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BIOMARKERS AND THERAPEUTIC TARGETS FOR COGNITIVE DECLINE

[01] This application claims the benefit of U.S. provisional application serial no.
60/589,795 filed July 22, 2004, the contents of which are expressly incorporated

herein.

[02] This invention was made using funds granted by the United States government
from the National Institute of Aging, grant no. 5P50 AG05128-20. The U.S.

government retains certain rights in the invention.
FIELD OF THE INVENTION

[03] The invention relates to the areas of dementias, cognitive disorders and/or affective
disorders and/or behavioral dysfunction, including that associated with attention
deficit — hyperactivity disorders ‘spectrum’, bipolar disorders, anxiety disorders,
and depression, Alzheimer Disease and related dementias. More particularly, it
relates to genetic vulnerability, prognostic methods, treatment methods, and drug

screening methods.
BACKGROUND OF THE INVENTION

[04] The gene for the acute phase protein alpha-l-antitrypsin (AAT; also known as
serpinA1 and Pi) lies in the serpin gene cluster on chromosome 14q32.1. S and Z
polymorphic alleles of the AAT gene are commonly encountered in persons of
Western European origin, usually combined with common M subtypes (M, M1,
M2) (1-3). MS and MZ are clinically silent, but MZ is associated with lower AAT
levels. Other more rare ‘deficiency’ polymorphisms have been described, and
similar alleles have been described or remain to be discovered in non-European
populations. Deficiency polymorphisms may impact on susceptibility to liver or
pulmonary infections, and outcome of substance abuse, or environmental exposure
affecting liver or lung. A possible relation to Alzheimer Disease (AD) has been

noted for serpin enzyme complex receptor (4), presence of AAT in astrocytes and
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[05]

[06]

[07]

plaques (5), elevated serum levels (6), and inverse relation of cerebrospinal fluid
AAT and oxidized LDL (7). In primates, liver abnormalities including
hepatosteatosis and mitochondrial dysfunction associated with iron overload and
copper deficiency correlate with eventual AD-like ‘brain pathology, as well as
abnormalities in beta-islet cells of pancreas, kidney proximal epithelial cells,

cardiac myocytes, and choroid epithelia. (8).

Other hepatic-expressed genes include apolipoprotein E (APOE) alleles --
polymorphisms 2, 3 and 4 coded on chromosome 19 (9). Polymorphisms or
mutations of hemochromatosis gene (Hfe) C282Y, H63D and S65C are coded for
on chromosome 6 (10). We have found that excessive iron stores with copper
deficiency states in a primate model of aging result in mitochondrial damage,
macrophage activation, accelerated aging of heart, pancreas, kidney and brain

(multiple systems) and AD pathology (8,11).

Accelerated autophagy and mitochondrial injury is described with AAT deficiency
polymorphisms (12). Lower AAT levels have been associated with accelerated
rates of coronary artery disease (13). AAT and one of its substrates, neutrophil
elastase, have been connected to regulation of intra- and extracellular iron
metabolism, and to regulation of cholesterol metabolism as part of the acute phase

reactant system and innate immunity (14).

There is a need in the art for additional tools for prognosticating and treating
dementias, including Alzheimer Disease and various disorders of cognitive,
affective and/or behavioral dysfunction. There is a need in the art for means of
identifying new therapeutic agents for treating dementias, cognitive dysfunction,

and the above-mentioned, related disorders.
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[08]

[09]

[10]

[11]

BRIEF SUMMARY OF THE INVENTION

A method is provided for predicting rate of progression of cognitive and/or
behavioral decline in a subject with attention deficit disorder/attention deficit
hyperactivity disorder, an affective disorder, mild cognitive impairment, dementia,
or Alzheimer Disease. Types of alleles of alpha-1-antitrypsin (AAT) or AAT level
in the subject with attention deficit disorder/attention deficit hyperactivity disorder,
an affective disorder, mild cognitive impairment, dementia, or Alzheimer Disease
is determined. The determined types of alleles and/or AAT level are used as a
factor to predict rate of progression of cognitive and/or behavioral decline in the

subject.

A method is also provided for predicting vulnerability to or age of onset of
attention deficit disorder/attention deficit hyperactivity disorder, an affective
disorder, mild cognitive impairment, dementia, or Alzheimer Disease. Types of
alleles of alpha-1-antitrypsin (AAT) or AAT level in a subject are determined. The
determined types of alleles and/or AAT level are used as a factor to predict

vulnerability to or age of onset of Alzheimer Disease.

An additional method is provided for predicting persons at risk of long-term
nervous system injury. Types of alleles of alpha-1-antitrypsin (AAT) or AAT level
in a subject who has been exposed to a neurotoxic or neuroinflammatory agent is
determined. The determined types of alleles or AAT level are used as a factor to

predict persons at risk of long-term nervous system injury.

Also provided by the present invention is a method for predicting vulnerability to
nervous system injury or cognitive or affective disorder of persons with pulmonary

disease, liver disease, or coronary artery disease. Types of alleles of alpha-1-
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[12]

[13]

[14]

antitrypsin (AAT) or AAT level in a subject with pulmonary disease, liver disease,
or coronary artery disease are determined. The determined types of alleles or AAT
level are used as a factor to predict vulnerability of the subject to nervous system

injury or cognitive or affective disorder.

A method is provided of delaying age of onset or progression rate of cognitive
dysfunction in a subject at risk of developing cognitive dysfunction or with
cognitive dysfunction. AAT protein or a nucleic acid encoding AAT protein or
C282Y hemochromatosis protein or a nucleic acid encoding C282Y
hemochromatosis protein is administered to the central nervous system of the
subject. Level or activity of AAT protein or C282Y proteih in the central nervous

system of the subject is thereby increased.

Another method is provided of delaying age of onset or progression rate of
cognitive dysfunction in a subject. AAT protein or a nucleic acid encoding AAT
protein or C282Y hemochromatosis protein or a nucleic acid encoding C282Y
hemochromatosis protein is administered to the blood stream or liver of a subject at
risk of developing Alzheimer Disease. Lével or activity of AAT protein or C282Y

protein in the blood stream or liver of the subject is thereby increased.

According to another aspect of the invention a method is provided of delaying age
of onset or diminishing progression rate of cognitive dysfunction in a subject who
has an AAT deficiency phenotype. Thiamine supplements or a low carbohydrate
diet is administered to the subject. Age of onset of cognitive dysfunction is thereby

delayed or progression rate of cognitive dysfunction is diminished.
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[15]

[16]

[17]

[18]

[19]

A method is also provided of diminishing progression rate of cognitive dysfunction
in a subject who has attention deficit disorder, an affective disorder, or Alzheimer
Disease. Thiamine supplements or a low carbohydrate diet is administered to the
subject. Age of onset of cognitive dysfunction is thereby delayed or progression

rate of cognitive dysfunction is diminished.

Also provided is a method of screening for candidate drugs for treatment of
cognitive dysfunction. A test substance is contacted with an AAT protein encoded
byan$S,Z, I, P, F,V, G, or null allele. Activity of the AAT protein is determined.
The test substance is identified as a candidate drug for treatment of cognitive

dysfunction if it increases activity of the AAT protein.

Another aspect of the invention is a method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a cell which
has an AAT-deficient phenotype. Activity of AAT protein in the cell is
determined. The test substance is identified as a candidate drug for treatment of

cognitive dysfunction if it increases total amount of activity of AAT in the cell.

Another aspect of the invention is a method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a cell which
encodes an AAT protein. Amount of AAT protein expressed in the cell is
determined. The test substance is identified as a candidate drug for treatment of

cognitive dysfunction if it increases expression or activity of AAT in the cell.

Another aspect of the invention is method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with an AAT
protein encoded by an S, Z, I, P, F, V, G, or a null allele. The AAT is contacted

with cells selected from the group conmsisting of monocytes, macrophages,
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[20]

[21]

astroglia, microglia, oligodendroglia, choroid plexus cells, cerebral endothelial
cells, and progenitors thereof. A parameter selected from the group consisting of
ferritin concentration, transferrin (Tf) receptor concentration, endocytosis of Tf
receptor and ligand, free iron concentration, IRE/IRP activity, and IRE/IRP
modulated targets is determined in the cells. The test substance is identified as a

candidate drug for treatment of cognitive dysfunction if it increases the parameter.

Another aspect of the invention is a method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a first cell
which has an AAT-deficient phenotype. The AAT from the cell is contacted with
second cells selected from the group consisting of monocytes, macrophages,
astroglia, microglia, oligodendroglia, choroid plexus cells, cerebral endothelial
cells, and progenitors thereof. A parameter selected from the group consisting of
ferritin concentration, transferrin (Tf) receptor concentration, endocytosis of Tf
receptor and ligand, free iron concentration, IRE/IRP activity, and IRE/IRP
modulated targets is determined in the second cells. The test substance is identified
as a candidate drug for treatment of cognitive dysfunction if it increases the

parameter.

Another aspect of the invention is a method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a first cell
which encodes an AAT protein. The AAT from the first cell is contacted with a
second cell selected from the group consisting of monocytes, macrophages,
astroglia, microglia, oligodendroglia, choroid plexus cells, cerebral endothelial
cells, and progenitors thereof. A parameter selected from the group consisting of
ferritin concentration, transferrin (Tf) receptor concentration, endocytosis of Tf
receptor and ligand, free iron concentration, IRE/IRP activity, and IRE/IRP

modulated targets is determined in the second cell. The test substance is identified
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[22]

[23]

[24]

[25]

as a candidate drug for treatment of cognitive dysfunction if it increases the

parameter.

Another aspect of the invention is method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with an AAT
protein encoded by an S, Z, or other deficiency allele or a null allele. Carbonyl or
oxidized or nitrosylated groups on the AAT protein or activity of the AAT protein
is determined. The test substance is identified as a candidate drug for treatment of
cognitive dysfunction if it modulates amount of carbonyl or oxidized or

nitrosylated groups on the AAT protein and/or activity of AAT protein.

Another aspect of the invention is method for screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a cell which
has an AAT-deficient phenotype. Amount of carbonyl or oxidized or nitrosylated
groups on the AAT protein in the cell or the activity of the AAT protein is
determined. The test substance is identified as a candidate drug for treatment of
cognitive dysfunction if it modulates the amount of carbonyl or oxidized or

nitrosylated groups on the AAT protein and/or activity of AAT protein.

Another aspect of the invention is a method for screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a cell which
encodes an AAT protein. Amount of carbonyl or oxidized or nitrosylated groups
on the AAT protein expressed in the cell or activity of the AAT protein is
determined. The test substance is identified as a candidate drug for treatment of
cognitive dysfunction if it modulates amount of carbonyl or oxidized or

nitrosylated groups of AAT and/or activity of AAT.

Yet another aspect of the invention provides a method of screening for candidate

drugs for treatment of cognitive dysfunction. A test substance is contacted with an
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[26]

[27]

[28]

AAT protein encoded by an S, Z, or other deficiency allele or a null allele.
Monocyte and/or macrophage activating activity of the AAT protein are
determined. The test substance is identified as a candidate drug for treatment of
cognitive dysfunction if it increases monocyte and/or macrophage activating

activity of the AAT protein.

Another aspect of the invention is a method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a cell which
has an AAT-deﬁcient phenotype. Monocyte and/or macrophage activating activity
of the AAT protein are determined. The test substance is identified as a candidate
drug for treatment of cognitive dysfunction if it increases monocyte and/or

macrophage activating activity of the AAT protein.

Another aspect of the invention is a method for screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a cell which
encodes an AAT protein. Monocyte and/or macrophage activating activity of the
AAT protein are determined. The test substance is identified as a candidate drug
for treatment of cognitive dysfunction if it increases monocyte and/or macrophage

activating activity of the AAT protein.

Another aspect of the invention is a method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with an AAT
protein encoded by an S, Z, or other deficiency allele or a null allele. Amount of
carboxyl terminal fragment of AAT (C-36) is determined. The test substance is
identified as a candidate drug for treatment of cognitive dysfunction if it modulates

amount of the C-36.
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[29]

[30]

[31]

Another aspect of the invention is a method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a cell which
has an AAT-deficient phenotype. Amount of carboxyl terminal fragment of AAT
(C-36) is determined. The test substance is identified as a candidate drug for

treatment of cognitive dysfunction if it modulates amount of the C-36.

Another aspect of the invention is a method for screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a cell which
encodes an AAT protein. Amount of carboxyl terminal fragment of AAT (C-36) is
determined. The test substance is identified as a candidate drug for treatment of

cognitive dysfunction if it modulates amount of the C-36.

Another aspect of the invention is a method of delaying age of onset or progression
rate of cognitive dysfunction in a subject having or at risk of developing attention
deficit disorder/attention deficit hyperactivity disorder, an affective disorder, mild
cognitive impairment, dementia, or Alzheimer Disease. An agent for inhibiting
neutrophil elastase activity or expression is administered to the central nervous
system of the subject. The agent is .selected from the group consisting of: an
antibody which speciﬁcélly binds to neutrophil elastase, an antisense molecule
comprising at least 18 contiguous nucleotides which are complementary to mRNA
encoding neutrophil elastase, FR901277, SC-37698, SC-39026, SKALP/elafin,
pre-elafin (68), SLPI (69), sivelestat (ONO-5046; Elaspol;
CaoH21N,078.4H20.Na.), ONO-6818 (Co3HasNeOs, molecular weight: 452.51)),
FR901277 (C47HeNoOs3, molecular weight: 961), SC-37698 (Searle, Skokie, IL),
SC-39026 (Searle, Skokie, IL), and SSR69071 (2-(9-(2-Piperidinoethoxy)-4-oxo-
4H-pyrido[1,2-a]pyrimidin-2-yloxy-  methyl)-4-(1-methylethyl)-6-methoxy-1,2-
benzisothiazol-3(2H)-one-1,1-dioxide). Age of onset or progression rate of

cognitive dysfunction in the subject is delayed or diminished.
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[32]

[33]

[34]

[35]

Another aspect of the invention is a method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a neutrophil
elastase protein. Activity of the neutrophil elastase protein is determined. The test
substance is identified as a candidate drug for treatment of cognitive dysfunction if

it decreases activity of the neutrophil elastase protein.

Another aspect of the invention is a method of screening for candidate drugs for
treatment of cognitive dysfunction. A test substance is contacted with a cell which
expresses a human neutrophil elastase. Activity of human neutrophil elastase
protein in the cells determined. The test substance is identified as a candidate drug
for treatment of cognitive dysfunction if it decreases total amount of activity of the

neutrophil elastase in the cell.

Another aspect of the invention is a method of delaying age of onset or diminishing
progression rate of cognitive dysfunction in a subject who has an AAT deficiency
phenotype. Lithium is administered to the subject. Age of onset of cognitive
dysfunction is thereby delayed or progression rate of cognitive dysfunction is

thereby diminished.

Another aspect of the invention is a method of diminishing progression rate of
cognitive dysfunction in a subject who has attention deficit disorder, an affective
disorder, or Alzheimer Disease. Lithjum is administered to the subject.

Progression rate of cognitive dysfunction is thereby diminished.
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BRIEF DESCRIPTION OF THE DRAWINGS

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Figure 1 presents a Kaplan-Meier curve of the effect of AAT polymorphisms on
age of onset for persons presenting with cognitive, affective or behavioral
disorders. Age of onset for cognitive symptoms according to AAT
polymorphisms with M signifying various M, M1, M2 combinations, S
signifying MS heterozygote and Z signifying MZ heterozygote. Difference is
significantly earlier age of onset, p=.02 (Log rank), for MZ versus other
phenotypes.

Figure 2 presents Kaplan-Meier curve for effect on age of onset of low vs.
normal expression levels of AAT in serum (regardless of AAT polymorphism).
These data indicate that other polymorphisms which cause low expression will
have the same effect. Age-of-onset curves for set of persons with AAT
polymorphisms associated with deficiency (MS, MZ) regardless of AAT level
combined with normal phenotypes or alleles (M subclasses) with low level

(<110 mg/dL). Earlier onset is significant (p=0.0004, Log rank).

Figure 3 shows change in mini-mental status exam (MMSE) scores for persons
with early Alzheimer Disease (AD) compared to level of AAT at time of
presentation (p=0.28, p=0.04, uncorrected for C282Y status, APOE genotype,
gender, age of onset). Higher AAT levels are associated with slower rate of

change of MMSE scores (more stable course).
Figure 4 shows the association of AAT levels and affective disorder.

Figure 5 shows AAT levels of untreated versus treated patients with bipolar

disorder.
Figure 6 shows free copper versus duration in AD group.

Figure 7 shows age of onset versus transferrin quartiles (AD/MCI).
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[43] Figure 8 shows A1AT level versus change in MMSE.

[44] Figure 9 shows MMSE change (points per year).

[45] Figure 10 shows gender versus change in MMSE.

[46] Figure 11 shows C282Y vs. change in MMSE.

[47] Figure 12 shows APOE43 alleles versus change in MMSE.

[48]

[49]

DETAILED DESCRIPTION OF THE INVENTION

It is a discovery of the present inventors that certain biochemical and genetic
markers can be used as predictors of progress, onset and vulnerability to dementias,
cognitive dysfunction in affective disorders such as bipolar disorder spectrum,
anxiety disorders, attention deficit disorders such as ADD and ADHD, and to
cerebral injury particularly to white matter such as post-immunization reactions or
after toxic infectious, chemical or biological exposures. Certain alleles or
polymorphisms and/or expression levels of the alpha-1-antitrypsin (AAT) gene are
associated with these effects on age of onset, progression rate and vulnerability.
Certain alleles of the apolipoprotein E (APOE) gene and of the hemochromatosis
gene (Hfe) interact with the AAT gene to influence age of onset, progression rate
and vulnerability. Other relevant factors include age of onset, gender, bound and
free iron, serum transferrin and transferrin receptor levels, c-reactive protein, serum
fibrinogen, bound and free copper, and ceruloplasmin (ferroxidase) activity, levels
and expression. High AAT levels are associated with later age of onset, slower

progression rate, and diminished vulnerability.

Main ancillary genetic factors include number of APOE#4 alleles; later age of onset,
slower progression rate, and reduced vulnerability are associated with fewer

APOE4 alleles. Our data support an effect of C282Y hemochromatosis
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[50]

polymorphism with later age of onset, slower progression rate, and reduced
vulnerability. Other important ancillary and associated biochemical factors include
C - reactive protein levels (lower level is stabilizing of patient condition),
fibrinogen (higher level is stabilizing), and serum transferrin (lower level is
stabilizing). Elevated levels of transferrin and/or C - reactive protein are additional
negative prognostic indicators. Levels of such proteins or metabolites can be

determined by any method known in the art.

AAT alleles S, Z, I, P, F, G; V or null (or similar ‘deficiency’ alleles in non-
Caucasian populations) are poor prognostic factors (i.e., they indicate a poor
prognosis) as is a lowered anti-proteolytic activity or level or release of AAT. A
subject’s genotype or phenotype can be determined by any method known in the
art. These include determining the sequence of the AAT alleles in the person,
performing a sequence based test, such as a test employing an allele-specific
oligonucleotide hybridization or allele-specific amplification, electrofocusing of
proteins, restriction fragment length polymorphism, dual-color detection by ligase-
mediated analysis, temperature or denaturing gradient gel electrophoresis, anti-
proteolytic activity determinations, specific ELISA methods, or PCR-mediated site-
directed mutagenesis. Any technique known in the art for determining an AAT
genotype or phenotype can be used. See for example Lucotte G, et al,
“Polymerase chain reaction detection of S and Z alpha-1-antitrypsin variants by
duplex PCR assay.” Mol Cell Probes. 1999; 13:389-91. See also Brantly M, et al.,
“Molecular basis of alpha-1-antitrypsin deficiency.” Am J Med 1988; 84:13-31;
Nukiwa et al. Characterization of the MI(ala’”®) type of al-antitrypsin haplotype.
Biochemistry 1987; 26:5259-5267; Hejtmancik et al. “Prenatal diagnosis of alpha
l-antitrypsin deficiency by restriction fragment length polymorphisms, and
comparison with oligonucleotide probe analysis.” Lancet 1986; 2:767-770; Klasen
et al. “Detection of alpha-l-antitrypsin deficiency variants by synthetic
oligonucleotide hybridization.” Clin Chim Acta 1987; 170:201-207; Newton et al.
“Analysis of any point mutation in DNA. The amplification refractory mutation
system (ARMS).” Nucleic Acids Res 1989; 17:2503-2516; Samiotaki et al. “Dual-
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[51]

color detection of DNA sequence variants by ligase-mediated analysis.” Genomics
1994; 20:238-242; Johnson et al. “Detection of the common alpha-1-antitrypsin
variants by denaturing gradient gel electrophoresis.” Ann Hum Genet 1991;
55:183-198; Lam et al. “Rapid screening for aj-antitrypsin Z and S mutations.”
Clin Chem 1997; 403-404; Braun et al. “Rapid and simple diagnosis of the two
common «;-proteinase inhibitor deficiency alleles Pi*Z and Pi*S by DNA
Analysis.” Eur J Clin Chem Clin Biochem 1996; 34:761-764; Hammerberg et al.
“Polymerase chain reaction-mediated site-directed mutagenesis detection of Z and
S alpha-1-antitrypsin alleles in family members.” J Clin Lab Anal 1996;10:384-
388. Other genetic polymorphisms in apolipoprotein E and the hemochromatosis
gene are identified as described below and according to a variety of well-

established methods for detecting single-site polymorphisms.

Rate of future cognitive decline in persons with early stages (mini-mental status
exam or MMSE score > 23) of AD and related dementias can be calculated using
some or all of the following factors: age of onset, sex, clinical diagnosis,
apolipoprotein E allele type, and hemochromatosis allele type. Presence of 1-2
APOE4 alleles weakly accounts for more rapid decline. Presence of 1-2
hemochromatosis alleles C282Y strongly accounts for less rapid decline (C282Y
acts as a stabilizing gene). Major factors (since APOE4 is over-represented and
commonly present and C282Y is present in only 10-15% of cases) are AlA’lﬂ“‘ )
alleles and particularly expression level in serum), C - reactive protein levels (high
sensitivity assay), and/or copper status (determined either by free copper,
ceruloplasmin or copper/zinc ratio). A logistic regression analysis employing these
variables can provide coefficients and predict éategories of stability or decline or
actual MMSE change with high sensitivity and specificity (>80%) with cut-points
determined by discriminant analysis. Increased inflammatory ‘state’ and levels of
A1AT compared to background assessment of inflammatory drive (lower levels of
C - reactive protein) is also associated with slower progression and stability. This
analysis can be used to stratify patients to improve efficiency of drug studies, for

clinical classifications, for prognosis of AD and related disorders. Rates of
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[52]

[53]

(54

cognitive decline in normal individuals may be accounted for by same variables

and approach.

Patients who can be tested and/or treated according to any of the methods of the
present invention include those who present with cognitive dysfunction with a
history of treated depression, cognitive dysfunction with a history of depression,
cognitive dysfunction with bipolar disease or schizoaffective disorders, cognitive
dysfunction with generalized anxiety disorder, cognitive dysfunction with attention
deficit, ADHD disorder or both attention deficit and ADHD disorder, dyslexia,
developmental delay, school adjustment reaction, Alzheimer Disease, amnesic mild
cognitive impairment, non-amnesic mild cognitive impairment, cognitive
impairment with white matter disease on neuroimaging or by clinical examination,
frontotemporal dementia, cognitive disorders in those under 65 years of age, those
with serum homocysteine levels of less than 10 nmol/l, and those with high serum

transferrin levels (uppermost population quartile).

Patients who can be tested and/or treated also include those who present with
previous or present physical illnesses associated with cardiac, pulmonary,
infectious or hepatic events or dysfunction whether congenital, acquired,
infectious, or toxic chemical or biological, with physical illnesses or history of
post-immunization reactions, with mixed medical-psychiatric illnesses such as
chronic fatigue syndrome, fibromyalgia, post-traumatic stress disorder, substance
abuse (alcoholism, etc) who may present with or may have cognitive, affective or
emotional components to their illness. These patients will benefit from testing and

analysis with regard to AAT status and associated markers.

Patients who are at risk of developing neurological damage and/or Alzheimer
Disease and/or affective disorder include those with family histories, those with
AAT deficiency alleles, those with low serum levels of AAT, and those who have
been exposed to neurotoxic or neuroinflammatory agents. Such agents include

multiple immunizations, chemical or biological weapons, and infectious agents.
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Specific alleles of other hepatic-associated genes (apolipoprotein E or APOE and
hemochromatosis or Hfe) are also negative prognostic indicators. For example, the
APOEH4 allele in combination with certain AAT alleles and the wild-type allele of
the Hemochromatosis gene are negative prognostic indicators. C282Y
polymorphism (mutation) of the hemochromatosis gene is a positive prognostic and

protective factor.

AAT protein or a nucleic acid encoding AAT protein or C282Y hemochromatosis
protein or a nucleic acid encoding C282Y hemochromatosis protein or substances
or therapies aimed at promoting release or effective activity of AAT can be
administered to subjects described above to avoid or delay the onset or reduce the
progression rate of cognitive and/or affective and/or behavioral dysfunction. These
can be delivered intrathecally directly into the brain, intracerebroventricularly,
intravenously, transdermally, via pump/bypass technology, by cell implants, or
directly to the liver or other relevant organs. Methods of delivering proteins and
nucleic acids are well known in the art, and any such methods can be used. These
include formulations in liposomes, in microparticles, complexed with carrier
proteins or polymers, in viral vectors, in plasmid vectors, or fixed to solid or
soluble substrates. Exemplary sequences for human ATT are shown in SEQ ID
NOs: 1 and 2. Any allelic versions can be used. Typically, these are at least 95 %,
96 %, 97%, 98 %, and 99 % identical to the sequences shown. Exemplary
sequences for human C282Y are shown in SEQ ID NOs: 5 and 6. There are many
isoforms known,; isoforms with the C282 polymorphism/mutation can be used as

well.

Thiamine can also be administered to subjects with or without an AAT deficiency
phenotype or with or without AAT deficiency alleles. Such administrations will
delay the onset or reduce the progression rate of cognitive dysfunction. Thiamine
can be administered by any means known in the art, including intramuscular,
intravenous, and oral routes. Any method for treating insulin resistance, reactive

hypoglycemia, or hepatosteatosis/liver dysfunction by exercise, diet and/or
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pharmacological means is also beneficial in those persons identified as being at risk

or affected.

Candidate drugs for treating cognitive and/or affective and/or behavioral
dysfunction can be identified using simple biochemical or cell-based tests. In one
test, an AAT protein encoded by a deficiency allele, such as an S or Z allele, is
contacted with a test substance. Activity of the contacted protein is determined. If
a test substance increases the activity of the protein, it is identified as a candidate
drug. Any format known in the art can be used for testing the AAT protein’s
antiproteolytic activity. Other tests can be performed to confirm the usefulness of
the test substance for treatment of humans. If a test substance increases ability of
AAT to activate monocytes/macrophages/microglia, it is identified as a candidate
drug. Candidate drugs identified for treatment of AAT deficiency-associated
illnesses, such as chronic obstructive pulmonary disease and/or liver dysfunction
and/or pancreatic dysfunction, are candidates for use in the treatment/prevention of
the disorders mentioned above. Such candidate drugs can be further tested using
other methods described herein. Some assays according to the invention may
detect both increases and decreases in amount or activity of AAT and its modified
products. Candidates which decrease AAT may also be useful to obtain
homeostasis in patients. Modulation of amount or activity encompasses both

increases and decreases.

Neutrophil elastase (HNE) is a target for AAT proteolytic action. Neutrophil
elastase sequences are shown in SEQ ID NOs: 3 and 4. The signal peptide consists
of amino acid residues 1-29. The proprotein consists of amino acid residues 30-
267. The mature protein consists of amino acid residues 30-247. Allelic forms of
neutrophil elastase can be used which are at least 95 %, 96 %, 957%, 98 %, 99 %
identical to the sequences shown. Antibodies can be generated which specifically
bind to HNE according to methods which are well known in the art. The
antibodies can be polyclonal or monoclonal. Preferably they will not bind

appreciably to other human proteins. Preferably their affinity for HNE will be at
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least 10, at least 100, or at least 1000 fold stronger for HNE than for other human
proteins. Antisense molecules can also be used to inhibit HNE expression. Such
molecules typically will comprise at least 18, 20, 22, 24, or 26 contiguous
nucleotides which are complementary to mRNA encoding HNE. Typically
antisense molecules will be designed to hybridize to the 5° half, quarter, or third of
the mRNA. Small molecules may also be used to inhibit HNE. Various inhibitors
are known in the art and any of these can be used. Inhibitory RNA (RNAi) can
also be used. Such RNA is typically double stranded at ranges from about 20 bp to
35 bp. Often a two-base, 3” overhang is used. Design guidelines for RNAi are
known in the art. See, e.g., Integrated DNA Tecnologies, Inc. “Dicer Substrate
RNAIi Design” at the idtdna.com site. Other inhibitors known in the art which
may be used include FR901277, SC-37698, SC-39026, SKALP/elafin (68), pre-
elafin, SLPI (69), sivelestat (ONO-5046; Elaspol; Ca0H21N207S.4H20.Na.), ONO-
6818 (Co3HysNO4, molecular weight: 452.51)), FR901277 (C47HgsNoOys,
molecular weight: 961), SC-37698 (Seatle, Skokie, IL), SC-39026 (Searle, Skokie,
IL), and SSR69071 (2-(9-(2-Piperidinoethoxy)-4-oxo-4H-pyrido[1,2-a]pyrimidin-
2-yloxy- methyl)-4-(1-methylethyl)-6-methoxy-1,2-benzisothiazol-3(2H)-one-1,1-
dioxide).

HNE can be used as a target for drug development, i.e., by screening for substances
which decrease its activity or expression. Such drugs can be used to treat cognitive
dysfunction. Cell based or in vitro assays can be used to screen for inhibitors of
HNE.

Lithium, primarily lithium carbonate, is currently used to treat affective disorders
such as bipolar disease. Lithium can also be used to delay the onset of cognitive
dysfunction or to diminish the progression rate of cognitive dysfunction. Patients
to be so treated include those with an AAT deficiency phenotype or genotype, as
well as those who are at risk of developing ADD/ADHD, an affective disorder, or

Alzheimer ’s disease. Dosage, formulations, and administration routes can be used
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within known guidelines for other indications, using AAT levels as an additional

therapeutic marker.

Candidate drugs can also be tested in cell-based tests. In one such test a cell with
one or more AAT deficiency alleles is contacted with a test substance. If the test
substance increases the anti-proteolytic activity or modifies post-translational
structure or properties of AAT protein in the cell so that its ability to activate
monocytes and macrophages is increased, the test substance is identified as a
possible drug for preventing or retarding cognitive and/or affective and/or

behavioral dysfunction.

Another cell based test measures the amount of AAT expressed by a cell after
being contacted with a test substance. If the test substance increases the expression
of AAT or modifies post-translational structure or properties of AAT protein so
that its ability to activate monocytes and macrophages is increased, then it is
identified as a candidate for treatment, delay, or reduction of cognitive and/or
affective and/or behavioral dysfunction. Modified AAT protein structures which
can also be measured include oxidized/nitrosylated forms and cleaved forms, in
particular, a fragment of AAT that consists of the carboxyl terminal residues 259-
394. Increased amounts, activity, or release of any of these forms of AAT can be

determined.

Oxidation/nitrosylation of AAT hinders its ability to interact with most serine
proteases, including pancreatic elastase. Oxidized AAT increases the production of
superoxide by monocytes and/or macrophages. Superoxide generation can be
assayed by monitoring ferricytochrome C reduction. See Moraga et al., J. Biol.
Chem. 275, 7695-7700, 2000. Another method is to measure superoxide adducts.

The C-terminal fragment of AAT (proteolytically cleaved C-36) mediates pro-
inflammatory activation of monocytes and macrophages. See Moraga et al, supra,
Janciauskiene et al., Scand. J. Clin. Lab Invest. 57, 325, 336, 1997; Janciauskiene
et al., Eur. J. Biochem. 254, 460-467, 1998; Janciauskiene et al., Hepatology 29,
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434-442. 1999; Janciauskiene et al., Atherosclerosis 147, 263-275, 1999. The
generation of pro-inflammatory cytokines and chemokine (MCP-1) can be assayed
as an indicator of monocyte and macrophage activation. Any means of assaying
for pro-inflammatory cytokines and chemokines can be used. For example, a
sandwich enzyme immunoassay can be used to quantitate cytokines such as 1L-6
and TNFo, and chemokines such as MCP-1. See Janciauskiene et al,
Atherosclerosis, 158, 41-51,2001. Production of human gelatinase B and MMP-
9, increased uptake of LDL, as well as oxygen consumption can be measured and
used as indicators of activation of monocyte and macrophages. Any means known
in the art for measuring and determining monocyte and macrophage activation can

be used in the invention.

AAT significantly increases ferritin concentration in monocytes and macrophages.
See Graziadei, et al, Exp. Hematol. 26, 1053-1060, 1998. Ferritin can be
measured conveniently by means of an enzyme-linked immunoadsorbent assay
(ELISA). Transferrin receptor concentration, endocytosis rates, extracellular and
intracellular ferritin concentration, free iron, iron related proteins (IRP1 and IRP2),
and iron related elements (IRE) can be measured by any means known in the art for

protein, mRNA, etc. (see references).

AAT alleles and/or expression level can be determined in persons newly presenting
with or at risk of the cognitive disorders listed above. Deficiency alleles and/or
low expression levels indicate increased vulnerability to anxiety or mood disorder,
hepatic/immunological vulnerability, dyslexia, developmental disorders, and
cerebral white matter damage such as vascular injury, ischemia, and
dysmyelination/demyelination. Subtyping of pre-existing ADD/ADHD, anxiety or
bipolar disorders can also be performed using these determinations, for example,
for purposes of clinical testing, research, and choosing treatment options.
According to the present invention, low levels of AAT are those <110 mg/dL with
normal c-reactive protein <0.20 mg/dL or <120 mg/dL with c-reactive protein
>=(.20 mg/dL.
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These determinations can be used to predict vulnerability to hepatotoxicity or
immunotoxicity of therapeutic approaches, predicting present and future
vulnerability to white matter disease (including post-immunization reactions
such as in multiple immunizations, for example, of prenatal or postnatal children
during CNS development, or for deployed personnel, for ‘vascular’ white matter
or neuronal injury associated with fever, encephalomyelitis, hypertension,
diabetes, dyslipidemias), predicting present and future vulnerability to
infectious, toxic chemical or biological exposures affecting the central or
peripheral nervous system, for clinical detection and management of possible
associated reactive hypoglycemia, hepatosteatosis, metabolic syndrome X and
thiamine or other nutritional deficiencies, and for estimating rate of decline in
AD or related disorders. For example, vulnerability to immunological based
therapies with potential for vasculitic or encephalitic complications (e.g.,
passive and active immunization for beta-amyloid therapies) can be predicted

and dosage or regimen choice selected according to AAT phenotype and levels.

Likewise, AAT can be used as a biomarker for vulnerability to anxiety, mood
disorder or cognitive impairment in persons presenting with pre-existing
conditions associated with AAT deficiency such as reactive airway disease,

chronic obstructive pulmonary disease, coronary artery disease and liver disease.

While the invention has been described with respect to specific examples
including presently preferred modes of carrying out the invention, those skilled
in the art will appreciate that there are numerous variations and permutations of
the above described systems and techniques that fall within the spirit and scope

of the invention as set forth in the appended claims.

EXAMPLES

Example 1
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AAT levels

Average level of serum AAT was 136+24 mg/dL in 918 persons (normal 100-190
mg/dL, SI conversion 0.184 micromol/L). Higher levels correlate with age (p<.01),
with female gender (p<.0001; 140+£24 vs. 132+25), and AAT phenotype
(p<.0001;with M>S>>Z levels: 140+24, 122+22, 88+18). Levels for AD vs. non-
AD categories did not vary (p=.55) and were significantly higher than
normal/CIND (cognitive impairment, no dementia) group (p=.06) [data not
shown]. AAT level was low in 100 of 918 persons (<110 mg/dL) and in 15
persons >200 mg/dL. Distribution of low levels was 6% of persons with MM
phenotype, 31% of MS, and 84% of MZ phenotypes. When considered as a whole,
AAT levels correlated weakly with acute phase reactants/indices such as serum
ceruloplasmin, copper, and copper/zinc ratio (1=0.35-0.42, r2=0.14, p<.0001) and
iron (r= -0.18, p<.001) and not at all with serum ferritin, transferrin, c-reactive
protein or plasma fibrinogen. In 245 cases, two AAT levels were available (6
months to two years apart) and showed stability (r=0.69, r2=0.48, p<.00001)
similar to ceruloplasmin (n=286 patients, r=0.70, 12=0.49, p<.00001, average

interval = 1.7 years).

Example 2

AAT phenotypes and subsets

[72] In all persons presenting at risk or with cognitive complaints/disorders (table below),

the proportion of non-MM phenotypes was slightly increased (ca. 14%) compared
to expected 9% (reference 3, table 1). This difference may be due to the wide

variation across different regions of the United States.

Frequency Table for AAT polymorphisms and diagnostic family

AAT Normal/CIND AD Related Non-AD Totals
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MM 75 510 . 220 805
84.3% 86.0% 87.0% 86.1%
MS 7 59 20 86
7.9% 10.0% 7.9% 9.2%
MZ 5 15 11 31
5.6% 2.5% 4.4% 3.3%
Other 2 9 2 13
Alleles 0.2% 1.5% 0.7% 1.4%
Column
Totals 89 593 253 935

[73] In all persons presenting at risk or with cognitive complaints/disorders, the
proportion of persons with pre-existing affective disorders is shown in table below

and represents from 25-50% of persons in that diagnostic category.

Frequency Table for presence of affective disorders and diagnostic family

Affective Normal/CIND AD Related Non-AD Totals
Disorder
None 49 450 184 683
55.1% 75.8% 73.3%
Depression 16 58 28 102
18.0% 9.8% 11.2%
Anxiety 9 56 21 83
10.1% 9.4% 8.4%
Bipolar 15 30 21 66
16.9% 5.1% 8.4%
Column 89 594 251 934
Total

[74] The association was tested between pre-existing affective disorder and various
genetic markers including APOE (APOE2,3,4), Hfe (C282Y, H63D, S65D), and
methylene tetrohydrofolate reductase (MTHFR) alleles (A,V), and AAT
phenotypes. Only AAT showed significant association, as demonstrated in table
below. Common AAT ‘deficiency’ polymorphisms S, Z, and raref AAT alleles
were encountered significantly more frequently in persons with pre-existing
anxiety disorder or bipolar disorder (Chi squared = 140.9, p<.00001). The possible

relationship of this association with testing for or presence of particular APOE
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genotypes was explored and no relation was found for persons with or without
APOE genotyping, of for persons with 0, 1 or 2 APOE4 alleles. Likewise, no
relationship was observed with subgroups defined by C - reactive protein quartiles,
ceruloplasmin quartiles, ferritin quartiles, Hfe genotypes, or MTHFR genotypes. A
separate association exists for APOE2 carriers (APOE2/2 and 2/3) with increased
frequency of S and Z polymorphism in persons with early presentation and white

matter disease (ca. 25-30%, p=.007).

Frequency Table for AAT polymorphisms and affective disorders

AAT None Depression Anxiety Bipolar Totals
MM 616 94 59 34 803
90.3% 92.2% 71.1% 51.5% 86.1%
MS 49 6 16 15 86
7.2% 5.9% 19.3% 22.7% 9.2%
MZ 9 2 6 14 31
1.3% 2.0% 7.2% 21.2% 3.3%
M 1 0 0 0 1
™M 5 0 1 1 7
GM 1 0 0 1 2
PM 1 0 1 0 2
VM 0 0 0 1 1
Total 8 0 2 3 13
rare 1.2% 0% 1.4% 4.6% 1.4%
Total 682 102 83 66 933
[75] The above table demonstrates the significant association of AAT polymorphisms S

and Z with the patient groups with pre-existing bipolar disorder and anxiety
disorder. In addition, we asked the question whether AAT levels would also
differentiate between the above categories. AAT levels are indeed significantly
lower in persons with bipolar disorder and anxiety disorder when adjusted for
gender and age, but not AAT polymorphism as demonstrated in MANOVA
diagram (Figure 4). This relationship is dependent on significant AAT
polymorphism effect on AAT levels and is not observed for persons with MM
subtypes, or in subcategory of persons with MS phenotype. However, in MZ
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persons, a significantly lower level of AAT was associated with bipolar disorder

and anxiety disorder.

Bipolar disorder (a spectrum) was divided into: clinical diagnosis without drug
therapy, clinical diagnosis with active therapy (lithium, mood stabilizers, etc),
ADD/ADHD presentations, and those persons with mention of schizoaffective
disorder, eating disorder, explosive disorder. In all above categories, elevated and
significant proportion of non-MM AAT phenotypes was found. We found that a
significant difference in AAT levels between untreated and treated persons with
bipolar disorder spectrum. Increased AAT levels were observed in treated persons
(lithium and/or valproic acid) and might be due to an endophenotype of bipolar

disorder and/or drug effect of bipolar medications. See Figure 5.

Because of the striking association of certain pre-existing affective disorders with
A1AT phenotype of MZ, we explored the distribution of primary cognitive
disorder diagnoses in this group (presented below). Of note is the presence of 3
cases of atypical demyelinating disease (presenting as cognitive disorder with few
motor signs or symptoms) and relatively equal numbers of AD/vascular dementia

and MCl-amnesic and MCI-vascular.

DIAGNOSTIC CATEGORIES FOR 31 PERSONS WITH AAT MZ

Normal (n=1)

CIND (cognitive impairment, no dementia) (n=6)
Mild cognitive impairment (MCI) — amnesic (n=7)
Mild cognitive impairment (MCI) — vascular (n=5)
Alzheimer Disease (n=2)

Alzheimer Disease/vascular dementia (n=2)
Demyelinating or dysmyelinating disease (n=3)
Primary progressive aphasia (n=1)
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Frontotemporal dementia (n=3)
Dementia of unknown etiology (n=1)

14 of these 31 patients were genotyped for APOE. The allele frequency for APOE4
was increased at 0.289 without significant difference from MM at 0.343 (compare
to population expected ca. 0.15). There was no significant difference between AAT
phenotype MZ and diagnostic families (CIND/normal, AD-related, non-AD) or with
individual primary cognitive diagnoses [other than secondary diagnoses of pre-
existing affective disorder as discussed above]. The exception was presentations
with dysmyelinating or demyelinating reactions after multiple immunizations as

discussed below.

Because of the striking association of certain pre-existing affective disorders with
AAT phenotype of MS, we explored the distribution of primary cognitive disorder
diagnoses in this group (presented below). Of note is the absence of demyelinating
disease and relatively greater numbers of AD compared to vascular dementia and

of MCI-amnesic compared to MCI-vascular.

DIAGNOSTIC CATEGORIES FOR 86 PERSONS WITH AAT MS

Normal (n=2)

CIND (n=7)

Mild cognitive impairment (MCI) — amnesic (n=25)
Mild cognitive impairment (MCI) — vascular (n=4)
Alzheimer Disease (n=18) '
Alzheimer Disease/vascular dementia (n=11)
Demyelinating disease (n=0)

Primary progressive aphasia (n=4)

Frontotemporal dementia (n=7)

Dementia of unknown etiology (n=2)

Others not found with MZ:

Alzheimer Disease (Downs syndrome) (n=1)
Alzheimer Disease — Parkinsonism (n=1)
Vascular dementia (n=2)

Corticobasal degeneration (n=1)

Cerebral degeneration with ataxia (n=1)
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60 of the 86 persons were genotyped for APOE. The allele frequency for APOE4
was increased at 0.35 without significant difference from MZ at 0.289 or MM at
0.343 (compare to population expected ca. 0.15). There was no significant
difference between AAT phenotype MS and diagnostic families (CIND/normal,
AD-related, non-AD) nor with individual diagnoses [other than secondary

diagnoses of pre-existing affective disorder as discussed above].

The above results support the identification of AAT deficiency polymorphisms
and/or AAT deficiency (whatever the genetic and/or environmental causes) as a
mixed genetic-environmental vulnerability factor in affective disorders such as

bipolar disorders, anxiety disorders, and ADD-ADHD spectrum.

In a number of index probands cases, we were able to establish pedigrees:

Example 1: Proband - Father, age 48: MZ-associated bipolar disorder (clinical,
compensated) with white matter disease s/p multiple immunizations; Mother:
unaffected; 1 offspring, age 17 with MZ-associated attention deficit disorder-
ADHD s/p mild head injury.

Example 2: Father, age 45: death from suicide, genotype unknown; Proband -
Mother, age 72: MS-associated dementia syndrome ¢/w AD-vascular; child, age
42: frequent childhood ear infections, ADD, genotype MS; all three offspring of
this child (grandchildren) with early onset ADD, genotype pending; another child
of probands with bipolar disorder, genotype pending.

Example 3: Father, age 57, MM genotype; Proband - Mother, age 62, SS genotype,

frequent childhood ear infections, chronic bronchitis, anxiety/mild bipolar disorder;
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Maternal uncle, died age 58, --S genotype, ADD-childhood; 3 offspring of
proband: 1 child, age 33, MS genotype, ADD - anxiety disorder; 1 child, age 31,
MS genotype, anxiety disorder; 1 child, age 26, MS genotype, frequent childhood

ear infections, , anxiety disorder.

Example 4: Family with four siblings: Probands - two sisters with bipolar disorder
(MZ phenotype), two siblings without bipolar/anxiety — normal MM phenotypes.
One offspring of bipolar person — MZ phenotype — asymptomatic.

This supports that genetic risk for anxiety disorders, bipolar spectrum, ADD-
ADHD may segregate in certain families with A1AT deficiency polymorphisms
and manifest in different persons of the same pedigree with different affective
disorders. Typical family with MS or MZ persons in pedigree may also have
increase or noticeable reactive airway disease, asthma, chronic bronchitis, COPD,
liver disease, reactive hypoglycemia, childhood ear infections, etc. which have
been associated with S and Z polymorphisms. Presumptive mechanism is “two-
hit” in many cases with environmental factor interacting in utero, early
development or later. This two-hit genetic-environmental model is totally
consonant with concepts of AAT polymorphisms and liver disease (hepatitis C,
alcohol use, etc) and pulmonary disease (smoking, chemical exposure, etc).
Effects of AAT on iron metabolism, macrophage/microglial activation and
transferrin receptor would support possible effects at different developmental time
points and ages on radial glial cell — astrocyte transition, oligodendrogenesis and
myelination, and neural development, as well as response to multiple

immunizations (ADEM), CNS injury and neurodegeneration/injury repair.

Abnormal white matter on brain MRI or CT scans was commonly observed in
persons with AAT ‘deficiency’ alleles with so-called patterns of T2-abnormalities

characterized as ‘small vessel disease’ and similar neuroradiological appellations.
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In particular, persons with Z allele had significantly more abnormality of

subcortical white matter.

Frequency table of brain imaging [no abnormality, small vessel disease (svd),

severe svd or white matter disease, oxr infarcts ] vs. AAT phenotype

AAT No abnorm Svd Severe svd Infarcts Total
M 157 111 47 15 330
47.6% 33.6% 14.2% 4.6%
S 22 16 5 0 43
51.2% 37.2% 11.6% 0%
Z 4 5 5 0 14
28.6% 35.7% 35.7% 0%
Totals 183 132 57 15 387

[88] The proportion of cases with severe small vessel disease (bolded) was increased in
persons with MZ phenotype (p=0.06). 2 out of 7 cases presenting with ‘multiple
sclerosis® were MZ carriers and, in that instance, both cases were veterans with
history of acate disseminated encephalomyelitis (ADEM) after multiple
immunizations for deployment (p<.007).

Example 3
AAT and age at onset

[89] Fourteen of the 933 patients lacked age of onset data (normal/CIND) and 13 had
rare AAT phenotypes. 906 remaining patients were analyzed with Kaplan-Meier
curve. There was a statistically significantly earlier age of onset (average was ~5

years) earlier in MZ (p=.02) compared to MM and MS phenotypes (Figure 1).
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AAT polymorphisms affect age of onset or presentation for persons at risk or with
cognitive dysfunction or dementia. This effect is most marked for AAT Z

heterozygotes among the common ‘deficiency’ heterozygote states. See Figure 1.

Age of onset for cognitive symptoms according to AAT polymorphisms with M
signifying various M, M1, M2 combinations, S signifying MS heterozygotes and Z
signifying MZ heterozygotes. Difference is significantly earlier, p=.02 (Log rank),

for MZ versus other phenotypes.

This effect on earlier age of onset is affected by ‘deficiency’ polymorphisms, but is
also seen when only the level of AAT expression is considered. Figure 2 shows
age of onset for persons with deficient AAT levels compared to persons with

normal levels at presentation.

Age of onset curves for set of persons with AAT polymorphisms associated with
deficiency (MS, MZ) regardless of AAT level combined with normal phenotypes
(M subclasses) with low level (<110 mg/dL). Earlier onset is significant (chi
squared = 12.6, p=0.0004, Log rank). Average (50" percentile) age of onset is 6
years earlier for persons with AAT deficiency. When comparison is restricted to
persons with normal M polymorphisms (M,M1,M2,...) combinations and low
AAT levels, effect remains with average 8 year earlier onset (chi-squared = 14.7 ,
p=-0001, Log rank). The effect is most pronounced for female gender. In non-AD
group, average AOO was early without significant difference in three AAT
phenotypes (2/3 of MZ phenotypes are in non-AD.

A subset of persons genotyped for APOE (n=571) was analyzed for effects on
average age of onset of APOE polymorphisms and demonstrated expected effect of

-30 -



WO 2006/028586 PCT/US2005/026180

[95]

[96]

APOE4 (2 E4 alleles, AOO = 66 years; 1 E4 allele, 70 years; no E4 allele, 71
years; chi squared = 20.8, p=0.00002, Log rank). Another subset genotyped for
Hfe C282y allele showed mild effects (2 C282Y alleles, AOO = 70 years; 1 C282Y
allele, AAO = 68 years; no C282Y alleles, AOO = 62 years; chi squared = 6.0,
p=0.05, Log rank).

Taking APOE44 homozygote individuals with clinical diagnosis of MCI or AD as
group with high likelihood of AD pathology, we examined effect of AAT
deficiency, AAT, Hfe, and MTHFR polymorphisms on age of onset. There was no
significant effect of AAT phenotypes, AAT levels, or MTHFR polymorphisms on
age of onset. Presence of C282Y polymorphism did delay average age of onset in
73 persons with APOE4/4 AD and Hfe genotyping by ca. 5 years (no C282Y
mutation, AOO = 64 years (5™ 7 5™ percentiles - 58,71) compared to presence of
C282Y mutation, AOO = 69 years 25", 75" percentiles — 67,74.6). with chi-
squared = 5.23, p=0.02. Since ca. 65 years of age is usual average AOO for
APOFEA4/4 individuals, this would represent an apparent delaying of onset of
APOE4/4 homozygote AD by presence of Hfe C282Y polymorphism.

Example 4

Interactions of iron metabolism and AAT phenotypes

After adjusting only for age, gender and C282Y/H63D mutations in Hfe gene,
AAT phenotypes do not influence appreciably iron indices such as serum iron,
transferrin, ferritin, transferrin index. (see table below). However, when
inflammation as measured by c-reactive protein (Crp) is accounted for, there are

significant differences in persons with deficiency polymorphisms (next section).
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AAT and relationship to iron metabolism adjusted for age, gender

AAT | Gender | AAT Iron Transferr | Ferritin | Crp

MM | Male 135+21 82431 249438 155+161 | 0.31+.54
(340)

MM | Female 144+25 73429 263449 1074+296 | 0.45+.99
(456)

MS Male 122423 76x30 241439 141297 0.49+.96
(44)

MS Female 12122 T7+31 265+45 95+76 0.30+.34
(1)

MZ Male 77+13 83425 253440 152+152 | 0.22+.24
(15)

MZ Female 94420 79427 247462 116+139 | 0.51+0.90
(14)

[AAT in mg/dL, iron in ug/dL, transferrin in mg/dL, fertitin in ng/ml, crp in mg/dL]

1971

Tron indices with respect to AAT polymorphism adjusted for age, gender, AAT
Jevel (1 column represents values for crp<0.40 mg/dL (low inflammation), ond
column for each variable represents values for crp>=0.40 mg/dL (high
inflammation). These values show that AAT values are increased in high
inflammation group, but less so in MZ phenotype. However, ferritin values are
significantly increased in MZ phenotype with high inflammation (bolded right

lower corner), proportionately much more than MM and MS groups.

AAT and relationship to iron metabolism adjusted for age, gender, AAT, c-reactive
protein and divided into low inflammation (left column) and high inflammation (bold)

AAT | Gender | AAT AAT Iron Iron Transferr | Transferr | Ferritin | Ferritin

MM | Male 13041 15244 8413 84+9 25043 253417 156+11 | 112+44
(340) (240) (51)

MM | Female | 140+1 1513 | 77%2 6443 263+3 26215 915 108+12
(456) (281) (101)
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MS | Male 11413 | 136%9 | 76£8 | 92+13 | 258%11 233+24 148+32 | 9623
(44) (25) ®

MS | Female | 1234 | 131x8 [ 766 | 65%7 | 258%10 283+15 90+16 | 118+34
(41) (26) (12)

MZ | Both 867 93113 | 787 8310 | 279420 26111 93+23) | 27449
(29 (18)

[98] Copper indices with respect to AAT polymorphism adjusted for age, gender, AAT

level, and crp level: 1% column represents values for crp<0.40 mg/dL (low
inflammation), 2™ column for each variable represents values for crp>=0.40 mg/dL.

(high inflammation).

AAT and relationship to copper metabolism adjusted for age, gender, AAT, c-reactive protein

AAT | Copper | Copper | Zinc | Zinc | FreeCu | FreeCu Freecu% | FreeCu% | Cp Cp
MM | 1161 | 13244 84+1 | 8042 | 35+1 40+2 29.4+0.4 | 29.7£0.9 | 27.1+0.3 | 31.2+0.8
(426) | (288) (80)
MS 124+4 | 139210 | 8543 | 8545 | 40+2 46+6 30.9+1.2 | 32.6+2.4 | 28.1+0.9 | 33.12.2
(54 | (25) ©)
MZ | 1317 | 18515 | 79+5 | 96=7 | 404 509 29,9423 | 24.533.8 | 30.0+1.7 | 40.8+3.3
ey 1@ &)

[99] Above shows that inflammatory “drive” as measured by copper/zinc ratios is

considerably and significantly increased for MS and MZ individuals compared to
MM (copper/zinc ratios, MM: 1.43+.02 — normal; MS: 1.51+.07; MZ: 1.71+.12)
even in low inflammatory conditions (crp <0.40 mg/dL) and this AAT-dependent
relationship is enhanced in high inflammatory conditions (crp>=0.40 mg/dL)
(copper/zinc ratios, MM: 1.62+.19, MS: 1.72+.07, MZ: 1.99+0.03). Instead of
average 16% increase in serum copper, MZ individuals raise serum copper an
average of 50%. Thus, their free copper is increased, but disproportionately less in
relation to total copper with less percentage free copper. This supports concept that
these individuals have two problems: abnormal iron stores and circulating iron,
higher ferroxidase (ceruloplasmin), more circulating non-ceruloplasmin bound

copper (vital to nervous system and end-organ copper transport, but potentially
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[100]

[101]

oxidative to proteins and cells) and less tissue copper stores through ‘chronic’
copper wasting (8). This relationship is time-dependent in MZ individuals and in

persons with C282Y carrier state (12=-0.55, p=.009). Figure 6.

The relationship between ‘free’ or non-ceruloplasmin bound copper and AAT
expression levels is AAT polymorphism and gender dependent. In male gender,
AAT genotypes MS and MZ or MM genotypes with low levels do not correlate
with free copper release (in fact, they are negatively related, but not significant). In
female gender, AAT is positively correlated with ‘free’ copper levels. In MM AAT
‘phenotype of both genders with normal AAT levels, there is a linear relationship

between ‘free’ copper and AAT levels.

The effect of AAT levels on age of onset is affected by other genetic

polymorphisms including those affecting iron metabolism:

1) Hemochromatosis gene: C282Y (+/-) or HET carriers show no effect of low AAT
levels on age of onset

2) Hemochromatosis gene: C282Y normal or wild type (-/-) — significant lowering
of age of onset with low AAT levels (chi squared = 12.6, p=.0003) of average 7
years earlier age of onset.

3) Apolipoprotein E gene (APOE): APOE44 homozygotes — no effect of low AAT

levels on age of onset [perhaps dominant effect can not be overcome].

[102] The effect of AAT levels on age of onset is affected by peripheral biochemical

markers including those affecting iron metabolism:
1) Interaction of AAT phenotype MS with highest (4™) transferrin quartile:
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There is significant lowering of age of onset (n=53 persons, chi squared = 21.0,
p=.0001) by average of 19 years earlier with low AAT levels in group in 4™ or
highest quartile of transferrin levels. There is no interaction with lowest tra;nsferrin
quartiles (1%, 2" and 3"). Transferrin quartiles were determined for all persons with
AAT levels: 1% up to - 226 mg/dL; 2™ — 226-250 mg/dL; 3™ — 250-280 mg/dL; 4™ —
280 mg/dL and higher). Figure 7.

This relationship between transferrin quartiles and age of onset is confined to AD
and related dementias and is not observed for diagnosis group 3 (non-AD). For
those AD/MCI persons with low AAT level, effect is still significant with change in
age of onset of ca. 17 years (n=123 persons, chi squared = 24.6, p=.00002, Log
rank). For entire group of AD/MCI persons, effect is nevertheless observed more
modestly with change in age of onset of ca. 3 years (n=755 persons, chi squared =
17.1, p=.0007). This relationship of earlier age of onset is not observed for quartiles
of other acute phase reactants such as ferritin, ceruloplasmin, c-reactive protein or
copper/zinc ratio and thus is specific to transferrin.

2) Effect is observed in persons with deficient or low thiamine (vitamin B1) levels,
but is lessened in persons presenting with normal thiamine levels.

3) Effect is unrelated to LDL or HDL levels.

4) Effect is not observed in diabetics. The effect of AAT levels on age of onset is
abrogated by glucose intolerance/presence of diabetes and is not observed in
diabetics. Note that AAT levels are higher on average by 10 mg/dL in diabetics

5) Copper/ceruloplasmin ratio for AAT deficiency vs. Hfe genotypes

A significant increase in ratio of copper (ug/dL) per ceruloplasmin (mg/dL) was
observed for AAT deficiency in iron overload (HET), but actually a decrease in
wild type persons. Recall that effect of AAT deficiency on age of onset was

confined to wild type hemochromatosis cases.
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Copper/ceruloplasmin ratio for Hfe Genotypes and A1AT deficiency

AAT HET Het Hom Wildtype
Def
No 4.20 (26) 4.29 (61) 4.23 (10) 4.33
(138)
Yes 4.52 (12) 4.47(18) 3.76 4.16
@) (62)
P=.04 P=.08 P=11 P=.02

[HET = C282Y +/-, H63D -/~; Het = C282Y /-, H63D +/-; Hom = C282Y -/-, H63D +/+; wild type

= (C282Y /-, H63D -/-].

6) Copper/zinc ratio for AAT deficiency vs. Hfe genotypes

A significant decrease in copper/zinc ratio was observed for Hfe wildtype persons

(great majority, ca 85-90%) with AAT deficiency by levels or ‘deficiency’

phenotypes S and Z.

Copper/ceruloplasmin ratio for Hfe Genotypes and A1AT deficiency

AAT HET Het Hom Wildtype
def
No 1.40 (26) 1.44 (60) 1.55 (10) 1.51 (136)
Yes 1.52 (11) 1.44 (17) 1.46 (2) 1.37 (62)
P=NS P=NS P=NS P=.02

[HET = C282Y +/-, H63D -/-; Het = C282Y -/-, H63D +/-; Hom = C282Y -/-, H63D +/+; wildtype =

C282Y -/-, H63D -/-].

Example 5

AAT levels and progression rate in AD

[103] We examined the relationship of change in mini-mental status examination scores

(MMSE) with regard to different inflammatory markers including AAT levels.

Figure 2 shows that there is a relationship of higher AAT levels with greater

stability in test-retest scores over time periods of greater than 1 year for patients
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with MCI/AD. We tested a number of variables relevant to progression rate to

assist in model selection.

Demographic variables:
1) Age of onset (a00): younger onset cases progress on average more rapidly than
older onset cases.

2) Gender: females progress on average more rapidly than males.

Genetic variables:

1) APOE4 alleles: there was a significant graded effect of 0, 1 or 2 APOE4 alleles
on MMSE change scores as described in the literature.

2) Hemochromatosis gene polymorphisms: persons with 1 or 2 C282Y alleles were

significantly more stable than persons with wildtype [not found in literature].

Biochemical variables:

1) Significant continuous variables with positive correlation for less progression
(i.e., stability) in MMSE scores included AAT levels (p=.01), serum copper (p=.04),
copper/zine ratio (p=.02), ceruloplasmin (p=.01), tendency for HDL (p=.14), but not
free copper, coppet/ceruloplasmin ratio, c-reactive protein, fibrinogen, LDL
cholesterol, serum zinc. Continuous variables with tendency for negative
correlation for less progression included transferrin index (p=.09), serum iron
(p=-09), serum ferritin (p=.09).

2) This analysis supports the use of AAT as a potent predictor of progression rate;
the more enhanced the AAT component of the inflammatory reaction (macrophage
activation) is compared to general indices of inflammation (e.g., c-reactive protein,)
the more stable the patient. This is consistent with the concept that failed
inflammatory reactions underlie some of the AD pathology and that AD pathology
can be “removed” if sufficient normal immunological and inflammatory

mechanisms are brought to bear.
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[104]

(105]

[106]

[107]

General linear equation:

Given above theoretical approach, literature and discoveries reported in this
invention, a general linear expression was utilized to check for ability to account

for observed variance in progression rates.

Variables were age of onset, AAT level, and c-reactive protein as continuous
variables and gender, APOE4 alleles, and C282Y allele status (present in 1-2
copies or absent) as categorical variables for cases with initial MMSE>23, interval

to retest of at least one year, and diagnosis of MCI/AD. 59 cases were suitable.

Results were model accounting for 39% of variance (sum of squares). Model
utilized age of onset (p=.012, F=11.9), AAT level (p=0.01, F=6.3), c-reactive
protein level (p=0.01, F=6.4). Categorical variables were just beyond significance,
but improved overall model (gender, p=0.17; presence of C282Y alleles, p=0.28,;
and APOE4 alleles (0,1,2) nearly significant, p=0.07). Figure 8.

The model and coefficients from above were specifically:

MMSE (change per year) = -10.31 + (-0.32)*(1 for female, -1 for male) +
(-0.287)*(1 for wild type C282Y, -1 for C282Y carrier or homozygote, 0
otherwise) + (0.524)*(1 for no APOE4 alleles, -1 for two APOE4 alleles, 0
otherwise) + (0.187)*(1 for one APOE4 alleles, -1 for two APOE4 alleles, 0
otherwise) + (0.095)*(AAT) + (— 0.733)*(CRP). The predicted vs. observed values
from this model are presented in Figure 9.

-38 -



WO 2006/028586 PCT/US2005/026180

Figures 10-12 present the MMSE change for categorical variables of gender,
APOE4 and hemochromatosis alleles.

Logistic regression model and discriminant analysis

[108] In order to provide an estimate of clinical utility, the cases were categorized as
stable (MMSE score <=1 units change per year) vs. progressive (MMSE score >1
units change per year). These unitary values for stability were then used in a
logistic regression model to examine variables and coefficients that might help
predict likelihood of stability over time. Persons with initial MMSE scores of >23
(so called MCI range or early AD) with interval from test to retest of greater than

one year were chosen to illustrate model.

For cases with APOE4/4 homozygote status (n=30), the above logistic regression
model utilized age of onset (AOO) (yrs), AAT level (mg/dL) and c-reactive protein
(CRP) (mg/dL) to yield an equation (2™ order), representing best fit to observed
stability:

Eta=-6.34 + 0.000652* AAT*AOO+0.2086*CRP*AAT -58.54*CRP"2

Then, predicted or fitted values = exp(eta)/(1+exp(eta)).
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[109]

Discriminant analysis of observed stability values vs. range of values from 0-1
produced by the above equation shows 83.3% of cases correctly classified (see table
below).

Classification Table for cases homozygous for E44

Predicted unstable Predicted stable
Observed 10 1
unstable 90.9% 9.1%
Observed 4 15
stable 21.1% 79.0%

When applied to a larger series of cases of all genotypes (n=38) whose ultimate
diagnosis was AD, the above equation results in 86.8% of cases correctly classified
(see table below). Breakpoint for discrimination was all values above 0.59 assigned

to stable category.

Predicted unstable Predicted stable
Observed 15 : 4
unstable 79.0% 21.1%
Observed 1 18
stable 5.3% 94.7%

This classification table demonstrates and can be used to calculate the following

measures of clinical utility (chi squared = 18.2, p = 0.00001):

Sensitivity = 94.7% : Specificity = 78.9%
Relative Risk = 13.1 (2.7-256) : Odds Ratio = 67.5 (5.8-1800)
Positive predictive value = 81.8% : Negative predictive value = 93.8%

Fitting the observed stability using other variables than age of onset, AAT and CRP

levels did not result in significant results when the following were singly examined
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and in combination with AOO: ceruloplasmin, copper/zinc ratio, copper, CRP

alone.

[110] Approach is either for linear equation as described above using gender, age of
onset, AAT, and CRP to predict MMSE change at given interval or as MMSE
change per year estimate or for logistic regression equation using above variables
and approach. Method is proposed so that larger numbers of persons in MCI/AD
range (MMSE>22-23) could be analyzed by this approach to yield coefficients
more suited for particular patient groups. These results predict for large groups
that accounting for AAT phenotype, Hfe genotype, and APOE genotype would
improve model (see above). For the logistic regression approach, the MMSE
change per year considered “stable” was taken as decrease of 1 point per year or

less based on literature, but alternative “cut-points” could be chosen.

[111] Utility for basic and clinical research and for clinical practice of the method and
approach would be to triage patients by predicted MMSE score as covariate in
treatment outcomes or to bin patients by unstable and stable categories. For
clinicians, the ability to grade patients with AD dementia into stable and unstable
would be beneficial for gauging patient follow-up, aggressivity of evaluation and

treatment, and prognosis for patient and family.

Example 6

COMMENT/SUMMARY

[112] MS and MZ phenotypes of AAT are slightly increased in our clinic-based series
(13-15%), possibly due to selection bias given range reported in U.S. populations
(1). Normal/CIND persons also showed this slightly higher frequency. MS and
MZ polymorphisms are rare in African-Americans (1 out of 21 in this series) and

-41 -



WO 2006/028586 PCT/US2005/026180

other polymorphisms need to be examined (15). Subset with previously diagnosed
affective disorder (anxiety or bipolar disorder spectrum) had a significantly higher
15roportion of MS and MZ phenotypes (29% of persons with anxiety disorders and
49% of persons with bipolar disorder, p<.00001). Indeed, once this subset of
persons with anxiety or bipolar disorder is removed, the frequency of S and Z
polymorphisms in the remaining population in our series is similar to expected
frequency of 9% (1). This supports strong association of AAT with anxiety and
bipolar disorder and/or with cognitive decline in affective disorders. There is
linkage for bipolar disorders on chromosome 14q (16). Another subset with high
MS and MZ prevalence (20-30%, p<.007) were persons with APOE2/2 or
APOE2/3 genotype. AAT may represent a modifier for normally “protective”
APOE2/3 genotype (9,17). We have clinical evidence for presentation of attention-
deficit hyperactivity disorders in both younger and older patients carrying A1AT
polymorphisms S and Z. This includes observation that there is segregation and
phenotypic variation of ADD/ADHD, anxiety disorder and bipolar disorder with
AAT deficiency polymorphisms in many family pedigrees. We find significantly
greater subcortical white matter disease in some persons with Z alleles and possibly
S alleles. This may interact with vasculopathic factors as well as acquired insults
or 2™ hits such as multiple immunizations, acute disseminated encephalomyelitis
or other biological/chemical/toxic or immunological producing nervous system
injury particularly to white matter or blood vessels. Based on literature on radial
glial/astrocytic transitions in neurogenesis, on “pruning” of connections in nervous
system during development, and on effects of altered iron/copper metabolism on
oligodendrocytes and myelination, we propose that AAT polymorphisms may alter
in selectively advantageous ways neural development (discernible through
neuropsychological testing and/or imaging methodology), but also confer increased
susceptibility to 27 hits or environmental factors during prenatal and postnatal
development including immunization reactions, recursive effect of AAT effect on

otitis media, fever, and other nervous system injuries as described above.
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[113]

[114]

[115]

AAT levels are stable in a given person, but vary widely. Significantly low AAT
levels (<110 mg/dL) are associated with an earlier AOO. Oxidized AAT was not
assessed in this report and may be a factor for AAT effects on lipids and
macrophages (18-21) and is reported as a specific measure of oxidative stress in AD
(18). S and Z polymorphisms also relate to AOO. Persons with MZ present earlier
than persons with MM and MS (Table 2). In non-AD, MM, MS and MZ survival
curves ‘collapse’ together at an early AOO. In AD, AOO is significantly lower for
MZ than MS and MM. Given the relation of AAT to iron metabolism (20), we
separated MS curve by transferrin quartiles. There was significant earlier AOO
MZ<MS<MM for highest transferrin quartile, but not for ferritin, AAT,
ceruloplasmin or c-reactive protein quartiles. Factors affecting iron metabolism
may interact with S and other deficiency polymorphisms on AOO in AD. These
effects also held for all persons with low AAT levels with similar interaction with
serum transferrin levels. The group of patients affected by transferrin modulation of

AAT effects would minimally represent 20% of all AD/MCI patients.

AAT levels relate significantly to MMSE change and rate of progression for early
AD (MMSE>23) with greater change at lower AAT levels (p<.001). Effect was
modulated by age, gender, and APOE4. Hfe C282Y carriers showed significant
stability of MMSE scores compared to non-carriers (p<.001). Transferrin levels are
lower in C282Y carriers. Key variables are age of onset (AOO), gender, AAT level
and measure of inflammatory drive such as c-reactive protein (CRP). Effective
modeling can be accomplished with general linear equation to predict actual change
in MMSE scores or with logistic regression (see examples above) to predict stability
or non-stability with high sensitivity and specificity. The discovery predicts that
this method can be adapted to larger sets of patients with same results and that this
will be of great utility for determining progression rate, for use in pharmacological

trials and for clinical evaluations, follow-up and treatment.

These results extend the list of disease susceptibilities associated with AAT

polymorphisms and deficiency from lung/liver disease to ADHD/ADD spectrum,
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[116]

anxiety disorder, bipolar disorder spectrum, subcortical white matter disease, and to
onset/progression rate for AD and related dementias. Clinically important subtypes
or endophenotypes of AD and affective disorders are enriched in S and Z variants.
Several possible mechanisms are supported by the known relationship of AAT to
environmentally modulated pulmonary and liver disease and role of AAT in
macrophage function, iron and lipid metabolism, and processing and deposition of
aberrantly folded proteins (22-24). Possible gene-gene interactions of AAT, Hfe
C282Y and APOE2 polymorphisms and likely role of environmental factors need
more study to further interpret these results. Polymorphisms in either AAT (e.g., S,
Z and other rare alleles) and/or Hfe (e.g., C282Y mutation), genes that affect iron
and lipid metabolism and macrophage function, may be present in 20-30% of all
patients presenting with cognitive disorders. Similar polymorphisms in A1AT and
Hfe and relationships are inferred for Non-Western European populations. Our
clinical series supports that iron overload and/or disorders of peripheral iron and
copper metabolism, hepatosteatosis (non-alcoholic steatohepatosis - NASH or non-
alcoholic fatty liver - NAFL), disordered glucose metabolism and thiamine
deficiency commonly accompany these liver polymorphisms. Lower AAT levels
are described as a risk factor for coronary artery disease progression (13), and low

levels of AAT in brain as risk for progression in Huntington’s disease.

Described actions of AAT include:

a) inhibition and complex formation with neutrophil elastase and cathepsin G: thus
inhibiting elastase-mediated proteolytic breakdown of elastase (14,19-21), and
possibly intracellular and/or extracellular breakdown of ferritin and its contents
(personal communication, A. Ghio, EPA, RTP, NC) This would result in free iron
release and IRP/IRE activation and its downstream regulated targets such as APP)

b) interactions with fatty acids and bile acids on ‘gemfibrozil’ binding site (25)
¢) interaction with SEC receptor mediating chemotactic effects (4,26)
d) inhibition of angiogenesis (and tumor growth) (27)

e) transcriptional down-regulator of bile acid synthesis — C36 peptide with FTF (28)
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f) target for metalloproteases (e.g, MMP-26) (29)

g) activation of macrophages/microglia (eg, TNF-alpha) through binding of C36 to
class B scavenger receptor (CD36) and to LDL receptors and activation of reactive
oxygen species (respiratory burst) (30)

h) modulation of endothelial NOS and effects of nitrosylation on AAT (31,32,33)

i) modulation of autophagy and mitochondrial dysfunction through effects on
caspase and proteasome function and effect of fasting (12,24)

h) mediator of iron metabolism switch for segregation vs. importation involved in
erythropoiesis and in iron detoxification [inhibition of binding of TF to receptor,
increase of intracellular ferritin] ¢/w changes of ‘anemia of chronic disease’. (14,21)

i) complex formation with oxidized AAT and LDL for more rapid clearance (35)

j) modulation of transferrin receptor binding by transferrin, hemochromatosis
protein and modulation of uptake, thereby affecting apoptosis in iron-sensitive cells
(36-38)

k) anti-apoptotic factor for vascular smooth muscle cells (39)

1) inhibition of caspase-3 and -7 activation and inducible anti-apoptotic factor for
inflammation, host defense (40)

m) inhibition of proteolytic processing of stalk region of transferrin receptor by
neutrophil elastase and cathepsin G (41)

n) inhibition of diferric transferrin binding and uptake by skin fibroblasts (38)
o) stimulation of astrocyte proliferation (42)
p) presence and activity in AD lesions, as listed above (43)

q) inhibition of neutrophil elastase by AAT or by other compounds or enzymes such
as Silvestat , SSR69071, active tamarind seed extracts or compounds , active alpha-
ketooxadiazole compunds, SKALP/elafin or pre-elafin( trappin 2), or SLPI (55-65).

[117] Models for AAT deficiency and by inference of this invention for anxiety, bipolar

disorder and for disease onset/progression rates in dementia/AD include:

a) drosophila necrotic mutation model for “Z” variant (44,45)
b) transgenic and targeted replacement animals containing human mutations of AAT
and/or crosses and/or use of animals with AD-associated proteins (46)
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c) appropriate neuronal, glial and/or macrophage cells in culture (current and future
art)

Targets for treatment include:

a) drugs altering conformational properties designed at 5 cavities of AAT (47,48)

b) altering monoallelic to diallelic expression in relevant tissues or cells (49)

c) altering specific transcription factors such as HNF-1alpha and HNF4 (liver)
(50,51)

d) oxidation/nitrosylation groups on AAT and ratios to native ATT (see text)

e) C36 fragment (see text)

f) CD36 receptor and AAT modulation of amyloid beta (52)

g) Biochemical, pharmacological and genetic manipulation of AAT (see text)

h) Inhibition of transferrin receptor internalization and binding (common feature of
AAT, hemochromatosis gene, and lithium) and/or ferritin induction so as to
decrease free and non-bound iron (see text)

i) inhibition of neutrophil elastase or other protein or protease targets (see text)

j) effects on prevention of apoptosis (see text)

k) effects on LDL metabolism and receptors (53)

1) effects on proteasome degradation and glycosylation of AAT (54)

m) effects on complex formation with LDL, neutrophil elastase and other proteins

Study Population and Clinical Evaluation

Example 7—Methods Used
[118] 1410 patients over the age of 20 years were examined one or more times between
* January, 2000 to June, 2005 in the Memory Disorders Clinic. Average age at onset
(AOO) for 1383 patients with cognitive disorder was 65.1+12 years and age at
presentation 68.6+12 years. 57.2% were female. Average follow-up for 648

patients with multiple visits was 1.47+1.47 years (range 0.3- 9.5 y).

[119] Primary diagnoses were based on practice guidelines (66,67) and grouped: (1)
normal and cognitively impaired non-demented (CIND); (2) amnesic mild
cognitive impairment (aMCI), possible/probable AD, AD with Parkinsonism, AD
with vascular disease, and Lewy Body dementia; and (3) other (non-amnesic) MCI,
frontal lobe or frontotemporal dementia, primary progressive aphasia (PPA),
vascular dementia, and other minor categories. aMCI represented persons with
prominent memory complaints and missed recall on MMSE, and other MCI (non-

amnesic and/or presumptive vascular) persons with behavioral and functional
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complaints and intact recall (66). Secondary neuropsychiatric diagnoses included
previously diagnosed and treated major depression (10.8%, 126 persons), anxiety
disorder (7.4%, 87 persons) and bipolar disorder (6.1%, 71 persons). Additional
genetic testing and blood work was obtained based on guidelines for testing
symptomatic patients and full work-up of vascular risk factors. Clinical indication
for genetic and laboratory tests of liver function was related to common finding of
abnormal iron indices, low or deficient plasma thiamine values (56% of 1210
persons tested had plasma thiamine <2.5 ng/ml [normal 0.5-9 ng/ml,SI conversion

10” g/L]), and/or palmar telangectasia.

Biochemical analysis

[120] APOE (Athena Diagnostics) and Hfe genotyping (Duke) were performed using
PCR, o-1-antitrypsin phenotyping by isoelectric focusing in polyacrylamide gels
(Mayo Laboratories) and other routine tests through CLIA-approved laboratories of
Duke University Medical Center on non-fasted specimens. Plasma thiamine was
performed using HPLC (Cambridge Biochemical) and transferrin, ferritin,
ceruloplasmin and fibrinogen using rate nephelometry (Duke). Serum iron, copper
and zinc were performed by flame photometry. M, M1, M2 and other “M”
phenotypes of AAT were labeled M.

Statistical Analysis
[121] IRB exemption was granted for retrospective analysis of clinical database on
anonymized patient. data. Analysis was by Chi-Squared test on cross-tabulation
tables and by Paired T-test or ANOVA on single variable comparisons. Time of
onset was assessed by Kaplan-Meier survival curves while differences between the
curves were assessed by the Log rank statistic. Curve fitting for rate of progression
analysis was performed using general linear equation, logistic regression packages,

and discriminant analysis on commercial statistics platform (Statgraphics)

Group comparisons
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[122]

[123]

[124]

Genetic tests were used for counseling and treatment selection, but not to change
primary or secondary neuropsychiatric diagnoses. Rate of AAT testing increased
from 2000-2004 (15% to ca. 100%). There was no significant difference for group

with and without AAT testing except slight difference in presentation age.

For patients with AAT testing, APOE4 allele frequency was elevated in AD group
(0.482) as expected (9), and was at background (0.160) in non-AD group (p<.0001)
with inverse relation present for APOE2 allele. Non-AD group was considered
disease control. Hfe genotyping revealed allele frequency of 0.042-0.086 without
significant inter-group difference. APOE4 allele frequency was elevated above
background in groups with secondary neuropsychiatric diagnoses of depression,

anxiety disorder or bipolar disorder (ca. 0.35).

AAT allele frequencies were equivalent by year of testing (p=0.96, data not
shown). They are similar to reported values for US population (1) in normal and
CIND group, and are not significantly different between AD and non-AD groups.
Both AD and non-AD groups had expected lower MMSE at entry. There was
greater proportion of females in AD compared to non-AD group. MCI diagnosis
was common in both AD group (aMCI) and non-AD group, reflecting relatively

mild and early stages of cognitive impairment typical of this clinic population.
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We claim:
1. A method for predicting rate of progression of cognitive and/or behavioral decline in

a subject with attention deficit disorder/attention deficit hyperactivity disorder, an
affective disorder, mild cognitive impairment, dementia, or Alzheimer Disease,
comprising:
determining types of alleles of alpha-1-antitrypsin (AAT) or AAT level in the
subject with attention deficit disorder/attention deficit hyperactivity disorder,
an affective disorder, mild cognitive impairment, dementia, or Alzheimer
Disease;
using the determined types of alleles or AAT level as a factor to predict rate

of progression of cognitive and/or behavioral decline in the subject.

2. A method for predicting vulnerability to or age of onset of attention deficit
disorder/attention deficit hyperactivity disorder, an affective disorder, mild cognitive
impairment, dementia, or Alzheimer Disease, comprising:

determining types of alleles of alpha-1-antitrypsin (AAT) or AAT level in a
subject;

using the determined types of alleles and AAT level as a factor to predict
vulnerability to or age of onset of Alzheimer Disease.

3. A method for predicting persons at risk of long-term nervous system injury,
comprising:

determining types of alleles of alpha-1-antitrypsin (AAT) or AAT level in a
subject who has been exposed to a neurotoxic or neuroinflammatory agent;
using the determined types of alleles or AAT level as a factor to predict
persons at risk of long-term nervous system injury.

4. A method for predicting vulnerability of persons with pulmonary disease, liver
disease, or coronary artery disease, to nervous system injury or cognitive or affective
disorder, comprising:

determining types of alleles of alpha-1-antitrypsin (AAT) or AAT level ina

subject with pulmonary disease, liver disease, or coronary artery disease;
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10.

11

14.

15.

16.

17.

18.

19.

20.

using the determined types of alleles or AAT level as a factor to predict
vulnerability of the subject to nervous system injury or cognitive or affective
disorder.
The method of claim 1, 2, 3, or 4 wherein the types of alleles are determined by
electrofocusing gels of AAT protein.
The method of claim 1, 2, 3, or 4 wherein the types of alleles are determined by
pblymerase chain reaction of AAT alleles.
The method of claim 1, 2, 3, or 4 wherein the type of at least one allele is determined
by measuring anti-proteolytic activity or level of AAT, oxidized moieties of ATT, or
fragments of AAT.
The method of claim 1 or 2 wherein the type of at least one allele is determined by
ELISA methodology.
The method of claim 1 or 2 wherein the subject has a history of treated depression.

The method of claim 1 or 2 wherein the subject has depression.

. The method of claim 1 or 2 wherein the subject has bipolar disease.
12.
13.

The method of claim 1 or 2 wherein the subject has generalized anxiety disorder.
The method of claim 1 or 2 wherein the subject has attention deficit disorder,
attention deficit hyperactivity disorder, or both attention deficit and ADHD disorder,
or dyslexia or developmental delay or school adjustment reaction.

The method of claim 1, 2, 3, or 4 wherein the subject has neuroimaging or clinical
evidence for white matter disease.

The method of claim 1, 2, 3, or 4 wherein the subject has an S allele.

The method of claim 1, 2, 3, or 4 wherein the subject has a Z allele.

The method of claim 1, 2, 3, or 4 wherein the subject has an S and a Z allele or is
homozygous for S or Z alleles.

The method of claim 1, 2, 3, or 4 wherein the subject has an I, P, F, V, G or null
allele or other deficiency allele.

The method of claim 1 or 2 wherein the subject has cognitive dysfunction and is
under 65 years of age.

The method of claim 19 wherein the subject has an S allele.
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21. The method of claim 19 wherein the subject has a Z allele.

22. The method of claim 19 wherein the subject has an S and a Z allele or is homozygous
for S or Z alleles

23. The method of claim 19 wherein the subject has an I, P, F, V, G or null allele or other
deficiency allele.

24. The method of claim 1 wherein the subject presents with Alzheimer Disease, and
wherein the subject is under 65 years of age.

25. The method of claim 24 wherein the subject has an S allele.

26. The method of claim 24 wherein the subject has a Z allele.

27. The method of claim 24 wherein the subject has an S and a Z allele or is homozygous
for S or Z alleles

28. The method of claim 24 wherein the subject has an I, P, F, V, G or null allele or other
deficiency allele.

29. The method of claim 1 wherein the subject presents with a diagnosis selected from the
group consisting of non-amnesic mild cognitive impairment and frontotemporal
dementia, and wherein the subject is under 65 years of age.

30. The method of claim 29 wherein the subject has an S allele.

31. The method of claim 29 wherein the subject has a Z allele.

32. The method of claim 29 wherein the subject has an S and a Z allele or is homozygous
for S or Z alleles

33. The method of claim 29 wherein the subject has an I, P, F, V, G or null allele or other
deficiency allele.

34, The method of claim 2 wherein a Z or null allele indicates an average age of onset of
55.

35. The method of claim 2 wherein an M or S allele indicates an average age of onset of
65.

36. The method of claim 1 wherein lower level of AAT is determined and indicates

higher rates of progression of dementia.
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37. The method of claim 2 further comprising determining the level of serum transferrin
in the subject, wherein levels greater than ca. 280 mg/dl or third quartile and low
AAT levels indicate an earlier age of onset of Alzheimer disease.

38. The method of claim 2 further comprising determining whether the subject carries an
APOE2 allele or a C282Y allele of Hemochromatosis gene, wherein the APOE2
allele indicates an earlier age of onset of Alzheimer Disease and the C282Y allele
indicates a later age of onset of Alzheimer Disease.

39. The method of claim 1 further comprising determining whether the subject carries a
C282Y allele(s) of Hemochromatosis gene, wherein said allele indicates a slower rate
of progression of Alzheimer Disease.

40. The method of claim 1 wherein the subject has an affective disorder which is bipolar
disorder.

41. The method of claim 1 wherein the subject has an affective disorder which is anxiety
disorder.

42. A method of delaying age of onset or progression rate of cognitive dysfunction in a
subject at risk of developing cognitive dysfunction, comprising:

administering to the central nervous system of the subject AAT‘protein ora
nucleic acid encoding AAT protein or C282Y hemochromatosis protein or a
nucleic acid encoding C282Y hemochromatosis protein, whereby level or
activity of AAT protein or hemochromatosis protein in the central nervous
system of the subject is increased.

43, The method of claim 42 wherein the administering is intrathecal.

44, The method of claim 42 wherein a protein is administered.

45, The method of claim 42 wherein a nucleic acid is administered.

46. The method of claim 42 wherein the administering is directly into the brain of the
subject.

47. The method of claim 42 wherein the administering is intracerebroventricular.

48. A method of delaying age of onset or progression rate of cognitive dysfunction in a

subject comprising:
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administering to the blood stream or liver of a subject at risk of developing
Alzheimer Disease AAT protein or a nucleic acid encoding AAT protein or
C282Y hemochromatosis protein or a nucleic acid encoding C282Y
hemochromatosis protein, whereby level or activity of AAT protein or C282Y
protein in the blood stream or liver of the subject is increased.
49. The method of claim 48 wherein AAT protein is administered.
50. The method of claim 48 wherein a nucleic acid is administered.
51. The method of claim 48 wherein the administering is to the blood stream.
52. The method of claim 48 wherein the administering is to the liver.
53. A method of delaying age of onset or diminishing progression rate of cognitive
dysfunction in a subject who has an AAT deficiency phenotype, comprising:
administering to the subject thiamine supplements or a low carbohydrate diet,
whereby age of onset of cognitive dysfunction is delayed or progression rate
of cognitive dysfunction is diminished.
54. A method of diminishing progression rate of cognitive dysfunction in a subject who
has attention deficit disorder, an affective disorder, or Alzheimer Disease, comprising:
administering to the subject thiamine supplements or a low carbohydrate diet,
whereby age of onset of cognitive dysfunction is delayed or progression rate
of cognitive dysfunction is diminished.
55. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with an AAT protein encoded by an S, Z,I,P,F,
V, G, or null allele;
determining activity of the AAT protein;
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it increases activity of the AAT protein.
56. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with a cell which has an AAT-deficient phenotype;

determining activity of AAT protein in the cell;
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identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it increases total amount of activity of AAT in the cell.
57. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with a cell which encodes an AAT protein;
determining amount of AAT protein expressed in the cell;
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it increases expression or activity of AAT in the cell.
58. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with a first AAT protein encoded by an S, Z, I, P,
F, V, G, or a null allele;
contacting the AAT with cells selected from the group consisting of
monocytes, macrophages, astroglia, microglia, oligodendroglia, choroid
plexus cells, cerebral endothelial cells, and progenitors thereof;
determining in said cells a parameter selected from the group consisting of
ferritin concentration, transferrin (Tf) receptor concentration, endocytosis of
Tf receptor and ligand, free iron concentration , transferrin receptor release or

shedding, IRE/IRP activity, and IRE/IRP modulated targets;

identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it modulates the effect of the first AAT protein on the parameter
so that it is more similar to the effect of an AAT protein encoded by an M
allele than the effect of the first protein on the parameter in the absence of the

test substance.

59. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with a first cell which has an AAT-deficient

phenotype;
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contacting the AAT from the first cell with cells selected from the group
consisting of monocytes, macrophages, astroglia, microglia, oligodendroglia,
choroid plexus cells, cerebral endothelial cells, and progenitors thereof;
determining in said cells a parameter selected from the group consisting of
ferritin concentration, transferrin (Tf) receptor concentration, endocytosis of
Tf receptor and ligand, free iron concentration , transferrin receptor release or

shedding, IRE/IRP activity, and IRE/IRP modulated targets;

identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it modulates effect of the AAT protein from the first cell on the
parameter so that it is more similar to the effect of an AAT protein from a cell

without a deficiency allele in the absence of the test substance..

60. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with a cell which encodes an AAT protein;
_contacting the AAT from the cell with a cell selected from the group

consisting of monocytes, macrophages, astroglia, microglia, oligodendroglia,
choroid plexus cells, cerebral endothelial cells, and progenitors thereof;
determining in said cells a parameter selected from the group consisting of
ferritin concentration, transferrin (Tf) receptor concentration, endocytosis of
Tf receptor and ligand, free iron concentration , transferrin receptor release or

shedding, IRE/IRP activity, and IRE/IRP modulated targets;

identifying the test substance as a candidate drug for treatment of cognitive

dysfunction if it enhances the effect of the AAT protein on the parameter.

61. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with a first AAT protein encoded by an S, Z, or

other deficiency allele or a null allele;

-63 -



WO 2006/028586 PCT/US2005/026180

determining carbonyl or oxidized or nitrosylated groups on the first AAT
protein or activity of the first AAT protein;
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it modulates amount of carbonyl or oxidized or nitrosylated
groups on the AAT protein and/or activity of AAT protein.
62. A method for screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with a cell which has an AAT-deficient phenotype;
determining amount of carbonyl or oxidized or nitrosylated groups on the
AAT protein in the cell or the activity of the AAT protein,
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it modulates the amount of carbonyl or oxidized or nitrosylated
groups on the AAT protein and/or activity of AAT protein.
63. A method for screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with a cell which encodes an AAT protein;
determining amount of carbonyl or oxidized or nitrosylated groups on the
AAT protein expressed in the cell or activity of the AAT protein;
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it modulates amount of carbonyl or oxidized or nitrosylated
groups of AAT and/or activity of AAT.
64. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising; |
contacting a test substance with a first AAT protein encoded by an S, Z, or
other deficiency allele or a null allele;
determining monocyte and/or macrophage activating activity of the AAT
protein;
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it modulates the effect of the first AAT protein on the monocyte

and/or macrophage activating activity of the AAT protein if it modulates the
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effect of the first AAT protein on the parameter so that it is more similar to the
effect of an AAT protein encoded by an M allele than the effect of the first
protein on the parameter in the absence of the test substance.
65. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with a cell which has an A AT-deficient phenotype;
determining monocyte and/or macrophage activating activity of the AAT
protein;
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it increases monocyte and/or macrophage activating activity of
the AAT protein.
66. A method for screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with a cell which encodes an AAT protein;
determining monocyte and/or macrophage activating activity of the AAT
protein;
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it increases monocyte and/or macrophage activating activity of
the AAT protein.
67. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising:
contacting a test substance with an AAT protein encoded by an S, Z, or other
rare deficiency allele or a null allele;
determining amount of carboxyl terminal fragment of AAT (C-36);
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it modulates amount of the C-36.
68. A method of screening for candidate drugs for treatment of cognitive dysfunction;
contacting a test substance with a cell which has an AAT-deficient phenotype;

determining amount of carboxyl terminal fragment of AAT (C-36);
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identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it modulates amount of the C-36.

69. A method for screening for candidate drugs for treatment of cognitive dysfunction;
contacting a test substance with a cell which encodes an AAT protein;
determining amount of carboxyl terminal fragment of AAT (C-36);
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it modulates amount of the C-36.

70. A method of delaying age of onset or progression rate of cognitive dysfunction in a
subject having or at risk of developing attention deficit disorder/attention deficit
hyperactivity disorder, an affective disorder, mild cognitive impairment, dementia, or
Alzheimer Disease, comprising:

administering to the central nervous system of the subject an agent for
inhibiting neutrophil elastase activity or expression selected from the group
consisting of: an antibody which specifically binds to neutrophil elastase, an
antisense molecule comprising at least 18 contiguous nucleotides which are
complementary to mRNA encoding neutrophil elastase, FR901277, SC-37698,
SC-39026, SKALP/elafin , SLPI, sivelestat (ONO-5046; Elaspol;
C20H21N2078.4H20.Na.), ONO-6818 (Cy3H,5N04, molecular weight:
452.51)), FR901277 (C47He3NoO13, molecular weight: 961), SC-37698, SC-
39026, and SSR69071 (2-(9-(2-Piperidinoethoxy)-4-oxo-4H-pyrido[1,2-
a]pyrimidin-2-yloxy- methyl)-4-(1-methylethyl)-6-methoxy-1,2-
benzisothiazol-3(2H)-one-1,1-dioxide), whereby age of onset or progression
rate of cognitive dysfunction in the subject is delayed or diminished.

71. The method of claim 69 wherein the administering is intrathecal.

72. The method of claim 69 wherein the antibody is administered.

73. The method of claim 69 wherein the antisense molecule is administered.

74. The method of claim 69 wherein the administering is directly into the brain of the
subject.

75. The method of claim 69 wherein the administering is intracerebroventricular.

- 66 -



WO 2006/028586 PCT/US2005/026180

76. The method of claim 69 wherein an agent selected from the group consisting of
FR901277, SC-37698, SC-39026, SKALP/elafin, pre-elafin, SLPIL, sivelestat (ONO-
5046; Elaspol; CooHy1N,07S.4H20.Na.), ONO-6818 (C23H2sNgO4, molecular weight:
452.51)), FR901277 (C47Hs3NoO13, molecular weight: 961), SC-37698, SC-39026,
and SSR69071 (2-(9-(2-Piperidinoethoxy)-4-oxo-4H-pyrido[1 ,2-a]pyrimidin-2-yloxy-
methyl)-4-(1-methylethyl)-6-methoxy-1,2-benzisothiazol-3(2H)-one-1,1 -dioxide)is
administered.

77. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising:

contacting a test substance with a neutrophil elastase protein;

determining activity of the neutrophil elastase protein;

identifying the test substance as a candidate drug for treatment of co gnitive
dysfunction if it decreases activity of the neutrophil elastase protein.

78. A method of screening for candidate drugs for treatment of cognitive dysfunction,
comprising: '

contacting a test substance with a cell which expresses a human neutrophil
clastase;

determining activity of human neutrophil elastase protein in the cell;
identifying the test substance as a candidate drug for treatment of cognitive
dysfunction if it decreases total amount of activity of the neutrophil elastase in
the cell.

79. A method of delaying age of onset or diminishing progression rate of cognitive
dysfunction in a subject who has an AAT deficiency phenotype, comprising:
administering lithium to the subject, whereby age of onset of cognitive
dysfunction is delayed or progression rate of cognitive dysfunction is
diminished.
80. A method of diminishing progression rate of cognitive dysfunction in a subject who
has or who is at risk of developing attention deficit disorder/attention deficit

hyperactivity disorder, an affective disorder, or Alzheimer Disease, comprising:
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administering lithium to the subject, whereby progression rate of cognitive
dysfunction is diminished.

81. The method of claim 44 wherein the protein is ATT.

82. The method of claim 44 wherein the protein is C282Y hemochromatosis protein

83. The method of claim 45 wherein the nucleic acid encodes ATT.

84. The method of claim 45 wherein the nucleic acid encodes C282Y hemochromatosis

protein.

85. The method of claim 49 wherein the protein is ATT.

86. The method of claim 49 wherein the protein is C282Y hemochromatosis protein

87. The method of claim 50 wherein the nucleic acid encodes ATT.

88. The method of claim 50 wherein the nucleic acid encodes C282Y hemochromatosis

protein.
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SEQUENCE LISTING
Schmechel, pbonald
welsh-Bohmer, Kathleen

Browndyke, Jeffery
Sansing-Edwards, Kathy

BIOMARKERS AND THERAPEUTIC TARGETS FOR

COGNITIVE DECLINE

<130>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>
<400>

1

000250.00036

60/589,795
2004-07-22

6

FastSEQ for windows Version 4.0
1

418

PRT )

Homo sapiens

1

Met Pro Ser Ser val Ser Trp Gly Ile Leu Leu Leu

5 10

Cys Leu val pro val Ser Leu Ala Glu Asp Pro ‘Gln

20 25

Gln Lys Thr Asp Thr Ser His His Asp Gln Asp His

35 40

Lys Ile Thr Pro Ash Leu Ala Glu Phe Ala Phe Ser
50 ) 55 60
Leu Ala His GIn Ser Asn Ser Thr Asn ITe Phe Phe

65

70 75

Ile Ala Thr Ala phe Ala Met Leu Ser Leu Gly Thr

85 90

His Asp Glu ITe Leu Glu Gly Leu Asn Phe Asn Leu

100 105

Glu Ala Gln ITe His Glu Gly Phe GIn Glu Leu Leu

115 120

GIn Pro Asp Ser Gln Leu GIn Leu Thr Thr Gly Asn
130 135 140
Ser Glu Gly Leu Lys Leu val Asp Lys Phe Leu Glu

145

150 155

Leu Tyr His Ser Glu Ala Phe Thr val Asn Phe Gly

165 170

Ala Lys Lys GIn Ile Asn Asp Tyr val Glu Lys Gly

180 185

ITe val Asp Leu Val Lys Glu Leu Asp Arg Asp Thr

195 200

val Asn Tyr Ile phe Phe Lys Gly Lys Trp Glu Arg
210 215 220
Lys Asp Thr Glu Glu Glu Asp Phe His val Asp Gln

225

230 235

Lys val Pro Met Met Lys Arg Leu Gly Met Phe Asn

245 250

Lys Lys Leu Ser Ser Trp val Leu Leu Met Lys Tyr

260 265

Thr Ala Ile Phe Phe Leu Pro Asp Glu Gly Lys Leu

275 280

Asn Glu Leu Thr His Asp Ile Ile Thr Lys Phe Leu
290 295 300

Ar
305

g Arg Ser Ala Ser Leu His Leu Pro Lys Leu Ser

310 315
Page 1

Ala
Gly
Pro
45

Leu
Ser
LYysS
Thr
Arg
125
Gly
Asp
Asp
Thr
val
205
Pro
val
Ile
Leu
Gln
285
Glu

Ile

Gly
Asp
Thr
Tyr
Pro
Ala
Glu
110
Thr
Leu
val
Thr
Gln
190
Phe
Phe
Thr
GIn
Gly
270
His
Asn

Thr

Leu
Ala
Phe
Arg
val
Asp
Ile
Leu
Phe
Lys
Glu
175
Gly
Ala
Glu
Thr
His
255
Asn
Leu
Glu

Gly

PCT/US2005/026180

Cys
Ala
Asn
Gln
Ser
Thr
Pro
Asn
Leu
Lys
160
Glu
Lys
Leu
val
val
240
cys
Ala
Glu

Asp

Thr

320
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Tyr Asp Leu Lys Ser val Leu Gly Gln Leu Gly Ile Thr Lys val Phe
325 330 335
Ser Asn Gly Ala Asp Leu Ser Gly val Thr Glu Glu Ala Pro Leu Lys
340 345 350
Leu Ser Lys Ala val His Lys Ala val Leu Thr Ile Asp Glu Lys Gly
355 360 365
Thr Glu Ala Ala Gly Ala Met Phe Leu Glu Ala ITe Pro Met Ser Ile
370 375 380
Pro Pro Glu val Lys Phe Asn Lys Pro Phe val Phe Leu Met Ile Glu
385 390 395 400
GIn Asn Thr Lys Ser Pro Leu Phe Met Gly Lys val val Ash Pro Thr
405 410 415
Gln Lys
<210> 2
<211> 1588
<212> DNA
<213> Homo sapiens
<400> 2
tgggcaggaa ctgggcactg tgcccagggc atgcactgcc tccacgcagc aaccctcaga 60
gtcctgagct gaaccaagaa ggaggagggg gtcgggcctc cgaggaaggc ctagccgctg 120
ctgctgccag gaattccagg ttggaggggc ggcaacctcc tgccagcctt caggccactc 180
tcctgtgcct gccagaagag acagagcttg aggagagctt gaggagagca ggaaaggaca 240
atgccgtctt ctgtctcgtg gggcatcctc ctgctggcag gcctgtgetg cctggtccct 300
gtctccctgg ctgaggatcc ccagggagat gctgcccaga agacagatac atcccaccat 360
gatcaggatc acccaacctt caacaagatc acccccaacc tggctgagtt cgccttcagc 420
ctataccgcc agctggcaca ccagtccaac agcaccaata tcttcttctc cccagtgagc 480
atcgctacag cctttgcaat gctctccctyg gggaccaagg ctgacactca cgatgaaatc 540
ctggagggcc tgaatttcaa cctcacggag attccggagg ctcagatcca tgaaggcttc 600
caggaactcc tccgtaccct caaccagcca gacagccagc tccagctgac caccggcaat 660
ggcctgttcc tcagcgaggg cctgaagcta gtggataagt tttitggagga tgttaaaaag 720
ttgtaccact cagaagcctt cactgtcaac ttcggggaca ccgaagaggc caagaaacag 780
atcaacgatt acgtggagaa gggtactcaa gggaaaattg tggatttggt caaggagctt 840
gacagagaca cagtttttgc tctggtgaat tacatcttct ttaaaggcaa atgggagaga 900
ccctitgaag tcaaggacac cgaggaagag gacttccacg tggaccaggt gaccaccgtg 960
aaggtgccta tgatgaagcg tttaggcatg tttaacatcc agcactgtaa gaagctgtcc 1020
agctgggtgc tgctgatgaa atacctgggc aatgccaccg ccatcttctt cctgcctgat 1080
gaggggaaac tacagcacct ggaaaatgaa ctcacccacg atatcatcac caagttcctg 1140
gaaaatgaag acagaaggtc tgccagctta catttaccca aactgtccat tactggaacc 1200
tatgatctga agagcgtcct gggtcaactg ggcatcacta aggtcttcag caatggggct 1260
gacctctccg gggtcacaga ggaggcaccc ctgaagctct ccaaggccgt gcataaggct 1320
gtgctgacca tcgacgagaa agggactgaa gctgctgggg ccatgttttt agaggccata 1380
cccatgtcta tcccccccga ggtcaagttc aacaaaccct ttgtcttctt aatgattgaa 1440
caaaatacca agtctcccct cttcatggga aaagtggtga atcccaccca aaaataactg 1500
cctctecgete ctcaacccct ccecctecate cctggeccce tccctggatg acattaaaga 1560
agggttgagc tggtccctgce ctgcaaaa 1588
<210> 3
<211> 267
<212> PRT
<213> Homo sapiens
<400> 3
Mit Thr Leu Gly Agg Arg Leu Ala Cys Leu Phe Leu Ala Cys XgT Leu
10
Pro Ala Leu Egu Leu Gly Gly Thr é1a Leu Ala Ser Glu gge val Gly
5
Gly Arg égg Ala Arg Pro His Aga Trp Pro Phe Met V§1 Ser Leu Gln
4 4
Leu égg Gly Gly His Phe ggs Gly Ala Thr Leu %ge Ala Pro Asn Phe
val Met Ser Ala Ala His Cys val Ala Asn val Asn val Arg Ala val
65 70 75 80
Arg val val Leu ggy Ala His Asn Leu Ser Arg Arg Glu Pro Tgr Arg
0 9
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Glu Asn

L TXT

Phe Gly val
105

Leu

Phe Ala val GIn Arg Ile Pro

100
Asn

GIn val Tyr Asp

110
ser Ala Thr

Ile Gln

120
Ala

Leu I1e val Leu

115
Ala

Asnh Leu Gly
125

Gln

Asp Asnh
Ala
140
Trp

val Gln Leu Pro

135
cys

Ile Asn val GIn

130
Gly

Asn Gly Arg Arg

Leu Asn Ala Met Leu

145
Arg

Gly
155
Glu

Leu Gly
160

val

Gln Leu
150

Ala

Gly val Gly
Thr
175

Arg

Gln val
170

val

Ile val Leu
165

Cys

Asn Arg Gly ser Leu Asn

val
190
Leu

val Thr Ser Leu Thr

180
Gly

Asn
185
ASp

Arg Arg Ser Cys Leu Gly

Ala val Phe val

195
Leu

Gln Gly
200

Ala

Arg Ser Gly Ser Pro

205
Gly

cys cys

Ile Phe val Ala

215
Ala

Gly Ile His Gly
210

Gly

Asn Ser Arg
220

Ala

Gly Cys

val GIn Phe val

235
Asp

ser Leu Pro Phe Ala Pro

225
Trp

Tyr Asn
240

His

Asp
230
Ile Glu
250

Thr

Ile Gln
245

Asp

ITe Asp Ser Ser Pro

255

Arg Asn Pro Cys

Pro Arg Asp Pro Pro Ala Ser His

<210> 4

<211> 938
<212> DNA
<213> Homo

<400> 4

gcacggaggg
cgtgtctttt
cggagattgt
agctgcgcegg
ccgcgceactg
acctctcgeg
gctacgaccc
ccatcaacgc
gggtgcagtg
tcctgcagga
ctctcgtgag
gcaacgggct
accccgatgc
gctccgagga
gagaagggct
ataaacattc

<210> 5

<211> 348
<212> PRT
<213> Homo

<400> 5
Met Gly

1
Thr Ala

Pro
val

Leu Phe Met

35

Ala Leu Gly
50

Ser Arg
65

Ser

Arg

Gln Met

Met pPhe Thr

Lys Glu Ser

260

sapiens

gcagagaccc
cctcgectgt
999gggccgyg
aggccacttc
cgtggcgaat
gcgggagcecc
cgtaaacttg
caacgtgcag
cctggccatg
gctcaacgtg
gggccggeag
aatccacgga
ctttgccccg
caaccectgt
gcccgggtca
tctgttttgt

sapiens

Ala
5
GIn

Arg

Leu
20
Gly Ala

Tyr val

val Glu

Leu
85
Asp

Trp

val
100

His Thr

Arg
Gly
ser
Asp
Pro
Gln
Phe

Leu

cggagcccca
gtcctgcecgg
cgagcgcggce
tgcggcegeca
gtaaacgtcc
acccggcagg
ctcaacgaca
gtggcccagce
ggctggggec
acggtggtga
gccggegtcet
attgcctcct
gtggcacagt
ccccaccccc
cctcagcetgce
agaaaaaaaa

Pro Ala

Arg Leu

Glu G1n

Asp Gln
55
Arg Thr

Leu Ser

Trp Thr

Arg
265

Leu
Leu
25

Asp
Leu
Pro
GlIn

Ile

gccccaccat
ccttgctgcet
cccacgcgtg
ccctgattge
gcgeggtgeg
tgttcgecgt
tcgtgattct
tgccggctca
ttctgggcag
cgtccctctg
gtticgggga
tcgtccgggg
ttgtaaactg
gggacccgga
ccacacccac
aaaaaaaa

Leu
10
Arg

Leu
ser
Leu Gly
Phe val
val

75
Leu

Trp

Ser
90

Met Glu

105

Gln val

Ile

Leu Gly
pPage 3

gaccctecggce
ggggggcacc
gcccttecatg
gcccaacttc
ggtggtcctg
gcagcgcatc
ccagctcaac
gdggacgccgc
gaaccgtggg
ccgtcgcage
ctccggcagce
aggctgcgec
gatcgactct
cccggecage
actctccagc

Leu Met Leu
Leu
30

Leu

His Ser
Ser
45
TYr

Leu

Phe
60
ser

Asp

Ser Arg

Lys Gly Trp
Asn
110

Met

Asn His

Cys Glu

cgccgactcg
gcgctggect
gtgtccctgce
gtcatgtcgg
ggagcccata
ttcgaaaacg
gggtcggcca
ctgggcaacg
atcgccageg
aacgtctgca
cccttggtcet
tcagggctct
atcatccaac
aggacccact
atctggcaca

Leu Gln
15
His Tyr

Phe Glu

His Glu

Ile ser
80
Asp His
95
His ser

GIn Glu

60
120
180
240
300

' 360

420
480
540
600
660
720
780
840
900
938
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115 120 125
Asp Ash Ser Thr Glu Gly Tyr Trp Lys Tyr Gly Tyr Asp Gly Gln Asp
130 135 140
His Leu Glu Phe Cys Pro Asp Thr Leu Asp Trp Arg Ala Ala Glu Pro
145 150 155 160
Arg Ala Trp Pro Thr Lys Leu Glu Trp Glu Arg His Lys Ile Arg Ala
165 170 175
Arg Gln Asn Arg Ala Tyr Leu Glu Arg Asp Cys Pro Ala Gln Leu Gln
180 185 190
GIn Leu Leu Glu Leu Gly Arg Gly val Leu Asp Gln Gln val Pro Pro
195 200 205
Leu Val Lys val Thr His His val Thr Ser Ser val Thr Thr Leu Arg
210 215 220
Cys Arg Ala Leu Asn Tyr Tyr Pro Gin Asn Ile Thr Met Lys Trp Leu
225 230 235 240
Lys Asp Lys GIn Pro Met Asp Ala Lys Glu Phe Glu Pro Lys Asp val
245 250 255
Leu Pro Asn Gly Asp Gly Thr Tyr GIn Gly Trp ITe Thr Leu Ala val
260 265 270
Pro Pro Gly Glu Glu GIn Arg Tyr Thr Tyr GlIn val Glu His Pro Gly
275 280 285
Leu Asp GIn Pro Leu Ile val Ile Trp Glu Pro Ser Pro Ser Gly Thr
290 295 300
Leu val Ile Gly val Ile Ser Gly Ile Ala val Phe val val Ile Leu
305 310 315 320
Phe ITe Gly Ile Leu Phe Ile Ile Leu Arg Lys Arg GIn Gly Ser Arg
325 330 335
Gly Ala Met Gly His Tyr val Leu Ala Glu Arg Glu
340 345

<210> 6

<211> 1260

<212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (222)...(1268)

<400> 6

ggggacactg gatcacctag tgtttcacaa gcaggtacct tctgctgtag gagagagaga 60

actaaagttc tgaaagacct gttgcttttc accaggaagt tttactgggc atctcctgag 120

cctaggcaat agctgtaggg tgacttctgg agccatcccc gtttccccgc cccccaaaag 180

aagcggagat ttaacgggga cdgtgcggcca gagctgggga a atg ggc ccg cga gcc 236
Mit Gly Pro Arg Aga

agg ccg gcg ctt ctc ctc ctg atg ctt ttg cag acc gcg gtc ctg cag 284
Arg Pro Ala Leu Leu Leu Leu Met Leu Leu Gln Thr Ala val Leu Gln
10 15 20
ggg cgc ttg ctg cgt tca cac tct ctg cac tac ctc ttc atg g?t gcc 332
Gly Arg Leu Leu Arg Ser His Ser Leu His Tyr Leu Phe Met Gly Ala
25 30 35
tca gag cag gac ctt ggt ctt tcc ttg ttt gaa gct ttg g%c tac gt 380
Ser Glu GIn Asp Leu Gly Leu Ser Leu Phe Glu Ala Leu Gly Tyr va
40 45 50
gat gac cag ctg ttc gtg ttc tat gat cat gag agt cgc cgt gtg gag 428
Asp Asp GIn Leu Phe val Phe Tyr Asp His Glu Ser Arg Arg val Glu
55 60 65
cCC cga act cca tgg gtt tcc agt aga att tca agc cag atg tgg ctg 476
P;g Arg Thr Pro Trp val Ser Ser Arg Ile Ser Ser Gln Met Trp Leg
75 80 8
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cag ctg agt cag agt ctg aaa ggg tgg gat cac atg ttc act gtt gac 524
GIn Leu Ser Gln Ser Leu Lys Gly Trp Asp His Met Phe Thr val Asp
90 95 100
ttc tgg act att atg gaa aat cac aaCc cac agc aag gag tcc cac acc 572
Phe Trp Thr Ile Met Glu Asn His Asn His Ser Lys Glu Ser His Thr
105 110 115
ctg cag gtc atc ctg ggc tgt gaa atg caa gaa gac aac agt acc gag 620
Leu GIn val Ile Leu Gly Cys Glu Met Gln Glu Asp Asn Ser Thr Glu
120 125 130
g%c tac tgg aag tac ggg tat gat ggg cag gac cac ctt gaa ttc tgc 668
Gly Tyr Trp Lys Tyr Gly Tyr Asp Gly GIn Asp His Leu Glu Phe Cys
135 140 145
cct gac aca ctg gat tgg aga gca gca gaa ccc agg‘gcc tgg ccc acc 716
Pro Asp Thr Leu Asp Trp Arg Ala Ala Glu Pro Arg Ala Trp Pro Thr
150 155 160 165
aag ttg gag tgg gaa agg cac aag att cgg gcc agg cag aac agg gcc 764
Lys Leu Glu Trp Glu Arg His Lys Ile Arg Ala Arg GIn Asn Arg Ala
170 175 180
tac ctg gag agg gac tgc cct gca cag ctg cag cag ttg ctg gag ctg 812
Tyr Leu Glu Arg Asp Cys Pro Ala GIn Leu GIn Gln Leu Leu Glu Leu
185 190 195
g%g aga g?t gtt ttg gac caa caa gtg cct cct ttg gtg aag gtg aca 860
Gly Arg Gly val Leu Asp GIn GIn val Pro Pro Leu val Lys val Thr
200 205 210
cat cat gtg acc tct tca gtg acc act cta cgg tgt cgg gcc ttg aac 908
His His val Thr Ser Ser val Thr Thr Leu Arg Cys Arg Ala Leu Asn
215 220 225
tac tac ccc cag aac atc acc atg aag tgg ctg aag gat aag cag cca 956
Tyr Tyr Pro Gln Asn Ile Thr Met Lys Trp Leu Lys Asp Lys GIn Pro
230 235 240 245
atg gat gcc aag gag ttc gaa cct aaa gac gta ttg ccc aat ggg gat 1004
Met Asp Ala Lys Glu Phe Glu Pro Lys Asp Val Leu Pro Asn Gly Asp
250 255 260
g?g acc tac cag g?c tgg ata acc ttg gct gta ccc cct ggg gaa gag 1052
Gly Thr Tyr GIn Gly Trp ITe Thr Leu Ala val Pro Pro Gly Glu Glu
265 270 275
cag aga tat acg tac cag gtg gag cac cca ggc ctg gat cag ccc ctc 1100
Gln Arg Tyr Thr Tyr Gln val Glu His Pro Gly Leu Asp Gln Pro Leu
280 285 290
att gtg atc tgg gag ccc tca ccg tct ggc acc cta gtc att g?a gtc 1148
Ile val ITe Trp Glu Pro Ser Pro Ser Gly Thr Leu val Ile Gly Vval
295 300 305
atc agt gga att gct gtt ttt gtc gtc atc ttg ttc att g?a att ttg 1196
Ile ser Gly Ile Ala Val Phe val val Ile Leu Phe Ile Gly Ile Leu
310 315 320 325
ttc ata ata tta agg aag agg cag g%t tca aga gga gcc atg g%g cac 1244
Phe ITe Ile Leu Arg Lys Arg Gln Gly Ser Arg Gly Ala Met Gly His
330 335 340
tac gtc tta gct gaa ¢ 1260
Tyr val Leu Ala Glu Glu Glu ‘

345
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SEQ ID NO Clone Name

1

2
3
4
5
6

AAT
AAT
HNE
HNE
C282Y HFE
C282Y HFE
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