dementia in humans by measuring the
levels of specific small molecules présent in a serum sample and comparing them to
“nonnal”. reference levels. The methods measure the intensities of specific small
molecules, also referred to as metabolites, in the sample from patients with cognitive
impairment and compare these intensities to the intensities observed in a population of

non-demented healthy individuals.

[0084] The diagnosis of or the exclusion of any types of neurclogical disorders is
contemplated by the present invention, using all or a subset of the metabolites disclosed
herein, The types of dementia include, but are not limited to Senile dementia of the
Alzheimer’s type (SDAT), dementia with Lewy bodies (DLB), frontotemporal lobe
dementia (FTD), vascular induced dementia (e.g. multi-infarct dementia), anoxic e?ent
induced dementia (e.g. cardiac arrest), trauma to the brain induced dementia (e.g.
dementia pugilistica [boxer’s dementia]), dementia resulting from exposure to an

infectious (e.g. Creutzfeldt-Jakob Disease) or toxic agent (e.g. alcohol-induced dementia),
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Autism, Multiple Sclerosis, Parkinson’s -Disease, Bipolar Disorder, Ischemia,
Huntington’s Chorea, Major Depressive Disorder, Closed Head Injury, Hydrocephalus,
Amnesia, Anxiety Disorder, Traumatic Brain Injury, Obsessive Compulsive Disorder,
Schizophrenia, Mental Retardation, and/or Epilepsy. Of particular interest are SDAT,
FTD and DLB. | D

{0085] The present invention provides a method of diagnosing SDAT and other types of
dementia by measuring the levels of specific small molecules present in a sample
obtained from a human and comparing them to “normal” reference levels. The invention
further provides a method that determines whether a subject who does not show any

cognitive signs of SDAT has the early neuropathological features of the disease.

[0086] In order to determine the utility of putative biochemical markers of a given health-
state in a particular population, group of patients representative of the health state (i.. a
particular disease) and/or a group of “normal” counterparts are required. Biological
samples taken from the patients in a particular health-state category can then be compared
to the same samples taken from the normal population as well as to patients in similar
health-state category in the hopes of identifying biochemical differences between the two
groups. The biological samples could originate from é.nywhcre within the body, for
example but not limited to, blood (serum/plasma), CSF, urine, stool, breath, saliva, or
biopsy of any solid tissue including tumor, adjacent normal, smooth and skeletal muscle,
adipose tissue, liver, skin, hair, brain, kidney, pancreas, fung, colon, stomach, or other.
Of particular interest are samples that are serum or CSF. While the term “serum™ is used
herein, those skilled in the art will recognize that plasma or whole blood or a sub-fraction
of whole blood may be used.

{0087} The method of the present invention is minimally invasive and is indicative of
cognitive impairment and of SDAT pathology. Translation of the method into a clinical
assay compatible with current clinical chemistry laboratory hardware is commercially
acceptable and effective. Furthermore, the method of the‘pfesent invention does not

require highly trained personnel to perform and interpret the test.

[0088] The present invention detects and measures metabolites that have statistically
significant differential abundances between clinically diagnosed SDAT dementia and
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non-demented normal serum. Furthermore, the present invention detects and measures
metabolites that have statistically significant differential abundances between post- -
mortem collected serum samples from pathologically confirmed SDAT subjects versus

post mortem serum samples collected from subjects with minimal SDAT pathoelogy.

[0089] Cognitive impairment. Cognitive impairment can be assessed by any method
known in the art. For example, and without wishing to be limiting, the Alzheimer’s
Disease Assessment Scale (ADAS)-cognitive subset may be used.  This
neuropsychological test is used to test the language ability (speech and comprehension),
memory, ability to copy geometric figures and orientation to current time and place.
Errors on the test are recorded resulting in a reverse score impairment. (i.e. The higher
the score on ADAS, the greater the cognitive impairment). A score of 0-15 is considered
normal, 16-47 is considered mild-moderate impairment and a score of 48-70 is

considered moderate-severe impairment [2].

[0090] Sample Processing. When a blood sample is drawn from a patient there are
several ways in wbit:h the sample can be processed. The range of processing can be as
little as none (i.e. frozen whole blood) or as cdmplex as the isolation of a particular cell
type. The most common and routine procedures involve the preparation of either serum
or plasma from whole blood. All blood sample processing methods, including spotting of
blood samples onto solid-phase supports, such as filter paper or other immobile materials,

are also contemptated by the invention.

[0091] Sample Extraction. The processed blood sample described above is then further
processed to make it compatible with the methodical analysis technique to be employed
in the detection and measurement of the biochemicals contained within the processed
serum sample. The types of processing can range from as little as no further processing
to as complex as differential extraction and chemical derivatization. Extraction methods
could include sonication, soxhlet extraction, microwave assisted extraction (MAE),
supercritical fluid extraction (SFE), accelerated solvent extraction (ASE), pressurized
liquid extraction (PLE), pressurized hot water extraction (PHWE) and/or surfactant
assisted extraction (PHWE) in common solvents such as methanol, ethanol, mixtures of
alcohols and water, or organic solvents such as ethyl acetate or hexane. The preferred

method of extracting metabolites for HTS analysis is to perform a liquid/liquid extraction
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whereby non-polar metabolites dissolve in an organic solvent and polar metabolites

dissolve in an aqueous solvent.

[0092] Selection of Metabolites The metabolites described in the iﬁvention are listed in
Table 2, where the second column names the metaboiitc as described in Figure 1 and the
last column describes the Parent-Fragment MS/MS transition used for quantifying the
molecule as described below. In a previous application (US provisional 60/804,779 filed
June 14, 2006), the applicant discovered specific ethanolamine plasmalogens to be
decreased in the serum of SDAT subjects. Based upon these discoveries, a panel of
diacyl, plasmanyl and EtnPls metabolites was developed using common fatty acid side-
chain constituents (16:0, 18:0, 18:1, 18:2, 20:4, 22:4, 22:6). This list is not meant to be
exhaustive but to be sufficiently broad enough to determine if the entire pathway is
changing or if only certain classes of ethanolamine phospholipids are changing. However,
a person of skill in the art would recognize that other ethanolamine phospholipids with
different fatty acid side chains or other metabolites of similar structure, which are
involved in similar biochemical pathWays could be used for similar purposes as described

below. All such modifications of the invention are contemplated herein.

[0093] Mass spectrometry analysis of extracts. Extracts of biological samples are
amenable to analysis on essentially any mass spectrometry platform, either by direct
injection or following chromatographic separation. Typical mass spectrometers are
comprised of a source which ionizes molecules within the sample, and a detector for
detecting the ionized molecules or fragments of molecules. Examples of common
sources include electron impact, electrospray ionization (ESI), atmospheric pressure
chemical ionization, atmospheric pressure photo ionization (APPI), matrix assisted laser
desorption ionization (MALDI), surface enhanced laser desorption ionization (SELDI},
and derivations thereof. Common mass separation and detection systems can include
quadrupole, quadrupele ion trap, linear ion trap, time-of-flight (TOF), magnetic sector,
ion cyclotron (FTMS), Orbitrap, and derivations and combinations thereof.

[0094] LC-MS analysis of human serum samples (Chromatography). The present
invention provides a chromatographic method combined with a mass spectrometric
detector for the quantitative and qualitative characterization of ethanolamine

phospholipids in serum. Embodiment of the method are described in Examples 3 to 8.
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[0095] LC-MS analysis of human serum samples (Flow Injection). The present invention
also provides high throughput methods for differential diagnosis of SDAT dementia and

non-SDAT dementia states. The method involves fragmentation of the parent molecule;

in a non-limiting exampie this may be accomplished by a Q-Trap™ system. Detection of
the metabohtes may be performed using one of various assay platforms, including

colonmetnc chemical assays (UV or other wavelength), antibody-based enzyme-linked

immunosorbant assays (ELISAs), chip-based and polymerase-chain reaction for nucleic

acid detection assays,‘ bead-based nucleic-acid detection methods, dipstick chemical

assays or other chemical reaction, image analysis such as magnetic resonance imaging

(MRD, positron emission tomography (PET) scan, computerized tomography (CT) scan,

nuclear magnetic resonance (NMR), and various mass spectrometry-based systems. One

embodiment of the method is described in Example 9.

[0096] Structural Confirmation of Metabolites. The present invention also provides the
structural characteristics of the metabolites used for the differential diagnosis of SDAT
dementia and non-SDAT dementia, which may include accurate mass and molecular
formula determination, polarity, acid/base properties, NMR spectra, and MS/MS or MSn
spectra. Techniques used to determine these characteristics include, but are not limited to
reverse or normal phase LC-MS followed by analysis by MS, MS/MS fragmentation
using collision induced dissociation (CID), huc!ear magnetic resonance (NMR), and
extraction. The cha:acieristics of the metabolites obtained by various methods can then
be used to determine the structure of the metabolites. One embodiment of the method is
described in Example 10.

[0097] In humans, the oxidative by-products, and thus turn-over, of plasmalogens are
dramatically increased with age in both the brain (86) and in peripheral red blood cell
membranes (87). Increased oxidative stress and decreased synthesis of EtnPis and DHA
both point toward decreased peroxisomal function (39, 62, 80, 81). Catalase, the
principal peroxisomal enzyme responsible for detoxifying the H,O, created by
peroxisomes, decreases in activity with age (73-75), most likely due to compromised
catalase import (79). The combination of the EmPl vinyl ether bond, which is
preferentially oxidized during oxidative stress (42), the critical requirement of EtnP] for
membrane fusion events (52) and the fact that over half of the neuronal membrane
ethanolamine phospholipid compositionis EtnPI (34), points toward decreased EtnPls as
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the means by which oxidative stress creates membrane dysfunction (50). Furthermore,
the timing of AP accumulation and increased lipid peroxidation (55) closely matches the
timing of decreased peroxisomal activity (70) and decreased EtnPls levels (34) in mice.
Peroxisomal proliferation inhibits AP induced neurodegeneration (71), preserves
cognition in early SDAT (72), and peroxisomal function appears to be critical for
neuronal migration (69). The applicant, through the combination of these findings and
the novel findings presented herein introduces the novel hypothesis that the mechanism
by which PPARSs exert their activity in SDAT is through the enhancement of EmPls
levels. This has significant implications in the treatment of SDAT by such molecules in
that, individuals detected by the methods described in this application as deficient in
EtnPls may preferentially benefit from PPAR therapy.

{0098] The fact that peripheral changes in these metabolites correlate with CNS changes
of these metabolites (34) and with CNS amyloid pathology, suggests that an eﬁuiliblium
between these compartments exists. Animal studies on the synthesis and transport of
DHA containing phospholipids have shown that the primary site of synthesis of DHA is
the liver, where this newly synthesized DHA is first incorporated into phospholipids prior
to being transported to the brain via the serum (82).

[0099] However, the present inventors are the first to show that EtnPls are decreased in
the periphery (i.e. serum) in subjects suffering from dementia and in subjects with CNS
amyloid pathology, and to establish the wutility of using serum EtnPls levels as a
diagnostic method for dementia or SDAT.

[00100] The present inventors have also shown that plasmanyl ethanolamine
- phospholipids are also decreased in subjects suffering from dementia and in subjects with
CNS amyloid pathology. This is a critical finding in that it indicates that the decrease
EmPls is due to a decrease in ether lipid synthesis in SDAT and not due to oxidative
breakdown of EtnPls (plasmanyl molecules do not contain the vinyl ether linkage and
therefore are not susceptibie to oxidative breakdown). Since the formation of this ether
bond occurs exclusively in peroxisomes, this provides the first direct evidence of a
peroxisomal impairment in SDAT. As peroxisomal function appears to be impaired, any
strategy that enhances the biochemical steps in the biosynthetic pathway that culminates
in EtnPls, has potential utility in treating SDAT. This biochemical pathway is illustrated
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in Figure 23. Allosteric modulators (agonists) that enhance the activity of any of the
enzymes described could potentially be useful therapeutics in the treatment or prevention
. of SDAT. In addition the administration of substrates or pro-substrates (molecules that
get metabolized to substrates) of any of the molecules described in this pathway are also
potentially useful therapeutics in the treatment of SDAT. Finally molecules that create a
general increase in peroxisomal activity (such as PPAR agonists, for example Avandia
(rosiglitazone)) could also be potentially useful therapeutics in the treatment of SDAT,
especially in subjects determined to be deficient in EnPls.

[00161) In addition to the metabolic precursors listed in Figure 23: DHAP; 1-acyl-
DHAP; 1-alkyl-DHAP; 1-alkyl-G3P; 1-alkyl, 2-acyl-G3P; 1-aikyl, 2-acyl-glycerol; 1-
alkyl,2-acyl-GPE the following molecules can also be used as a therapeutic for the
treatment of SDAT: 1-alkyl, diacyl glycerol (sn-1=16:0, sn-2=DHA, sn-3=DHA) (sn-1
position has an alkyl ether bond, sn-2 and sn-3 positions have acyl bonds); 1-alkyl diacyl
glycerol (sn-1=16:0, sn-2=18:1, sn-3=18:1) (sn-1 position has an alkyl ether bond, sn-2
and sn-3 positions have acyl bonds); triacyl glycerol {sn-1=16:0, sn-2=DHA, sn-3=DHA)
(all three positions have acyl bonds); and triacyl glycerol (sn-1=16:0, sn-2=18:1, sn-
3=18:1) (all three positions have acyl bonds).

[00102] In one aspect of this embodiment of the invention, the method for the
treatment of SDAT comprises the administration of a 1-alkyl, 2-acyl-glycerol.

[00103] The sidechains should include any common fatty acid and long-chain fatty
acids, including those of both the saturated and unsaturated (PUFA) type. Specific

examples include:

16:0, 18:0, 18:1, 18:2, 18:3 as alkyls at SN1, and
16:0, 18:0, 18:1, 18:2, 18:3, 20:4, 20:5, 20:6, 22:4, 22:5, 22:6, 24:4, 24:5, 24:6 as
acyls at SN2.

{00104] In a further aspect of this embodiment the 1-alkyl, 2-acyl-glycerol is as

shown below:
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CH2(CH2)14CH3

N¥alalal

(42,72 107 ,132,16Z 192)-1-(hexadecyloxy)-3-hydroxypropan-2-yl docosa-4,7,10,13,16,19-hexaenoate

5a

{00105] The present inventors have also shown that depleted serum EtnPlIs are a
causative factor in SDAT. AP accumulation, the primary pathological hallmark of
SDAT, results from the dysfunctional membrane processing of amyloid precursor protein
(APP). The non-pathological process (>95% of total APP processing) occurs via the o-
secretase pathway and the pathological process occurs via the p-secretase pathway. o-
secretase is located in a phospholipid-rich membrane domain whereas B-secretase is
focated in cholesterol-rich lipid rafts. Both of these enzymes are sensitive to changes in
membrane cholesterol in that increasing membrane cholesterol simultaneously inhibits a-
secretase activity (/8) and activates B-secretase (19, 20), (see (21), for review). Thus
disturbances in neuronal cholesterol processing, such that there is an increase in cellular
cholesterol, shifts the normal APP processing caséade from the non-pathological process
to the pathological process. The relatioﬂship between membrane cholesterol and SDAT
severity is compelling (22). EtnPls deficiency decreases cholesterol efflux (23) and
conditions that decrease membrane plasmalogens simultaneously increase membrane
cholesterol (24). Furthermore, the decrease in serum EtnPls in SDAT described herein
occurs at an eatlier stage of SDAT than the increase in membrane cholesterol reported
above (22). In addition to the cholesterol connection, the timing of depleted EmPls
implicates decreased peroxisomal function (the exclusive site of EtnPls synthesis) as a
causal factor in SDAT. In mice, genetic conditions that produce 30 times the normal
amount AP fail to result in accumulation until after 8 months of age (25, 26). AB
accumulation in humans also requires an age-related trigger (27, 28). A well documented
age-related phenomenon is decreased peroxisomal function (29). Decreased peroxisomal
fanction leads to decreased synthesis of EtnPlS and DHA (30-32). The timing of A
accumulation closely matches the timing of decreased peroxisomal activity in mice (33)
and the decreased levels of EmPls reported herein closely match the timing of AR

accumulation in humans. Figally, peroxisome proliferation inhibits AP induced
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neurodegeneration (34) and preserves cognition in early SDAT (35). However in these
papers, the authors discuss attribute their results to decreased oxidative stress (34) or

decreased insulin sensitivity (35) and not to restoration of EtmPls levels.

{00106] Thus, according to the present invention there is also provides a method
for lowering cholesterol in a patient in need thereof, by administering to said patient a

therapeutically effective amount of one or more of the molecules described above.

[00107] The present inventors also show that the depleted serum EtnPls described
herein is unlikely due solely to Af accumulation. A possible explanation for the
decreased serum EtnPls observed in this study is the oxidative breakdown of these
‘metabolites resulting from AP accumulation. This may be the case in the CNS since
decreased EtnPls in the CNS are co-localized with AB (10, 12-14) and AB can directly
deplete neuronal EtnPls content (/7). However, serum AP levels do not correlate with
SDAT diagnosis or severity (36) and in aged humans white matter EtnPls content is
equally decreased in all brain regions at all levels of dementia (10). These findings argue
against AP accumulation as the sole cause of the systemic depletion of EtnPls described
herein. These two mechanisms of EtnPls depletion are not mutnally exclusive. It is
entirely plausible that a systemic depletion in EtnPls, as described herein could initiate
the accumulation AB by disrupting neuronal and glial membranes, and that once AP
accumulates to some threshold in the CNS, it creates an oxidative environment that

further contributes to the depletion of membrane EmPIs,
[00108] The present invention also addresses several key points:

[00109] 1) The chemical nature of these biomarkers is such that they can be
readily measured sygtemically. This point is of fundamental importance since
the majority of research pertaining to SDAT and other reurological disorders
has ignored the peripheral systems. The ability to measure neurodegenerative
processes within a blood sample would make this invention unique and of
substantial value. | |

[00110}] 2) The depletion of ethanolamine plasmalogen within the cell
membrane of the cholinergic neurons is a viable hypothesis for the development
of SDAT.
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[00111]  3) The EinPls could be used as a valid biochemical marker of SDAT
pathology since this molecular species’ content does not change in Parkinson’s

disease, a disease which is often accompanied by dementia [120].

[00112]  4) The specificity of plasmalogen to SDAT indicates that its content
within serum could be readily measured longitudinally throughout the lifetime
of an individual to assess the risk or for the early detection of SDAT prior to the
emergence of clinical symptoms, as the ethanolamine plasmalogen content has
been shown to be decreased in post-mortem tissue of very mildly impaired
SDAT patients (26) and is predicted by our analyses to occur up to seven years

prior to clinical symptoms of dementia (Figure 6)

[00113] 5) Since the metabolites are decreased in SDAT and dementia, a
pharmaceutical, biological or nutritional supplementation strategy that
specifically targets metabolic systems that either lead into or from these
metabolites with the intent of increasing these biomarkers is viable.
Furthermore, the direct supplementation of these metabolites or related
metabolites or derivatives of such could be used in the treatment or prevention
of SDAT or dementia.

{00114] Specifically in regards to the therapeutic strategy for the restoration of
EtnPls to normat levels in subiects found to be deficient, supplementing such individuals
with various ether lipid molecules that can either be further modified or used “as-is” by
such individual’s metabolic apparatus body strategies are contemplated. Such molecules,

for example, but not meant to be limiting, could include the following:

[00115] 1) The predominant sn-1moieties (R1, Figure 1) for ether lipids in humans
are derived from cetyl alcohol (1-hexadecanot, 16:0), stearyl alcohol (1-octadecanol,
18:0), and oleyl alcohol (cis-9-octadecen-1-01, 18:1). These would be the preferred
R1 substitutions of the glyceryl backbone. Since the incorporation of the vinyl ether
occurs ouﬁide of the peroxisome, the formation of this vinyl bond, is not considered
to be rate-limiting in the formation of EtnPls in humans. This is supported by the
applicant’s observation that both plasmanyl and EtnPls metabolites disclosed herein

decrease in parallel in SDAT. Therefore, supplementation with the plasmany! form

27



should result in increased levels of EtnPls. However, both the O-ether (plasmany?)
and the O-vinyl ether (Plasmenyl) are contemplated as viable snl moieties for
therapeutic supplementation. It is further contemplated that a mixture of
supplements containing an optimal ratio of sn-1 constituents may be necessary to
fully restore the body’s natural ratio of these molecules;

* [00116] 2) The preferred constituent at the sn-2 position is DHA. Subjects withan
impaired peroxisomal system could also have impaired synthesis of DHA and the
DHA containing EtnPls show the most robust and earliest decrease in SDAT.
However, sn-2 moieties ranging from the simple free alcohol (R2=OH) or acety}
(R2=0-C(0)-CH3) to any common (i.e. 16:0. 16:1, 18:0, 18:1, 18:2, 18:3, 20:4,
22:4, 24:6) or modified fatty acid is a viable sn-2 constituent from a therapeutic
supplementation strategy;

{00117} 3) The preferred constituent at the sn-3 position is the free alcohol
(R3=0OH). However, sn-3 moieties ranging from the simple phosphate (R3=P04) to
fully intact phosphoethanolamine (R3=0-P(O}(QOH)-0O-C2H4NH2) or derivatives or
other moieties that can be converted back to the free alcohol or phosphate are viable
sn-3 moieties from a therapeutic supplementation strategy.

[00118] 4) The administration of one or a combination of one or more molecules
resulting from the combination of the sn-1, sn-2 and sn-3 positions disclosed above
is contemplated as a potential therapeutic intervention aimed at increasing levels of
EtnPls. The preferred route of administration of such molecule (s) would be oral.
However other possible routes such as intraperitoneal or intramuscular injection,
intravenous, transdermal patch, or other is contemplated. Oral administration could
be in the form of a gel capsule or as a soluble or emulsified liquid or mixed with an

appropriate food product.

[00119] The formulations comprising the compounds of the present invention may
be manufactured in unit dosage forms and may be prepared by any of the methods well
known in the art. In general the formulations can be prepared by bringing the compounds



together with a pharmaceutically acceptable carrier and formulating the product into

acceptable forms, as noted above.

[00120] The compounds can be used directly or as a pharmaceutically acceptable
salt form. Any salt conventionally used in the formulation and administration of
pharmaceutical preparations can be used according to the present invention, Suitable
salts include both organic salts such as succinates, fumarates, malonates, crotonates and
the like, as well as inorganic salts such as chlorides, sodmm, potassium, calcium, nitrates,
phosphates, sulfates and the like.

foo121} A therapeutically effective dose of the compounds of the present invention
will determined empirically, depending on a number of factors mcludmg the time since
onset of the condition, the progression of the condition, as well as the general health of
the individual and their age. As a general guide the compounds of the present invention
can be administered from about 1mg/kg body weight to about 10 g/kg of body weight. A
* more suitable dose may be from about 100 mg/kg body weight to about 500 mg/kg body
weight. The compounds can be administered as a single dose or in multiple daily doses,

as appropriate.

[00122] Likewise, a pharmaceutical, biological or nutritional supplementation
program that blocks or inhibits a part of the biochemical pathway may reduce the
~ production of these biomarkers and induce SDAT pathology and/or demential symptoms.
Therefore, these biomarkers can be used to monitor for potential dementia-related
adverse reactions to a pharmaceutical, biological or nutritional therapy, regardless of the
intended disease target of these therapies.

[00123] For routine analysis, a novel method that quantitates a subset of the
metabolites is described. There are multiple types of cost-effective assay platform
options currently available depending on the molecules being detected. These include
colorimetric chemical assays (UV, or other wavelength), antibody-based enzyme-linked
immunosorbant assays (ELISAs), chip-based and polymerase-chain reaction for nucleic
acid detection assays, bead-based nucleic-acid detection methods, dipstick chemical

assays, image analysis such as magnetic resonance imaging (MRI), positron emission
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tomography (PET) scan, computerized tomography (CT) scan, and various mass

spectrometry-based systems.

[00124] The preferred method involves the development of a high-throughput
MS/MS method that is compatible with current laboratory instrumentation and triple-
quadrupole mass spectrometers which are readily in place in many labs around the world.
A Q-Trap™ system is used to isolate the parent molecule, fragment it: and then the
fragments are measured. Internal standards are used to correct for sample to sample

variance,

[00125] The present invention will be further iflustrated in the following examples.

[00126] Example 1: Effect of Aging and Severity of Dementia on Serum Levels of
Ethanolamine Phospholipids

[00127] The effect of aging and severity of dementia on serum levels of
ethanolamine phospholipids in 752 subjects aged 40-95 with various levels of dementia

was investigated. The clinical data on the subject cohorts is shown in Table 1.

[00128] The effect of age was evaluated using a set of aged 30 to 95 of untested
cognitive status but who were currently not suffering from 'dementia. Subjects were
grouped into one of five subgroups based upon their decade of life (30s, 407s, 50°s, 60’s,
and >70}. The 40-49 cohort was used as the pre-dementia reference group due to the low
incidence of dementia at this age. A significant gender bias was observed in that only
females exhibited an age-related decrease in EtnPls. Free DHA in both males and
females was significantly increased in the 50-59, 60-69, and 70+ cohorts relative to the
40-49 cohorts. However, only males exhibited a concomitant increase in both 16:0/ and
18:0/DHA-EtnPl. These data suggest that, in females, there may be an age-related
dysfunction in the packaging of DHA into EtmPls. This gender difference may explain

the increased incidence of dementia in very old females (84).

[00129] The effect of dementia severity was determined in subjects aged 56 to 95,
comprised of 68 cognitively confirmed non-demented subjects (MMSE > 28); 256
subjects currently diagnosed with SDAT (ADAS-cog 6-70, MMSE 0-26); 20 post-

mortem confirmed SDAT and 20 post-mortem confirmed controls.  Subjects were
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grouped into one of four dementia subgroups based upon either their MMSE score [> 28
= Cognitively Normal] or their ADAS-cog score [5-19 = low cognitive impairment); 20-
39 = moderate; 40-70 = severe]. In both males and females, the majority of EtnPls in ail |
dementia subgroups were significantly reduced relative to cognitive controls. In both
males and females, free DHA was significantly decreased only in severely demented
subjects. In females, a dementia effect was observed for three EtnPls (16:0/18:2,
18:0/18:2, and 16:0/20:4) in that both 18:2/EtnPls were significantly lower in severély
demented subjects versus either low or moderately demented females and 16:0/20:4 was
lower in the severe group versus the low group. In males, a dementia effect was observed
for DHA and 16:0/DHA in that free DHA was reduced in the moderate group versus the
low group and in the severe group versus the moderate group and 16:0/DHA was reduced
in the severe group versus the low group. These results suggest that there is a general
underlying dysfunction in plasmalogen synthesis in SDAT, regardless of gender but that
the progressive cognitive deterioration in SDAT manifests slightly differently in the two
sexes. Brain white matter contains primarily 18:1 and 18:2 EtnPls with low lfevels of
20:4 and DHA EtnPls whereas gray matter contains significantly higher levels of 20:4
and DHA EtPls. In females, increasing dementia appears to affect both white (18:2) and
gray (20:4) matter EtnPls equally, whereas in males predominantly gray (DHA) matter
EtnPls appear to be affected to a greater extent. These findings indicate that therapeutic
strategies could be optimized for either males or females or individually depending upon
the specific EtnPls deficiency observed.

[00130] The effect of CNS amyloid pathology was assessed in post-mortem
collected serum samples from 20 pathologically confirmed SDAT subjects and 20
subjects containing minimal amyloid deposition. Both gray and white matter EtnPls were
significantly decreased in post-mortem confirmed SDAT relative to age matched controls.

[00131] Example 2: The Grey and White Matter Score Distribution

[00132] Considering the differential regional (34) and gender differences in white
vs. gray matter EtnPls, a white and gray matter specific EtnPl scoring system was
developed whereby each EtnPl in each subject was normalized to their respective gender-
specific cognitively normal mean, log2 transformed and mean centered. Each subject’s

white matter score was taken as the lowest such value of plasmenyl16:0/18:1, 16:0/18:2,
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18:0/18:1, 18:0/18:2 EtnPls (M15, M16, M20 and M21) and their gray matter score as the
lowest of plasmenyl16:0/20:4, 16:0/DHA, 18:0/20:4, 178:0/DHA (M17, M19, M22 and
M24) EtnPls. These simplified scores revealed that both gray and white matter EtnPls
were decreased at all stages of SDAT and that the levels in post-mortem confirmed
SDAT closely matched levels in severely demented subjects of both sexes. The cross-
sectional white and gray matter score distributions in subjects of various levels of
dementia clearly showed a dementia dependent shift in the population means. This also
indicated that changes in serum levels of gray matter EinPls may precede white matter
changes and potentially be an early risk factor for SDAT. Such cross-sectional data does
not account for baseline variability among subjects. Individual longitudinal trajectories
of these scores may be more accurate at detecting early risk of SDAT in otherwise
healthy, non-demented subjects. Based upon these scores, risk prediction can be
performed on both male and female subjects (Tables 15 and 17) where a cut-off value
that results in approximately 20-30% of cognitively normal subjects being classified as
either intermediate or high risk is used, Using this cut-off value a subjects white and gray
matter score is evaluated. If the subject tests normal on both scores, the subjects is
deemed to be at low risk. If the subject tests positive on one of the scores, the subjects is
deemed to be at intermediate risk and if the subject tests positive on both scores, the

subject is deemed to be at high risk.

[00133]  Example 3; Quantitative and Qualitative Characterization of Ethanolamine

Phospholipids in Serum

[00134] The present invention provides a chromatographic method combined with
a mass spectrometric detector for the quantitative and qualitative characterization of

ethanolamine phospholipids in serum.

[00135] For MS/MS applications and experiments involving chromatography, an
Agilent 1100 HPLC system was used in combination with an Applied Biosystems
QSTAR XL mass spectrometer. An Agilent Zorbax RX-SIL. (4.6 x 150mm, Sum)
column was used for normal phase chromatography. Conditions included an isocratic
mobile phase (55:40:5 isopropanol:hexane:H20) at a flow rate of 1.0mL/min for a total
run time of 15min. The column was heated to 35°C. The sample injection volume was

10puL. Organic solvent extracts (ethyl acetate) of samples were evaporated to dryness
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under nitrogen gas and the residue was reconstituted in 100pL of 55:40:5
isopropanol:hexane:H2O solution prior to injection. Figures 10 —22 show examples of

representative metabolites detected in serum.

{00136] The QSTAR XL instrument was equipped with an APCI (Heated
Nebulizer) source operating in negative mode. Values of major instrument parameters
were DP, -60; FP, -265; DP2, -15; GS1, 75; GS2, 15; CUR, 30; NC, -3; TEM, 400°C;

Scan range, 50-1500amu; Accumulation time, 1 sec.

[00.137 ] Example 4, Effect of Dementia Severity and SDAT Pathology on Serum

EinPls Levels in combined male and female subjects

[00138] The effect of dementia severity was determined using 324 subjects (176
female, 148 male) aged 56 to 95, comprised of 68 cognitively confirmed non-demented
subjects (MMSE > 28) and 256 subjects currently diagnosed with SDAT (ADAS-cog 6-
70, MMSE 0-26). The effect of SDAT pathology was determined using serum samples
collected from 20 post-mortem confirmed SDAT and 19 control subjects (Table 1).
Subjects were grouped into one of four dementia severity cohorts based upon either their
MMSE score [> 28 = Cognitively Normal] or their ADAS-cog score [5-19 = low
cognitive impairment; 20-39 = moderate; 40-70 = severe]. Mean serum levels of eight
EtnPls, free docosahexaenoic acid (DHA, 22:6), and phosphatidylethanolamine (PtdEt)
16:0/18:0 (D16:0/18:0) were determined for each group (Figure 3). All eight EtaPls inall
dementia subgroups were observed to be significantly reduced relative to cognitive
controls (24 pair-wise comparisons, t-test p-values 2.6e-2 to 2.0e-10, median = 3.9e-5).
Free DHA was significantly decreased in both moderately and severely demented subjects
(p<0.05). All eight EtmPls were also significantly decreased in post-mortem confirmed
SDAT relative to age matched controls. D16:0/18:0 levels, a non-plasmalogen
phoshopholipid remained unchanged across the different dementia coborts. In all further
analyses, the EtnPls to D16:0/18:0 (MO1) ratio was used to minimize sample to sample
variability. Both the absolute EtnPls levels and the EtnPls to D16:0/18:0 ratio exhibited a
significant dementia effect. The EtnPis to D16:0/18:0 ratios of all eight Efms were
significantly lower in the severely demented group relative to the low group while six of

the eight were significantly lower in the severe group relative to the moderate group
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[00139] Example 5. Population Distributions as a Function of Dementia Severity

[00140] The EtnPls 16:0/22:6 to PtdEt 16:0/18:0 ratio (DHA-EtPIs) showed the
strongest overall sex-independent dementia effect (Tables 21b, 24b) and was used for all
subsequent population distributions and comparisons. A summary of the key
comparisons using this ratio are listed in Tabie 30. T‘his ratio was then log(2)
transformed and used to create a population histogram for each cohort of increasing
cognitive impairment (Figure 4). A cut-off value was selected based upon the findings of
Bennett et al (8), (i.. ~30% of the CN group being detected as SDAT) (Figure 4, dotted
line). Using this cut-off, 63%, 79% and 83% of low, moderate and severely demented
subjects, respectively, were subsequently classified as SDAT. To compare these
distributions with the known distributions of Af pathology in SDAT, we combined the
results of four ;irospecﬁve pathology studies (5-8) to generate the theoretical population
distributions of AP pathology in demented and non-demented populations assuming that
AB is normally distributed in each population (Figure 5A). These studies reported that
only 71% (140/198) of clinically diagnosed SDAT subjects have SDAT pathology at
death and that 32% (87/268) of cognitively normal subjects meet neuropathological
criteria for SDAT at death. When the data from all of our cognitively tested subjects
were combined, 32% (22/68) of our non-demented population and 75% (192/256) of our
demented population were classified as SDAT positive based upon their serum EtnPls
level (Figure 5B). This comparison revealed that the observed distribution of depleted
DHA-EtnPls perfectly matched the theoretical distribution of SDAT pathology in

demented and non-demented subjects.

{00141} Example 6. Linear Extrapolation of Disease Progression_and Serum

EtnPls Depletion

[00142] The data in Figure 3 suggests a strong correlation between the decrease in
EtoPls and increasing dementia in the clinically diagnosed SDAT population. To
investigate this concept in detail, we performed a linear regression analysis using the
mean DHA-EmnPIs level (normalized to CN) of each of the dementia cohorts and the
average ADAS-cog score for each of these three cohorts (Figure 6). A very high
correlation was observed between the mean DHA-EtnPls level and the mean ADAS-cog

scores of the three dementia cohorts (r2=0.99). However, this linear decrease did not
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extrapolate back to the CN group (X vs. CN). Assuminga clinical SDAT progression of
7.5 ADAS-cog units per year this extrapolation predicts that that DHA-EtPls levels
begin to decline approximately seven years before clinical cognitive impairment (ADAS-

cog = 15) is evident.

[00143] Example 7. The Effect of Chronological Age on Serum DHA-EtnPls

Levels

[00144] To investigate whether the above prediction could be verified
experimentally, we determined the serum DHA-EtPls levels in 209 subjects (110 male,
99 female, Table 1) of unknown cognitive status but currently not diagnosed wnth |
dementia, and compared these groups to the clinical SDAT and CN cohorts (Figure 7).
The results of this analysis revealed a significant drop in serum DHA-EtnPls in the aged
60-69 cohort versus the aged 50-59 cohort (Figure 7A). This cohort also had significantly
lower levels versus the CN group even though the CN grou? was, on average, 13 years
older. Interestingly, the aged 70-95 cohort was not significantly different from either the
aged 50-59 cohort or the CN cohort, but had significantly higher levels than the SDAT
cohort,

[00145] Example 8. Sub-Populations Identified by Seram DHA-EtnPls Levels

[00146] We next examined the distribution of serum DHA-EtnPls within each age
group, as shown in Figure 7B. The pbpulation distributions of the five groups (three age
groups, CN and SDAT) differentiated by age and dementia status reveal the presence of
three distinct populations (P1-P3, Figure 7B). Using the conceptual framework
introduced by Katzman et al (6), who observed that cognitively normal subjects with
SDAT pathology had intermediate choline acetyltransferase (ChAT) activities relative to
cognitively normal subjects without SDAT pathology and demented subjects with SDAT
pathology. This middle group was said to have “reserve”. Therefore, we interpreted our
populations as: P1 - subjects with SDAT pathology and no remaining reserve capacity;
P3 - subjects with little or no SDAT pathology; P2 - subjects that are transitioning from
P3to P1. These P2 subjects are hypothesized to have SDAT pathology and some level of
reserve remaining, Since SDAT subjects have a life expectancy of less than 10 years
from diagnosis (16, 17) and low DHA-EtnPls are highly associated with SDAT severity,
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the decreased number of P1 subjects observed in the aged 70-95 cohort is most likely due
to differences in life expectancy between P1 and P2 or P3. The transitory nature of P2 is
best illustrated by examining the different ratios between the percentages of subjects
present in P3 compared to P2, as observed in the lower three panels of Figure 7B. These
three cohorts differ only in dementia status. The P3 to P2 ratio changes from 3:1 (68%
versus 22%) in the confirmed cognitive normal group to an intermediate ratio of 1:1
(43% versus 46%) in the normal healithy elderly group of unknown cognitive status, to
0.6:1 (25% versus 40%) in the confirmed demented SDAT cohort.

[00147]  Example 9: High Throughput Commercial Method Development

[00148] The present invention also provides high throughput methods for
differential diagnosis of SDAT dementia and non-SDAT dementia states. The method
involves fragmentation of the parent molecule; in a non-limiting example, this may be
accomplished by a Q-Trap™ system. Detection of the metabolites may be performed
using one of various assay platforms, including colorimetric chemical assays (UV, or
other wavelength), antibody-based enzyme-linked immunosorbant assays (ELISAs), chip-
based and polymerase-chain reaction for nucleic acid detection assays, bead-based
nucleic-acid detection methods, dipstick chemical assays or other chemical reaction,
image analysis such as magpetic resonance imaging (MRI), positron emission
tomography (PET) scan, computerized tomography (CT) scan, nuclear magnetic

resonance (NMR), and various mass spectrometry-based systems.

[00149] High throughput screening (HTS) was performed with a linear ion trap
mass spectrometer (Q-trap 4000, Applied Biosystem) coupled with Agilent 1100 LC
system. Sample was prepared by adding 15uL. of internal standard (5 sg/mL of (24-13C)-
Cholic Acid in methanol) to 120uL ethyl acetate fraction of each sample.100 ul sampie
was injected by flow injection analysis (FIA), and monitored under negative APCI mode.
The method was based on multiple reaction monitoring (MRM) scan mode of one
parent/daughter transition for each metabolite and one internal standard. Each transition
was scanned for 70 ms for a total cycle time of 2.475 sec. The isocratic 10% EtOAc in
MeOH elution was performed with a flow rate at 360 ul/min for Imin. The source
parameters were set as follows: CUR: 10.0, CAD: 8, NC: -4.0, TEM.: 400, GS1: 30, GS2:

50, interface heater on. The compound parameters were set as follows: DP: -120.0, EP: -
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10, NC: -4.0, CE: -40, CXP: -15. Figure 8 illustrates a representative standard curve for
this method for EmPIs 16:0/22:6 generated by diluting a normal serum sample while
maintaining a constant concentration of internal standard (24-13C)-Cholic Acid).

[00150] Example 10: Structure Elucidation of the Metabolite Biomarkers

[00151] Organic extracts of human serum taken from norma! and Alzheimer’s
disease patients were analyzed using FT-ICRMS and LC/MS techniques. Three
metabolites, which were significantly higher in intensity in extracts from healthy subjects
compared to those from disease subjects were detected and structurally elucidated. The
molecular formula of metabolite 1 was determined as Cq;Hz;NO;P by HRAPCI-MS
(Figure 24). MS/MS spectral analysis was used to deduce the structure. The strong
MS/MS fragment ion at m/z 303 and other fragment ions due to loss of sn-2 acyl group
(m/z 464) as a ketone, loss of the sn-1 vinyl ether side chain (m/z 482) though smali, and
the fragment ion due to phosphoethanolamine (m/z 140) suggested it to be a plasmenyl
phosphatidylethanolamine type molecule with arachidonic acid at the sn-2 position.
Based on these deductions, the structure of metabolite 1 was elucidated as 1-0-1'-(Z)-
octadecenyl-2-arachidoyl-sn-glycero-3-phosphoethanol amine. The structure of 1 was
confirmed as 1-O-1'-(Z)-octadecenyl-2-arachidoyl-sn-glycero-3-phosphoethanolamine
(commercial standard) by comparison of their LC/MS and MS/MS spectral data (Figure
9)

{00152] The two remaining metabolites with molecular formulae CsgHyNO-P and
C41H74NO7P determined by HRAPCI-MS, found to co-elute with | in LC/MS, and
analyzed using MS/MS showed fragment ions and fragmentation patterns similar to those
of 1. These metabolites were thought to be very similar in structure to 1 and thus their
structures were proposed as 1-O-1'-(Z)-hexadecenyl-2-linoleyl-sn-glycero-3-
phosphoethanolamine (2) and 1-0-1'-(Z)-hexadecenyl-2-arachidoyl-sn-glycero-3-

phosphoethanolamine (3) respectively.

[00153] Figures 10-22 illustrate the retention time, MS/MS fragmentation patterns,
and putative structures for selected molecules, Due to' the conserved MS/MS
fragmentation mechanism between these molecules, the theoretical MS/MS transition can
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be determined for any ethanolamine phospholipid by using a combination of the parent

ion mass and the fragment mass of the moiety at either the sn-1 or sn-2 position.

[00154) Example [1: Synthesis of the Compounds of the Present Invention

[00155] One compound on the present invention; (4Z ,72; 102;132; 16Z,19Z)-1-
(hexadecyloxy)-3-hydroxypropan-2-yl docosa-4, 7, 10, 13, 16, 19-hexanencate (Formula
5a) was prepared according to the following synthetic strategy:

. H H2(CHz)14CH3 Ha{CH2114CH3
tEO )4 CHy(CH)4CHBr o>< 10% HC}, reflux at 120°C fl:OH

0 NaH/DMF, RT for 48 h 0 for 30 min, leave RT overnight OH
fa
Solketal 2a
TBOMS-CI
Imidazole / pyridine
RTfor72h
CHz{CHz2)14CH3 CH2(CH214CH3 CHz2(CHz}14CH3
OCODHA _TBAF in THF copHa _ DHACl/pyidine H
OH AcOH, RT for 48h OTBDMS Toluene, RT for 96 h OTBOMS
ba 4a 3a

[00156] All chemicals and solvents were purchased from Sigma-Aldrich Canada
Ltd., Oakville, ON., Canada, VWR Canada and Nu-Chek Prep., Elysian, MN. All
solvents used were anhydrous. Analytical thin layer chromatography (TLC) was carried
out on precoated silica gel TLC aluminum sheets (EM science, Kieselgel 60 Fasa, 5 x 2
cm x 0.2 mm). Compounds were visualized under UV light (254/366 nm) or placed in
iodine vapor tank and by dipping the plates ina 5% aqueous (w/v) phosphomolybdic acid
solution containing 1% (w/v} ceric sulfate and 4% (v/v) HySOy, followed by heating.
Flash column chromatography was carried out using silica gel, Merck grade 60, mesh size
230-400, 60 A°. NMR spectra were recorded on a Bruker Avance spectrometers; for H
(500 MHz), 3 values were referenced to CDCl; (CHCl; at 7.24 ppm) and for °C NMR
(125.8 MHz) referenced to CDCl; (77.23 ppm). Coupling constants (/) are reported to the
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nearest 0.5 Hz. High resolution mass spectral data were obtained on Bruker Apex 7T
Fourier transform ion cyclotron resonance mass spectrometer (FT-ICRMS) with
atmospheric pressure chemical ionization in the positive mode (HRAPCI-MS). Fourier
transform infra-red (FTIR) spectra were recorded on Bio-Rad FTS-40 spectrometer using
the diffuse reflectance method on samples dispersed in KBr.

Synthesis of cis-(+)-2-O-Docosahexaenoyl-1-O-hexadecylglycerol (5a)
(1)-2,2-Dimethyl-4-(hexadecyloxymethyl)-1,3-dioxolane (1a)

[OOIS?] To NaH (1.85g, 60% dispérsed in mineral oil) under argon was added
anhydrous N, N-dimethylformamide (DMF, 30 mL) at RT. Solketal (2.20 g, 16.7 mmol)
in 10 mL anhydrous DMF was then added dropwise with constant stirring. 1-
Bromohexadecane (5.10g, 16.7 mmol), dissolved in anhydrous DMF (20 mL) was then
added to the reaction mixture dropwise and stirred for 72 hours. The reaction was
quenched by adding about 5 mL. of methanol. It was then poured into cold ice water (100
inL) and extracted with hexane (100 mL, 3x). The solvent was removed under reduced
pressure and the residue chromatographed on silica gel using hexane-dichloromethane to
obtain 1a (3.363 g, 57% yield).; "H NMR (in CDCl5): § in ppm 0.83-0.86 3H, t, J=6.5
Hz), 1.22 26H, m), 1.33 (3H, s), 1.39 (3H, s), 1.52-1.55 (2H, m), 3.37-3.48 (4H, m),
3.68-3.71 (1H, t, J= 6.5 Hz), 4.01-4.03 (1H, t, J= 6.5 Hz), 4.20-4.25 (1H, quintet, J =
6.0 Hz).; °C NMR (in CDCl;): & in ppm 14.3, 22.9, 25.6, 26.2, 27.0, 29.6, 29.7, 29.8,
29.9,32.1,67.1,72.0, 72.1, 74.9, 109.5.

(£)-1-O-Hexadecyiglycerol (2a)

[00158] To compound 1a (3.363 g) was added 10% HCI solution (40 mL) and
refluxed at 120 °C for 30 min. The reaction mixture was then kept at RT for 24 hours,
The white lumps formed were filtered. The filtrate was extracted with hexane (50mL, 2x)
and the extracts added to the white lumps after removal of solvent. It was dried in a
vacuum dessicator for 24 hours to obtain 2a which was quantitative. 'H NMR (in
CDCl3): 6 in ppm 0.83-0.87 (3H, m), 1.23 (26H, m), 1.52-1.55 (2H, m), 2.67 (1H, D,O
exchangeable), 3.42-3.51 (4H, m), 3.60-3.70 (2H, m), 3.84-3.85 (1H, m), 6.63-6.70 (1H,
D,0 exchangeable).; *C NMR (in CDCls): & in ppm 14.6, 23.1, 26.5, 29.8, 29.9, 30.0,
~30.1,30.2, 324, 64.5,71.0,72.3, 72.9.
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(#)-1-0-(tert-Butyldimethylsilyl)-3-O-hexadecylglycerol (3a)

[60159] Compound 2a (2.297 g, 7.26 mmol) was dissolved in anhydrous pyridine
(20 mL) at RT under argon. Imidazole (1.02 g, 14.52 mmol) in anhydrous pyridine (10
mL) was then added followed by fert-butyl dimethylsilyl chloride (TBDMS-CI, 2.25 g,
14.52 mmol) in anhydrous pyridine (20 mL). The reaction mixture was stirred at RT for
72 hours, poured into 0.5 M H>S80, (150 mL) and extracted with diethyl ether (100 mL,
3x). The extract was washed successively with saturated aqueous NaHCO; (100 mL) and
water (100 mL), dried over anhydrous Na,SO, and the solvent removed under reduced
pressure to obtain 3a, an oily material which was dried in a vacuum dessicator for 2 days
(3.164 g, 100% yield). "H NMR (in CDCls): 8 in ppm 0.83-0.89 (15H, m), 1.22 (29H, m),
1.52-1.53 (2H, m), 2.60 (1H, s, DO exéhangeabie), 3.40-3.42 (4H, m), 3.59-3.61 (2H,
m), 3.64 (1H, m).; “C NMR (in CDCl5): 8 in ppm 14.3, 18.2, 18.5,22.9,25.8, 26.0, 26.1,
26.3,29.6,29.8,29.9,32.1, 33.0, 64.2, 70.8, 71.6, 71.9.

(i)-l-O-(tert-Butyldimethylsilyl)-?.—O-docosahexaenoyl—3-0-hexadecylglycerol
(4a) '

[00160] Anhydrous pyridine (0.15 mL) and toluene (10 ml) were added to 3a
(249.0 mg, 0.578 mmol) and stirred at RT under dry argon, Docosahexaenoyl chloride
(200.0 mg, 0.578 mmol) in toluene (5 mL) was then added dropwise to the reaction
mixture over a period of 20 min and stirred at RT for 96 hours. The reaction mixture was
poured into water (100 mL), extracted with diethyl ether (100 mL, 3x), washed
successively with 6.25 M H,S0; solution (100 mL), saturated aqueous NaHCO, (100
mL) and water (100 mL), and dried over anhydrous Na,SQ,. After removal of solvent, the
crude product was chromatographed on silica gel using hexane-dichloromethane to obtain
product 4a (348.4 mg, 81.4 % yield). '"HNMR (in CDCL): § in ppm 0.89 (18H, m), 1.24
(29H, m), 1.53 (2H, m), 2.06 (2H, in), 2.40 (4H, m), 2.83 (10H, m), 3.40 (3H, m), 3.55
(2H, m), 3.71 (2H, m), 5.36 (12H, m).; °C NMR (in CDCl5):  in ppm 14.2, 14.4, 20.7,
22.2,25.7(2),25.8,26.0,26.1, 26.3, 29.5, 29.7, 29.8, 29.9, 32.0, 35.3, 65.4, 71.7, 72.9
(2), 127.1, 127.9, 128.0, 128.1, 128.2, 128.4, 128.5, 128.7, 129.2, 129.3, 130.1, 132.1,
168.8.
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cis-(+)-2-0-Docosahexaenoyl-1-0-hexadecylglycerol (5a)

[00161} To a mixture of 4a (348.4 mg, 0.4704 mmol) and glacial acetic acid (120
pL) was added 1.0 M TBAF in 2 mL THF over a period of 15 min at 5 — 10 °C (ice-water
bath) with constant stirring. The reaction mixture was stirred at RT for 48 hours. It was
then poured into water (100 mL), extracted with diethy! ether (100 mL, 2x), washed
successively with saturated aqueous NaHCO; (100 mL) and water (100 mL), and dried
over anhydrous N=2;8O, After removal of solvent, the crude product was
chromatographed on silica gel using dichloromethane-methanol to obtain 5a (140.8 mg,
48% yield). TLC: R = 0.65 (CH;Cl:MeOH, 95:5 v/v).; '"H NMR (in CDCls): § in ppm
0.835 3H, t,J=7.5Hz), 0.95 (3H, t, /= 7.0 Hz), 1.23 (26H, m), 1.54 (2H, m), 2.05 (2H,
m), 2.38 (4H, m), 2.80 (10H, m), 3.44-3.50 (5H, m), 3.62-3.68 (2H, m), 3.85 (1H, br's,
D20 exchangeable), 5.29-5.35 (12H, m).; "C NMR (in CDCL): § in ppm 14.3, 18.3,
22.7,22.9,25.7,25.8 (2), 26.3, 29.6, 29.7 (2), 29.8 (2),29.9(2),32.1,64.4,70.7, 72.1,
72.7,127.2,127.8,128.1,128.2, 128.3(2), 128.4, 128.5,128.8, 129.7 (2), 132.2, 177.9..
FT-IR {em™) 3370 (br), 3013, 2954, 2918, 2850, 1712, 1470, 1397, 1382, 1326, 1239,
1123, 1060, 719.; HRAPCI-MS m/z: measured 627.5349 ([M+HT, caled. 627.5352 for
CaiH704).

[00162] Example 12: Use of metabolic precursors for restoration of PtdEt and
EtnPl1 pools in vitro

[00163] To investigate whether exogenous metabolic precursors can restore the
ethanolamine phospholipids deficiency in vitro, a CHO cell line deficient in plasmalogen
synthesis (NRel-4) was treated with the metabolic precursors 5a (sn-1-alkyl,sn-2-DHA
glycerol) for 72 hours at a concentration of 20uM, and its lipid profile was compared with
the wild type cell line.

(A)Change in total ethanolamime phospholipids

{00164] Figure 25 shows the relative changes in total EmPls and total PtdEt
content when wild type CHO cells and plasmalogen-deficient NRel-4 cells are treated
with metabolic precursor 5a (sn-1-alkyl,sn-2-DHA glycerol). The NRel-4 cell line treated

with ethanol alone (vehicle to administer the compound) has significantly lower levels of
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total EtaPls (10.8%; P=0.0001) when compared with the CHO cell line treated with the
vehicle alone (Fig 25 a). Treatment with Sa does not significantly alter the total EtnPls
content in the CHO cell line (86.9%; P=0.083), but does elevate the relative total EtmPis
content from 10.8% to 44.2%. Fig 25b shows that the total PtdEt content in the NRel-4
cell line is not significantly greater than the control CHO cells (P=0.062). Treatment with
5a significantly reduced the total PtdEt content in the CHO cell line to 54.9% (P=0.0008)
of untreated control, while that of the NRel-4 cell line was found to be at 55.9% (P=0.12)
* of the control. »

(B) Change in total DHA-containing phospholipids

[00165] Figure 26 shows the relative changes in total DHA-EmPIs and total DHA-
PtdEt when wild type CHO cells and plasmalogen-deficient NRel-4 cells are treated with
metabolic precursor 5a (sn-1-alkyi,sn-2-DHA glycerol). The NRel-4 cell line treated with
ethanol alone has significantly lower levels of DHA-EtnPls (8.7%; P=0.00001 7
compared with the CHO cell line treated with the vehicle (Fig 26a). Treatment with
compound 5a significantly elevates the total DHA-EtnPis pool in CHO cells to 136.8 %
(P=0.004) of CHO levels, and simultaneously restores the NRel-4 deficient cell line to
72.3 % of CHO levels (P=0.39).

[00166] Fig 26b shows that treatment with compound 5a does not significantly
alter the DHA-PtdEt pool in both cell lines tested (CHO: 93.5%, P=0.18; NRel-4:
110.6%, P=0.85) when compared with the untreated control CHO cell line.

[00167] Example 13: Effect of metabolic precursors on total and esterified
cholesterol levels in cultured cells

[00168] To test the effect of metabolite precursors on total and esterified
cholesterol in vitro, the CHO/NRel-4 cell line model was used. Total cell lipid was
extracted, and cholesterol was quantified using the Cholesterol Quantification kit
(BioVision, Mountain View, CA) as suggested by the manufacturer. CHO cell line
cultured in the presence of the ethanol vehicle (C_V) has 6.66g total cholesterol/million
cells. This reflects the wild type phenotype, and was used for normalization. The NRel-4
cell line deficient in plasmalogen synthesis cultured in the presence of ethanol vehicle
(N_V) had 10.75pg total colesterol/miltion cells (61% higher than control). Culturing the
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deficient cells with the metabolic precursor 5a (sn-1-alkyl, sn-2-DHA glycerol) for 72
hours at a concentration of 200M (N _5a) reduced the total cholesterol content to
8.28pug/million cells (24% higher than control). A similar trend was seen with respect to
. the free cholesterol which increased from 4.5pg/million cells (CHO) to 8.9ug/million
| cells (NRel-4). Treatment with 5a reduced the free cholesterol content to S.Sug/millioh
cells. A reciprocal trend was observed when assaying the fraction of cholesterol that was
esterified in the cell lines. Plasmalogen deficient Nrel-4 cells when treated with the
ethanol carrier (N_V) showed 16% lower basal level of esterified cholesterol
(1.84pg/million cells in NRel-4 compared to the control CHO cells which was at
2.19pg/million cells). Treatment with compound 5a brought about a modest increase
(34%) in the ‘esterified fraction of cholesterol in the NRel-4 cell line (1.84pg to
2.49pg/million cells). These results, shown in Figure 27, put together indicate a possiblé
therapeutic effect of the metabolite precursors.

[00169] All citations are hereby incorporated by reference.
[00170] The present invention has been described with regard to one or more

. embodiments.. However, it will be apparent to persons skilled in the art that a number of
variations and modifications can be made without departing from the scope of the

invention as defined in the claims.
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[00292] Table 30. Summary of key ratio and p-value statistics for EmPls 16:0/22:6
(M19) to PtdEt 16:0/18:0 (M01) serum ratio for males and females combined.

Comparison Ratio] T-test
60-69 to 50-59 0.75 | 1.2E-02
70-95 to 50-59 0.95 | 6.4E-01
CN to 50-59 1.07 | 4.8E-01
SDAT to 50-59 0.70 | 4.7E-07
70-95 to 60-69 1.26 | 6.9E-02
CN to 60-69 1.42 | 3.8E-04
SDAT to 70-95 0.74 | 1.3E-04
SDAT to CN 0.65 [7.6E-11
ADAS 5-19 to CN 0.74 | 3.0E-04
ADAS 20-3¢ to CN 0.66 | 1.3E-07
ADAS 40-70 to CN 0.53 { 3.9E-11
ADAS 20-39 to ADAS 5-19 0.90 [ 1.6E-01
ADAS 40-70 to ADAS 5-19 0.72 | 3.4E-04
ADAS 40-70 to ADAS 20-39 0.80 | 1.0E-02
Post-Mortem SDAT to Control | 0.55 | 4.7E-03

*ratio and p-value of EtnPls 16:0/22:6 alone.
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Claims:

L.

Use of a therapeutically effective amount of a compound selected from the group
consisting of: DHAP; 1-acyl-DHAP; 1-alkyl-DHAP; 1-alkyl-G3P; 1-alkyl, 2-acyl-
G3P; 1-alkyl, 2-acyl-glycerol; 1-alkyl, 2-acyl-GPE , 1-alkyl, diacyl glycerol wherein
sn-1 is 16:0, sn-2 is DHA, sn-3 is DHA, the sn-1 position has an alkyl ether bond,
and the sn-2 and sn-3 positions have acyl bonds; 1-alkyl diacyl glycerol wherein sn-1
is 16:0, sn-2 is 18:1, sn-3 is 18:1, the sn-1 position has an alkyl ether bond, and the
sn-2 and sn-3 positions have acyl bonds; triacyl glycerol wherein sn-1 is 16:0, sn-2 is
DHA, sn-3 is DHA, and the sn-1, sn-2 and sn-3 positions have acyl bonds; triaéyl
glycerol wherein sn-1 is 16:0, sn-2 is 18:1, sn-3 is 18:1 and the sn-1, sn-2 and sn-3
positions have acyl bonds; and pharmaceutically acceptable salts thereof, for the

manufacture of a medicament for lowering cholesterol in a patient in need thereof.

The use of claim 1 wherein the compound is a 1-alkyl, 2-acyl-glycerol.

The use of claim 2 wherein the side chains include a saturated or unsaturated fatty
acid of the following type: 16:0, 18:0, 18:1, 18:2 or 18:3 as alkyls at the sn-1
position, or 16:0, 18:0, 18:1, 18:2, 18:3, 20:4, 20:5, 20:6, 22:4, 22:5,22:6, 24:4,24:5

or 24:6 as acyls at the sn-2 position.

4. The use of claim 2 wherein the 1-alkyl, 2-acyl-glycerol is:

OCH2(CH2)14CH3
0 (@]

OH

(42,72,102,132,16Z,192)-1-(hexadecyloxy)-3-hydroxypropan-2-yl docosa-4,7,10,13,16,19-hexaenocate

5a
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5. Use of an ethanolamine plasmalogen elevating therapeutic agent selected from the
group consisting of: DHAP; 1-acyl-DHAP; 1-alkyl-DHAP; 1-alkyl-G3P; 1-alkyl, 2-
acyl-G3P; 1-alkyl, 2-acyl-glycerol; 1-alkyl, 2-acyl-GPE , 1-alkyl, diacyl glycerol
wherein sn-1is 16:0, sn-2 is DHA, sn-3 is DHA, the sn-1 position has an alkyl ether
bond, and the sn-2 and sn-3 positions have acyl bonds; 1-alkyl diacyl glycerol
wherein sn-1 is 16:0, sn-2 is 18:1, sn-3 is 18:1, the sn-1 position has an alkyl ether
bond, and the sn-2 and sn-3 positions have acyl bonds; triacyl glycerol wherein sn-1
is 16:0, sn-2 is DHA, sn-3 is DHA, and the sn-1, sn-2 and sn-3 positions have acyl
bonds; triacyl glycerol wherein sn-1 is 16:0, sn-2 is 18:1, sn-3 is 18:1 and the sn-1,
sn-2 and sn-3 positions have acyl bonds; and pharmaceutically acceptable salts
thereof, for the manufacture of a medicament for the treatment of high cholesterol in
a subject diagnosed with high cholestero! and decreased levels of one or more

cthanolamine plasmalogen.

6. The use of claim 5, wherein the decreased levels of one or more ethanolamine

plasmalogen is determined using mass spectrometry.

7. The use of claim 5 or 6, wherein the decreased levels of one or more ethanolamine

plasmalogen is determined from a blood sample from said subject.

8. The use of any one of claims 5 to 7, wherein the one or more cthanolamine
plasmalogen is selected from the group consisting of Plasmanyl 16:0/18:1; Plasmanyl
16:0/18:2; Plasmanyl 16:0/20:4; Plasmanyl 16:0/22:4; Plasmanyl 16:0/22:6;
Plasmanyl 18:0/18:1; Plasmanyl 18:0/18:2; Plasmanyl 18:0/20:4; Plasmanyl
18:0/22:4; Plasmanyl 18:0/22:6; Plasmenyl 16:0/18:1; Plasmenyl 16:0/18:2;
Plasmenyl 16:0/20:4; Plasmenyl 16:0/22:4; Plasmenyl 16:0/22:6; Plasmenyl
18:0/18:1; Plasmenyl 18:0/18:2; Plasmenyl 18:0/20:4; Plasmenyl 18:0/22:4;
Plasmenyl 18:0/22:6; and combinations thereof.

9. The use of any one of claims 5 to 8, wherein the ethanolamine plasmalogen elevating

therapeutic agent is a peroxisome proliferation activating receptor (PPAR) agonist.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The use of any one of claims 5 to 9, wherein the ethanolamine plasmalogen elevating
therapeutic agent is selected from the group consisting of: DHAP; 1-acyl-DHAP; 1-
alkyl-DHAP; 1-alkyl-G3P; and 1-alkyl, 2-acyl-G3P.

The use of any one of claims 5 to 9, wherein the ethanolamine plasmalogen elevating

therapeutic agent is a 1-alkyl (O-ether, plasmanyl), 2-acyl-glycerol.

The use of any one of claims 5 to 9, wherein the ethanolamine plasmalogen elevating

therapeutic agent is a 1-alkyl (O-vinyl ether, plasmenyl), 2-acyl-glycerol.

The use of claim 11, wherein the sn-1 moiety of the 1-alkyl (O-ether, plasmanyl), 2-
acyl-glycerol is selected from the group consisting of cetyl, stearoyl, and oleyl
alcohol.

The use of claim 11, wherein the sn-2 moiety of the 1-alkyl (O-ether, plasmanyl), 2-
acyl-glycerol is selected from the group consisting of OH, acetyl, and a fatty acid.

The use of claim 11, wherein the sn-3 moiety of the 1-alkyl (O-ether, plasmanyl), 2-
acyl-glycerol is selected from the group consisting of OH, a fatty acid, phosphate,

phosphoethanolamine, and derivatives thereof.

The use of claim 12, wherein the sn-1 moiety of the 1-alkyl (O-vinyl ether,
plasmenyl), 2-acyl-glycerol is selected from the group consisting of cetyl, stearoyl,
and oleyl alcohol.

The use of claim 12, wherein the sn-2 moiety of the 1-alkyl (O-vinyl ether,
plasmenyl), 2-acyl-glycerol is selected from the group consisting of OH, acetyl, and a
fatty acid.

The use of claim 12, wherein the sn-3 moiety of the 1-alkyl (O-vinyl ether,
plasmenyl), 2-acyl-glycerol is selected from the group consisting of OH, a fatty acid,

phosphate, phosphoethanolamine, and derivatives thereof.
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19. The use of any one of claims 5 to 9, wherein the ethanolamine plasmalogen elevating

therapeutic agent is

OCHz(CH2}14CH3
0 O

OH

(4Z,7Z,10Z 13Z,16Z,19Z)-1-(hexadecyloxy)-3-hydroxypropan-2-yl docosa-4,7,10,13,16,19-hexaenocate

5a

20. Use of an ethanolamine plasmalogen elevating therapeutic agent for the manufacture
of a medicament for the treatment of high cholesterol in a subject diagnosed with
high cholesterol and decreased levels of one or more ethanolamine plasmalogen,
wherein the ethanolamine plasmalogen elevating therapeutic agent is

OCHy(CH2)14CH3
09

OH

(4Z,7Z2,102Z,13Z,16Z,19Z2)-1-{hexadecyloxy}-3-hydroxypropan-2-yl docosa-4,7,10,13,16,19-hexaenoate

S5a
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sn-2/R2

Glyceryl Backbone PtdEt/Plasmanyl/Plasmenyl

sn1 CH,-R1 0-C(O)-C17H35 (18:0)
0-C(0)-C17H33 (18:1)
sn-2 CH-R2 0-C(0)-C17H31 (18:2)
i 0-C(0)-C19H31 (20:4)
sn-3 CH,-R3 0-C(0)-C21H35 (22:4)
0-C(0)-C21H31 (22:6)

sn-1/R1

O-C(0)-C15H31 (16:0)
0O-C(0)-C17H35 (18:0)
Plasmanyi
O-CH2-CH2-C14H29 (16:0)
O-CH2-CH2-C16H33 (18:0)
Plasmenyl
O-CH=CH-C14H29 (16:0)
O-CH=CH-C16H33 (18:0)

PtdEt/Piasmanyl/Plasmenyl
O-I?(O)—O-CZH4-NH2

OH

Example
CH,-O-CH=CH-C16H33
CH-O-C(0)-C21H31
E:HZ-O—I!D(O)-O-C2H4-NH2

OH
[Plasmenyl (18:0/22:6)]

FIGURE 1
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FIGURE 24

A, 1-0—1‘-(Z)—octadecenvl—2—arachidovl-sn-glycero—?a-phosphoeﬂlanolamine (1)

HRAPCI-MS m/z: measured 750.5482. ([M — HJ, calcd. 750.5477. for C43H77NO7P).

MS/MS m/z (relative intensity): 750 ([M — HI, 25%), 482 (1%),

464 (12%), 446

(5%), 329 (8%), 303 (100%), 259 (12%), 205 (8%), 140 (8%).

Fragment Analysis:
m/z | Formula Molecular fragment Fragment loss
750 | CaHNO.P 0Y019H31
? H
HgN/\/O‘F‘"o O\,//\c1 Ha
&
482 | CasHy NOgP
OYC'IDHS1
\/k HOw 4,
HZN/\\/O-.g.O CieHas
&
464 | CxHyNOgP H OxyCioHa
PONIS PO
&
462 | Cy3HysNOgP ? H
N 0“7’0 ANy | O CrdHla
&
444 1 Cp3HysNOSP ? o
HzN/\/O\?/ %/ov/\(:wl'{sg 462"‘H20
o
436 | C2HgsNOGP OH
q
HzN/\/O\E.’IO\)\/o & CiaHag 464 - Gl
o
331 | CppHss0: i oA
AN CigHaa
- O CyHay ii. 0. om
HZN/'\/ \T/
o
303 | CyH35 0, o CqgH )
20H31 Y 19H31 . Lo,
o o
259 | CigHsy
P N 303 - COy
208 C‘IH[OOSP \\/0“9’0 Vg-\\/o F 464_H209 CIGI-I.”-&NHJ
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o

B. 1-0-1'-(Z)-hexadecenyl-Z-linoleyl-sn-glxcero-3—phosghoethanolanﬁne {2)

HRAPCI-MS m/z: measured 698.5125 ((M-HJ, caled. 698.5130 for C3sH7NO-P).
MS/MS m/z (relative intensity): 698 ([M — HJ, 8%), 536 (4%), 279 (100%), 255

(15%), 119 (10%).

Fragment Analysis:
m/z | Formula Molecular fragment Fragment loss
698 | C3oHNOJP
OYCme
2oL H
HN T OO,

&

458 | Cx3HyuNOGP OYCWHEH
HO. =~
/\,0\9,0\/& \/\014H29
HzN 4
o

436 | CoHasNOGP H :

R0 J_ o

o
418 | CyHyNOsP 9

H ZN/\/O\EIO\/\/O\/\C“Ha 436 — H,0

o

279 C]gH3102 O C.-H
Y 175331 H ZN/\,O.E,O\/\,O\/\CHHZT
o .

255 | C7H1sNOsP” ~02.0]

LO\/»\

Cietos

436 - CiHis & WY
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A~

C. 1-0-1'—(Z‘)-hexadecenvl—Z-arachidovi-sn-givcero—3«phos hoethanolamine (3

HRAPCIMS myz: measured 722.5124 ((M-HT, caled. 722.5130 for CtHnNOP).
MS/MS m/z (relative intensity): 722 (IM — HI, 12%), 482 (1%), 436 (15%), 418
(6%), 303 (100%), 279 (6%), 259 (15%), 255 (10%), 205 (4%), 140 (5%).

Fragment Analysis:
m/z | Formula Molecular fragment Fragment loss
722 | C4iHpNOP OYCWHM .
. 0 H
HZN’\’O‘F:’O O i
o
482 | CpsH4yNOgP OYCNH:H
HO A,
qu’\/o‘g’o\/ik ' C1qHzg
o8
466 C24H37N06P OYCszr
0 \/& 482 - CH4
qu’\/o‘q’o
Q.
436 | CoiHgNOGP . H
At
N '?’o\j\/o\/\cu"'m OxCigHas
418 | CoH4yNOsP 00'
HzN/\/o‘;fl '0\/\/0\/\014”:9 OchHm
o o
303 | CyeH31O2 Qs -CygH
j: 19H31 HZN/\,O..g_OWO\/\C“HB
&
279 | CysH;350 e P O NP N Q
-~ CiqHzg 418 - HZN/\/O\F?,OH
&
259 C19H3| h N Z W = 303 - COz
255 | Cy5Hz70s 418 - &C
ox.ﬁ\/o\/\/*\/\/\/\/ e NSO F{{) +Hio
')
205 [CHIOE | < _ofoowr 418 — Cr4Hyo & NH;
1
(o
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140 | CH7NO,P
2017NOs O~ OH
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Proposed Structure:
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FIGURE 24 Cont’d
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