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MODULATION OF THE
NEUROENDOCTRINE SYSTEM AS A
THERAPY FOR MOTOR NEURON DISEASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims the benefit of U.S. Provi-
sional Patent Application No. 60/632,450, filed Dec. 2, 2004.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT

This invention was made in part with Government support
under Grant Number ES013469 awarded by the National
Institute of Environmental Health Sciences. The Government
may have certain rights in this invention.

BACKGROUND OF THE INVENTION

Amyotrophic lateral sclerosis (ALS), also known as Lou
Gehrig’s disease or motor neuron disease (MND), is one of
several neurodegenerative diseases of the central nervous
system. ALS is the most common adult onset motor neuron
disease, affecting one in every 20,000 individuals, with an
average age of onset of 50-55 years. ALS is characterized by
rapidly progressive degeneration of motor neurons in the
brain, brainstem, and spinal cord (Cleveland, 2001). The
median survival of patients from time of diagnosis is five
years.

ALS exists in both sporadic and familial forms. Familial
ALS (FALS) comprises only 5-10% of all ALS cases. Over
the last decade, a number of basic and clinical research stud-
ies have focused on understanding the familial form of the
disease, which has led to the identification of eight genetic
mutations related to FALS. Transgenic mice expressing point
mutants of the Cu/Zn superoxide dismutase-1 (SOD1) gene
develop an age-dependent progressive motor weakness simi-
lar to human ALS due to a toxic gain of function (Rosen,
1993; Rosen, 1994; Borchelt, 1994).

These genetic mutations, however, do not explain sporadic
ALS (SALS). The pathogenesis of SALS is multifactorial. A
number of different model systems, including SOD1 trans-
genic mice, in vitro primary motor neuron cultures or spinal
cord slice cultures, in vivo imaging studies, and postmortem
examination of tissue samples, have been utilized to under-
stand the pathogenesis of ALS (Subramaniam, 2002); Nagai,
2001; Menzies, 2002; Kim, 2003; Ranganathan, 2003).
Although these studies have yielded therapeutic targets and
several clinical trials, there are no drugs that delay disease
onset or prolong long-term survival of ALS patients. Riluzole
(Rilutek®, Aventis), a glutamate antagonist, currently is the
only FDA-approved medication available to treat ALS. Rilu-
zole, however, extends life expectancy by only a few months
(Miller, 2003). Creatine and a-tocopherol have shown some
efficacy in relieving the symptoms of ALS in SOD1 trans-
genic mice, but exhibit minimal efficacy in human ALS
patients (Groeneveld, 2003; Desnuelle, 2001).

Studies have been performed which have identified early
protein biomarkers for ALS, using mass spectrometry based
proteomics of cerebrospinal fluid (CSF) and spinal cord
samples of human subjects (see U.S. Patent Application
10/972,732, published as US 2005-0148026 A1, the disclo-
sure of which is incorporated herein). For example, three
neuroendocrine proteins (transthyretin, 7B2, and cystatin C)
that exhibit alterations early in the disease pathogenesis in
humans were identified in a proteomics analysis.
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Transthyretin regulates thyroid function and retinoic acid
signaling in the brain by binding T4 and retinol-binding pro-
tein, respectively, and binds other proteins including the amy-
loid beta peptide (AP) to help sequester and prevent amyloid
deposition (Palha, 2002; Bernstein, 2002; Tsuzuki, 2000).
Retinoic acid signaling is an important component of neural
plasticity and regeneration, and absence of retinoids can
induce motor neuron disease in rats and decreased retinoid
signaling has been observed in sporadic ALS patients (Mey,
2004; Corcoran, 2002).

Transthyretin (TTR) is a protein made by motor neurons in
the spinal cord and choroid plexus cells that line the ventricles
of the nervous system and produce the CSF. Transthyretin
regulates thyroid function and retinoic acid signaling in the
brain by binding T4 and retinol-binding protein, respectively,
and binds other proteins including the amyloid beta peptide
(Ap)to help sequester and prevent amyloid deposition (Palha,
2002; Bernstein, 2002; Tsuzuki, 2000). T4 is a critical com-
ponent of thyroid function and can also function to impede
cell cycle progression and induce cell differentiation. Direct
administration of T4 into a transgenic model for multiple
sclerosis enhances remyelination and is neuroprotective for
axonal pathology (Fernandez et al, 2004). Retinoic acid is a
known antioxidant, and oxidative injury is one proposed
mechanism for motor neuron cell death in ALS. Decreased
levels of TTR also have been associated with increased brain
levels of metals such as lead in the nervous system and metal
toxicity induced neurodegeneration (Zheng et al., 2001). TTR
also has been recently reported to have direct neuroprotective
functions in neurons. The addition of TTR to neurons was
found to be protective to the addition of the Af peptide that
accumulates during Alzheimer’s disease (AD) (Stein et al.,
2004). Injection of inhibitory antibodies to TTR into a trans-
genic animal model for AD results in the loss of neuroprotec-
tive functions of TTR and acceleration of the disease process
(Stein et al., 2004). Thus, the loss of TTR function hastened
disease pathogenesis in an animal model of a neurodegenera-
tive disease. Finally, genetic variants of TTR cause tran-
sthyretin-associated hereditary amyloidosis (ATTR) in which
amyloid accumulates in various tissues and organs (Bergen et
al, 2004). ATTR is most common between the third and
seventh decades of life, similar to that of ALS. During ALS, it
is likely that reduced CSF levels of TTR result in altered
transport of T4 and retinol/vitamin A, thus altering thyroid
function and increasing oxidative stress. It is also probable
that reduced TTR levels in motor neurons decrease neuropro-
tective functions and increase oxidative stress in motor neu-
rons, thus enhancing neurodegeneration. In addition, TTR
genetic variants may increase susceptibility of individuals to
develop ALS or hasten disease pathogenesis.

Transthyretin (T'TR) variants can be identified by mass
spectrometry and verified by gene sequencing. For the mass
spectrometry, TTR first is purified from a human sample by
affinity chromatography using anti-TTR antibody. The puri-
fied TTR is reduced using tris(2-caroxyethyl)phosphine
(TCEP) and then analyzed by mass spectrometry to resolve
differences in the protein mass indicative of a polymorphism
in the TTR gene resulting in an altered amino acid. The most
common variants (denoted as wildtype amino acid, location
within the protein, and mutant amino acid) are Val30Met and
Gly6Ser, though over 100 variants are known (see, e.g., Con-
nors, 2003). Specific mass shifts observed by mass spectrom-
etry are indicative of gene polymorphisms. Samples contain-
ing such variant proteins can be analyzed by DNA sequencing
to confirm the mass spectrometry results. TTR genetic vari-
ants may increase susceptibility to developing ALS due to
environmental exposures.
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Recent studies have shown that transthyretin functions as a
neuroprotective protein and injection of transthyretin protein
reduces amyloid deposition and cognitive decline in an ani-
mal model of Alzheimer’s disease (Stein, 2004). Transthyre-
tin protein levels are reduced by exposure to heavy metals and
other toxins (Zheng, Toxicol. Sci., 2001; Zheng, Microscopy
Res. & Tech., 2001). Environmental exposure to lead and
other heavy metals has been proposed as a risk factor in the
etiology of ALS (Vinceti, 1997; Kamel, 2002). Genetic vari-
ants of transthyretin decrease protein function and cause a
familial form of polyneuropathy (Benson, 1985). ALS sub-
jects that have transthyretin genetic variants that decrease
transthyretin function will make the individual at increased
risk for developing ALS, thus suggesting that transthyretin is
anovel risk or susceptibility factor for ALS. It is likely that the
transthyretin plays arole in motor neuron survival and genetic
polymorphisms and/or decreased expression levels make
neurons more susceptible to injury or toxin exposure. This
could help explain the increased incidence of ALS in Gulf
War Veterans deployed to specific active zones noted above.
TTR protein may also directly participate in motor neuron
degeneration by generating extracellular or intracellular toxic
protein aggregates. T'TR fibrils have been observed in familial
polyneuropathies induced by TTR mutations (Sousa, 2003).
In vitro studies have shown that the toxic form of TTR is the
non-fibrillar protein aggregates and that fully formed TTR
containing fibrils is non-toxic (Sousa, 2001; Sousa, 2002).
Therefore the presence of non-fibrillar TTR protein aggre-
gates in ALS spinal cord tissue will be interpreted as directly
contributing to motor neuron degeneration. These experi-
ments provide novel data implicating TTR and TTR func-
tional pathways in motor neuron survival and highlight new
pathogenic mechanisms for ALS. Reduced TTR function,
either by genetic polymorphisms or post-translational modi-
fications that alter protein function or by reduced expression
levels during ALS, may directly induce motor neuron cell loss
since the loss of retinoid signaling can induce motor neuron
disease in rodents (Corcoran, 2002).

The second neuroendocrine protein is 7B2 (Martens,
1989). It has been determined that 7B2 protein alterations
occur during ALS. More specifically, in ALS subjects
increased levels of a carboxy-terminal fragment of 7B2
referred to as 7B2CT were observed. 7B2 is a neuroendocrine
secretory protein that functions as a chaperone for the pro-
protein convertase 2 protein (PC2). 7B2 binds to PC2 in the
endoplasmic reticulum and facilitates its transport to other
compartments of the secretory pathway where it is proteolyti-
cally matured and activated (Mbiday, 2001). PC2 participates
in the production and secretion of numerous hormones and
neuropeptides, including neuropeptide Y, somatostatin, gala-
nin, and vasopressin. A prior study has shown expression of
7B2 in motor neurons and in the spinal cord. 7B2 also acts as
a chaperone protein for the maturation and secretion of insu-
lin-like growth factor 1 (IGF-1), which is currently in trials as
atherapy for ALS (Chaudhuri, 1995). 7B2 is processed by the
enzyme furin to form a carboxy-terminal fragment called
7B2CT that functions as an inhibitor of PC2 activation. Car-
boxypeptidase E cleaves 7B2CT for its degradation. Furin
and/or carboxypeptidase E activity may also be altered in
ALS subjects. Therefore increased levels of 7B2CT in the
CSF of ALS subjects may indicate that PC2 activation is
reduced in multiple cell types of the nervous system, includ-
ing motor neurons. This implies that maturation and secretion
of many neuroendocrine peptides, growth factors and hor-
mones is reduced in ALS.

The third neuroendocrine protein identified is cystatin C
(Abrahamson, 1990). Cystatin C has been identified using
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mass spectrometry as a diagnostic biomarker for ALS. CSF
and lumbar spinal cord tissue samples from ALS subjects
exhibit less cystatin C than control subjects. Cystatin C is a
secreted protein that functions both as a cysteine protease
inhibitor and can function as an autocrine or paracrine factor
in neurogenesis of neural stem cells. Mutations in the cystatin
C gene cause a rare disease called hereditary brain amyloid
angiopathy, and increased levels of cystatin C have been
found in other neurodegenerative diseases including Alzhe-
imer’s disease, ischemia, and Creutzfeldt-Jakob disease
(CJD). Decreased levels of cystatin C in the CSF of ALS
subjects or altered post-translational modifications to cystatin
C suggest decreased levels of protease inhibitors, which may
contribute to disease pathogenesis.

Despite the identification of early protein biomarkers for
ALS, there remains a need, however, for improved methods
for identifying therapeutic targets of ALS, and improved
methods of diagnosing and monitoring the progress of the
disease.

BRIEF SUMMARY OF THE INVENTION

The invention provides a method for treating amyotrophic
lateral sclerosis (ALS) in a subject.

The invention also provides a method for determining the
susceptibility of a subject to developing ALS. The method
comprises (a) obtaining a sample from the subject, (b) isolat-
ing from the sample a nucleic acid molecule encoding the
transthyretin protein, and (c) determining the amino acid or
nucleotide sequence of the protein, wherein a protein or
nucleic acid molecule encoding a variant of the transthyretin
protein indicates that the subject is susceptible to developing
ALS.

In addition, the invention provides a method for determin-
ing progression of ALS in a subject. The method comprises
(a) obtaining a sample from the subject, (b) isolating from the
sample a transthyretin protein, (¢) analyzing the transthyretin
protein from the sample by mass spectroscopy, and (d) deter-
mining a mass spectral profile for the sample, wherein the
presence of a variant of a wild type transthyretin protein in the
sample indicates progression of ALS in the animal.

The invention also provides a method for determining pro-
gression of ALS in a subject. The method comprises (a)
obtaining a sample from the subject, (b) isolating from the
sample a transthyretin or cystatin C protein, (c) analyzing the
transthyretin or cystatin C protein levels from the sample, and
(d) comparing the protein levels to transthyretin or cystatin C
protein levels obtained from the same subject at an earlier
time, wherein a change in the protein levels indicates progres-
sion of ALS in the subject.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 presents data demonstrating transthyretin mass
shifts in ALS patients. Mass spectral analysis of CSF from
healthy and disease controls are shown in the top 4 panels, and
mass spectral analysis from ALS subjects are shown in the
bottom 3 panels. The mass region containing TTR is shown
for each sample (mass region between 13,500 to 14,500 Dal-
tons). The control subjects (both healthy and neurologic dis-
ease controls) exhibit similar TTR profiles, whereas the ALS
subjects exhibit mass shifts and the presence of TTR mass
doublets that were observed in approximately 30% of ALS
subjects. Molecular mass (Da) is shown for the major TTR
peaks for the healthy and other neurologic disease control
subjects (top panel). TTR protein peaks in ALS patients often
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exhibit a 30-Da mass shift (13810—=13841; 13901—13930)
as shown in the third panel from the bottom.

FIG. 2 presents data demonstrating transthyretin mass
shifts in ALS patients. Immunoprecipitated transthyretin
(TTR) was treated with tris(2-carboxyethyl)phosphine
(TCEP) and examined by mass spectrometry using an ABI
Voyager/DE mass spectrometer. Control subjects (bottom
panels, labeled control 1 and control 2) exhibit a mass peak of
13742 Daltons (Da) and a minor shoulder at approximately
13732 Da. For ALS patients (top panels, labeled ALS1 and
ALS2), a TTR doublet with a second peak of approximately
13772 Da (30 Da mass shift) was observed. This additional
TTR peak was seen in 9 0of 30 ALS patients whereas only 2 of
20 control subjects exhibited a similar TTR protein doublet.
This mass shift is consistent with an amino acid substitution
resulting from a genetic polymorphism.

FIG. 3 presents data demonstrating the presence of TTR
(transthyretin) monomer in ALS via immuno-SELDI-TOF-
MS. Panel A depicts a representative SELDI spectra of puri-
fied human TTR protein (positive control), control CSF, and
ALS CSF samples. Purified anti-TTR antibody was bound to
the protein chip surfaces and individual samples were added
to measure the level of TTR protein. Seven control and seven
ALS subjects were tested using these antibody containing
chips. The arrow indicates the presence of the 13.78 kDa TTR
monomer. The two-fold difference in the relative peak inten-
sity values for the 13.78 kDa peak between control and ALS
subjects was significantly significant (p=0.02). Panel B
depicts a ciphergen-based software assisted gel view of the
spectra represented in panel A.

FIG. 4 presents data demonstrating an overall increase in
the total level of TTR in the CSF of ALS patients relative to
control subjects. TTR ELISA data from 10 ALS and 8 control
subjects is shown. The total level of TTR in ALS subjects is
significantly increased over that present in control subjects.
The bar represents the mean average for all samples within
the group.

FIG. 5 depicts an immunoblot analysis of TTR and cystatin
C. Panel (a) is an immunoblot of TTR protein in control and
ALS CSF. 50 82 g of control (lanes 1-4) or ALS (lanes 5-8)
CSF were probed for transthyretin (TTR). Purified human
TTR (50 ng) was used as a positive control (lane “+”). The
arrows on the right indicate the monomeric and homotet-
rameric forms of TTR protein. Panel (b) is an immunoblot of
cystatin C protein in control and ALS CSF. 25 pg of total CSF
protein from control (lanes 1-4) or ALS (lanes 5-8) subjects
were probed for cystatin C. Purified human cystatin C (10 ng)
was used as a positive control (lane “+”). Molecular weight
markers indicated in kDa are listed to the left of the positive
control lanes in (a) and (b). Panel (¢) is a densitometric quan-
tification of TTR and cystatin C proteins from panels (a) and
(b) using NIH 1.58 software. The relative abundance was
expressed per amount of CSF protein loaded per gel lane and
the height of the bars corresponds to the average value for
each protein in control and ALS subjects +/- standard error
mean (SEM). Single factor ANOVA was performed with a
confidence interval of 95% to compare the protein levels of
controls and ALS. The p values for TTR and cystatin C were
0.03 and 0.04, respectively. Asterisks indicate the statistical
significance.

FIG. 6 depicts an immunohistochemical analysis of a cross
section of lumbar spinal cord tissue. Lumbar spinal cord
tissue sections from 7 control and 7 ALS subjects were used
to determine TTR immunoreactivity in motor neurons using
anti-TTR antibody. In control subjects, TTR was present
within the cytoplasm of motor neurons, often in a speckled
pattern (left panel). In ALS spinal cord we observed
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decreased levels of TTR in surviving motor neurons (right
panel). Both panels are at 10x magnification. Insets in both
panels are high magnification image (40x) of a motor neuron.
Therefore decreased levels of TTR are present in surviving
motor neurons in ALS subjects.

FIG. 7 presents data demonstrating decreases in the mass
spectral peak for either cystatin C or transthyretin overa 12 or
15-month time frame within individual ALS subjects.

FIG. 8 presents data demonstrating alterations in tran-
sthyretin protein mass spectral peaks within an ALS patient
over time. The data was obtained using a zinc coated Cipher-
gen IMAC-30 Protein Chip and analyzed on the Ciphergen
mass spectrometer.

DETAILED DESCRIPTION OF THE INVENTION

In one aspect, the present invention provides a method for
treating amyotrophic lateral sclerosis (ALS) in a subject or
for prophylaxis thereof within the subject. In accordance with
this aspect, an anti-ALS-effective amount of a composition
comprising either a thyroxine protein, a transthyretin protein,
a 7B2 protein, an inhibitor of an enzyme that processes a 7B2
protein, a cystatin C protein, cysteine protease inhibitor, a
neuroendocrine protein, or combinations thereof (or, in some
embodiments, a gene transfer vector encoding the same) is
administered to the subject in an amount, at a location, and for
a time course sufficient to treat ALS within the subject. Pref-
erably, the desired factor is administered to the nervous sys-
tem of the subject, which is particularly preferred where the
factor is a thyroxine.

The “subject” can be any suitable animal, but preferably is
a mammal, such as a mouse, rat, monkey, or human. It is
contemplated that the aforementioned inventive method can
be used to treat ALS in animal models of the disease, in which
case the subject is a non-human animal (e.g., a mouse, rat,
monkey, dog, etc.). In a preferred embodiment, the subject is
a human suffering from ALS.

For treatment of ALS in a subject, following introduction
of the composition into the subject in accordance with the
inventive method, the subject’s condition is monitored to
assess the severity of ALS. Suitable application of the inven-
tive method will result in slowing of the progression of ALS
and, in preferred embodiments, result in plateauing of the
progress of the disease. Indeed, in more preferred embodi-
ments, application of the inventive method will result in a
reduction of the symptoms associated with ALS in the subject
or even in substantial or complete remission of ALS. Thus,
while the inventive method can lead to a cure of ALS in some
subjects, any degree of improvement in the prognosis of the
subject following application of the inventive method is con-
sidered to be successful application. Moreover, it is to be
understood that the inventive method can be used as mono-
therapy or adjunctively in combination with other therapeutic
agents (e.g., riluzole) or therapeutic methods.

For prophylaxis, following introduction of the composition
into the subject, the subject is suitably monitored to assess the
development of ALS and/or continued risk of developing
ALS. Successful prophylaxis can be measured by the absence
of ALS in the subject for longer than the initial assessment of
risk had predicted.

The desired factor (e.g., protein, therapeutic fragment, or
pharmacologic mimic, or gene transfer vector) can be pre-
pared by methods known to those of ordinary skill in the art.
For example, the protein or fragment can be synthesized
using solid phase peptide synthesis techniques (e.g., Fmoc).
Alternatively, the factor can be synthesized using recombi-
nant DNA technology (e.g., using bacterial or eukaryotic
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expression systems). Accordingly, to facilitate such methods,
where the factor is a protein or fragment thereof, the invention
provides genetic vectors (e.g., plasmids) comprising a
sequence encoding the factor, as well as host cells comprising
such vectors. Methods for solid state protein synthesis and
recombinant protein synthesis are well-known in the art. For
example, “Molecular Cloning, A Laboratory Manual” (Sam-
brook et al., 3d Ecition, Cold Spring Harmor Press), is a
well-known reference detailing many suitable techniques for
recombinant production of polypeptides. Accordingly, the
invention provides the protein or fragment in recombinant
form. Alternatively a protein or fragment can be isolated from
any species as described herein. In addition, the pharmaco-
logical mimic can be prepared as described above, or it can be
synthesized using appropriate organic synthesis methods,
which are well known to those of ordinary skill in the art.

However it is made, a protein, fragment, or mimic can be
isolated and/or purified (or substantially isolated and/or sub-
stantially purified). Accordingly, the invention provides the
protein, fragment, or mimic in substantially isolated form
(i.e., substantially isolated from other polypeptides or impu-
rities). The protein, fragment, or mimic can be isolated from
other proteins as a result of solid phase protein synthesis, for
example. Alternatively, the protein, fragment, or mimic can
be substantially isolated from other proteins after cell lysis
from recombinant production. Standard methods of protein
purification (e.g., HPLC) can be employed to substantially
purity the protein, fragment, or mimic. Thus, a preparation of
the protein, fragment, or mimic preferably is at least 90% free
of other proteins and/or contaminants, and more preferably is
at least about 95% free of other proteins and/or contaminants
(such as at least about 97% or 98% free of other proteins
and/or contaminants). In a most preferred embodiment, the
invention provides a preparation of the protein, fragment, or
mimic that is greater than 99% free of other proteins and/or
contaminants (e.g., greater than 99.5% or even 99.9% or even
99.99% free of other proteins).

In another embodiment, the invention provides a prepara-
tion of the protein, fragment, or mimic in a number of formu-
lations, depending on the desired use. For example, where the
protein, fragment, or mimic is substantially isolated (or even
nearly completely isolated from other proteins), it can be
formulated in a suitable medium solution for storage (e.g.,
under refrigerated conditions or under frozen conditions).
Such preparations can contain protective agents, such as buff-
ers, preservatives, cryprotectants (e.g., sugars such as treha-
lose), etc. The form of such preparations can be solutions,
gels, etc., and the protein can, in some embodiments, be
prepared in lyophilized form. Moreover, such preparations
can include other desired agents, such as small molecules or
even other proteins or peptides, if desired. Indeed, the inven-
tion provides such a preparation comprising a mixture of
different embodiments of the protein, fragment, or mimic
(e.g., a plurality of species as described herein). Technology
for preparing such compositions (e.g., lyophilization, prepa-
ration of protein solutions, etc.), is within the state of the art.

In accordance with this aspect of the inventive method, the
composition administered to the subject can comprise, con-
sist of, or consist essentially of a desired protein or a thera-
peutic fragment or pharmacologic mimic thereof, and prefer-
ably also a pharmaceutically acceptable carrier. Any carrier
which can supply the protein, fragment, or mimic without
destroying the protein, fragment, or mimic within the carrier
is a suitable carrier, and such carriers are well known in the
art. The composition can be formulated for parenteral, oral, or
topical administration. For example, a parenteral formulation
could consist of a prompt or sustained release liquid prepa-
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ration, dry powder, emulsion, suspension, or any other stan-
dard formulation. An oral formulation of the composition
could be, for example, a liquid solution, such as an effective
amount of the composition dissolved in diluents (e.g., water,
saline, juice, etc.), suspensions in an appropriate liquid, or
suitable emulsions. An oral formulation could also be deliv-
ered in tablet form, and could include excipients, colorants,
diluents, buffering agents, moistening agents, preservatives,
flavoring agents, and pharmacologically compatible excipi-
ents. A topical formulation could include compounds to
enhance absorption or penetration of the active ingredient
through the skin or other affected areas, such as dimethylsul-
foxide and related analogs. The composition could also be
delivered topically using a transdermal device, such as a
patch, which could include the composition in a suitable
solvent system with an adhesive system, such as an acrylic
emulsion, and a polyester patch.

In one embodiment of this aspect of the invention, the
method comprises, consists of, or consists essentially of
administering to the nervous system of the subject a compo-
sition comprising a thyroxine protein or a therapeutic frag-
ment or pharmacologic mimic thereof. Preferably, the com-
position also includes a pharmaceutically acceptable carrier.
The composition can comprise, consist or, or consist essen-
tially of any protein identified or characterized as a thyroxine
protein. The protein can be synthetic or can be isolated from
any species (e.g., human). In a preferred embodiment, the
amino acid sequence of the protein is identical or substan-
tially similar (e.g. at least about 80%, at least about 90%, or at
least about 95% identical) to the full length human thyroxine
protein. For example, the protein may contain substitutions of
one or more amino acid residues for an amino acid other than
the indicated residue. The substitution can be, but need not be,
a conservative substitution. Conservative substitutions are
well known in the art and can be amino acid replacements that
preserve the structure and functional properties of proteins,
such as the substitution of one or more amino acids by similar
amino acids. For example, a conservative substitution can be
the substitution of an amino acid for another amino acid
within the same general class (e.g., an acidic amino acid, a
basic amino acid, or a neutral amino acid). In another embodi-
ment, the composition comprises, consists or, or consists
essentially of a therapeutic fragment of a thyroxine protein. A
therapeutic fragment is any fragment that has an effect on a
subject with ALS as described above. The fragment can have
any suitable amino acid sequence and can be of any length.
For example, the fragment can have an amino acid sequence
identical to a portion of the human protein, or it can be
substantially similar to a portion of the human protein (e.g., at
least about 80%, at least about 90%, or at least about 95%
identical). In another embodiment the composition com-
prises, consists or, or consists essentially of a pharmacologic
mimic of a thyroxine protein. A pharmacological mimic can
be any molecule or composition that simulates the role of a
thyroxine protein (e.g. thyroid function) or the effect of a
thyroxine protein on a subject with ALS.

In another embodiment of this aspect, the method com-
prises, consists of, or consists essentially of modulation of the
neuroendocrine system to increase endogenous transthyretin
gene expression or to directly add transthyretin to provide
neuroprotective functions in ALS patients. Preferably, the
method comprises administering to the subject a composition
comprising a transthyretin protein or a therapeutic fragment
or pharmacologic mimic thereof. Preferably, the composition
also includes a pharmaceutically acceptable carrier. The
inventive method is performed substantially as described
above. Alternatively, the protein can be administered to a
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subject using a gene transfer vector. Any suitable vector can
be used such as viral (e.g., adenovirus or lentivirus) or non-
viral vectors, and such vectors are well known in the art. The
transthyretin protein is encoded by a nucleic acid sequence
and can be linked to a promoter. A promoter can be any
element which drives production of the protein.

The transthyretin protein can be any protein identified or
characterized as a transthyretin protein. The protein can be
synthetic or can be isolated from any species (e.g., human). In
a preferred embodiment, the amino acid sequence of the
protein is identical or substantially similar (e.g. at least about
80%, at least about 90%, or at least about 95% identical) to the
full length human transthyretin protein. For example, the
protein may contain substitutions of one or more amino acid
residues for an amino acid other than the indicated residue.
The substitution can be, but need not be, a conservative sub-
stitution. The nucleic acid sequence of the protein can be any
appropriate sequence given the redundancy of the genetic
code. In another embodiment, the protein is a therapeutic
fragment of a transthyretin protein. A therapeutic fragment is
any fragment that has an effect on a subject with ALS as
described above. The fragment can have any suitable amino
acid sequence and can be of any length. For example, the
fragment can have an amino acid sequence identical to a
portion of the human protein, or it can be substantially similar
to a portion of the human protein (e.g., at least about 80%, at
least about 90%, or at least about 95% identical). In another
embodiment the protein or composition is a pharmacologic
mimic of a transthyretin protein. A pharmacological mimic
can be any molecule or composition that simulates the role of
a transthyretin protein (e.g. thyroxine transport) or the effect
of a transthyretin protein on a subject with ALS.

In another embodiment of this aspect of the invention, the
method comprises administering to the subject a 7B2 protein
or a therapeutic fragment or pharmacologic mimic thereof.
Preferably, the composition also includes a pharmaceutically
acceptable carrier. The inventive method is performed sub-
stantially as described above. The 7B2 protein can be any
protein identified or characterized as a 7B2 protein (an
example of which is disclosed in emb1 locus HSA290438,
accession AJ290438.1; see also accession no. CAB90397,
SEQ ID NOs: 1 and 2). The protein can be synthetic or can be
isolated from any species (e.g., human). In a preferred
embodiment, the amino acid sequence of the protein is iden-
tical or substantially similar (e.g. at least about 80%, at least
about 90%, or at least about 95% identical) to the full length
human 7B2 protein. For example, the protein may contain
substitutions of one or more amino acid residues for an amino
acid other than the indicated residue. The substitution can be,
but need not be, a conservative substitution. The nucleic acid
sequence of the protein can be any appropriate sequence
given the redundancy of the genetic code. In another embodi-
ment, the protein is a therapeutic fragment ofa 7B2 protein. A
therapeutic fragment is any fragment that has an effect on a
subject with ALS as described above. The fragment can have
any suitable amino acid sequence and can be of any length.
For example, the fragment can have an amino acid sequence
identical to a portion of the human protein, or it can be
substantially similar to a portion of the human protein (e.g., at
least about 80%, at least about 90%, or at least about 95%
identical). In another embodiment the protein or composition
is a pharmacologic mimic of a 7B2 protein. A pharmacologi-
cal mimic can be any molecule or composition that simulates
the role of a 7B2 protein (e.g. proprotein convertase 2 trans-
port) or the effect of a 7B2 protein on a subject with ALS.

In another embodiment of this aspect of the invention, the
inventive method comprises administering to the subject an
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inhibitor of an enzyme that processes a 7B2 protein. The
inventive method is performed substantially as described
above. The inhibitor can be any molecule that decreases or
abolishes the activity of an enzyme that processes a 7B2
protein, such as a competitive or non-competitive inhibitor.
The enzyme can be any enzyme involved in the processing
(e.g., synthesis, modification, or transport) of a 7B2 protein.
For example, the inhibitor can be furin, carboxypeptidase E,
or a combination thereof (see Paquet, 1994; Zhu, 1996).

In another embodiment of this aspect of the invention, the
inventive method comprises administering to the subject a
cystatin C protein or a therapeutic fragment or pharmacologic
mimic thereof. Preferably, the composition also includes a
pharmaceutically acceptable carrier. The inventive method is
performed substantially as described above. The cystatin C
protein can be any protein identified or characterized as a
cystatin C protein (see, e.g., embl locus HSCST3G, acces-
sion X52255.1, embl locus HSCYSTCI1, accession
X61681.1, embl locus HSCYSTCR, accession X05607.1,
locus HUMCYS3A1 accession M27889.1, UniProtKB/
Swiss-Prot:P01034, SEQ ID NOs: 3 and 4). The protein can
be synthetic or can be isolated from any species (e.g., human).
In a preferred embodiment, the amino acid sequence of the
protein is identical or substantially similar (e.g. at least about
80%, at least about 90%, or at least about 95% identical) to the
full length human cystatin C protein. For example, the protein
may contain substitutions of one or more amino acid residues
for an amino acid other than the indicated residue. The sub-
stitution can be, but need not be, a conservative substitution.
The nucleic acid sequence of the protein can be any appro-
priate sequence given the redundancy of the genetic code. In
another embodiment, the protein is a therapeutic fragment of
a cystatin C protein. A therapeutic fragment is any fragment
that has an effect on a subject with ALS as described above.
The fragment can have any suitable amino acid sequence and
can be of any length. For example, the fragment can have an
amino acid sequence identical to a portion of the human
protein, or it can be substantially similar to a portion of the
human protein (e.g., at least about 80%, at least about 90%, or
at least about 95% identical). In another embodiment the
protein or composition is a pharmacologic mimic ofa cystatin
C protein. A pharmacological mimic can be any molecule or
composition that simulates the role of a cystatin C protein
(e.g., cysteine protease inhibition, autocrine or paracrine fac-
tors in neurogenesis of neural stem cells) or the effect of a
cystatin C protein on a subject with ALS.

In another embodiment of this aspect of the invention, the
inventive method comprises administering to the subject a
composition comprising a cysteine protease inhibitor and a
pharmaceutically acceptable carrier. The inhibitor can be any
molecule that decreases or abolishes the activity of a cysteine
protease, such as a competitive or non-competitive inhibitor.
Cysteine proteases (e.g., cathepsins B, C, H, L, and S; cystatin
F, etc.) are a class of enzymes involved in the formation and
hydrolysis of the peptide amide bond and are well known in
the art. Cysteine proteases play a role in mammalian cellular
turnover and apoptosis. The mechanism of action of a cys-
teine protease involves attack of the nucleophilic thiol of an
enzyme’s cysteine residue on the carbonyl of the scissile
amide bond of a bound substrate. The covalent intermediate
that is formed is subsequently hydrolyzed to generate an
amine and a carboxylic acid while also regenerating the free
enzyme.

In another embodiment of this aspect of the invention, the
inventive method comprises administering to the subject a
composition comprising a neuroendocrine protein and a phar-
maceutically acceptable carrier. A neuroendocrine protein is
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any protein that is expressed in or secreted by neural or
endocrine tissues. The protein can be, for example, neuropep-
tide Y, somatostatin, galanin, or vasopressin.

In another aspect, the present invention also provides a
method for determining the susceptibility of a subject to
developing ALS. The method comprises (a) obtaining a
sample from the subject, (b) isolating from the sample a
transthyretin protein or nucleic acid encoding a transthyretin
protein, and (¢) determining sequence of transthyretin protein
or nucleic acid encoding transthyretin protein obtained from
the sample, wherein a varient transthyretin protein or nucleic
acid molecule encoding a variant of the transthyretin protein
indicates that the subject is susceptible to developing ALS.

The term “sample”, as used herein refers to biological
material isolated from an animal. The animal can be any
suitable animal, but preferably is a mammal, such as a mouse,
rat, monkey, or human. It is contemplated that the aforemen-
tioned inventive method can be used to diagnose ALS in
animal models of the disease, in which case the subject is a
non-human animal (e.g., a mouse, rat, monkey, dog, etc.). In
a preferred embodiment, the subject is a human. The sample
can contain any suitable biological material, but preferably
comprises cells obtained from a particular tissue or biological
fluid. The sample can be isolated from any suitable tissue or
biological fluid. In this respect, the sample can be blood,
blood serum, plasma, urine, or spinal cord tissue. In that ALS
affects the central nervous system, the sample preferably is
isolated from tissue or biological fluid of the central nervous
system (CNS) (i.e., brain and spinal cord). In a preferred
embodiment of the invention, the sample is isolated from
cerebrospinal fluid (CSF). CSF from ALS patients has been
used for biochemical assays that have identified changes in
the levels of glutamate, glutamine synthetase, transglutami-
nase activity, y-aminobutyric acid, and various markers of
oxidative injury (see, e.g., Spreux-Varoquaux, 2002; Shaw,
2000; Smith, 1998).

The sample can be obtained in any suitable manner known
in the art, such as, for example, by biopsy, blood sampling,
urine sampling, lumbar puncture (i.e., spinal tap), ventricular
puncture, and cistemal puncture. In a preferred embodiment
of the invention, the sample is obtained by lumbar puncture,
which also is referred to as a spinal tap or cerebrospinal fluid
collection. Lumbar puncture involves insertion of a spinal
needle, usually between the 3rd and 4th lumbar vertebrae,
into the subarachnoid space where CSF is collected. In
instances where there is lumbar deformity or infection which
would make lumbar puncture impossible or unreliable, the
sample can be collected by ventricular puncture or cistemal
puncture. Ventricular puncture typically is performed in
human subjects with possible impending brain herniation.
Ventricular puncture involves drilling a hole in the skull and
inserting a needle directly into the lateral ventricle of the brain
to collect CSF. Cisternal puncture involves insertion of a
needle below the occipital bone (back of the skull), and can be
hazardous due to the proximity of the needle to the brain stem.

A transthyretin protein or nucleic acid in the sample can be
separated by any suitable method known in the art. Suitable
methods include, for example, centrifugation, ion exchange
chromatography, reversed-phase liquid chromatography, and
gel electrophoresis (e.g., one-dimensional or two-dimen-
sional gel electrophoresis). Amino acid and nucleic acid
sequencing methods are well known in the art and any suit-
able method can be utilized (e.g., Edman degradation, Sanger
method). A variant of the transthyretin protein is any tran-
sthyretin protein which has a protein or nucleic acid sequence
that differs from the wild type transthyretin protein of the
species from which the sample was obtained. The difference
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between the wild type protein and the protein isolated from
the sample can be a difference in one or more nucleotides or
amino acids. For example, amino acid 30 of the wild type
protein is valine, but amino acid 30 of the protein from the
sample is methionine (e.g., Connors, 2003). Such a difference
indicates that the subject is susceptible to developing ALS.

In another embodiment, the present invention provides a
method for determining progression of ALS in a subject,
which method comprises (a) obtaining a sample from the
subject, (b) isolating from the sample a transthyretin protein,
(c) analyzing the transthyretin protein from the sample by
mass spectroscopy, and (d) determining a mass spectral pro-
file for the sample, wherein the presence of a variant of a wild
type transthyretin protein in the sample indicates progression
of ALS in the subject.

Once the proteins in the sample are separated as described
above, the inventive method comprises analyzing the proteins
in the sample by mass spectroscopy. In mass spectroscopy, a
substance is bombarded with an electron beam having suffi-
cient energy to fragment the molecule. The positive frag-
ments that are produced (cations and radical cations) are
accelerated in a vacuum through a magnetic field and are
sorted on the basis of mass-to-charge ratio (m/z). Since the
bulk of the ions produced in the mass spectrometer carry a
unit positive charge, the value n/z typically is equivalent to
the molecular weight of the fragment. Any suitable mass
spectroscopy method can be used in connection with the
inventive method. Examples of suitable mass spectroscopy
methods include matrix-assisted laser desorption/ionization
mass spectroscopy (MALDI), matrix-assisted laser desorp-
tion/ionization-time of flight (MALDI-TOF) mass spectros-
copy, plasma desorption/ionization mass spectroscopy (PDI),
electrospray ionization mass spectroscopy (ESI), and surface
enhanced laser desorption/ionization-time of flight (SELDI-
TOF) mass spectroscopy. In time-of-flight (TOF) methods of
mass spectroscopy, charged (ionized) molecules are pro-
duced in a vacuum and accelerated by an electric field pro-
duced by an ion-optic assembly into a free-flight tube or drift
time. The velocity to which the molecules may be accelerated
is proportional to the square root of the accelerating potential,
the square root of the charge of the molecule, and inversely
proportional to the square root of the mass of the molecule.
The charged molecules travel down the TOF tube to a detec-
tor. Mass spectroscopy methods are further described in, for
example, International Patent Application Publication No.
WO 93/24834, U.S. Pat. No. 5,792,664, U.S. Patent Applica-
tion Publication No. 2004/0033530 A1, and Hillenkamp et
al., Matrix Assisted UV-Laser Desorption/lonization: A New
Approach to Mass Spectroscopy of Large Biomolecules, Bio-
logical Mass Spectroscopy, Burlingame and McCloskey,
eds., Elsevier Science Publ., pp. 49-60 (1990), the disclosures
of which are incorporated herein.

In a preferred embodiment of the invention, the proteins in
the sample are analyzed by SELDI-TOF mass spectroscopy.
Surface enhanced desorption/ionization processes refer to
those processes in which the substrate on which the sample is
presented to the energy source plays an active role in the
desorption/ionization process. In this respect, the substrate
(e.g., a probe) is not merely a passive stage for sample pre-
sentation. Several types of surface enhanced substrates can be
employed in a surface enhanced desorption/ionization pro-
cess. In one embodiment, the surface comprises an affinity
material, such as anion exchange groups or hydrophilic
groups (e.g., silicon oxide), which preferentially bind certain
classes of molecules. Examples of such affinity materials
include, for example, silanol (hydrophilic), Cq or C, 4 alkyl
(hydrophobic), immobilized metal chelate (coordinate cova-
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lent), anion or cation exchangers (ionic) or antibodies (bio-
specific). The sample is exposed to a substrate bound adsor-
bent so as to bind analyte molecules according to the
particular basis of attraction. When the analytes are biomol-
ecules (e.g., proteins), an energy absorbing material (e.g.,
matrix) typically is associated with the bound sample. A laser
is then used to desorb and ionize the analytes, which are
detected with a detector. For SELDI-TOF mass spectroscopy,
the mass accuracy for each protein peak is +/-0.2%. SELDI-
TOF mass spectroscopy systems are commercially available
from, for example, Ciphergen Biosystems, Inc. (Fremont,
Calif.). Surface enhanced desorption/ionization methods are
described in, e.g., U.S. Pat. Nos. 5,719,060, 6,294,790, and
6,675,104, and International Patent Application Publication
No. WO 98/59360, the disclosures of which are incorporated
herein.

One of ordinary skill in the art will appreciate that the
output of a mass spectroscopy analysis is a plot of relative
intensity as a function of the mass-to-charge ratio (m/z) of the
proteins in the sample, which is referred to as a “mass spectral
profile” or “mass spectrum.” The mass spectral profile, which
typically is represented as a histogram depicting protein
“peaks,” serves to establish the molecular weight and struc-
ture of the compound being analyzed. Thus, the inventive
method further comprises determining a mass spectral profile
for the sample. The most intense peak in the spectrum is
termed the base peak, and all other peaks are reported relative
to the intensity of the base peak. The peaks themselves are
typically very sharp, and are often simply represented as
vertical lines.

The ions that are formed by fragmentation of the proteins in
the sample during mass spectroscopy are the most stable
cations and radical cations formed by the protein molecules.
The highest molecular weight peak observed in a spectrum
typically represents the parent molecule less an electron, and
is termed the molecular ion (M+). Generally, small peaks are
also observed above the calculated molecular weight due to
the natural isotopic abundance of **C, 2H, etc. Many mol-
ecules with especially labile protons do not display molecular
ions. For example, the highest molecular weight peak in the
mass spectrum of alcohols occurs at an m/z one less than the
molecular ion (m-1). Fragments can be identified by their
mass-to-charge ratio, but it is often more informative to iden-
tify them by the mass which has been lost. For example, loss
of'a methyl group will generate a peak at m-15, while loss of
an ethyl will generate a peak at m-29.

After the mass spectral profile for the sample has been
determined, the profile is then compared to that of a wild type
transthyretin protein from the same species from which the
sample was obtained. A mass shift in the mass spectral profile
of'the sample, when compared with the wild type mass spec-
tral profile, indicates diagnosis or progression of ALS in the
source of the sample.

In another embodiment, the invention provides a method
for determining progression of ALS in a subject. The method
comprises (a) obtaining a sample from the subject, (b) isolat-
ing from the sample a transthyretin protein, (c) analyzing the
transthyretin protein levels from the sample, and (d) compar-
ing the protein levels to transthyretin protein levels obtained
from the same subject at an earlier time, wherein a change in
the protein levels indicates progression of ALS in the subject.

Once the protein has been isolated, the amount of protein in
the sample can be determined using any acceptable tech-
nique, such as mass spectroscopy and immunological tech-
niques (e.g., immunoblotting, ELISA), which are well known
in the art.
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The protein levels described above can be compared to any
protein levels obtained from the same subject at any point in
time which is earlier than the time at which the protein levels
were obtained. The determination of the progression of ALS
in asubject can be made if a sample obtained from the subject,
when compared with a sample obtained from the same animal
at an earlier time, comprises either lower or higher levels of
transthyretin protein. For example, a sample taken from the
CSF of a subject may have higher levels of TTR, whereas a
sample taken from spinal cord or brain tissue may have lower
levels of TTR.

In another embodiment, the invention provides a method
for determining progression of ALS in a subject. The method
comprises (a) obtaining a sample from the subject, (b) isolat-
ing from the sample a cystatin C protein, (¢) analyzing the
cystatin C protein levels from the sample, and (d) comparing
the protein levels to cystatin C protein levels obtained from
the same subject at an earlier time, wherein a change in the
protein levels indicates progression of ALS in the subject. The
method can be performed substantially as described above.
Once the protein has been isolated, the amount of protein in
the sample can be determined using any acceptable tech-
nique, such as mass spectroscopy and immunological tech-
niques (e.g., immunoblotting, ELISA), which are well known
in the art.

The protein levels described above can be compared to any
protein levels obtained from the same subject at any point in
time which is earlier than the time at which the protein levels
were obtained. The determination of the progression of ALS
in asubject can be made if a sample obtained from the subject,
when compared with a sample obtained from the same animal
at an earlier time, comprises either lower or higher levels of
cystatin C protein. For example, a sample taken from the CSF
of a subject may have higher levels of cystatin C, whereas a
sample taken from spinal cord or brain tissue may have lower
levels of cystatin C.

EXAMPLES

General Procedures

Subjects

Subjects for the studies described in this application
included Caucasian and African American males and females
between the ages of 21-85. Samples were obtained from
subjects at both the University of Pittsburgh School of Medi-
cine (Pittsburgh, Pa.) and Massachusetts General Hospital
(Boston, Mass.). Cerebrospinal fluid (CSF) was obtained by
lumbar puncture, immediately centrifuged at 1500 rpm for 5
min at 4° C. to remove cellular debris, aliquoted, frozen at
-80° C. and thawed on ice prior to use. 2D-Quant kits (Amer-
sham, USA) were used to determine protein concentrations
(0.06 pg/ul to 0.6 pg/ul for each CSF sample). University of
Pittsburgh Institutional review board (IRB) and Massachu-
setts General Hospital IRB approved informed consent for
this procedure.

ELISA

ELISA was used to quantify the amount of TTR protein
present in the CSF of ALS and control subjects. Dilute human
prealbumin in 1xPBS was used to create a standard curve.
Samples of 200 ulL were diluted 1:2000 in 1xPBS. 50 uL. of
the standard solutions and sample solutions were dispensed in
triplicate to 96 well plate, in addition to 50 uL. of wash buffer
in triplicate. The wells were allowed to dry overnight on an
Eppendort Thermomixer set to 37 C and 300 rpm. After the
wells were completely dried, they were washed at least 3
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times with 0.1% Tween-20 in 1xPBS. Washing is done by
using a squirt bottle and forcefully filling each well with about
30 ul. of the wash solution. Each well is aspirated after
washing. The top of the plate was dried by inverting it and
blotting against a clean paper towel. The wells were then
blocked using SuperBlock blocking buffer in TBS (Pierce)
with 0.05% Tween-20 (Sigma Aldrich). 300 uL of the solu-
tion was added to each well and then the plate was completely
emptied by inversion. This step was repeated 2-3 additional
times. The wells were then washed as described at least 3
times. Rabbit anti-human prealbumin (TTR) antibody was
diluted to 1:1000 in the wash solution and 50 uL was added to
each well. The plate was covered with a disposable plate
sealer and incubated at room temperature for 1 hour. The plate
sealer was removed and the wells were aspirated and then
washed 3 times as described. Goat anti-rabbit Ig-HRP human
adsorbed antibody was diluted to 1:5000 in the wash solution.
50 ulL was added to each well. The plate was then covered
with a disposable plate sealer and incubated at room tempera-
ture for 1 hour. The plate sealer was removed and the wells
were aspirated and then washed 5 times as described. S0 ul. of
3,3',5,5"-Tetramethylbenzidine (ITMB) Liquid Substrate Sys-
tem for ELISA was dispended to each well and a blue color
was allowed to develop (10-15 minutes). 50 ulL of 1M HCI
was added to each well to stop color development. The plate
was read with a plate reader at 450 nm.

Sample Preparation for Mass Spectroscopy

CSF samples were immunoprecipitated using TTR anti-
body and mass spectrometric analysis was performed. 50 pl,
of protein A/G beads were added to each sample, which were
then spun briefly to form a pellet. Excess liquid was removed
and the beads were washed with 250 uL. of PBS. The beads
were spun again and the PBS was removed. The wash was
then repeated. After the second PBS wash was removed, 400
uL of PBS and 10 ulL of the TTR antibody were added. Each
sample was then rotated (at a speed of about 28) at 4° C. for 1
hour. The samples were then spun briefly, the supernatant was
removed, and 500 uL. of 0.5% NP-40 in PBS was added. The
samples were then rotated at 4° C. for about 10 min. The
samples were spun briefly, the supernatant was removed, and
the detergent wash was repeated. 120 pL. of the sample was
mixed with 400 pl. 0.5% NP-40 in PBS and then vortexed
briefly. After the supernatant was removed from the beads, the
sample/detergent mixture was returned to its corresponding
tube, and rotated overnight at 4° C. The samples were spun
briefly, and the supernatant was removed. The beads were
washed with 500 uL. of 0.5% NP-40 in PBS, and the mixture
was rotated in the cold room for about 10 min. Each tube was
spun, the supernatant was removed, and the detergent wash
was repeated. After the supernatant was removed, each
sample was washed twice with PBS. The beads were washed
with 100 mM Hepes (pH 7.5) to remove salt from the PBS.
The bound proteins were eluted with 15 ul. of 0.1% TFA in
50% ACN. 10 uLL of 100 mmol/I. TCEP was added to each
sample. The samples were incubated for 20 min. at 55° C.

Mass Spectroscopy

Mass spectroscopy performed in immunoprecipitation
experiments or experiments incorporating ion exchange pre-
fractionation of the samples was performed using SELDI
ProteinChip® technology (Ciphergen Biosystems, Inc., Fre-
mont, Calif.). A gold chip was washed with water, and then
rinsed with a mild detergent (RBS 35). The chip was rinsed
again with water, then with methanol, and placed on a heat
block at 37° C. to dry. The matrix was prepared by adding
approximately 1.0 mL of 0.1-0.5% TFA in 50% ACN to a
small amount of sinapic acid. The solution was vortexed and
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the mixture was spun down to form a pellet. The supernatent
was removed and 5 L. of the eluted protein mixture was
added to 5 uL. of supernatant matrix (1:1 ratio). 2 ul. of the
protein/matrix mixture was spotted onto its corresponding
well of the chip. After drying, an additional 2 pl, of sample
was added to each well. Once dry, samples were analyzed.

In addition, three separate experimental runs for each Pro-
teinChip were performed. Therefore, each sample was ana-
lyzed in duplicate within each experiment, and each experi-
ment was repeated three times. For each experiment, one CSF
sample was used as an internal standard to compare peak
intensities from four selected m/z peaks to measure variabil-
ity of the mass spectra. The coefficient of variance (CV) for
these selected peaks was less than 25%.

External calibration of the Protein Chip Reader was per-
formed using the Ciphergen All-in-One peptide/protein stan-
dard mix containing peptides ranging from 1000 Da to 20
kDa. The dried chips were immediately loaded into the cali-
brated Chip Reader using optimal laser intensity and detector
sensitivity with a mass deflector setting of 1000 Da for low
mass range (2-20 kDa) and 10,000 kDa for high mass range
(20kDa-80kDa). These settings were kept constant for all the
chips of every experiment. The mass/charge (m/z) ratios were
determined using time of flight (TOF) analysis.

Mass spectroscopy was also performed using strong anion
exchange surface (Q10) and IMAC ProteinChips® (Cipher-
gen Biosystems, Inc., Palo Alto, Calif.). Q10 chips were
placed in a bioprocesser (Ciphergen Biosystems, inc., Palo
Alto, Calif.) and equilibrated with 200 ulL of 100 mM Hepes
pH 7.3 (titrated with NH,OH) for ten minutes on a micromix
shaker (set at 20/7). Hepes was removed and 100 pl of each
sample was applied to the wells. The IMAC Protein Chips
were first treated with 100 mM zinc sulfate followed by
washing with 50 mM sodium acetate prior to addition of
sample. All samples were done in duplicate. A control CSF
sample was applied to a different spot of each ProteinChip®.
The arrays were then incubated for 30 minutes at room tem-
perature on a micromix (set at 20/7). The CSF was removed
and 200 ul. of Hepes pH 7.3 (titrated with NH, OH) was
added to each well. The arrays were placed on the micromix
for ten minutes (set at 20/7). After ten minutes the Hepes was
removed and 200 ulL of Hepes was added to the arrays, which
were then shaken for another 10 minutes. The ProteinChips®
were then removed from the bioprocesser and, using a squirt
bottle, rinsed quickly five times with HPLC water pH 7.3
(titrated with NH,OH). Any excess water was blotted off with
a Kimwipe® and the ProteinChips® were left to dry. Once
dry, the ProteinChips® were placed on a heat block (set at 40°
C.) and 1.5 pL of Sinapinic Acid (SPA) (Fluka) in 50% v/v
acetonitrile and 0.3% v/v trifluoroacetic acid was added twice
to each spot. The Q10 arrays were then read in a Ciphergen
PBS IIC Chip reader system containing an autoloader (Ci-
phergen Biosystems). Spectra were generated using a laser
intensity range of 190 and a detector sensitivity range of 8-9
with a mass deflector setting of 1000 Da for the low mass
range (1-20 kDa). These settings were kept constant for all
chips analyzed in an experiment. Two mass spectra were
obtained for each sample: one for the mass range of 1-20kDa,
and a second for the mass range from 20-160 kDa. For each
Q10 ProteinChip array, a standard CSF sample was loaded
onto one spot to measure chip-to-chip variability. The coef-
ficient of variance (COV) for four-selected m/z signals was
less than 30% across all chip arrays. External calibration of
the spectrometer was performed using the “7-in-1” peptide
mix from Ciphergen Biosystems [(vasopressin (1084.247
Da), somatostatin (1637.903 Da), porcine dynorphin A
(2147.5 Da), human ACTH (2933.5 Da), bovine insulin B
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chain (3495.941 Da), human recombinant insulin (5807.633
Da), and hirudin (7033.614 Da)]. Human SODI (15591 .4 Da)
was also added to this mix.

Protein profile comparisons were made after normalization
of'each spectrogram to total ion current, and raw spectral data
consisted of 37,000 mass peak values for each individual
sample. All samples within each sample set were prepared
and analyzed at the same time within the same experiment.
Spectra were analyzed using Ciphergen ProteinChip software
(Version 3.2.1). Statistical analysis of all mass peaks was
performed using the nonparametric Mann-Whitney test on
the maximal intensity of each peak. Peak labeling was per-
formed using second-pass peak selection with a signal to
noise ratio of 1.5. Significance threshold was set of p<0.05.

All CSF samples were analyzed by mass spectroscopy for
the presence of hemoglobin peaks (15.1 and 15.9 kDa mass
peaks). The presence of these distinctive peaks denotes the
presence of blood contamination. Such samples were not
used and eliminated from further analysis.

Example 1

This example demonstrates different TTR spectral patterns
in ALS and control subjects.

FIG. 1 shows results obtained from the Ciphergen Protein
chip reader. The CSF from 30 ALS and 15 healthy control or
disease control (multiple sclerosis) subjects was analyzed for
the presence or absence of TTR mass alterations. TTR was
immunoprecipitated using an antibody specific to human
transthyretin as described above. Proteins eluted from the
anti-TTR coated beads was directly added to gold coated
Protein Chips (Ciphergen) and read on the mass spectrometer.
A series of 4-5 mass spectral peaks are typically observed for
transthyretin. A characteristic TTR pattern is shown for both
healthy and disease control subjects (top 4 panels). However,
30% of ALS subjects exhibited split mass spectral peaks for
transthyretin (bottom 3 panels). This suggests either altered
post-translational modifications to transthyretin or genetic
polymorphisms of transthyretin causing altered amino acid
composition of the protein occurs in sporadic ALS patients.

Example 2

This example demonstrates mass spectral shifts of TTR in
ALS patients using MALDI-TOF-MS.

TTR was immunoprecipitated from CSF samples from 30
ALS and 20 healthy or disease control subjects. This high
resolution mass spectrometer was used to define any mass
changes in TTR with higher resolution as compared to the
Ciphergen mass spectrometer used in Example 1. To deter-
mine if mass spectral shifts may be due to genetic polymor-
phisms, transthyretin was immunoprecipitated from each
CSF sample and then the reduced the transthyretin using
tris(2-carboxyethyl)phosphine (TCEP) for 20 min. Reduc-
tion of TTR was necessary to resolve the protein mass peaks
such that one can identity mass shifts induced by amino acid
substitutions caused by genetic polymorphisms. The reduced
TTR protein was then analyzed by mass spectrometry using
an ABI Voyager/DE instrument. Within the control subjects,
transthyretin is seen as a single major protein peak of 13742
Da. A small shoulder was also observed in all samples. A
transthyretin doublet was observed in 9 of 30 (30%) sporadic
ALS patients (FIG. 2). The second peak was approximately
30 Daincreased mass than the native protein. Both transthyre-
tin peaks were observed in these subjects, suggesting that if
the additional peak is due to a genetic polymorphism then the
ALS patients are heterozygotic for this polymorphism. The
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increased molecular mass is consistent with the expected
mass shift due to a major transthyretin genetic polymorphism
present in the general population. The TTR mass shift was
observed in 2 of 20 (10%) control subjects. Therefore, a
threefold increase was observed in this specific transthyretin
mass shift in the ALS population. This result was further
confirmed by the immuno-SELDI-TOF-MS TTR data shown
in FIG. 3. A specific polymorphism has been identified, which
appears to be increased in sporadic ALS patients and may be
a risk factor for the disease (Goodall, 2005). This is one
example of a genetic polymorphism that may contribute to
sporadic ALS. Polymorphisms in the transthyretin gene are
proposed to constitute another genetic risk factor for ALS.

Example 3

This example demonstrates increased levels of TTR in the
CSF of ALS subjects.

Levels of transthyretin (TTR) in the CSF of control and
ALS subjects were examined using sandwich ELISA. The
results demonstrated an overall increase in the total level of
TTR in the CSF of ALS patients relative to control subjects
(FIG. 4). This is due to that fact that individual mass spectral
TTR peaks exhibit alterations that result in decreased overall
peak intensity values though the total level of TTR protein
within the CSF has increased. This data is also contradictory
to TTR western blot data using human spinal cord tissue (data
not shown), further suggesting that TTR levels may decrease
within the spinal cord and brain tissue while increasing within
the CSF.

Example 4

This example demonstrates reduced levels of TTR and
cystatin C in ALS subjects.

Immunoblotting for cystatin C and transthyretin was per-
formed using a separate cohort of recently diagnosed ALS
and control subjects (FIG. 5). 25 or 50 ug of CSF protein from
controls (n=17) and ALS (n=17) subjects were electro-
phoresced on a 10-20% Tris-Tricine Ready Gels (BioRad
Laboratories, USA) and transferred to a PVDF membrane.
The control group included 6 healthy subjects, 2 multiple
sclerosis, 2 lyme disease, 2 normal pressure hydrocephalus, 1
dementia, 1 epilepsy, 1 myopathy, 1 meningitis, and 1 neu-
rofibromatosis subjects. The primary antibodies were used at
a dilution of 1:500. For protein confirmation we loaded 10 ng
of purified human cystatin C protein (Calbiochem, USA) or
50 ng of transthyretin (Biodesign, USA) into separate gel
lanes. These results demonstrate that the level of the 13.8 kDa
TTR monomer is significantly reduced in the CSF of ALS
subjects as compared to control CSF. The immunoblot also
revealed the presence of a 55 kDa peak that represents the
homotetramer form of TTR. The level of homotetramer was
also increased in control subjects. In addition, the level of
cystatin C was reduced in the CSF of ALS subjects as com-
pared to CSF from control subjects. Although not wishing to
be bound by any particular theory, it is likely that the ELISA
analysis (Example 3) identified a more complete set of TTR
proteins due to the use of multiple, less specific antibodies,
thus resulting in an increase in the total level of TTR in the
CSF of ALS patients. The antibody utilized in the immuno-
blot, however, was specific to the TTR biomarker, the levels
of which decrease in the CSF of ALS patients. Therefore,
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although total TTR levels increase in the CSF of ALS
patients, the TTR biomarker levels decrease.

Example 5

This example demonstrates decreased levels of TTR in the
motor neurons of ALS subjects.

Immunohistochemistry for transthyretin by light micros-
copy was performed with paraffin embedded lumbar spinal
cord sections from archived post-mortem tissues from the
University of Pittsburgh ALS Tissue Bank. Neuropathologic
assessment confirmed the clinical diagnosis of ALS or the
lack of any central nervous system abnormalities within the
control subjects. Healthy controls (n=8) and ALS (n=16)
cases were probed with anti-rabbit polyclonal antibodies
(DAKO, Denmark) at a concentration of 1:300. All sections
were immunostained simultaneously and examined in a
coded manner by two independent investigators. Controls
included tissue sections lacking either primary or secondary
antibody. The results demonstrate decreased levels of TTR in
surviving motor neurons in ALS subjects (FIG. 6). Thus, TTR
levels are decreased in the motor neurons of ALS subjects.

Example 6

This example demonstrates alterations in transthyretin
(FIG. 8) and cystatin C (FIG. 7) protein levels (13.4 kDa peak)
in 3 ALS subjects over a 12-month timeframe.

In FIG. 7, patient 1 exhibits a linear decrease in cystatin C
levels over a 12-month time frame. Patient 2 fails to exhibit
cystatin C alterations, indicating that not every ALS patient
can be followed for disease progression by this single marker.
Patient 3 also exhibits continued decreased levels of the full-
length cystatin C protein peak over a 12-month period.
Samples were analyzed using Q10 Protein Chips and the
Ciphergen mass spectrometer.

FIG. 8 shows the fluctuation in TTR levels in a patient over
a 15 month time frame. The TTR peaks reside between 13.8-
14 3 kDaregion ofthese spectra. At Time 0 months the patient
has already been diagnosed with ALS and therefore this TTR
signature is already abnormal when compared to a healthy
control subject. At 6 months there are additional alterations to
the first mass peak doublet at approximately 13.8 kDa. At
both 12 and 15 months there are additional decreases in TTR
peak intensity values that correlate with clinical measures of
disease progression.

All references, including publications, patent applications,
and patents, cited herein, including the following bibliogra-
phy, are hereby incorporated by reference to the same extent
as if each reference were individually and specifically indi-
cated to be incorporated by reference and were set forth in its
entirety herein.

The use of the terms “a” and “an” and “the” and similar
referents in the context of describing the invention (especially
in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indi-
cated herein or clearly contradicted by context. The terms
“comprising,” “having,” “including,” and “containing” are to
be construed as open-ended terms (i.e., meaning “including,
but not limited to,”) unless otherwise noted. Recitation of
ranges of values herein is intended to serve as a shorthand
method of referring individually to each separate value falling
within the range, unless otherwise indicated herein, and each
separate value is incorporated into the specification as if it
were individually recited herein. All methods described
herein can be performed in any suitable order unless other-
wise indicated herein or otherwise clearly contradicted by
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context. The use of any and all examples, or exemplary lan-
guage (e.g., “such as”) provided herein, is intended merely to
better illuminate the invention and does not pose a limitation
on the scope of the invention unless otherwise claimed. No
language in the specification should be construed as indicat-
ing any non-claimed element as essential to the practice of the
invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill
in the art upon reading the foregoing description. The inven-
tors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be
practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all pos-
sible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 636

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(636)

<223> OTHER INFORMATION: 7b2 cDNA

<400> SEQUENCE: 1

gcaactgttt tgtttaatac ctttetgcaa tgatgetctyg cctagcatgyg aaacttaaga 60
caaaagcaac ctcctaagga ttetttgtta caaccccttt ctgggtggte ctegaaccac 120
aacctggagt ggttgcatca ttataattgt attatcacaa ttgeccgattyg tagectatca 180
gtatacattt ggtcttttat ctgcaggttg acaatggtet ccaggatggt ctctaccatg 240
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-continued

ctatctggec

cggaccectyg

caattgggca

ggcccccaga

tttaaataat

ctattttttt

tttcttette

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

LOCATION:

tactgttttyg

accgggtete

ttgccaggec

gcattgaagg

atatttgcac

cagaggagga

tacacagtgt

SEQ ID NO 2
LENGTH: 211
TYPE :
ORGANISM: Homo sapiens
FEATURE:
NAME/KEY: MISC_FEATURE
(1) ..(211)

OTHER INFORMATION: 7b2

PRT

<400> SEQUENCE: 2

getggeatet
agaagcagat
ccgagtggaa
tatttactgt
acttctcaca
agctaatttt

ctacatactt

Met Val Ser Arg Met Val Ser Thr

1

Leu

Asp

Glu

Ala

65

Gly

Glu

Tyr

Cys

Leu

145

Lys

Arg

Asn

Asp

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

Ala

Arg

Gln

50

Met

Leu

Leu

Pro

Leu

130

His

Trp

Lys

Val

Pro
210

Ser

Val

35

Leu

Asn

Gln

Thr

Asp

115

Glu

Gln

Asn

Arg

Val

195

Glu

LOCATION:
OTHER INFORMATION:

5

Gly Trp Thr Pro Ala

20

Ser Glu Ala Asp Ile

40

Gly Ile Ala Arg Pro

55

Leu Val Gly Pro Gln

His Leu Gly Pro Phe

85

Gly Asp Asn Ile Pro

100

Pro Pro Asn Pro Cys

120

Asn Thr Pro Asp Thr

135

His Leu Phe Asp Pro
150

Lys Lys Leu Leu Tyr

165

Arg Ser Val Asn Pro

180

Ala Lys Lys Ser Val

SEQ ID NO 3
LENGTH: 482
TYPE: DNA

ORGANISM: Homo sapiens
FEATURE:
NAME/KEY: misc_feature
(1) ..(482)

SEQUENCE: 3

200

ggatggactce

atccagagge
tatccagete
gttetgatgg
acaaccttat
taagagactc

acatat

Met Leu Ser
10

Phe Ala Tyr
25

Gln Arg Leu

Arg Val Glu

Ser Ile Glu

75

Gly Asn Ile
90

Lys Asp Phe
105

Pro Val Gly

Ala Glu Phe

Glu His Asp

155

Glu Lys Met
170

Tyr Leu Gln
185

Pro His Phe

cystatin C cDNA

cagcatttge ttacagccce
tgcttcatgg tgttatggag
accaggccat gaatcttgtg
tttgaagttt ccgttagcat
aagtagatgc ctttattatc

tactttctca tggttttece

Gly Leu Leu Phe Trp
15

Ser Pro Arg Thr Pro
30

Leu His Gly Val Met
45

Tyr Pro Ala His Gln
60

Gly Gly Ala His Glu
80

Pro Asn Ile Val Ala
95

Ser Glu Asp Gln Gly
110

Lys Thr Asp Asp Gly
125

Ser Arg Glu Phe Gln
140

Tyr Pro Gly Leu Gly
160

Lys Gly Gly Glu Arg
175

Gly Gln Arg Leu Asp
190

Ser Asp Glu Asp Lys
205

300

360

420

480

540

600

636
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-continued
ttceggaaaa gggagtgcag ggcccggggyg ggtggggegg cgaaggcggg aagggataaa 60
accgcagteg ccggectege ggggctcacg gectegecte ggtatcegeeyg cgggtectet 120
ctatctaget ccagectete gectgegece cactcccege gteccgetee tagecgacca 180
tggcegggee cctgegegee ccgcetgetee tgetggecat cetggecegtyg gecctggecyg 240
tgagcccege gaccggetcee agtcceggea agecgcecgeg ccetggtggga ggccccatgg 300
acgccagcegt ggaggaggag ggtgtgegge gtgcactgga ctttgccegte ggcgagtaca 360
acaaagccag caacgacatg taccacagcec gegegcetgea ggtggtgege gceccgcaage 420
aggtgegtge cgccccecge aggtccgaag ceccggeccee gecgteccayg cctecceccyg 480
cg 482
<210> SEQ ID NO 4
<211> LENGTH: 146
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1)..(146)
<223> OTHER INFORMATION: cystatin C
<400> SEQUENCE: 4
Met Ala Gly Pro Leu Arg Ala Pro Leu Leu Leu Leu Ala Ile Leu Ala
1 5 10 15
Val Ala Leu Ala Val Ser Pro Ala Thr Gly Ser Ser Pro Gly Lys Pro
20 25 30
Pro Arg Leu Val Gly Gly Pro Met Asp Ala Ser Val Glu Glu Glu Gly
35 40 45
Val Arg Arg Ala Leu Asp Phe Ala Val Gly Glu Tyr Asn Lys Ala Ser
50 55 60
Asn Asp Met Tyr His Ser Arg Ala Leu Gln Val Val Arg Ala Arg Lys
65 70 75 80
Gln Ile Val Ala Gly Val Asn Tyr Phe Leu Asp Val Glu Leu Gly Arg
85 90 95
Thr Thr Cys Thr Lys Thr Gln Pro Asn Leu Asp Asn Cys Pro Phe His
100 105 110
Asp Gln Pro His Leu Lys Arg Lys Ala Phe Cys Ser Phe Gln Ile Tyr
115 120 125
Ala Val Pro Trp Gln Gly Thr Met Thr Leu Ser Lys Ser Thr Cys Gln
130 135 140
Asp Ala
145

The invention claimed is:

1. A method comprising

55

(a) obtaining a fluid sample selected from the group con-

sisting of cerebrospinal fluid, blood serum, plasma, and
urine from an individual at risk of or who has been
diagnosed with amyotrophic lateral sclerosis (ALS), (b) ¢,
analyzing the cystatin C protein levels from the sample,
and (c) comparing the cystatin C protein levels to a
control sample wherein cystatin C protein levels of the
sample that are lower than cystatin C protein levels of the

control sample is indicative of ALS. 65

2. The method of claim 1, wherein the level of cystatin C
protein is indicative of the progression of ALS.

3. The method of claim 1, wherein the samples are ana-
lyzed by mass spectroscopy.

4. The method of claim 1, wherein the samples are ana-
lyzed using immunological techniques.

5. The method of claim 1, wherein the samples are ana-
lyzed by ELISA.

6. The method of claim 1, wherein the samples are ana-
lyzed by immunoblot.

7. The method of claim 1, wherein the individual is a
human.

8. The method of claim 1 wherein the level of protein is

compared to a normal control from an individual without
ALS.
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9. The method of claim 1 wherein the level of protein is 11. The method of claim 10 wherein the individual is being
compared to a control from an individual with ALS. treated to alleviate one or more symptoms of ALS.

10. The method of claim 1 wherein the level of protein is
correlated with the progression of ALS in an individual pre-
viously diagnosed with ALS. L
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