© 20107036813 A1 I K0 0 0 I 00O 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(9) World Intelecua Property Organization /28552 1O N A O A
ernational Bureau V,& ‘ ) |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
1 April 2010 (01.04.2010) WO 2010/036813 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
AOIN 43/54 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS ? CBRB’ CBI(J}, g;l’ DB]IE{ ? DBI\(V ’];313[{ ? ]];é’
PCT/US2009/058246 DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
24 September 2009 (24.09.2009) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,

TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

61/099.761 24 September 2008 (24.09.2008) ys (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicants (for all designated States except US): UNI- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
VERSITY OF SOUTH FLORIDA [US/US]; 3802 ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Spectrum Blvd., Suite 100, Tampa, FL 33612-9220 (US). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
UNITED STATE DEPARTMENT OF VETERANS ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
AFFAIRS [US/US]; 810 Vermont Avenue N.W., Wash- MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
ington, DC 20420 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(72) Inventors; and ML, MR, NE, SN, TD, TG).

(75) Inventors/Applicants (for US only): ECHEVERRIA Published:
MORAN, Valentina [CL/US]; 6781 121st Avenue North
#H, Largo, FL 33773 (US). ARENDASH, Gary, W [US/
US]; 67360 Quijo Road, Cathedral City, CA 92234 (US).

(74) Agents: PACE, Doran, R. et al.; Saliwanchik, Lloyd &
Saliwanchik, P.O. Box 142950, Gainesville, FL
32614-2950 (US).

—  with international search report (Art. 21(3))

(54) Title: MATERIALS AND METHODS FOR PREVENTING OR TREATING NEURODEGENERATIVE CONDITIONS
ASSOCIATED WITH ABETA PEPTIDE ACCUMULATION

(57) Abstract: The subject invention concerns methods for preventing and/or treating neurodegenerative conditions associated
with Abeta peptide accumulation in neural tissue in a human or animal. The subject invention also concerns methods for prevent-
ing or treating Alzheimer's disease-like neuropathology in a person or animal having trisomy 21 (Down's syndrome). In one em-
bodiment, a method of the invention comprises administering a therapeutically etfective amount of a compound that inhibits func-
tion or activity of a Raf protein to a person or animal in need of treatment. In a specific embodiment, the Raf inhibitor is Sorafenib
(NEXAVAR). Neurodegenerative conditions contemplated within the scope of the present invention include, for example,
Alzheimer's disease and Parkinson's disease. The subject invention also concerns methods for preventing or inhibiting neuronal
cell death and/or improving cell viability.



10

15

20

25

WO 2010/036813 PCT/US2009/058246

DESCRIPTION

MATERIALS AND METHODS FOR PREVENTING OR TREATING
NEURODEGENERATIVE CONDITIONS ASSOCIATED
WITH ABETA PEPTIDE ACCUMULATION

CROSS-REFERENCE TO RELATED APPLICATION

The present application claims the benefit of U.S. Provisional Application Serial
No. 61/099,761, filed September 24, 2008, which is hereby incorporated by reference
herein in its entirety, including any figures, tables, nucleic acid sequences, amino acid

sequences, and drawings.

BACKGROUND OF THE INVENTION

Alzheimer’s disease (AD) is the main cause of dementia in the elderly and a
progressive degenerative disease of the brain associated with advanced age. AD is
characterized by the presence of extracellular amyloid senile plaques in the brain mainly
consisting of amyloid-beta peptide (AP peptide) (that is generated by proteolytic
processing of the trans-membrane protein amyloid precursor protein (APP)) and
neurofibrillary tangles composed of aggregated tau protein (a microtubule associated
protein). AD pathology is characterized at the neuronal level, by synaptic loss and cell
death of selected neuronal populations (Echeverria and Cuello, 2002). There are
approximately 17 million people affected by the disease world wild, and it is estimated
that by 2050 there will be approximately 25 million affected in the United States. There
are no effective therapeutic agents for this disease, new drugs and potential cures are
being intensely investigated.

Down’s syndrome, also named as chromosome 21 trisomy, is a genetic disorder
caused by the presence of an extra 21st chromosome. It is characterized by impairment of
cognitive abilities and physical changes and other health concerns such as a higher risk
for congenital heart defects. gastroesophageal reflux disease, recurrent ear infections,

obstructive sleep apnea, and thyroid dysfunctions. The incidence of Down’s syndrome is
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estimated at 1 per 800 to 1,000 births. The adult patients with Down’s syndrome have a
much higher incidence of Alzheimer’s disease than non-affected individuals. It has been
reported that 25% of persons with Down’s syndrome develop the disease by age 40, and
the rate increases dramatically to 65% after age 60 post-mortem, nearly all adults that
suffered from Down’s syndrome present Alzheimer’s disease pathology including

plaques and A accumulation.

BRIEF SUMMARY OF THE INVENTION

The subject invention concerns methods for preventing and/or treating
neurodegenerative conditions associated with Abeta peptide accumulation in neural tissue
in a human or animal. In one embodiment, a method of the invention comprises
administering a therapeutically effective amount of a compound or composition that
inhibits function or activity of a Raf protein to a person or animal in need of treatment. In
one embodiment, the Raf-1 inhibitor is GW5074 (shown below), or a pharmaceutically
acceptable salt thereof.

O

Br — NH
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In a specific embodiment, the Raf inhibitor is Sorafenib (NEXAVAR) (shown below), or

a pharmaceutically acceptable salt thereof.
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Neurodegenerative conditions contemplated within the scope of the present invention
include, for example, Alzheimer’s disease and Parkinson’s disease.

The subject invention also concerns methods for preventing or treating
Alzheimer’s disease-like neuropathology in a person or animal having trisomy 21
(Down’s syndrome). In one embodiment, a method of the invention comprises
administering a therapeutically effective amount of a compound or composition that
inhibits function or activity of a Raf protein to a person or animal in need of treatment. In
a specific embodiment, the Raf inhibitor is Sorafenib (NEXAVAR).

The subject invention also concerns methods for preventing or inhibiting neuronal
cell death and/or improving cell viability. In one embodiment, a method of the invention
comprises administering a therapeutically effective amount of a compound or
composition that inhibits function or activity of a Raf protein to a person or animal in
need of treatment. In a specific embodiment, the Raf inhibitor is Sorafenib (NEXAVAR).

The subject invention also concerns methods for decreasing the synthesis of Abeta
peptide in a cell and/or decreasing oligomerization of Abeta peptide. In one embodiment,
the method comprises contacting a cell with an effective amount of a compound or
composition that inhibits function, activity and/or expression of a Raf protein. In one
embodiment, the Raf protein is Raf-1. In one embodiment, the Raf-1 inhibitor is
GW5074, or a pharmaceutically acceptable salt thereof. In a specific embodiment, the
Raf inhibitor 1s Sorafenib (NEXAVAR), or a physiologically acceptable salt thereof. In
one embodiment, the cell is a cortical cell.

The subject invention also concerns methods for inhibiting the activity and/or

decreasing the expression of a Raf protein in a cell. In one embodiment, the method
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comprises contacting a cell with an effective amount of a compound or composition that
inhibits function, activity, and/or expression of a Raf protein. In one embodiment, the
Raf protein is Raf-1. In one embodiment, the Raf-1 inhibitor is GW5074, or a
pharmaceutically acceptable salt thereof. In a specific embodiment, the Raf inhibitor is
Sorafenib (NEXAVAR), or a physiologically acceptable salt thereof. In one embodiment,
the cell is a cortical cell.

The subject invention also concerns methods for decreasing or downregulating the
expression of an inhibitor of NFxB in a cell. In one embodiment, the method comprises
contacting a cell with an effective amount of a compound or composition that inhibits
activity, function, and/or expression of a Raf protein. In one embodiment, the NF«xB
inhibitor is IkB-¢. In one embodiment, the Raf protein is Raf-1. In one embodiment, the
Raf-1 inhibitor is GW5074, or a pharmaceutically acceptable salt therecof. In a specific
embodiment, the Raf inhibitor is Sorafenib (NEXAVAR), or a physiologically acceptable

salt thereof. In one embodiment, the cell is a cortical cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1D show the dysregulation of cRaf-1 in the cortex of APPswe mice.
We analyzed cRaf-1 phosphorylation in the cortex of 16-18-month-old APPswe mice and
age-matched wildtype control littermates (WT). Cortical tissues were homogenized in
lysis buffer containing protease and phosphatase inhibitors, and the immunoreactivity for
cRaf-1 phosphorylated at serines 338 and 259 was determined by Western blotting
(Figures 1D and 1B, respectively). Values were calculated as percentage of wild-type
mice levels considered as 100% and expressed as mean = SEM. *Significant difference
of the means as analyzed using student #-test.

Figures 2A-2C show that Raf-1 inhibitors are neuroprotective against Ap toxicity.
Embryonic rat cortical cells were cultured in Neurobasal/B27 media. After 7 DIV, cells
were co-treated with 5 uM AP and different concentrations of the Raf inhibitors, GW5074
(Figure 2A and 2C) and ZM336372 (Figure 2B). After 48 h, cell viability was analyzed
by using MTT (Figures 2A and 2B) and calcein/propidium iodide (PI) assays (Figure 2C).
Cell viability values were normalized as percentage of the control cell values considered
as 100% and expressed as mean + SEM. ***Significant difference P < 0.00]1. **P <

0.01. ns, No significant difference. AR, Amyloid beta peptide.
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Figures 3A-3C show that GW5074 protects cortical cells against AP toxicity by
inhibiting NFxB. Cortical cells were cultured in Neurobasal/B27 media. After 7 DIV,
cells were treated with 5 uM AP alone or co-trecated with the Raf inhibitor GW5074
and/or the NF«kB inhibitor SN50. After 48 h, cell viability was analyzed by using MTT
and expressed as percentage of the controls (Figure 3A). To investigate the effect of
GW5074 on NFxB phosphorylation at serine 276, after 7 DIV cortical cells were treated
with vehicle (control), 5 uM AP and 5 pM AP plus 10 uM GW5074 for 48 h. After
treatment, cells were homogenized in lysis buffer containing protease and phosphatase
inhibitors, and equal amounts of protein samples (60 ug) were analyzed by Western blot
(Figure 3B). The cell viability results were normalized to control values considered as
100% and expressed as mean+ SEM. ***Significant difference P < 0.001. ns, No
significant difference.

Figures 4A-4C. Chronic treatment with sorafenib inhibits cRaf-1 and ppERKs in
the brain of Tg mice. In Study I, 15-17-month-old Tg mice were treated with sorafenib by
gavage (20 mg/kg/day) for 2.0 months. After this time mice were sacrificed and the levels
of pcRaf-1[Ser338] and pERKI1/2 were analyzed by Western blot as described in
Experimental Procedures. Sorafenib-treated Tg mice (n=4) showed significantly lower
levels of ppERK (Figure 4A) and the active form of cRaf-1, pcRaf-1{Ser338] (n=5)
(Figure 4B) in the cortex than untreated Tg mice (n=4). The differences were significant
for ppERKSs, * P=0.016 and pcRaf-1[Ser338], * P=0.018. (Figure 4C) Phosphorylation of
cRaf-1 at Ser 259 and Ser 338. Examples of the resulting blots are indicated in the upper
portion of this figure with lines separating different parts of the same gel. The data are
representative of a minimum of two different experiments. NT, wild-type age-matched
control littermates.

Figures SA-SE. Sorafenib inhibits NF-«xB signaling in the cortex of aged Tg mice.
In Study II, 17-19 month-old Tg mice had been treated with sorafenib by gavage (20
mg/kg/day) for four months and their cortical levels of IxBa (Study I), pNF-xB, Cox-2,
APP, and iNOS (Study 1I) protein expression were assessed by Western blot (Figure 5E).
Examples of the resulting blots are indicated in the upper portion of this figure, with lines
separating different parts of the same gel. (Figure 5A) A significant increase (**
P=0.002) in the levels of [kB-a was observed in Tg mice treated with sorafenib (n=4) in

comparison with control Tg mice (n=3). (Figure 5B) Sorafenib-trcated Tg mice (n=5)
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showed significantly lower levels of the active form of NF-xB, pNF-kB (Ser276) in
cortex compared to control Tg mice (n=6) (** P=0.004; *** P=0.0001). (Figure 5C)
Sorafenib-treated Tg mice (n=4) showed lower levels of Cox-2 in cortex than control Tg
mice (n=5). Treatment with sorafenib normalized these levels to the values found in NT
mice (n=4) (** P=0.0012; *** P=0.0003). (Figure 5D) Sorafenib-treated Tg mice (n=5)
showed lower levels of iNOS in cortex than untreated Tg mice (n=4) (* P=0.04). These
results are mean+SEM, and the data are representative of a minimum of two different
experiments. NT, wild type age-matched control littermates.

Figures 6 A-6C. Sorafenib stimulated the PKA/CREB pathway in the cortex of Tg
mice. We analyzed the levels of PKA activity (Figure 6A) and phospho-CREB (Figure
6B) in the cortex of 17-19 month-old APPswe (Tg) mice that had been treated with
sorafenib or vehicle for four months. Values were normalized against f-tubulin
immunoreactivity, which was used as a control for protein loading and transfer. (Figure
6A) The substantial decrease in cortical PKA activity of control Tg mice vs. NT mice (**
P=0.005) was eliminated by sorafenib treatment such that PKA activity was comparable
to NT mice. (Figure 6B) Levels of CREB phosphorylated at Ser 133 in the cortex of
control Tg mice (n=4) were reduced in comparison to NT controls (n=3) (* P=0.04),
while levels in sorafenib-treated Tg mice (n=4) were significantly higher (** P=0.0075)
and no different from NT mice. Examples of p-CREB[Ser 133] blots are shown in Figure
6C with lines separating different parts of the same gel, along with control -tubulin blots.

Figures 7A-7B. In pre-treatment testing Tg mice showed impairment in RAWM
task. Before treatments, Tg and NT mice were analyzed for working memory deficits
using a standard RAWM test, as described in the Experimental Procedures section. For
the final block of pre-treatment testing, NT and Tg mice performed similarly during the
naive Trial 1 (T1). However, Tg mice made significantly more errors (Figure 7A) and had
higher escape latencies (Figure 7B) during working memory Trial 5 (T5). Nonetheless,
both NT and Tg mice were able to improve upon their performance between T1 and T5. *
P<0.02 for Tg versus NT group for T5. NT, age-matched wild type littermate mice.

Figures 8A-8C. Sorafenib improved working memory in the aged Tg mice. Mice
were treated for two months with sorafenib and tested using the interference test of
working memory. (Figure 8A) Diagram representing the different steps of the working

memory interference test. (Figure 8B) For the first day of interference testing, both Tg
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groups were impaired in the three-trial recall (A1—A3). By contrast, sorafenib-treated Tg
mice showed much better delayed recall performance (AS) compared to Tg controls
(lower). For the last day of interference testing, sorafenib-treated Tg mice had three-trial
recall comparable to NT controls and performed substantially better than Tg controls (and
identically to NT mice) in proactive interference (Figure 8C). * P<0.05 or higher level of
significance versus NT group; ** P<0.01 or higher level of significance versus both other

groups.

DETAILED DESCRIPTION OF THE INVENTION

The subject invention concerns methods for preventing and/or treating
neurodegenerative conditions associated with Abeta peptide accumulation and/or
aggregation in neural tissue in a human or animal. Neurodegenerative conditions
contemplated within the scope of the present invention include, but are not limited to, for
example, Alzheimer’s disease, and Parkinson’s disease. Other neurodegenerative
conditions contemplated within the scope of the present invention include, but are not
limited to, dementia with Lewy bodies (DLB), dementia pugilistica, Pick’s disease,
cerebral amyloid angiopathy, and posterior cortical atrophy. In one embodiment, a
method of the invention comprises administering a therapeutically effective amount of a
compound or composition that inhibits function or activity or expression of a Raf protein
(see, for example, GenBank accession No. NM_ 002880 and NP _002871; Swiss-Prot
P04049) to a person or animal in need of treatment. In one embodiment, the Raf protein
is Raf-1. Inhibitors of Raf contemplated within the scope of the present invention
include, but are not limited to, antibodies and organic molecules that inhibit Raf activity,
and nucleic acids, such as antisense, miRNA, and siRNA, that inhibit or interfere with
expression of a Raf protein.

In one embodiment, the Raf-1 inhibitor is GW5074 (5-iodo-3-[(3,5-dibromo-4-
hydroxyphenyl)methy-lene]-2-indolinone; shown below), or a pharmaceutically

acceptable salt thereof.
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In a specific embodiment, the Raf inhibitor is Sorafenib (NEXAVAR) (shown below; see
also published application numbers U.S. 2009/0215835; WO 00/41698; WO 00/042012;
5 WO 06/034796; and WO 06/034797), or a pharmaceutically acceptable salt thereof.
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10 In a more specific embodiment, sorafenib is provided as a tosylate salt.
In another embodiment, the Raf inhibitor is ZM336372 (N-[5-(dimethyl-
aminobenzamide)-2-methylphenyl]-4-hydroxybenzamide. Examples of this and other
Raf inhibitors contemplated within the scope of the present invention, including antisense
and siRNA nucleic acids, are described in Khazak er al. (2007) (e.g., Table 3), the
15  disclosure of which is incorporated by reference herein in its entirety.
Other Raf inhibitors, such as those described in any of U.S. Patent Nos. 7,307,071,
7,566,716, and 7,491,829 and published international application number

WO 2004/064733, arc also contemplated for use in the methods of the present invention.
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Antibodies, and antigen binding fragments thereof, that bind to and inhibit Raf
activity are also contemplated for usc in the methods. In one embodiment, the antibody is
a human or humanized antibody. In a specific embodiment, the antibody is a monoclonal
antibody. Methods and materials for preparing polyclonal and monoclonal antibodies are
well known in the art.

The subject invention also concerns methods for preventing or treating
Alzheimer’s disease-like neuropathology in a person or animal having trisomy 21
(Down’s syndrome). In one embodiment, a method of the invention comprises
administering a therapeutically effective amount of a compound or composition that
inhibits function or activity or expression of a Raf protein to a person or animal in need of
treatment. In one embodiment, the Raf protein is Raf-1. In one embodiment, the Raf-1
inhibitor is GW5074 and/or ZM336372, or a pharmaceutically acceptable salt therecof. In
a specific embodiment, the Raf inhibitor is Sorafenib (NEXAVAR), or a
pharmaceutically acceptable salt thereof.

The subject invention also concerns methods for preventing or inhibiting neuronal
cell death and/or improving cell viability. In one embodiment, a method of the invention
comprises contacting a cell with an effective amount of a compound or composition that
inhibits function or activity or expression of a Raf protein. In one embodiment, the Raf
protein is Raf-1. In one embodiment, the Raf-1 inhibitor is GW5074 and/or ZM336372,
or a pharmaceutically acceptable salt thereof. In a specific embodiment, the Raf inhibitor
is Sorafenib (NEXAVAR), or a physiologically acceptable salt thereof. In one
embodiment, the cell is a cortical cell.

The subject invention also concerns methods for decreasing the synthesis of Abcta
peptide in a cell and/or decreasing oligomerization of Abeta peptide. In one embodiment,
the method comprises contacting a cell with an effective amount of a compound or
composition that inhibits function, activity and/or expression of a Raf protein. In one
embodiment, the Raf protein is Raf-1. In one embodiment, the Raf-1 inhibitor is
GW5074 and/or ZM336372, or a pharmaceutically acceptable salt thereof. In a specific
embodiment, the Raf inhibitor is Sorafenib (NEXAVAR), or a physiologically acceptable
salt thercof. In one embodiment, the cell is a cortical cell.

The subject invention also concerns methods for inhibiting the activity and/or

decreasing the expression of a Raf protein in a cell. In one embodiment, the method
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comprises contacting a cell with an effective amount of a compound or composition that
inhibits function, activity, and/or expression of a Raf protein. In one embodiment, the
Raf protein is Raf-1. In one embodiment, the Raf-1 inhibitor is GW5074 and/or
ZM336372, or a pharmaceutically acceptable salt thereof. In a specific embodiment, the
Raf inhibitor is Sorafenib (NEXAVAR), or a physiologically acceptable salt thereof. In
one embodiment, the cell is a cortical cell.

The subject invention also concerns methods for decreasing or downregulating the
expression of an inhibitor of NFkB in a cell. In one embodiment, the method comprises
contacting a cell with an effective amount of a compound or composition that inhibits
activity, function, and/or expression of a Raf protein. In one embodiment, the NFxB
inhibitor is IxB-a. In one embodiment, the Raf protein is Raf-1. In one embodiment, the
Raf-1 inhibitor is GW3074 and/or ZM336372, or a pharmaceutically acceptable salt
thereof. In a specific embodiment, the Raf inhibitor is Sorafenib (NEXAVAR), or a
physiologically acceptable salt thereof. In one embodiment, the cell is a cortical cell.

An antibody that binds to and inhibits function or activity of a Raf protein, such as
Raf-1, can be used in the methods of the present invention. The term “antibody” includes
antibody fragments (an antigen binding portion of an antibody), as are known in the art,
including Fab or Fab,, single chain antibodies (Fv for example), chimeric antibodies, efc.,
either produced by the modification of whole antibodies or those synthesized de rovo
using recombinant DNA technologies. The term “antigen-binding fragment” or “antigen-
binding portion” of an antibody (or simply “antibody portion,” or “fragment”), as used
herein, refers to one or more fragments of a full-length antibody that retain the ability to
specifically bind to an antigen. Examples of binding fragments encompassed within the
term “antigen-binding fragment” of an antibody include (i) a Fab fragment, a monovalent
fragment consisting of the VL, VH, CL and CH1 domains; (ii) a F(ab')2 fragment, a
bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the hinge
region; (iil) a Fd fragment consisting of the VH and CH1 domains; (iv) a Fv fragment
consisting of the VL and VH domains of a single arm of an antibody, (v) a dAb fragment
(Ward ef al., 1989), which consists of a VI domain; and (vi) an isolated complementarity
determining region (CDR). Furthermore, although the two domains of the Fv fragment,
VL and VH, are coded for by separate nucleic acids, they can be joined, using

recombinant methods, by a synthetic linker that enables them to be made as a single
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protein chain in which the VL and VH regions pair to form monovalent molecules
(known as single chain Fv (scFv); see e.g., Bird ef al., 1988; Huston et al., 1988). Such
single chain antibodies are also intended to be encompassed within the term “antigen-
binding fragment” or “antigen-binding portion” or “fragment” of an antibody. These
antibody fragments are obtained using conventional techniques known to those with skill
in the art, and the fragments are screened for utility in the same manner as are intact
antibodies. The term “monoclonal antibody™ or “monoclonal antibody composition™, as
used herein, refers to a population of antibody molecules that contain only one species of
an antigen binding site capable of immunoreacting with a particular epitope. A
monoclonal antibody composition thus typically displays a single binding affinity for a
particular protein with which it immunoreacts.

Anti-protein/anti-peptide antisera or monoclonal antibodies can be made as
described herein by using standard protocols (See, for example, Harlow and Lane, 1988).
For example, a Raf protein, or a portion or fragment thereof, can be used as an
immunogen to generate antibodies that bind the component using standard techniques for
polyclonal and monoclonal antibody preparation. The full-length component protein can
be used or, alternatively, antigenic peptide fragments of the component can be used as
immunogens.

Typically, a peptide is used to prepare antibodies by immunizing a suitable
subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen. An appropriate
immunogenic preparation can contain, for example, a recombinant Raf protein or peptide
or a chemically synthesized protein or peptide. The preparation can further include an
adjuvant, such as Freund’s complete or incomplete adjuvant, or one or more similar
immunostimulatory agents. Immunization of a suitable subject with an immunogenic
component or fragment preparation induces a polyclonal antibody response.

Additionally, antibodies produced by genetic engineering methods, such as
chimeric and humanized monoclonal antibodies, comprising both human and non-human
portions, which can be made using standard recombinant DNA techniques, can be used.
Such chimeric and humanized monoclonal antibodies can be produced by genetic
engineering using standard DNA techniques known in the art, for example using methods
described in U.S. Patent No. 4,816,567; Better e al., 1988; Liu et al., 1987b; Liu e/ al.,
1987a; Sun el al., 1987; Nishimura et al., 1987, Wood et al., 1985; Shaw et al., 1988;
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Morrison, 1985; O1i ef al., 1986; U.S. Patent No. 5,225,539; Jones er al., 1986; Verhoeyan
et al, 1988; and Beidler ef al., 1988.

In addition, a human monoclonal antibody directed against Raf proteins can be
made using standard techniques. For example, human monoclonal antibodies can be
generated in transgenic mice or in immune deficient mice engrafted with antibody-
producing human cells. Methods of generating such mice are described, for example, in
Wood et al. PCT publication WO 91/00906, Kucherlapati et al. PCT publication WO
91/10741; Lonberg ef al. PCT publication WO 92/03918; Kay er al. PCT publication WO
92/03917; Kay et al. PCT publication WO 93/12227, Kay et al. PCT publication
94/25585; Rajewsky et al. PCT publication WO 94/04667; Ditullio er al. PCT publication
WO 95/17085; Lonberg et al., 1994; Green et al, 1994; Morrison et al., 1994;
Bruggeman et al., 1993; Choi et al., 1993; Tuaillon et al., 1993; Bruggeman ef al., 1991;
Duchosal ef al. PCT publication WO 93/05796; U.S. Patent No. 5,411,749; McCune et
al., 1988, Kamel-Reid et al., 1988; Spanopoulou, 1994; and Shinkai er al., 1992. A
human antibody-transgenic mouse or an immune deficient mouse engrafted with human
antibody-producing cells or tissue can be immunized with Raf proteins or an antigenic
peptide thereof, and splenocytes from these immunized mice can then be used to create
hybridomas. Methods of hybridoma production are well known.

Human monoclonal antibodies can also be prepared by constructing a
combinatorial immunoglobulin library, such as a Fab phage display library or a scFv
phage display library, using immunoglobulin light chain and heavy chain ¢cDNAs
prepared from mRNA derived from lymphocytes of a subject (see, e.g., McCafferty er al.
PCT publication WO 92/01047; Marks et al., 1991; and Griffiths er al, 1993). In
addition, a combinatorial library of antibody variable regions can be generated by
mutating a known human antibody. For example, a variable region of a human antibody
known to bind a Raf protein can be mutated by, for example, using randomly altered
mutagenized oligonucleotides, to generate a library of mutated variable regions which can
then be screened to bind to Raf proteins. Methods of inducing random mutagenesis
within the CDR regions of immunoglobin heavy and/or light chains, methods of crossing
randomized heavy and light chains to form pairings and screening methods can be found

in, for example, Barbas ef al. PCT publication WO 96/07754; Barbas ef al., 1992.
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Expression of one or more target genes can be inhibited or down-regulated using
standard methods known in the art. In one embodiment, expression of one or more Raf
genes is suppressed or down-regulated. In a specific embodiment, expression of the Raf-
I gene is suppressed or down-regulated. In one embodiment, expression of a target gene
is down-regulated using antisense technology. In still another embodiment, expression of
a target gene is down-regulated using RNA interference (RNAi) technology, including,
for example, the use of short interfering RNA (siRNA). Expression and/or activity (e.g.,
enzymaltic activity) of a protein encoded by a target gene can also be inhibited.

Antisense technology can be used to inhibit expression of a target Raf gene. In
antisense methodologies, a nucleic acid that hybridizes with a nucleotide sequence of an
mRNA of a target gene is provided. The antisense nucleic acid can hybridize to an entire
coding strand of a target sequence, or to a portion thereof, or to a non-coding portion of a
target sequence or to both a coding and non-coding portion of a target sequence.
Antisense constructs can have, for example, at least about 70%, at least about 75%, at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about
96%, 97%, 98%, or 99% sequence identity, or up to 100% sequence identity to the
portion of the mRNA that the antisense nucleic acid hybridizes with. Antisense nucleic
acids can comprise any suitable number of nucleotides. For example, an antisense
nucleic acid construct of the invention can comprise at least 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40 or more nucleotides. In one embodiment, the antisense nucleic acid comprises
at least about 40, or at least about 50, or at least about 60, or at least about 70, or at least
about 80, or at least about 90, or at least about 100, or at least about 150, or at least about
200, or at least about 250, or at least about 300, or at least about 350, or at least about
400, or at least about 450, or at least about 500, or at least about 550, or at least about 600
or more nucleotides.

RNA interference (RNAI) technologies can also be used to inhibit expression of a
target Raf gene. In RNAI, a double-stranded RNA molecule that is complementary to all
or a portion of an expressed RNA of a target gene is provided in a cell. The double-
stranded RNA molecule is processed into smaller RNA molecules which are then
processed into a silencing complex which results in inhibition of expression of the target

gene, such as by cleavage of target gene mRNA. Generally, the RNAI molecule has 100
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or more nucleotides, and more typically has 200 or more nucleotides. RNAi molecules
can be provided by introduction and expression in a cell of a nucleic acid construct that
results in transcription and production of the RNAi molecule. In one embodiment, RNA
interference via expression of a nucleic acid that provides for micro RNA (miRNA) is
contemplated within the scope of the invention. miRNAs are generally 19 to 23
nucleotide RNAs that have been processed from a longer precursor RNA comprising
hairpin structures. In another embodiment, RNA interference via expression of a nucleic
acid that provides for short interfering RNA (siRNA) is contemplated with the scope of
the invention. siRNAs are generally 20 to 25 nucleotide RNAs having 3' overhangs and
that have been processed from a longer precursor double-stranded RNA. Methods and
materials for RNA interference have been described, for example, in U.S. Patent Nos.
7,056,704; 7,078,196; 7,365,058; 7,232,086; 6,506,559; 7,282,564; and 7,538,095.

Aptamers are molecules that bind to a specific target molecule. Aptamers can be
composed of nucleic acid (e.g., DNA or RNA) or they can be peptides or polypeptides.
Methods for preparing aptamers to a target molecule are known in the art and have been
described, for example, in U.S. Patent Nos. 5,475,096; 5,270,163; 5,707,796, 5,763,177,
6,011,577; 5,580,737; 5,567,588; and 5,840.867. Aptamers contemplated within the
scope of the present invention include those that bind to a Raf protein or a gene or
polynucleotide encoding a Raf protein, or to a polynucleotide or polypeptide that
upregulates or promotes expression of a Raf gene or protein.

The subject invention also concerns kits comprising in one or more containers: a
compound that inhibits function or activity or expression of a Raf protein, such as Raf-1,
or a composition comprising the compound, or a pharmaceutically acceptable salt and/or
analog thereof, and optionally one or more compounds used to treat a neurodegenerative
disorder. In one embodiment, a kit comprises one or more of sorafenib and/or GW5074
and/or ZM336372 and/or IxB-a, or an isomer or analog thereof. In one embodiment, a kit
comprises an antibody and/or aptamer that binds to or inhibits a Raf protein. In another
embodiment, a kit comprises an antisense nucleic acid and/or an interfering RNA and/or a
siRNA and/or an miRINA that inhibits or interferes with expression of a Raf protein. Kits
of the invention can optionally include pharmaceutically acceptable carriers and/or
diluents. In one embodiment, a kit of the invention includes one or more other

components, adjuncts, or adjuvants as described herein. In one embodiment, a kit of the
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invention includes instructions and/or packaging materials that describe how to
administer and/or how to use a compound or composition of the kit for the treatment of a
neurodegenerative disorder. Containers of the kit can be of any suitable material, e.g.,
glass, plastic, metal, etc., and of any suitable size, shape, or configuration. In one
embodiment, a compound of the invention is provided in the kit as a solid, such as a
tablet, pill, chewing gum, or powder form. In another embodiment, a compound of the
invention is provided in the kit as a liquid or solution. In one embodiment, the kit
comprises an ampoule or syringe containing a compound of the invention in liquid or
solution form.

We have been investigating therapeutic strategies to reduce neuronal loss and to
restore or ameliorate cognitive functions in AD. We have shown that cRaf-1 is up
regulated in AD brains and that Raf kinase inhibitors protect cortical neurons against Ap
toxicity in vitro. The treatment of aged APPswe mice, for two months with the FDA
approved Raf inhibitor, Sorafenib (Bay-43-900), restored their otherwise impaired
working memory. The neurochemical analysis of brain tissues from APPswe mice and
wild type age matched control mice treated and untreated with Sorafenib showed that
APswe mice presented a decrease in the levels of the inhibitor of NF«B, IkB-a, and the
downstream factors, APP and COX-2. The inhibition of NFkB can decrease the synthesis
of AP and its toxicity by controlling the levels of APP, B-secretase, and inflammatory
factors such as COX-2. Sorafenib improves memory and protects cortical cells against
AP toxicity by decreasing neuroinflammation in the brain.

To provide for the administration of dosages for the desired therapeutic treatment,
in some embodiments, pharmaceutical compositions of the invention can comprise
between about 0.1% and 45%, and especially, 1 and 15%, by weight of the total of one or
more of the compounds based on the weight of the total composition including carrier or
diluents. TIllustratively, dosage levels of the administered active ingredients can be:
intravenous, 0.01 to about 20 mg/kg; intraperitoneal, 0.01 to about 100 mg/kg;
subcutaneous, 0.01 to about 100 mg/kg; intramuscular, 0.01 to about 100 mg/kg; orally
0.01 to about 200 mg/kg, and preferably about 1 to 100 mg/kg; intranasal instillation, 0.01
to about 20 mg/kg; and aerosol, 0.01 to about 20 mg/kg of animal (body) weight.

The compounds of the present invention include all hydrates and salts that can be

prepared by those of skill in the art. Under conditions where the compounds of the
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present invention are sufficiently basic or acidic to form stable nontoxic acid or base salts,
administration of the compounds as salts may be appropriate.  Examples of
pharmaceutically acceptable salts are organic acid addition salts formed with acids that
form a physiological acceptable anion, for example, tosylate, methanesulfonate, acetate,
citrate, malonate, tartarate, succinate, benzoate, ascorbate, alpha-ketoglutarate, and alpha-
glycerophosphate. Suitable inorganic salts may also be formed, including hydrochloride,
sulfate, nitrate, bicarbonate, and carbonate salts.

It will be appreciated by those skilled in the art that certain of the compounds of
the invention may contain one or more asymmetrically substituted carbon atoms which
can give rise to stereoisomers. It is understood that the invention extends to all such
stereoisomers, including enantiomers, and diastereoisomers and mixtures, including
racemic mixtures thereof.

In vivo application of the subject compounds, and compositions containing them,
can be accomplished by any suitable method and technique presently or prospectively
known to those skilled in the art. The subject compounds can be formulated in a
physiologically- or pharmaceutically-acceptable form and administered by any suitable
route known in the art including, for example, oral, nasal, rectal, and parenteral routes of
administration. As used herein, the term parenteral includes subcutaneous, intradermal,
intravenous, intramuscular, intraperitoneal, and intrasternal administration, such as by
injection. Administration of the subject compounds of the invention can be a single
administration, or at continuous or distinct intervals as can be readily determined by a
person skilled in the art.

The compounds of the subject invention, and compositions comprising them, can
also be administered utilizing liposome technology, slow release capsules, implantable
pumps, and biodegradable containers. These delivery methods can, advantageously,
provide a uniform dosage over an extended period of time. The compounds of the
invention can also be administered in their salt derivative forms or crystalline forms.

Compounds of the subject invention can be formulated according to known
methods for preparing physiologically acceptable compositions. Formulations are
described in detail in a number of sources which are well known and readily available to
those skilled in the art. For example, Remington’s Pharmaceutical Science by E.W.

Martin describes formulations which can be used in connection with the subject
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invention. In general, the compositions of the subject invention will be formulated such
that an effective amount of the compound is combined with a suitable carrier in order to
facilitate effective administration of the composition. The compositions used in the
present methods can also be in a variety of forms. These include, for example, solid,
semi-solid, and liquid dosage forms, such as tablets, pills, powders, liquid solutions or
suspension, suppositories, injectable and infusible solutions, and sprays. The preferred
form depends on the intended mode of administration and therapeutic application. The
compositions also preferably include conventional physiologically-acceptable carriers and
diluents which are known to those skilled in the art. Examples of carriers or diluents for
use with the subject compounds include ethanol, dimethyl sulfoxide, glycerol, alumina,
starch, saline, and equivalent carriers and diluents. To provide for the administration of
such dosages for the desired therapeutic treatment, compositions of the invention will
advantageously comprise between about 0.1% and 99%, and especially, 1 and 15% by
weight of the total of one or more of the subject compounds based on the weight of the
total composition including carrier or diluent.

Compounds of the invention, and compositions thereof, may be systemically
administered, such as intravenously or orally, optionally in combination with a
pharmaceutically acceptable carrier such as an inert diluent, or an assimilable edible
carrier for oral delivery. They may be enclosed in hard or soft shell gelatin capsules, may
be compressed into tablets, or may be incorporated directly with the food of the patient’s
diet. For oral therapeutic administration, the active compound may be combined with one
or more excipients and used in the form of ingestible tablets, buccal tablets, troches,
capsules, elixirs, suspensions, syrups, wafers, aerosol sprays, and the like.

The tablets, troches, pills, capsules, and the like may also contain the following:
binders such as gum tragacanth, acacia, corn starch or gelatin; excipients such as
dicalcium phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid
and the like; a lubricant such as magnesium stearate; and a sweetening agent such as
sucrose, fructose, lactose or aspartame or a flavoring agent such as peppermint, oil of
wintergreen, or cherry flavoring may be added. When the unit dosage form is a capsule,
it may contain, in addition to materials of the above type, a liquid carrier, such as a
vegetable o1l or a polyethylene glycol. Various other materials may be present as

coatings or to otherwise modify the physical form of the solid unit dosage form. For
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instance, tablets, pills, or capsules may be coated with gelatin, wax, shellac, or sugar and
the like. A syrup or elixir may contain the active compound, sucrose or fructose as a
sweetening agent, methyl and propylparabens as preservatives, a dye and flavoring such
as cherry or orange flavor. Of course, any material used in preparing any unit dosage
form should be pharmaceutically acceptable and substantially non-toxic in the amounts
employed. In addition, the active compound may be incorporated into sustained-release
preparations and devices.

Compounds and compositions of the invention, including pharmaceutically
acceptable salts or analogs thereof, can be administered intravenously, intramuscularly, or
intraperitoneally by infusion or injection. Solutions of the active agent or its salts can be
prepared in water, optionally mixed with a nontoxic surfactant. Dispersions can also be
prepared in glycerol, liquid polyethylene glycols, triacetin, and mixtures thereof and in
oils. Under ordinary conditions of storage and use, these preparations can contain a
preservative to prevent the growth of microorganisms.

The pharmaceutical dosage forms suitable for injection or infusion can include
sterile aqueous solutions or dispersions or sterile powders comprising the active
ingredient which are adapted for the extemporaneous preparation of sterile injectable or
infusible solutions or dispersions, optionally encapsulated in liposomes. The ultimate
dosage form should be sterile, fluid and stable under the conditions of manufacture and
storage. The liquid carrier or vehicle can be a solvent or liquid dispersion medium
comprising, for example, water, ethanol, a polyol (for example, glycerol, propylene
glycol, liquid polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters,
and suitable mixtures thereof. The proper fluidity can be maintained, for example, by the
formation of liposomes, by the maintenance of the required particle size in the case of
dispersions or by the use of surfactants. Optionally, the prevention of the action of
microorganisms can be brought about by various other antibacterial and antifungal agents,
for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In
many cases, it will be preferable to include isotonic agents, for example, sugars, buffers
or sodium chloride. Prolonged absorption of the injectable compositions can be brought
about by the inclusion of agents that delay absorption, for example, aluminum

monostearate and gelatin.
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Sterile injectable solutions are prepared by incorporating a compound of the

invention in the required amount in the appropriate solvent with various other ingredients

~enumerated above, as required, followed by filter sterilization. In the case of sterile

powders for the preparation of sterile injectable solutions, the preferred methods of
preparation are vacuum drying and the freeze drying techniques, which yield a powder of
the active ingredient plus any additional desired ingredient present in the previously
sterile-filtered solutions.

Useful dosages of the compounds and pharmaceutical compositions of the present
invention can be determined by comparing their in vitro activity, and in vivo activity in
animal models. Methods for the extrapolation of effective dosages in mice, and other
animals, to humans are known to the art; for example, see U.S. Patent No. 4,938.,949.

The dose administered to a patient, particularly a human, in the context of the
present invention should be sufficient to achieve a therapeutic response in the patient over
a reasonable time frame, without lethal toxicity, and preferably causing no more than an
acceptable level of side effects or morbidity. One skilled in the art will recognize that
dosage will depend upon a variety of factors including the condition (health) of the
subject, the body weight of the subject, kind of concurrent treatment, if any, frequency of
treatment, therapeutic ratio, as well as the severity and stage of the pathological condition.

Mammalian species that benefit from the disclosed methods include, but are not
limited to, primates, such as apes, chimpanzees, orangutans, humans, monkeys;
domesticated animals (e.g., pets) such as dogs, cats, guinea pigs, hamsters, Vietnamese
pot-bellied pigs, rabbits, and ferrets; domesticated farm animals such as cows, buffalo
bison, horses, donkey, swine, sheep, and goats; exotic animals typically found in zoos
such as bear, lions, tigers, panthers, elephants, hippopotamus, rhinoceros, giraffes
antelopes, sloth, gazelles, zebras, wildebeests, prairie dogs, koala bears, kangaroo
opossums, raccoons, pandas, hyena, seals, sea lions, elephant seals, otters, porpoises
dolphins, and whales. As used herein, the terms “subject” “host”, and “patient” are used

interchangeably and intended to include such human and non-human mammalian species.

MATERIALS AND METHODS FOR EXAMPLES 1-4

Animals. For this study, we have used single transgenic mice expressing human

APP containing the Swedish mutation (K670N:M671L) (TgAPPswe) (4), and wild-type
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(WT) littermates. Mice were treated for two months before the behavioral studies. At
weaning, the animals were genotyped from tail biopsies by means of an appropriate digest
and polymerase chain reaction.

Western Blot. After two months of Sorafenib treatment (20mg/kg/day), mice
were sacrificed and cortex and hippocampus removed by dissection. Triton-soluble
protein tissue extracts were separated by gradient SDS-PAGE 4-20%, transferred to
nitrocellulose membranes, blocked with 5% skim milk in TBS-Tween 0.05%, and
incubated with primary antibodies against pcRaf-1[Ser338], IxB-a, pNFkB[Ser276], APP
(22C11), COX-2, and B-tubulin overnight. After washing, membranes were incubated
with appropriate secondary antibodies for 1-2 hours. Immunoreactive bands were
visualized using ECL.

AP toxicity assay. Primary rat cortical cells were incubated with 5 uM AB in the

presence or absence of the cRaf-1 inhibitor, GW5074, for 48 hours. Total cell extracts
were used for the analysis of AB-dependent NF«B phosphorylation by western blotting.
Cell viability. Cell viability was quantified by MTT and propidium iodide (PI)
and calcein-AM staining assays. MTT assay measures the mitochondrial conversion of
the tetrazolium salt MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide)
to formazan. To perform the MTT assay, the cell culture medium was replaced with
medium containing MTT (0.5 mg/mL). Following 1-4 hours of incubation at 37°C, MTT
formazan crystals were dissolved in DMSO and absorbance at 570 nm was measured.
Absorbance values are a measure of cell viability. MTT results are expressed as
percentage of vehicle treated controls. MIT assay was performed by measuring the levels
of formazan after dissolving the precipitates in DMSO. The double calcein-AM and PI
staining, involves staining with PI (a fluorescent nucleic acid dye used for the staining of
dead cells) and calcein-AM a compound that inside of live brain cells, is converted to the
green fluorescent compound calcein. After 30 minutes of incubation of the cells with

these compounds, cells were washed and analyzed by fluorescence microscopy.

All patents, patent applications, provisional applications, and publications referred
to or cited herein are incorporated by reference in their entirety, including all figures and
tables, to the extent they are not inconsistent with the explicit teachings of this

specification.
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Following are examples that illustrate procedures for practicing the invention.
These examples should not be construed as limiting. All percentages are by weight and

all solvent mixture proportions are by volume unless otherwise noted.

Example 1-—Raf-1 inhibitor GW5074 inhibited the AB-dependent increase in NFxB

phosphorylation

Cortical cells were cultured in Neurobasal/B27 media. After 7-10 days in vitro,
cells were co-treated with 5 uM A and the Raf inhibitor, GW5074. After 48 hours, cell
viability was analyzed by western blot against pNFxB[Ser276] and B-tubulin (Figures 3B
and 3C).

Example 2—Sorafenib decreases the levels of the active form of cRaf-1 in APPswe

brains

Post-nuclear fractions of cortex from wild type mice (n=5), APPswe (n=4), and
Sorafenib treated APPswe (n=5) mice were analyzed for cRaf-1 levels by western blot.
The histogram represents the levels of pcRaf-1[Ser338] normalized against B-tubulin.
(**P<0.01). Western blot analysis of phospho-cRaf-1{Ser338] B-tubulin used as control
(Figure 4B-1).

Example 3—Sorafenib inhibits the NFxB signaling in the cortex of aged APPswe mice

To study whether Sorafenib affected the NF«xB pathway, 14-16 month-old
APPswe mice and age-matched control littermates were treated for two months with
Sorafenib (20mg/kg/day) by gavage. After this time, mice were sacrificed and the levels
of IkB-a (Figure 3A), NIFkB phosphorylated at serine 276 (Figure 3B), Cox-2 (Figure
3C), and APP (Figure 3D) were analyzed by western blot. The histogram represents
immunoreactivity values normalized against B-tubulin. *P<0.05, **P<0.01, ***P<0.001.

Wt (n=5), APPswe (n=4), APPswe (n=3).

Example 4—Working memory task-Interference test

Interference test details. Cognitive Interference Task. This task involves two radial

arm water maze set-ups in two different rooms, and different sets of visual cues. The task

requires animals to remember a set of visual cues, so that following interference with a
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different set of cues, the initial set of cues can be recalled to successfully solve the radial
arm water maze task. A set of five behavioral measures were examined. Behavioral
measures are: A1-A3 (Composite three-trial recall score from first 3 trials performed in
RAWM “A”), “B” (proactive interference measure attained from a single trial in RAWM
“B”), A4 (retroactive interference measure attained during a single trial in RAWM “A”),
and “A5” (delayed-recall measure attained from a single trial in RAWM “A” following a
20 min delay between A4 and AS5). As with the standard RAWM task, this interference
task involves the platform location being changed daily to a different arm for both of the
RAWM set-ups utilized, and different start arms for each day of testing for both RAWM
set-ups. For Al and B trials, the animal is initially allowed one minute to find the
platform on their own before they are guided to the platform. Then the actual trial is
performed in each case. As with the standard RAWM task, animals were given 60-s to

find the escape platform, with the number of errors and escape latency recorded for each

trial.

APPswe mice not treated with Sorafenib display a deficit in working memory
expressed as a higher number of errors on this task (Figures 8B and 8C). Sorafenib
produced a significant improvement in working memory in the APPswe mice compared
with vehicle-treated APPswe mice (p < 0.01). The transgenic mice did not present any
motor or sensory differences with age-matched wild type mice.

The results obtained clearly show that APPswe mice presenting AD pathology and
treated 2 months with sorafenib perform as well as wild type age-matched controls and

significantly different from APPswe vehicle treated mice.
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Table 1. Sorafenib activity on different protein kinases

Kinase [Csonm = SD ()*
cRaf-1 6 £37(7)

B-Raf 22+ 6(7)
VEGFR-2 38+ 9(4)

Flt-3 58 +20(5)

c-Kit 68+ 21(3)
FGFR-1 580 + 100(3)
ERK1, MEKI1. EGFR, HER2, IGFRI,

cmet, PKB, PKA, cdkl, /cyclinB, PKCa, | > 10,000

PKCy, pim-1

ICso mean + standard deviation (SD) (n=number of trials) (Wilhelm ef al., 2004)

Example 5

A great deal of published evidence supports the concept that the accumulation of
amyloid B-peptide (AB) in the brain induces synaptic dysfunction and neuronal cell death.
The use of cultured neurons and transgenic AD animal models such as the APPswe mice
has permitted the discovery of several molecular changes induced by AR toxicity and
potential therapeutic targets against AD.

The neurochemical analyses of the brain of patients with AD showed that high
levels of AP are accompanied by changes in several protein kinases involved in neuronal
survival such as cAMP-dependent protein kinase A (PKA) (Liang et al (2007)),
extracellular regulated kinase (ERK) (Ferrer ef al. (2001b)), and cRaf-1 (Mei et al
(2006)). cRat-1 activity is controlled by phosphorylation at two sites; cRaf-1 is generally
found to be inactive when phosphorylated at serine 259, and active when phosphorylated
at serine 338 (Beeram ef al (2003); Kunnimalaiyaan and Chen (2006)). The
dysregulation of cRaf-1 found in AD brains is coherent with a decrease in proteins that
inhibit its activity, such as the Raf kinase inhibitor protein (RKIP) (George et al. (2006))
and PKA (Liang er al. (2008)), and an increase of proteins that stimulate PKA such as
Ras (McShea et al. (1999)).

To investigate whether cRaf-1 dysregulation is a general mechanism of AD, we

analyzed cRaf-1 expression and phosphorylation in the brains of aged APPswe mice.
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Since Raf overactivation is a molecular hallmark in brains exposed to high levels of AB,
we investigated the effect of the Raf inhibitors GW 5074 and ZM336372 on A toxicity in
cultured cortical cells. A previous study showed that these cRaf-1 inhibitors protected
cerebellar neurons against other neurotoxins by a mechanism that required NFxB activity
(Chin et al. (2004)). In the same report, acute treatment with GW5074 decreased
neurodegeneration in a mouse model of Huntington’s disease (Chin ef al. (2004)). cRaf-1
stimulates NI'kB activity by activating the regulator inhibitor kB (IkB) kinase (IKK) (Li
and Sedivy (1993)). When activated, IKK induces the degradation of the inhibitor of
NF«B, IxBa. Then, NF«B translocates into the nucleus where it stimulates the expression
of amyloid B-precursor protein (APP) and B-secretase 1 (BACEL) (Bourne ef al. (2007)).
The Raf inhibitor GW5074 decreased the phosphorylation of NFkB at the activation site
serine 276, suggesting that GW5074 is neuroprotective against AP toxicity by inhibiting
NFxB.

Most chemicals including GW5074 (Chin er al. (2004)) and ZM336372 were
purchased from Sigma Chemicals (St. Louis, MO, USA) and all antibodies were
purchased from Cell Signaling, Inc. (Beverly, MA, USA) unless specified otherwise.
SN50 was purchased from Calbiochem (San Diego, CA, USA). AR peptide was
obtained from American Peptide (Sunnyvale, CA, USA). Hoechst 33342, propidium
iodide, dichlorodihydrofluorescein diacetate (CM-H,DCFDA) and materials used for cell
culture were obtained from Invitrogen (Carlsbad, CA, USA).

The in vivo studies were performed using 16-18-month-old transgenic APPswe
mice containing the Swedish mutation (K260N/M671L) and age-matched wild-type
littermate mice. Mouse brains were removed after euthanasia by cervical dislocation, and
the cortex dissected out and frozen at -80° C until use. Mice were maintained on a 12 h
dark and 12 h light cycle with ad libitum access to food and water. Animals were used in
accordance with the National Institutes of Health guidelines for the use of experimental
animals. Protocols were approved by the Institutional Animal Care and Use Committee of
the University of South Florida, and Bay Pines and Tampa VA Healthcare Systems.

Embryonic rat cortical neurons were cultured following the protocol described
previously (Brewer (1995)) with minor modifications. Briefly, cerebral cortices were
obtained from BrainBits LLC (Springfield, IL, USA). The brain tissues were dissociated
by 0.05% (v/v) trypsin digestion and triturated. Cells (1250 cells/mm?®) were plated in
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Neurobasal medium E, supplemented with 1mM glutamax, and 2% B27 and plated onto
24-well plates coated with poly-D-lysine (0.1 mg/ml). The cell cultures were kept at 37°
C in a humidified incubator with 95% air/5%CO; until used.

After 7-10 days in vitro (DIV), the media was removed and the cortical cells were
incubated with Neurobasal medium supplemented with B27 minus antioxidant (B27-A0;
Invitrogen) for 2 h. Then cells were exposed to APi4» oligomers in the presence or
absence of GW5074 or ZM336372. APi_4, solution was prepared to obtain oligomers by
dissolving 0.5 mg of APi_s peptide in a solution of sodium hydroxide (1 mM) and an
equal volume of phosphate-buffercd saline (PBS), pH 7.4 (Invitrogen). The AP
solution was then diluted into the culture medium to reach a final concentration of 5 uM
as previously described (Echeverria et al. (2005)). All assays were performed in triplicate
and repeated at least three times.

Cell viability was quantified by the MTT assay that measures the mitochondrial
conversion of the tetrazolium salt MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) to formazan as described (Brewer (1995)). Cells were incubated
with MTT (0.5 mg/ml) for 1-3 h at 37° C; MTT formazan crystals were dissolved in
DMSO and absorbance at 570 nm was measured. Cell viability was also estimated with
propidium iodide (PI) and calcein. 7 DIV cortical cells were incubated in 1 ml of media
containing 1 pg/ml of Pl and calcein-AM for 30 min at 37° C. After incubation, cells
were washed with PBS and fluorescence was determined with a fluorescence microscope
(Microscope LeicaDMI4000B, 20x, 40x). The changes in cell viability were determined
by analyzing the number of calcein-AM (green, living) and PI (red nucleus, dead) cells in
any experimental condition. At least 300 cells were analyzed by condition. Assays were
measured in triplicate and repeated at least twice. Results are expressed as percentage of
vehicle-treated controls.

Cortical cells (0.5x10° cells/well) after 7 DIV and brain tissues from 16-18-
month-old APPswe mice were disrupted by sonication in cold lysis buffer (Cell Signaling
Technology, Beverly, MA, USA) containing a complete protease inhibitor cocktail
(Roche Molecular Biochemicals, Indianapolis, IN, USA), ImM phenylmethyl sulphonyl
tfluoride (PMSF; Sigma, Saint Louis, MI, USA), and phosphatase inhibitors (Sigma).
After sonication, protein extracts were incubated on ice and centrifuged to 16,000xg for

30 min at 4° C and supcrnatants were used for Western blot analysis.
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Equal amounts of protein were separated by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to nitrocellulose
membranes (BA83 0.2um; Bio-Rad). The membranes were blocked in phosphate
buffered saline with 0.05% Tween-20 (PBST) containing 10% skim milk. Membranes
were incubated with primary antibodies in PBST with 3% dry milk overnight at 4° C and
with secondary antibodies for 2 h. Rabbit polyclonal antibodies were directed against
pcRaf-1 (Ser259) (1:500) and pcRaf-1 (Ser338) (1:500) (Cell Signaling, Inc., CA, USA),
and pNF«kB/p65 (Ser276) (1:500) (GenScript Corporation, NJ, USA). A monoclonal
mouse antibody, anti B-tubulin (Promega, WI, USA), was used as a control for protein
loading. The bands were detected using ECL detection kit (ECL, Pharmacia Biotech,
Piscataway, NJ, USA), visualized using the KODAK Image Station 440CF and analyzed
using the NIH Image] software. All data was normalized against tubulin
immunoreactivity and expressed as percentage of control values.

We and others have found that the active form of cRaf-1 is upregulated in the
cortex of human AD brains (Mei er al. (2006)). To investigate whether cRaf-1
dysregulation was a common characteristic of AD brains, we analyzed by Western blot
the levels of the inactive form phosphorylated at serine 259 and the active form
phosphorylated at serine 338 of cRaf-1 in the cortex of APPswe mice. We found a
significant decrease in the inactive form of cRaf-1 (mean + SEM: 63+6%; P = 0.02, n =
3) (37% reduction) (Figure 1A) and a significant increase in the levels of the active form
(mean + SEM: 247+56%; P = 0.038, n = 4) (147% increase) in the cortex of 16-18-
month-old APPswe mice compared to wild-type control littermates (mean + SEM:
100+£26%: n=3) (Figure 1B). The characteristic double bands migrated with a relative
molecular weight of 75—100 kDa.

To investigate the effect of cRaf-1 inhibitors on neuronal survival after AP, 4
toxicity, cortical cells were co-treated with A peptide 5uM and different concentrations
of either GW5074 or ZM336372, and after 48 h cell viability was analyzed. The co-
treatment of neurons with both Raf inhibitors was protective against AP toxicity. The
co-treatment of cells with the Raf inhibitors increased cell survival from 73% (5 uM Ap)
to 93% (5 uM AP+ GW5074, 10 pM) and from70% (5 pM AP) to 86% (5 uM
AP+ 7ZM336372 10 uM) of control levels as estimated by MTT assay (Figures 2A and

2B). A similar pattern of neuroprotection was observed using calcein-AM (live cells) and
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PI (dying cells) staining. The number of PI stained cells after AR exposure decreased
dramatically when cells were co-treated with 10 uM GW5074 (Figure 2C).

It has been found that NFxB/p65 expression is elevated in brain cells surrounding
senile plaques in the brains accumulating A (Kaltschmidt er al. (1999)). Moreover, the
inhibition of NF«kB is protective against AP neurotoxicity (Chen ef al. (2005)). To
investigate whether NFxB activity was involved in the beneficial actions of GW5074, we
studied the effect of SN50 on GW5074 activity. We found that the treatment of neurons
with the NFkB inhibitor SN50, alone or in the presence of 10 pM GW5074, induced
similar levels of neuroprotection against AP toxicity as GW5074 (Figure 3A).

To determine the effect of GW5074 on the AB-induced activation of NFkB, we
investigated NFkB/p65 phosphorylation at serine 276 in cortical cells treated with: (a)
PBS; (b) 5 uM AB; and (¢) 5 uM AP plus 10 uM GW5074. We found that cells treated
with 5 uM AP showed an almost three-fold increase in NFxkB/p65 phosphorylation at
serine 276 (mean+ SEM: 270+65%) compared to vehicle-treated control cells
(mean + SEM: 100+14%). Cells co-treated with 10 pM GW5074 and 5 uM AP presented
a nine-fold decrease in NFxB/p65 phosphorylation in comparison to AP treated cells
(Figure 3C).

We investigated cRaf-1 expression and activity in the cortex of APPswe mice and
the effect of the cRaf-1 inhibitors GW5074 and ZM336372 on AP-dependent activation
of NFkB and neurotoxicity. The cRaf-1 inhibitors provided neuroprotection against Ap
toxicity through a mechanism that was mimicked by the NF«xB inhibitor SN350.
Supporting the idea that Raf inhibitors are neuroprotective by inhibiting NFxB, we found
that GW5074 inhibited the AP-dependent activation of NFkB. Since we obtained
neuroprotection using two different cRaf-1 inhibitors, we postulate that Raf inhibition
underlies its beneficial actions. Coherent with the inhibition of cRaf-1 by GW5074,we
observed a decrease in the activation by phosphorylation of NFxB at serine 276 in
cultured cortical neurons. Our results suggest that cRaf-1 hyperactivity is a molecular
hallmark of AD and a key factor inducing AP synthesis. One of the obvious explanations
of the abnormal activation of cRaf-1 in the brain of AD patients is the increased activity
of the upstream activator of cRaf-1, Ras (Ferrer et al. (2001a)). It has been hypothesized
that Ras can promote apoptosis in the brain by triggering the re-entrance of ncurons into

the cell cycle (Ferrer ef al. (2001b)).
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Moreover, abnormal cRaf-1 activation can be due to the decrease of endogenous
inhibitors such as PKA (Kim e al. (2001)) and the Raf kinase inhibitor protein (RKIP)
(Keller ef al. (2004)). Since PKA activity is downregulated in AD brains, this may be
another factor causing cRaf-1 dysregulation. In relation to the mechanism underlying the
beneficial effects of Raf inhibitors, we found that the protection conferred by GW5074
against AP paralleled a decrease of NFxB/p65 activation. It is well known that after its
activation by phosphorylation at serine 338 (Dhillon er al. (2007)), cRaf-1 stimulates
NI'kB activity (Liu et a/. (2001)). NFxB/p65, one of the more abundant NFxB subunits in
the central nervous system, is upregulated in the brains of patients suffering from several
neurodegenerative conditions including Parkinson’s disease, Amyotrophic lateral
sclerosis (Barger et al. (2005); Ghosh et al. (2007)) and AD (Kaltschmidt et al. (1997)). It
is feasible that the inhibition of NFxB activation by Raf inhibitors can be also beneficial
in these conditions. Such a mechanism would be in line with numerous reports showing
that inhibition of NFxB reduces A toxicity (Valerio et al. (2006)) and its production
(Paris ef al. (2007)).

NF«B is inhibited by many neuroprotective compounds against AD (Nam (2006))
such as resveratrol, quercetin, Ginkgo Biloba and curcumin. We propose that a similar
mechanism is underlying the observed neuroprotective activity of Raf inhibitors against
AP toxicity. For example, the actions of quercetin against cancer are attributed to the
inhibition of Raf and the resultant decrease in NFxB activity (Lee et al. (2008)). The
expected outcome of NIF«kB inhibition includes a decrease in the expression of the AB
synthesizing enzymes such as BACE1 (Bourne ef al. (2007)). Several Raf inhibitors have
been developed for the treatment of cancer. One of these inhibitors, sorafenib, which is
already approved by the Food and Drug Administration as a treatment for kidney (Hutson
(2007)) and liver cancers (Lang (2008)), is particularly interesting because of its minimal
side effects in humans (Takimoto and Awada (2008)) and its ability to be administered
orally to the patients.

Example 6

Alzheimer’s disease (AD) is a neurodegenerative condition characterized by a
progressive loss of memory. These pathological characteristics are accompanied by signs
of neuroinflammation, such as gliosis and an increase in brain levels of amyloid B peptide

(AP), pro-inflammatory factors such as the cytokines, vascular endothelial growth factor
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(VEGF) (Tarkowski er al. (2002); Lopez-Lopez et al. (2007)), tumor necrosis factor «.
(INF o) (Tarkowski er al (2002)), cRaf-1, nuclear factor kappa B (NF-kB),
cyclooxygenase-2 (Cox-2) (Kaltschmidt e al. (1997); Mattson and Camandola (2001);
Echeverria er al. (2008)), and the inducible nitric oxide synthase (iNOS). Here, we
imvestigated the effect of chronic treatment of APPswe mice (transgenic |Tg]) with the
multi-kinase inhibitor sorafenib (NEXAVAR, Onyx-Bayer) on the expression of these
pro-inflammatory factors and on working memory abilities.

Cox-2 is a rate limiting enzyme in prostanoid synthesis that is synaptically
induced and expressed by excitatory neurons at postsynaptic sites in the cortex of rats
(Kaufmann ef al. (1996)) and has been found to be upregulated in AD brains (Yagami
(2006)). Cox-2 upregulation correlates with a faster decline of cognitive abilities in AD
patients (Melnikova et al. (2006); Yagami (2006)). More importantly, Cox-2 inhibition
prevented working memory deficits in Tg mice (Cakala ez al. (2007)) and ameliorated the
Af-induced inhibition of hippocampal long-term potentiation, a cellular model of
memory (Kotilinek ef al. (2008)).

Here, we investigated the effect of cRaf-1 inhibition on AD pathology using
NEXAVAR, the tosylate salt of sorafenib. NEXAVAR is a drug that is already approved
by the Food and Drug Administration (FDA) to treat advanced clear-cell renal cell
carcinoma patients (Bellmunt et al. (2007)). NEXAVAR is orally available and presents
minor side effects in humans (Takimoto and Awada (2008)). Sorafenib, the main
component of NEXAVAR, is an orally active multi-kinase inhibitor that crosses the
blood-brain barrier (Kane et al. (2000)) and selectively targets Raf, vascular endothelial
growth factor receptor 2/3 (VEGER), platelet-derived growth factor receptor (PDGFR)-B,
FLT-3, and c-Kit.

Although sorafenib is a multi-kinase inhibitor, it is mainly a highly effective
inhibitor of cRaf-1 (IC5¢=6 nM). We have previously reported that the highly specific
cRaf-1 inhibitor, GW5074, protected primary neurons against AP} toxicity and inhibited
NF-«B activation (Echeverria ef al. (2008)). NF-xB is a transcription factor broadly
expressed in the nervous system, including neurons as well as glia, and a downstream
target of cRaf-1, which mediates inflammatory responses (Mattson and Camandola
(2001)). NF-«B consists of several subunits that mainly include p50 and p65 in the brain
(Chen ef al. (2005); Collister and Albensi (2005); Townsend and Pratico (2005); Kim et
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al. (2006); Liu er al. (2007); Paris et al. (2007)). Supporting the idea that NF-xB
inhibition is one of the mechanisms underlying the neuroprotection conferred by cRaf-1
inhibition, we found that the NF-xB inhibitor, SNS0, mimicked the neuroprotective effect
of GW5074 against AP toxicity (Echeverria ef al. (2008)). Our results are in agreement
with previous evidence showing that the inhibition of NF-kB is neuroprotective against
AP toxicity in vitro (Paris ef al. (2007)).

In resting conditions, NF-«xB is sequestered in the cytoplasm by binding to its
inhibitors, IxBs (Mattson and Camandola (2001)). One of the main mechanisms of NF-xB
activation in neurons is the degradation of one of those inhibitors, IkBa (Tergaonkar e al.
(2003)). IxBa is degraded after phosphorylation by the IkBa kinase complex, which is
activated by cRaf-1. Freed NF-«xB translocates into the nucleus, where it activates the
expression of genes containing the kB sites. Since cRaf-1 controls the degradation of IiB-
a, we investigated whether the chronic treatment with the c-Raf-1 inhibitor, sorafenib,
inhibited the degradation of IkBa in the cortex of aged APPswe mice. We found that
chronic treatment with sorafenib increased the levels of IxBa and inhibited the activation
of NF-xB in the brain of these AD mice. The stimulation of NF-xB activity by cRaf-1
controls the expression of several factors relevant to AD, including iINOS and Cox-2.
Consistent with a role of the cRaf-1/NF-kB pathway in controlling the expression of these
factors in AD brains, we observed a pronounced decrease in the expression of iNOS and
Cox-2 in the brains of the sorafenib-treated APPswe mice. These beneficial signal
transduction effects were associated with restoration of cognitive abilities in the

sorafenib-treated AD mice,

EXPERIMENTAL PROCEDURES
Reagents

Most chemicals were purchased from Sigma Chemicals (St. Louis, MO, USA) and
all antibodies used in this study were purchased from Cell Signaling, Inc. (Beverly, MA,
USA) unless specified otherwise. Sorafenib (4-(4-phenoxy)-N2-methylpyridine-2
carboxamide 4-methylbenzenesulfonate, commercial name NEXAVAR) was obtained

from Bay Pines VA Healthcare System Research Pharmacy.

Animals
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All mice were derived from a cross between heterozygous mice carrying the
mutant APPK670N, M671L gene (APPsw) with heterozygous PS1 (Tg line 6.2) mice to
obtain mice consisting of amyloid beta peptide precursor protein (APP)/PS1, APPsw,
PS1, and non-tg (NT) genotypes. Each mouse had a mixed background of 56.25% C57,
12.5% B6, 18.75% SJL, and 12.5% Swiss-Webster. This Tg AD model was originally
developed by insertion of the human APP695 construct with the “Swedish™ double
mutation and hamster prion protein cosmid vector into the host (Hsiao et al. (1996)).
After weaning and genotyping, only male APPswe and NT mice were selected for these
studies. All mice were maintained on a 12-h light/dark cycle with ad libitum access to
rodent chow and water. Animals were used in accordance with the National Institutes of
Health guidelines for the use of experimental animals. Protocols were approved by the
Institutional Animal Care and Use Committee of the University of South Florida, Bay
Pines and Tampa VA Healthcare Systems. We used the minimal number of animals

possible in order to obtain results that allow a reliable statistical analysis of the data.

General protocol

Two separate studies were done to investigate the effects of sorafenib on APPswe
and NT mice. In Study I, APPswe and NT mice were evaluated in the radial arm water
maze (RAWM) task of working memory for 8 days immediately prior to initiation of
treatment. Then, beginning at 15-16 months of age, half of the animals in each genotype
were started on daily sorafenib treatment via gavage (20 mg/kg/day) and the other half
given daily PBS vehicle treatment. Each of the four genotypic/treatment groups consisted
of four to seven mice. At 6 weeks into treatment, mice were re-evaluated in the RAWM
task for 9 days, followed several days later by 6 days of testing in a novel cognitive
interference task (with continuing treatment). At 17-18 months of age, mice were
euthanized and brain tissues microdissected out into cortex and hippocampus; tissue
samples were frozen immediately on dry ice and stored at -80° C until use.

In Study 1I, APPswe and NT mice at 13-15 months of age were started on either
daily sorafenib or vehicle treatment, with four to five mice in each of the four
genotypic/treatment groups. At 4 months into treatment (e.g., at 17-19 months of age), all

mice were euthanized and their brains processed as in Study 1.
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Behavioral tasks

RAWM. For the RAWM task of spatial working memory (Arendash er al. (2001b);
Arendash ef al. (2007); Ethell e al. (2006)), an aluminum insert was placed into a 100 cm
circular pool to create six radially distributed swim arms emanating from a central
circular swim area (Arendash et al. (2001a), Ethell e al. (2006)). An assortment of 2-D
and 3-D visual cues surrounded the pool. The number of errors prior to locating which
one of the six swim arms contained a submerged escape platform (9 cm diameter) was
determined in each of five trials every day. There was a 20-min time delay between the
4th trial (T4; final acquisition trial) and 5th trial (T5; memory retention trial). The
platform location was changed daily to a different arm, with different start arms for each
of the five trials semi-randomly selected from the remaining five swim arms. During each
trial (60 s maximum), the mouse was returned to that trial’s start arm upon swimming into
an incorrect arm and the number of seconds required to locate the submerged platform
was recorded. If the mouse did not find the platform within a 60-s trial, it was guided to
the platform for the 30-s stay. The number of errors and escape latency during trials 4 and
5 are both considered indexes of working memory and are temporally similar to the
standard registration/recall testing of specific items used clinically in evaluating AD
patients.

Cognitive interference task. This task involves two RAWM setups in two different
rooms, and three different sets of visual cues. The task requires animals to remember a set
of visual cues, so that following interference with a different set of cues, the initial set of
cues can be recalled to successfully solve the RAWM task. A set of four behavioral
measures was examined through six successive daily trials. Behavioral measures were
Al-A3 (Composite three-trial recall score from first three trials performed in RAWM
“A”), “B” (proactive interference measure attained from a single trial in RAWM “B”), A4
(retroactive interference measure attained during a single trial in RAWM “A”), and “A5”
(delayed-recall measure attained from a single trial in RAWM “A” following a 20 min
delay between A4 and AS). As with the standard RAWM task, this interference task
involves the platform location being changed daily to a different arm for both of the
RAWM setups utilized, and different start arms for each day of testing for both RAWM
setups. For Al and B trials, the animal is initially allowed 1 min to find the platform on

its own before being guided to the platform. Then the actual trial is performed in each
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case. Also, between each trial, animals were placed into a Y-maze apparatus for 30
seconds as an inter-trial interfering experience. As with the standard RAWM task,
animals were given 60 s to find the escape platform for each trial, with the number of

errors and escape latency recorded for each trial.

Neurochemical analysis

Sample preparation. Mouse brains were quickly removed after euthanasia by
cervical dislocation, dissected, frozen and maintained at -80° C until use. Brain tissues
were collected, powdered in liquid nitrogen, and disrupted by sonication in cold lysis
buffer, containing 20 mM Tris—=HCI (pH 7.5), 150 mM NaCl,1 mM Na2EDTA, 1 mM
EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 mM beta-glycerophosphate, 1 mM
Na3VO4 and 1 pg/ml leupeptin (Cell Signaling Technology) containing complete
protease inhibitor cocktail (Roche Molecular Biochemicals, Indianapolis, IN, USA), 1
mM phenylmethanesulphonyl fluoride (Sigma, St. Louis, MO, USA) and phosphatase
inhibitors. After sonication, cell extracts were incubated on ice for 30 min and centrifuged
to 16,000 x g for 30 min at 4 °C, and supernatant was isolated and used for Western
blotting analysis.

Western blotting. Protein concentration of supernatants was measured by Bio-Rad
protein assay (Bio-Rad, Hercules, CA, USA), and equal amounts of protein (40-80 png)
were separated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to nitrocellulose membranes (BA83 0.2 um; Bio-Rad). The
membranes were blocked in Tris-buffered saline with 0.05% Tween 20 (TTBS)
containing 10% dry milk for 45 min. After blocking, membranes were incubated with
primary antibodies in TTBS with 3% dry milk overnight at 4 °C and with secondary
antibodies for 1 h. Rabbit polyclonal antibodies were directed against pcRaf-1[Ser338]
(1:500), phospho-pErk1/2 kinases (Thr202/tyr204) (ppErk1/2) (Cell Signaling
Technology, Inc., CA, USA) (1:1000), IkB-a (1:100) (C21, Santa Cruz Biotechnology,
Santa Cruz, CA, USA) and pNFxB/p65[Ser276] (1:100) (GenScript Corporation, NI,
USA). Monoclonal mouse antibody directed against Cox-2 (1:1000) (Cayman, M1, USA)
and INOS (1:250) (Cell Signaling) were used. In addition, a mAb against B-tubulin
(Promega, WI, USA) was used to control protein sample loading and transfer efficiency.

The immunoreactive bands were visualized using ECL kit (ECL, Pharmacia Biotech,



10

15

20

25

30

WO 2010/036813 PCT/US2009/058246
34

Piscataway, NJ, USA), the KODAK Image Station 440CF and analyzed using the NIH
ImageJ sofiware. The immunoreactivity values were normalized to the N-terminal
segment of B-tubulin, then converted and expressed as a percent of control values.

Determination of Af levels. The levels of ABi_4p and AP_4; were quantified in the
brain tissues by ELISA.

Soluble Af$ levels. Brain tissues were homogenized according to the protocol
described by Schmidt er al (2005a; 2005b). Homogenates were extracted with
diethylamine (DEA) and supernatants obtained were stored at -80 °C and assayed to
determine soluble A levels by using an ELISA kit obtained from Signet Laboratories
and according to the manufacturer’s recommendations.

Total AP levels. Brain tissues were prepared by sonication of the samples in 5 M
guanidine HCI, and 50 mM Tris—HCI, pH 8.0. After sonication, samples were incubated
for 3 h at room temperature and centrifuged at 16,000 x g for 20 min at 4 °C. The
supernatants were stored at -80 °C. For analysis, the supernatants were diluted using PBS
with 5% BSA and 0.03% Tween-20 supplemented with 1x protease inhibitor cocktail
(Roche, USA) and further used to determine total AP levels using a commercial ELISA

kit (Invitrogen, Carlsbad, CA, USA), according to the manufacturer’s recommendations.

Protein kinase A (PKA) assay

The activity of PKA in the brain tissues of mice was measured in total brain
extracts using a non-radioactive PKA kinase activity ELISA assay kit (Assay Designs,
Ann Arbor, MI, USA) according to the manufacturer’s instructions. This ELISA
measures the phosphorylation of a synthetic peptide substrate by PKA in the brain
sample. The values were expressed as a percentage of wild type control values considered
as 100% enzymatic activity. All determinations were performed at least in quadruplicate

and repeated twice.

Statistical analysis

For statistical analysis of RAWM data, the 8 days of pre-treatment testing (four 2-
day blocks) or the 9 days of during-treatment testing (three 3-day blocks) were evaluated
for individual blocks, as well as over all blocks, using one-way ANOVAs. Thereafter,

post hoc pair-by-pair differences between groups were resolved with the Fisher LSD
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(least significant difference) test. For statistical analysis of cognitive interference, data
from first and last days of testing were utilized since we have shown these days to be
particularly insightful of performance in this task. One-way ANOVAs were employed for
each of the four behavioral measures analyzed, followed by post hoc Fisher’s LSD test to
determine group differences. All group comparisons involving neurochemical measures
involved one-way ANOVAs with post hoc Fisher’s L.SD test. To compare the mean

differences between two groups Student’s #-test was also used.

RESULTS

Sorafenib is a multikinase inhibitor that targets the protein kinase cRaf-1, which
has been found to be overactivated in the brain of AD patients (Mei er al. (2006)). To
investigate the relevance of the hyperactivation of cRaf-1 and its impact on memory loss,
we treated aged APPswe mice (Tg) presenting cognitive impairment with sorafenib and
studied their working memory abilities and cerebral levels of proinflammatory factors,
such as NF-xB. Consistent with the idea that sorafenib crosses the blood-brain barrier, we
found changes in the levels of the protein factors, such as cRaf-1, and several NF-xB-
inducible pro-inflammatory signaling proteins in the brain of sorafenib-treated Tg mice

compared to age-matched wild type non-transgenic (NT) littermates as detailed below.

Upregulation of the active form of cRaf-1 is suppressed by two months of treatment
with sorafenib in the brain of APPswe mice

No changes in cRaf-1 or ERK phosphorylation were observed in wild type NT
mice treated with sorafenib when compared to untreated NT mice. Also, there were no
differences in cortical levels of the active form of ERKs in Tg control mice compared to
NT group’s, which was considered as 100% level of immunoreactivity (Figure 4A).
However, levels of cRaf-1 phosphorylated at Ser 338 (cRaf-1[Ser338]) revealed a
statistically significant upregulation of the active form of pcRaf-1[Ser338] (Figure 4C) in
the cortex of Tg control mice (Figure 4B). In sharp contrast, Tg mice treated with
sorafenib (20 mg/kg) for two months presented a significant reduction (29% decrease) in

the levels of ppERK compared to control Tg mice (Figure 4A). Likewise, a highly
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significant 158% decrease in pcRaf-1{Ser 338] was present in Tg mice treated with

sorafenib when compared with control Tg mice.

Sorafenib treatment decreases NF-kB signaling in the cortex of APPswe mice

cRaf-1 signaling modulates the activation of NF-xB by stimulating the
degradation of the NF-kB inhibitor IxkBa (von Bulow ef al (2007)). Previously, we
reported that the cRaf-1 inhibitor, GW5074, inhibited NF-kB signaling in cortical neurons
subjected to AP toxicity (Echeverria et al. (2008)). Here, we show that two months
sorafenib-treatment increased IxkBo and, consistent with this increase in the NF-kB
inhibitor, a longer four month treatment decreased the activation of NF-kB, expressed as
a reduction of NF-kB phosphorylated at serine 276 (Ser 276) in the brains of Tg mice. In
these studies, 13-15-month-old Tg and NT mice were treated continuously with sorafenib
or vehicle, after which mice were euthanized at 15-17 (Study 1) or 17-19 (Study II)
months of age, and analyzed for molecular changes in cell signaling factors and AP levels
in the brain. Specifically, we analyzed the expression of the cell signaling factors IxBa,
INOS, Cox-2, and pNF-kB[Ser276] in the detergent-soluble fractions of the cortex of the
mice by Western blot. We found that Tg mice at 15-17 months of age showed an
impressive increase in the levels of several markers of neuroinflammation, such as Cox-2,
INOS, and the active form of NF-kB (Figures 5A-5E). The chronic treatment of the mice
with sorafenib corrected or lessened these protein abnormalities as Tg mice treated with
sorafenib for four months showed significantly lower levels of Cox-2, iNOS, and pNF-
kB[Ser276 |.

When Tg mice were treated for two months, higher levels of IxkBo compared to
control Tg mice were found in the cortex (Figure SA). More specifically, we found that
Tg mice showed a 44% decrease in IkBa levels in the cortex (Figure SA) compared to NT
mice. However, Tg mice treated with sorafenib showed 117% higher levels of IkBa
protein expression compared to control Tg mice. Indeed, Tg mice treated with sorafenib
exhibited expression levels of IxBa that were higher than those present in NT mice.

As previously described by other reports (Collister and Albensi (2005)), AD
pathology was accompanied by an activation of NF-kB as detected by analyzing NF-xB
phosphorylation at the activation site, Ser 276. We observed a significant increase in the

levels of pNF-kB{Ser276] in the cortex of Tg mice compared to NT mice—an increase
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that was significantly reduced by sorafenib treatment (Figurc 5B). No differences in
pNF-kB[Ser276] levels were observed between untreated wild type mice and wild type
mice treated with sorafenib (data not shown).

In line with an upregulation of NF-kB activity and the expression of genes
regulated by this ncuroinflammatory factor, such as Cox-2, we found that Tg mice
presented higher levels of this proinflammatory enzyme in the cortex compared to NT
mice (Figure 5C). Tg mice showed a significant threefold increase in Cox-2 in the cortex
compared to NT mice. By sharp contrast, sorafenib-treated Tg mice presented
substantially lower levels of Cox-2 in the cortex compared to control Tg mice. Finally,
sorafenib-treated Tg mice presented an 81% lower expression of iNOS in the cortex than
control Tg mice (Figure 5D), a reduced expression that essentially normalized iNOS
levels in Tg mice to iINOS levels in NT mice. No differences in iNOS and Cox-2 levels
were observed between untreated wild type mice and wild type mice treated with

sorafenib (data not shown).

Sorafenib treatment did not reduce the levels of Ap in the brain of APPswe mice

To determine the effect of sorafenib treatment on brain levels of insoluble AP in
the aged Tg mice, we analyzed total AP levels in the cortex of Tg mice treated with
sorafenib or vehicle for 2 months and 4 months. We found that the sorafenib-treated Tg
mice did not show a decrease in the levels of total AB4p and APsy compared to control Tg
mice, although a trend for reduced total AP levels was evident for Tg mice treated with
sorafenib (Table 2). Since no significant changes in total AP (even after 4 months of
treatment) were observed, we analyzed whether sorafenib decreased the levels of soluble
AP in the hippocampus of the Tg mice. We found that Tg mice treated with sorafenib for
four months had similar levels of soluble Afs4y and APs; as Tg controls in the

hippocampus (Table 2).
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Sorafenib increased PKA activity and CREB phosphorylation in aged APPswe mice

The analysis of PKA activity in brain extracts from mice treated with sorafenib for
four months indicated a pronounced reduction in its activity in the cortex of Tg control
mice compared to age-matched wild-type littermate mice (Figure 6A). Sorafenib
treatment for four months restored PKA activity in Tg mice to values similar to those
observed in NT mice. Since PKA stimulates CREB phosphorylation at serine 133 (Ser
133), we also investigated CREB phosphorylation in the cortex of sorafenib-treated Tg,
vehicle-treated Tg and NT mice. The results obtained showed that Tg mice presented a
significant decrease in CREB phosphorylation at Ser 133 in comparison with age-
matched wild type littermate mice, considered 100% (Figure 6B). In sharp contrast,
treatment of Tg mice with sorafenib significantly increased CREB phosphorylation in the

cortex of Tg mice to levels present in NT mice.

Two months of treatment with sorafenib restored working memory in aged APPswe
mice

To test the hypothesis that sorafenib can be beneficial in vivo against AD
pathology, we tested whether the chronic treatment with the cRaf-1 inhibitor improved
the cognitive abilities of APPswe mice. First, to confirm that Tg mice were cognitively
impaired prior to sorafenib treatment, animals were evaluated in the RAWM task of
working memory. During the last block of this pre-treatment testing (Figures 7A and
7B), Tg mice performed similar to NT controls during the naive trial 1 (T1) of testing,
wherein they discover that day’s platform location for the first time. By contrast, Tg mice
made significantly more errors (Figure 7A) and had significantly higher escape latencies
(Figure 7B) during working memory trial 5 (T5). Nonetheless, because both NT and Tg
groups improved their performance across trials (T1 vs. TS5), the working memory
impairment of Tg mice was only modest in extent.

RAWM testing during treatment revealed that both NT and NT+sorafenib groups
performed exceptionally well and, although both Tg and Tg+sorafenib groups were not
quite as good as N'T groups, neither Tg group exhibited the robust impairment typical of
Tg mice of this age and genotype. For example, TS5 performance across all blocks for Tg

mice should be between three and four crrors. However, T5 errors over all blocks of
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RAWM testing were NT 0.9+£0.4; NT+sorafenib 1.1+0.2; Tg 1.9£0.3; and Tg+sorafenib
1.9+0.2. Given this good performance of Tg mice in our standard RAWM task, follow-up
testing involved our much more demanding cognitive interference task.

There were no differences in performance between NT and NT+sorafenib groups
for any measure of cognitive interference testing, so their near-identical data were
combined into a single NT group for comparison with Tg and Tg+sorafenib groups.
During the first day of interference testing (Figure 8B), both Tg and Tg+sorafenib mice
were impaired for the three-trial recall measure (A1-A3) compared to NT mice. By the
final day of testing (Figure 8C), sorafenib-treated Tg mice performed identically to NT
mice on this three-trial recall measure, both in reference to errors and escape latency. For
the important proactive interference measure (B), Tg+sorafenib mice actually showed
strong perseveration of RAWM A’s platform location during the first day of testing by
showing a relatively high escape latency to locate RAWM B’s location (Figure 8B).
However, by the last day of testing (Figure 8C), Tg controls exhibited a robust
impairment in proactive interference that was reversed by sorafenib treatment.
Tg+soratenib mice performed significantly better than Tg controls and identically to NT
mice. For the retroactive interference trial (A4), NT and Tg groups performed similarly
for both the first and last day of interference testing, indicating no effect of genotype or
sorafenib treatment on this measure (Figures 8B and 8C). By contrast, the 20-min delayed
recall trial (A5) revealed a substantial impairment of Tg controls during the first day of
testing (Figure 8B), while sorafenib-treated Tg mice were significantly better and no
different from NT mice. By the final day of testing, however, the beneficial effects of
sorafenib on AS were not evident (Figure 8C).

To summarize the behavioral testing results, sorafenib did not improve upon the
good performance of both NT and Tg mice in standard RAWM testing. However, when
challenged by the more difficult cognitive interference task, impairments in delayed recall
(early testing) and proactive interference (late testing) became manifest in Tg mice. Both

of these cognitive impairments in Tg mice were eliminated by sorafenib treatment.

It should be understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light thereof

will be suggested to persons skilled in the art and are to be included within the spirit and
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purview of this application and the scope of the appended claims. In addition, any
elements or limitations of any invention or embodiment thereof disclosed herein can be
combined with any and/or all other elements or limitations (individually or in any
combination) or any other invention or embodiment thereof disclosed herein, and all such

combinations are contemplated with the scope of the invention without limitation thereto.
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CLAIMS

We claim:

1. A method for preventing and/or treating a neurodegenerative condition associated
with Abeta peptide accumulation and/or aggregation in neural tissue in a human or animal,
said method comprising administering a therapeutically effective amount of a compound, or a
composition comprising the compound, that inhibits function, activity, and/or expression of a

Raf protein to a human or animal in need of treatment.

2. A method for preventing or treating Alzheimer’s disease-like neuropathology in a
human or animal having trisomy 21 (Down’s syndrome), said method comprising
administering a therapeutically effective amount of a compound, or a composition comprising
the compound, that inhibits function, activity, and/or expression of a Raf protein to a human

or animal in need of treatment.

3. A method for preventing or inhibiting neuronal cell death and/or improving cell
viability, said method comprising contacting a cell with an effective amount of a compound,
or a composition comprising the compound, that inhibits function or activity or expression of

a Raf protein.

4. A method for decreasing the synthesis of Abeta peptide in a cell and/or decreasing
oligomerization of Abeta peptide, said method comprising contacting a cell with an effective
amount of a compound, or a composition comprising the compound, that inhibits function,

activity and/or expression of a Raf protein.

5. A method for inhibiting the activity and/or decreasing the expression of a Raf
protein in a cell, said method comprising contacting a cell with an effective amount of a
compound, or a composition comprising the compound, that inhibits function, activity, and/or

expression of a Raf protein.

6. A method for decreasing or downregulating the expression of an inhibitor of NFxB

in a cell, said method comprising contacting a cell with an effective amount of a compound,
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or a composition comprising the compound, that inhibits activity, function, and/or expression
of a Raf protein.

7. The method according to any of claims 1 to 6, wherein the Raf protein is Ral-1.

8. The method according to any of claims 1 to 6, wherein the Raf protein is a human

Raf protein.

9. The method according to any of claims 1 to 6, wherein the compound is GW5074

having the structure:

O

Br ] > “NH
" O
Br
I
or an isomer or analog thereof, or a pharmaceutically acceptable salt thereof.
10. The method according to any of claims 1 to 6, wherein the compound is

Sorafenib having the structure:

F
F F

O
O
CH
Cl 5 AN N
H
)J\ /N

N
N H
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or an isomer or analog thereof, or a pharmaceutically acceptable salt thereof.

11.  The method according to any of claims 1 to 6, wherein the compound is

ZM336372.

12. The method according to any of claims 1 to 6, wherein the compound is an

antibody or aptamer that binds to and inhibits activity and/or function of a Raf protein.

13. The method according to any of claim 1 to 6, wherein the compound is an
antisense nucleic acid or interfering RNA or an siRNA that inhibits or interferes with

expression of a Raf protein.

14. The method according to any of claims 3 to 6, wherein the cell is a cortical cell.

15. The method according to claim 1, wherein the neurodegenerative condition is

Alzheimer’s disease or Parkinson’s disease.

16. The method according to claim 1 or 2, wherein the compound is administered at a
dosage level of 0.01 to about 20 mg/kg intravenously; 0.01 to about 100 mg/kg
intraperitoneally; 0.01 to about 100 mg/kg subcutaneously; 0.01 to about 100 mg/kg
intramuscularly; or 0.01 to about 200 mg/kg orally of animal (body) weight.

17. The method according to any of claims 3 to 6, wherein the cell is a human cell.

18. A kit comprising in one or more containers:
i) a compound or composition that inhibits function, activity, and/or expression of a
Raf protein; and optionally

11) one or more compounds or compositions for treating a neurodegenerative disorder.

19. The kit according to claim 18, wherein said kit comprises sorafenib and/or
GWS074 and/or 7ZM336372 and/or IxB-a, or an isomer or analog thereof, or a

pharmaceutically acceptable salt thereof.
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20. The kit according to claim 18, further comprising instructions and/or packaging
materials that describe how to use and/or administer a compound or composition of the kit for

treating a ncurodegenerative disorder.

21. The kit according to claim 18, further comprising a pharmaceutically acceptable

carrier and/or diluent.

22. The kit according to claim 18, wherein said kit comprises an antibody or aptamer

that binds to and inhibits a Raf protein.

23. The kit according to claim 18, wherein said kit comprises an antisense nucleic
acid and/or an interfering RNA and/or an siRNA and/or an miRNA that inhibit or interfere

with expression of a Raf protein.
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