wO 2008/077109 A1 |10 00 OO O 0

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

(19) World Intellectual Property Organization Vd”Ij

) IO O T O OO 00 OO

International Bureau

(43) International Publication Date
26 June 2008 (26.06.2008)

(10) International Publication Number

WO 2008/077109 Al

(51) International Patent Classification:
AGIK 38/43 (2006.01) AGIP 25/28 (2006.01)
AGIK 38/48 (2006.01)

(21) International Application Number:
PCT/US2007/088163

(22) International Filing Date:
19 December 2007 (19.12.2007)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

60/875,943 20 December 2006 (20.12.2006) US

(71) Applicants and

(72) Inventors: HOOK, Gregory [US/US]; 8135 La Jolla
Shores Drive, La Jolla, California 92037 (US). HOOK,
Vivian [US/US]; 8135 La Jolla Shores Drive, La Jolla,
California 92037 (US). TERNANSKY, Robert [US/US];
4215 Shorepointe Way, San Diego, CA 92130 (US).

(74) Agent: DUNLEAVY, Kevin J.; Knoble Yoshida & Dun-
leavy LLC, 1628 John F. Kennedy Boulevard, Eight Penn
Center, Suite 1350, Philadelphia, Pennsylvania 19103
(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
—  of inventorship (Rule 4.17(iv))
Published:

with international search report

(54) Title: METHODS OF TREATING ALZHEIMER'’S DISEASE

Prolease
GCoich inhibior Cyloplasmic
prsnsy B AR |
e L
-“—a—-ﬁ—”“"_‘"‘—ww ‘ s =
Secretases:  B-secrelase “ y=40, y-42
¥ ¥ ¥ ¥
VKM - DAEFRBDSGYEVHHOK - LVFFAEDVESNKGAIGLMYGEVY . !A; TVIVITLY
| AB(1-40) peptide .
[ AB(1-42) peptide |

(57) Abstract: The invention is directed to a method of treating Alzheimer’s disease. The method comprises administering a cys-
teine protease inhibitor to a patient and thereby affecting the disease. In a preferred method, the cysteine protease inhibitor is a
cathepsin B inhibitor. A preferred method causes a reversal in the progression of the Alzheimer’s disease, especially an improve-
ment in cognitive deficit. A preferred method also causes a reduction in Af}. The method includes using a reversible or irreversible

cysteine protease inhibitor or a combination thereof.



10

15

20

25

30

35

WO 2008/077109 PCT/US2007/088163
1

METHODS OF TREATING ALZHEIMER’S DISEASE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. provisional patent application no.
60/975,943, filed on December 20, 2007, pursuant to 35 U.S.C. §119(e).

BACKGROUND OF THE INVENTION
1. Statement of Government Interest
This invention was made with United States Federal government support
under grant number 2 R44 AG18044, awarded by the National Institute of Health.

The Federal government may have certain rights in this invention.

2. Field of the Invention

This invention relates generally to chemistry, medicinal chemistry,
enzymology, biochemistry, molecular and cellular biology, genetics, pharmacology,
pharmacy, neurobiology, medicine, and drug discovery. In particular, the present
invention relates to drugs, pharmaceutical compositions, methods of making drugs,
and methods of using drugs, especially for treating and improving Alzheimer’s

dementia.

3. Brief Description of the State of the Art

Alzheimer’'s dementia (hereinafter “AD”) is a neuropsychiatric disorder that
generally appears in the 6" to 7" decade of life and results in a progressive
degeneration of memory and cognitive processes. The cognitive deficits severely
incapacitate the AD patients to the point where they are totally dependent on family
or health care facilities for survival. While several palliative drug therapies are
available for treating AD, none are effective for any length of time because they do
not treat the underlying disease process (9). FDA approved AD drugs include
cholinesterase inhibitors, such as doepezil HCI (Aricept™) and rivastigmine tartrate
(Exelon™), that cause a temporary and modest improvement but do not stop the
progression of the disease. Another drug therapy use a neuroprotective N-methyl-D-
aspartate anatagonist, memantine, which provides some temporary benefit in
moderate to severe AD patients but also does not stop the progression of the
disease.

There are over 4 million Americans and 10 million people world-wide with AD.
It is predicted that by the middle of the 21° century, 14 million Americans will have
AD. Annual costs in the US and world-wide are $100 billion and $358 billion,
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respectively (Novartis survey on AD). In light of this growing and expensive problem,
a drug that retards or reverses the disease progress is urgently needed.

A consistent neuropathological sign of AD is the appearance of extracellular
amyloid plaques in cortical and related brain regions. The plaques contain
accumulations of AP peptides, consisting of AR40 and AR42 peptides which differ in
their carboxy-terminal amino acids. AR42 accumulates to a greater extent than AR40
in AD patients. AR peptides are neurotoxic and are responsible for neuronal loss in
brain regions responsible for memory (10-12). AB is naturally produced but its normal
function is not known. A central hypothesis in the AD field is that the abnormal AB
accumulation causes neuronal degeneration in brain regions responsible for memory
and cognition. Intense research efforts by the academic community and the
pharmaceutical industry have focused on developing drug strategies to reduce AP
levels for the treatment of AD.

The essential role of elevated AR in AD was demonstrated in transgenic mice
that overexpress a mutant form of APP (13-17). These animals have similar plagues
and neuronal lesions in their brains as are found in human AD patients. Moreover,
mutant forms of presenilins result in excessive production of AR as a result of AD (18,
19). Importantly, a vaccine developed against AR42 abolished the neuropathology
resulting from overexpression of APP in both young and old animals and improved
cognition (20, 21).

Resources are being expended to develop BACE1 inhibitors for treating AD.
But despite over 10 years of intense effort, there is no published clinical trial using a
BACE1 inhibitor and no peer-reviewed published scientific paper showing that a
BACE1 inhibitor effects cognitive function in an animal AD model. Only a few peer-

reviewed publications show a BACE1 inhibitor affecting brain Ap in an animal model.

B-Secretase Inhibitors as AD Drugs.

An accepted strategy for reducing abnormal A accumulation is to develop drugs
that inhibit AP production. Protease inhibitors represent a logical therapeutic
approach to prevent proteolytic conversion of the amyloid precursor protein (APP)
into the smaller neurotoxic AR peptides. AP peptides are derived from APP by
proteolytic processing (22-24). As shown in Figure 1, Proteases produce AP by
cleaving specific amino acid sequences within APP at the N- and C-termini of AB.
Proteases that convert APP to AB have been named "secretases” because AR is
“secreted.” The proteases that cleave the amino terminal and carboxy-terminal ends

of AB are called B-secretase and y-secretase, respectively (Fig. 1). Because B-
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secretase is required to produce both AR40 and AR42, drug inhibition of B-secretase
is a logical strategy to reduce AR peptides in AD. Note that one end of the APP
sequence shows the wild-type B-secretase sequence VKM found in the vast majority
of AD patients. This site is cleaved by cathepsin B, making this enzyme a likely B-
secretase.

SUMMARY OF THE INVENTION

In one aspect, the invention is directed to a method of treating Alzheimer’s
disease. The method comprises administering a cysteine protease inhibitor to a
patient and thereby affecting the disease.

In certain aspects the method of the invention may also include use of a
cysteine protease inhibitor selected from the group consisting of CA074Me, E64d
(loxistatin, EST), Ac-LVK-CHO, Z-VK(Ac)-ald, Z-YS-ald, Z-Q(Trt)S-ald, Z-YV-ald, Z-
C(2)S-ald or Z-C(Z)K(Ac)-ald.

The various aspects of the present invention may cause a reduction in A

and/or a reversal in the progression of Alzheimer’s disease in the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows that proteases produce AB by cleaving specific amino acid
sequences within APP at the N- and C-termini of AB.

Figure 2a shows that the Z-Val-Lys-Met-MCA cleaving activity of cathepsin B
purified from secretory vesicles was completely inhibited by the cysteine protease
inhibitor E64c (10 pM) and by CA074 (1 uM), a selective inhibitor of cathepsin B.

Figure 2b shows that the endogenous R-secretase activity in regulated
secretory vesicles (isolated), monitored with Z-Val-Lys-Met-MCA, was completed
inhibited by the cysteine protease inhibitor E64c (10 uM) and by CA074 (1 uM).

Figure 3 shows that irreversible cathepsin B inhibitors block AR production
from endogenous APP in isolated regulated secretory vesicles.

Figure 4 shows that AB is mostly secreted via the regulated secretory
pathway and that CA074Me (+) selectively reduces AR secreted from that pathway.

Figure 5a shows a 30% or 50% reduction, after 7 or 30 days treatment with
E64d (+), in the total AR as measured in brain extracts by ELISA assays.

Figure 5b shows that treatment resulted in a 27% or 50% reduction, after 7 or
30 days treatment with E64d (+), in the total synaptosomal AR as measured in
isolated synaptosomes by ELISA assays.

Figure 6a shows a 50% or 60% reduction, after 7 and 30 days treatment with

CAO74Me (+), in AR as measured in brain extracts by ELISA assays.

PCT/US2007/088163
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Figure 6b shows a 45% or 50% reduction, after 7 or 30 days treatment with
CA074Me (+), in total AR as measured in isolated synaptosomes by ELISA assays.

Figure 6¢ shows a 50% reduction of both AR40 and AR42 in brain extracts
after treatment for 30 days treatment with CA074Me (+), as measured using specific
ELISA assays.

Figure 7 shows that CAO74Me reduces B-secretase activity, as measured by
the APP-derived CTFR fragment.

Figure 8a shows measurements of AR40 and AR42 in transgenic mouse
(APPIn) brains by ELISA assays and expressed as ng AR/g (brain weight), mean +
s.e.m. after treatment with cysteine protease inhibitors.

Figure 8b, shows a quantitative assessment of amyloid load with or without
treatment with cysteine protease inhibitors by using AR immuno-staining, expressed
as percent amyloid in brain tissue (cortex examined). The treatment was found to
significantly reduce amyloid load.

Figure 8c shows that treatment of APPIn mice resulted in a significantly lower
average latency period (seconds) in animals that were tested for cognitive function by
the Morris water maze test.

Figure 9a shows that total AR peptide levels as measured by ELISA and
expressed as nanograms AR (AR40 + AR42) per gram brain tissue (n = 3) were
significantly increased in the APPIn mice.

Figure 9b shows an amyloid load in APPIn mice but not in wild-type mice, as
determined from mouse brain cortex sections stained for amyloid deposits using anti-
AR.

Figure 9c shows that the latency period for untreated APPIn mice was 2.3
times longer than for wild-type mice when both were subjected to Morris-water maze
fests.

Figure 10 shows that icv infusion of Ac-LVK-CHO into gp brains at 1 mg/ml,
2.5 ul/hr (0.15 mg/kg/day) for 30 days in a 1.5% DMSO/saline carrier solution using
mini-pumps significantly reduced both AB40 and AB42 by about 70% and 60%,
respectively, relative to controls.

Figure 11 shows the CTFp levels as a per cent of control for the treated and

control groups in figure 10. The treatment resulted in a about a 65% reduction in

CTFB.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In one aspect, the invention is directed to a method of treating Alzheimer’s
disease. The method comprises administering a cysteine protease inhibitor to a
patient and thereby affecting the disease. In a preferred method, the cysteine protease
inhibitor is a cathepsin B inhibitor and more preferably where the inhibitor is E64d.
A preferred method causes a reversal in the progression of the Alzheimer’s disease,
especially an improvement in cognitive deficit. A preferred method also causes a
reduction in AB. The method includes using cysteine protease inhibitor that is an
irreversible inhibitor or a reversible inhibitor, preferably a cathepsin B irreversible or
reversible inhibitor.

As used herein, the term “cognitive” includes “spatial memory” and terms
such as “cognitive deficit” or “cognitively deficient” and such include “spatial
memory deficit” or “spatial memory deficient”.

In certain aspects the method of the invention may also include use of a
cysteine protease inhibitor selected from the group consisting of CA074Me, E64d
(loxistatin, EST), Ac-LVK-CHO, Z-VK(Ac)-ald, Z-YS-ald, Z-Q(Trt)S-ald, Z-YV-ald, Z-
C(Z)S-ald or Z-C(Z)K(Ac)-ald. The various aspects of the present invention may
cause a reduction in Ap and/or a reversal in the progression of Alzheimer’s disease

in the patient.

Suitable amounts and routes of administration for these cysteine protease
inhibitors for administration to achieve the desired effects can be determined by a
skilled person using the test methodologies described in detail below. The effects of
administration of these cysteine protease inhibitors on cognitive deficit and levels of

AB can also be determined using the test methods described in detail below.

Cathepsin B is a p-Secretase in the Regulated Secretory Pathway

The key to developing effective secretase inhibitors is to identify the
proteases that produce AB. To this end, experience in the proteolytic processing of
neuropeptides was applied (25-37). Neuronal cells have a regulated secretory
pathway through which neuropeptides are produced and secreted in response to a
triggering event (38-41). Neurons, like all cells, also have a constitutive secretory
pathway through which material is secreted independently of a stimulus. The
regulated secretory pathway contains different proteases than in the constitutive
secretory pathway (42-45). Neurons secrete most of the extracellular AB via the

regulated secretory pathway (46-49).
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Criteria for identifying a protease that produces a neuropeptide in the
regulated secretory pathway have been established (27, 35-41). First, the
processing protease must be present in the regulated secretory pathway of the
neuron. Second, the protease must have the cleavage specificity to produce the
neuropeptide. Third, inhibition of the protease must reduce production of the
neuropeptide. Application of these criteria resulted in identification of the cysteine
protease, cathepsin B, as a candidate p-secretase in the regulated secretory
pathway of neurons (50, 51). Others, looking at the constitutive secretory pathway,
identified the aspartyl protease, BACE1, as a 3-secretase (52-56), which is discussed
and compared below.

Primary bovine chromaffin cells contain the human brain APP isoform and
secrete APP in response to cholinergic agonists (58-60). Chromaffin cells naturally
produce large amounts of Ap via the regulated secretory pathway and purified
regulated secretory vesicles from these cells contain APP, AB, {3 and y-secretases
and presenilin (50). Using a peptide substrate that mimics the wild-type (-secretase
cleavage site of human APP, B-secretase activity was purified 250,000 fold from
purified regulated secretory vesicles. Using a selective affinity label, a 31 kDa
protein band was observed, and its B-secretase activity was found to be inhibited by
the cathepsin B specific inhibitor, CA074. The band was identified as cathepsin B by
tryptic digestion and peptide microsequencing using tandem mass spectrometry.
Immunoelectron microscopy found that cathepsin B co-localized with AB in the
regulated secretory vesicles. Further, as shown below, cysteine protease inhibitors,
and in particular cathepsin B-specific inhibitors, reduced B-secretase activity and AB
production in the isolated regulated secretory vesicles. The cell permeable cathepsin
B inhibitor, CA074Me, reduced CTF( production (a measure of 3-secretase activity)
and reduced production and secretion of AB in the regulated secretory pathway of
primary chromaffin cell cultures (51). As shown in Table 1 below, cathepsin B was
found to readily cleave the peptide substrate, Z-Val-Lys-Met- MCA, which mimics
the wild-type p-secretase cleavage site of human APP found in 99% of AD patients.
But cathepsin B did not cleave the peptide substrate, Z-Val-Asn-Leu- MCA, which
mimics a mutated B-secretase cleavage site of human APP called the Swedish
mutation (APPswe) found in only one family (50). Moreover, as shown below,
cathepsin B inhibitors selectively inhibit the production and secretion of AB by the

regulated secretory pathway of neuronal cells.
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Fluorescent in vifro Assays for Screening Compounds that Inhibit Wild-Type B-
Secretase Activity

A high throughput screening (HTS) assay was developed to measure
protease activity that cleaves the wild-type B-secretase cleavage site. The substrate
Z-Val-Lys-Met- MCA mimics the wild-type R-secretase cleavage site upon cleavage
between Met- MCA, which generates fluorescent MCA. The free MCA fluorescence
provides sensitive and quantitative measurement of protease activity. This assay
provides a rapid (30 minutes) and sensitive assay of activity for cleaving the wild-type
R-secretase cleavage site of APP, expressed in majority of the AD population.
Specifically, the Z-Val-Lys-Met- MCA cleaving assay can be used to detect
endogenous p-secretase activity in regulated secretory vesicles.

Figure 2 shows that E64c, the active form of the prodrugE64d(loxistatin, EST)
and CA074 inhibit endogenous R-secretase cleavage in isolated regulated secretory
vesicles. As shown in Figure 2a, the Z-Val-Lys-Met-MCA cleaving activity of
cathepsin B purified from secretory vesicles was completely inhibited by the cysteine
protease inhibitor E64c (10 uM) and by CA074 (1 pM), a selective inhibitor of
cathepsin B. As shown in Figure 2b, the endogenous B-secretase activity in
regulated secretory vesicles (isolated), monitored with Z-Val-Lys-Met-MCA, was
completed inhibited by the cysteine protease inhibitor E64c (10 ©M) and by CA074 (1

uM).

Cathepsin B Cleaves the B-Secretase Site in APPwt and Not APPswe

A comparison of cathepsin B cleavage of the R-secretase site in APPwt and
APPswe using peptidomimetics, Z-V-K-M-MCA and Z-V-N-L-MCA, respectively, was
conducted. As shown in Table 1, cathepsin B cleaves the wild-type R-secretase site,

rather than the Swedish mutant site.

Table 1. Cathepsin B Preference for Cleavage of the Wild-Type B-Secretase
Site

Protease Relative R-Secretase Activity pmol MCA/min/ug cat B
Cathepsin B Wild Type Site Swedish Mutant Site
547 0.2

In vivo Confirmation of the Cathepsin B Cleavage Preference
The ability of cathepsin B to cleave the B-secretase site in APPwt is confirmed

in vivo. As discussed above, CA074Me reduces guinea pig (gp) brain CTF(, which is
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a measure of B-secretase activity, and gpAPP contains the wild-type B-secretase
site. Thus, cathepsin B inhibition in vivo reduces wild-type B-secretase activity.
Cathepsin B’s inability to cleave the B-secretase site in APPswe was also
confirmed in vivo. Knocking out the gene encoding cathepsin B in transgenic mice
expressing APPswe has no effect on brain CTFB (57) and confirms that cathepsin B

has no in vivo B-secretase activity for the mutant site.

Cathepsin B Inhibitors Block AR Production in Isolated Bovine Regulated
Secretory Vesicles

Regulated secretory vesicles isolated from chromaffin cells naturally produce
AR from endogenous APP when incubated at 37°C in vitro for several hours. These
vesicles can be used as an in vitro screen for compounds that inhibit AB production.
As shown in Figure 3, irreversible cathepsin B inhibitors block AR production from
endogenous APP in isolated regulated secretory vesicles. The effects of cathepsin B
inhibitors, CA074 (10 uM, 4) and CA074Me (10 uM, O), on the production of AR40
from endogenous APP in regulated secretory vesicles isolated from chromaffin cells
was evaluated in time course studies. Cysteine protease inhibitor E64c (10 uM, O)
and Controls without inhibitors (®) were included. Each inhibitor was tested in
triplicate; values represent x + sem (*statistically significant with p< 0.05). Thus, the
in vitro regulated secretory vesicle assay can screen for compounds that inhibit A
production and it was found that cathepsin B inhibitors are effective at blocking AB

production.

CA074Me Reduces Regulated AR Secretion by Primary Neuronal Cell Cultures
Neuronal bovine chromaffin cells in primary culture can be used to select
compounds that affect AR in the regulated or constitutive pathway. Regulated
secretory AB is determined by measuring AB in the cell culture media after inducing
the cells to secrete using a triggering stimulus, such as KCI. The constitutive
secretory AP is determined by measuring AB in cell culture media (also called
“conditioned media”) from resting cells. As shown in Figure 4, A is mostly secreted
via the regulated secretory pathway and CA074Me selectively reduces AR secreted
from that pathway. Figure 4 shows the AP40 in culture media due to constitutive (C)
and regulated (R) secretion by primary neuronal chromaffin cells in culture.
Regulated secretion was induced by exposing the cells to KCI (50 mM) for 15
minutes. Comparing untreated cells (-) shows that significantly more AB40 is

produced by regulated secretion (R) than by constitutive secretion (C). Treated cells
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(+) received CAO74Me (50 uM) for 18 hours. The AB40 produced by regulated
secretion of the treated cells is about 50% less than that produced from regulated
secretion by untreated cells. In contrast, the AB40 produced by constitutive secretion
from treated cells is the same as the constitutive secretion from untreated cells.
Results are x + sem. *Statistically significant (p < 0.05). These results demonstrate
that: (1) most Ap is produced via the regulated secretory pathway, and (2) a
cathepsin B-specific inhibitor selectively reduces AR production and secretion in that
pathway.

Cathepsin B is present in the regulated secretory vesicles where AR
processing occurs. Cathepsin B cleaves the wild-type B-secretase cleavage site of
human APP, but not the mutated form. Cathepsin B inhibitors, E64d and CA074Me,
reduce p-secretase activity in isolated regulated secretory vesicles and in the
regulated secretory pathway of chromaffin cells. Moreover, those inhibitors also
reduce AP production in those vesicles and cells. As such, cathepsin B satisfies the

criteria above and is a candidate B-secretase of the regulated secretory pathway.

Irreversible Cathepsin B Inhibitors Reduce Brain and Synaptosome AR and
CTFB in the Guinea Pig, Which is a Natural Animal Model of Human APP
Processing

The effects of cathepsin B inhibitors on brain and synaptosome AR and CTFf3
in the non-transgenic guinea pig (gp) model of human APP processing were studied.
GpAPP contains the wild-type B-secretase site, gpAB is identical to human Aj and
gpAp is produced in sufficient quantity that a reduction can be readily determined.
Thus, the gp model is an excellent natural model of human p-secretase APP
processing (5-7).

As shown below, icv administration of the cathepsin B specific inhibitor,
CA074Me, to gp at a dose of 0.15 mg/kg/day reduced both AR40 and AR42 in the
brain by 50-60%. Moreover, this treatment also reduced by about the same amount
the AR in synaptosome preparations, which are enriched with synapses, and are a
measure of regulated secretion. Further, this treatment also similarly reduced brain
CTFR, which is a measure of R-secretase activity. In addition, the general cysteine
protease inhibitor, E64d, at the same dose and route of administration, also reduced
brain AR by 50%. The conclusion is that cathepsin B inhibitors significantly reduce
brain AB produced by the regulated secretory pathway because cathepsin B inhibitor

treatments caused a large reduction in both brain and synaptosome AB. A corollary
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conclusion is that cathepsin B is a likely brain 3-secretase because cathepsin B
inhibitors also reduced brain 3-secretase activity as measured by CTFR.

Guinea pig (gp) is a natural, non-transgenic model of human APP processing.
gpAPP is 98% homologous to human APP, contains the human wild-type (3-
secretase site, and gpAR is identical to human AR. Brain synaptosome preparations
are enriched with neuronal synapses which are the sites at which regulated secretion
occurs and are an in vivo measure of regulated secretory secretion. CTFf is an APP
fragment that results from p-secretase cleavage of APP and reflects in vivo f3-
secretase activity. As shown in Figure 5, E64d (loxistatin) reduces gp brain and
synaptosomal AR in vivo. E64d was icv administered into gp brains (0.15 mg/kg/day)
for 7 or 30 days. In Figure 5a, total AR was measured in brain extracts by ELISA
assays and treatment resulted in a 30% or 50% reduction after 7 or 30 days,
respectively. In Figure 5b, total synaptosomal AR is shown. Total Al was measured
in isolated synaptosomes by ELISA assays and treatment resulted in a 27% or 50%
reduction after 7 or 30 days, respectively.

As shown in Figure 6, CAO74Me reduces gp brain AR, synaptosomal AR and
AR40 and AR42 equally. CA0O74Me (0.15 mg/kg/day) was icv infused into gp brains
with mini pumps. In Figure 6a, AR was measured in brain extracts by ELISA assays
and treatment resulted in 50% or 60% reduction after 7 and 30 days, respectively. In
Figure 6b, total AR was measured in isolated synaptosomes by ELISA assays and
treatment resulted in a 45% or 50% reduction after 7 or 30 days, respectively. In
Figure 6¢, specific ELISA assays were used to measure AR40 and AR42 separately
in brain extracts and treatment for 7 days resulted in a 50% reduction of both. An
equal reduction of AR40 and AR42 is consistent with the inhibitor affecting B-
secretase activity.

To better evaluate the effects of CA074Me on (-secretase activity, relative
brain levels of CTF[ were assessed by western blots. The CTFR fragment results
from processing of APP at the R-secretase site, which produces the C-terminal 3-
secretase fragment (CTFR) of 12 kDA on SDS-PAGE gels. As shown in Figure 7,
CA074Me reduces B-secretase activity as measured by the APP-derived CTFR
fragment. CAO74Me (0.15 mg/kg/day) was infused into guinea pig brains for 7 days.
Brain tissue was extracted for western blot analyses of CTFR (12 kDa) detected with
anti-AR (Fig. 6a). Replicate samples of control (lanes 1-3) and CA074Me treated
(lanes 4-6) animals showed a 50% decrease in the amount of CTFR in animals given
CAO74Me. Thus, irreversible cathepsin B inhibitors reduce brain AB in the regulated

secretory pathway and B-secretase activity in vivo.

10
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Cathepsin B Correlated in Humans With AD

Cathepsin B is upregulated in the brain of an AD patient, and is colocalized
with AR in amyloid plaques (61,62). Cathepsin B is elevated in cerebrospinal fluid
(CSF) of AD patients (63), which is consistent with its regulated secretion from
neurons. Age-related changes in expression of brain cathepsin B may be involved in
the late onset of the disease (64,65). These findings by others are consistent with

the present results showing that cathepsin B produces secreted brain AR.

Cathepsin B Inhibition is Not Toxic

Cathepsin B is ubiquitously distributed throughout the body and is involved in
a wide range of functions. Originally identified as a digestive lysosomal protease,
cathepsin B also has other specific functions, such as MHC antigen mediated
presentation. As such, cathepsin B inhibition could raise toxicity concerns. However,

the data show that inhibiting cathepsin B does not result in toxic reactions.

Cathepsin B Knockout Mice are Normal Mice

A review of cathepsin B knockout mice found that the knockout animals
cannot be distinguished from their wild-type counterparts, are fertile and do not
exhibit behavior deficits (66). Extensive microscopic and histological examination of
multiple tissues did not reveal any alterations and demonstrated that cathepsin B is

dispensable for MHC mediated antigen presentation.

Cysteine Protease Inhibitors Safe in Clinical Trials and Animal Toxicity Studies
The general cysteine protease inhibitor, E64d, was tested in Japan for
treating muscular dystrophy in Phase | through Il trials, but was discontinued due to

a lack of efficacy (2, 3, 67) in that indication. Nonetheless, in the Phase | study,
healthy, young (25 years old) males given 5 mg/kg/day oral doses of E64d had no
change in subjective or objective symptoms or clinical tests. No change in pulse,
resting blood pressure, body temperature or grip force was observed and no change
was found in the general hematological tests, blood chemistry tests or urinalysis.
Pharmacokinetics showed good absorption, but no accumulation occurred and about
30% of the total dose was collected in urine.

E64d oxicity has been tested in mice, rats and dogs (68). Those studies

showed that E64d has an excellent therapeutic window with an LDso in mice, rats and

dogs.
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BACE1 pB-Secretase Inhibitors

The approach used to identify the aspartyl protease, BACE1, as a -
secretase established that another entirely different protease from cathepsin B,
BACE1, produces AB in the basal or constitutive secretory pathway and cleaves the
Swedish mutant R-secretase site. The elucidation of BACE1 as a B-secretase is

explained below.

BACE 1 p-Secretase Activity Identified in the Constitutive Secretory Pathway

Many years ago, BACE1 was identified as a B-secretase in HEK293 and
other cell lines that produce AR in “conditioned media” (52-56). The AR in the
“conditioned media” was that produced by the cells under basal or resting conditions
and thus represents the AR produced by the constitutive secretory pathway. Based
on the cell biology of secretory pathways (44, 45), identifying AR in the “conditioned
media” establishes that BACE1 is a p-secretase in the constitutive secretory

pathway.

BACE1 Different Amino Acid Residues at the Swedish Mutant B-Secretase Site
Compared to Wild-Type Site Suggests Different Proteases

BACE1 was also identified using transgenic cells that express human
APPswe in which the B-secretase site contains two amino acid mutations that make
this B-secretase site very different from that found in human APPwt. Nonetheless,
several studies believed it appropriate to utilize the mutant B-secretase site to identify
a protease with a preference for processing the mutant form because those
mutations lead to increased AR production (52-56). Using this mutant form, BACE1
was identified as a p-secretase of APPswe and readily cleaves the mutant form.
BACE1 was later found to have extremely poor ability to cleave the wild-type 3
secretase site (72).

Proteases are known to possess selectivity for cleavage at amino acids
having different chemical properties. Therefore, because the charged Lys residue at
the wild-type R-secretase site (-Lys-Met- Asp-) differs chemically from the neutral
Asn residue of the mutant site (-Asn-Leu- Asp), different proteases may recognize
and cleave the wild-type site compared to the Swedish mutant site. Cathepsin B
prefers to cleave the wild-type R-secretase site whereas BACE 1 prefers the Swedish
mutant site. Thus, use of different cleavage site specificities for elucidation of

proteases led to identification of two different proteases — cathepsin B and BACE 1.
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In vivo Reduction of BACE 1 by Genetic Knockout Approaches

Data from studies of BACE1 knockout mice are consistent with a role for
BACE 1 in the constitutive secretory pathway, with preference for the Swedish
mutant B-secretase site. Homogenized brain from BACE1 knock out animals
detected no B-secretase activity and concluded therefore that BACE1 is the only -
secretase. However, the assay conditions used to detect B-secretase activity
contained the cysteine protease inhibitor E64c which prevented detection of cysteine
protease B-secretase activity such as that due to cathepsin B (73). A reducing agent
is essential for cathepsin B activity and its absence in B-secretase assays from
BACE1 knockout mice (73) also precluded detection of cathepsin B.

Resting neuronal cultures from BACE1 knockout mouse brains showed
reduced basal secretion of AR into conditioned media (74, 75), indicating a role for
BACE 1 for AR production in the constitutive secretory pathway. Another study
examined the absence of BACE 1 in mice that over-expressed the Swedish mutant
form of APP (76, 77). Based on the preference of BACE1 for cleaving the Swedish
mutant R-secretase site, it is logical that the absence of BACE1 resulted in reduced
cleavage of Swedish mutant APP. These studies have not assessed the effect of

BACE1 knockout on production of AR in the regulated secretory pathway.

In vivo Reduction of BACE 1 by Chemical Inhibitor Approaches

BACE 1 inhibitors have been shown to reduce brain Ap by about 30% (78,
79). For example, the BACE 1 inhibitor KMI-429 (76) caused a maximum reduction
in brain AB of about 30-40% in wild-type mice using a high icv dose of 200
mg/kg/day.

Cathepsin B and BACE 1, Participate in AR Production Via Processing of APP
The data support the hypothesis that production of cellular AR by B-secretase

utilizes two parallel protease pathways consisting of cathepsin B for AR biosynthesis

in the regulated secretory pathway of neurons, and BACE 1 for AR production in the

constitutive secretory pathway of such cells.

Cathepsin B Inhibitors Reduce Cognitive Deficit, Plaque Pathology and Brain

AR in the Transgenic APPIn Mouse, Which Mimics AD Pathology and Behavior.

To evaluate efficacy, the cathepsin B inhibitors were studied in a transgenic

AD mouse model. Mice that express human APP having the London mutation were
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developed that overproduce brain AB, generate brain plaques and have reduced
cognitive ability (8). Importantly, the London mutant APP (APPIn) produced in these
transgenic animals has the wild-type (-secretase cleavage site and a mutated y-
secretase site, which causes the AP overproduction. Thus, this is an excellent model
for evaluating B-secretase inhibitors because the B-secretase activity in these
animals models is comparable to that found in the vast majority of AD patients.

The results of these studies are shown below. Briefly, icv administration of
0.015mg/kg/day of CAO74Me or E64d to APPIn mice caused a significant 50%

decrease in brain Ap40 and Ap42 and a similar reduction of brain plaque load. More
importantly, the cathepsin B inhibitors caused an 80% improvement in the cognitive
deficit in these animals. The primary and significant conclusion that can be drawn
from these data is that cathepsin B inhibitors are AD therapeutics because they are
efficacious in an AD animal model. More importantly, the data show that cathepsin B

inhibitors can reverse the cognitive deficit caused by AD.

Irreversible Cathepsin B Inhibitors Improve Cognitive Ability and Reduce Brain
AR and Plaque Load in a Transgenic AD Animal Model

Transgenic mice expressing human APP containing the London mutation
(APPIn) mimic AD function and pathology in that they are cognitively deficient, have
brain amyloid plaque and elevated AB (8). APPIn has the wild-type R-secretase site,
which is found in 99% of AD patients and is the site cleaved by cathepsin B. As
shown in Figure 8, CAO74Me or E64d treatment of 8 month old APPIn mice reduced
brain AR and amyloid plaque and improved cognitive function. CA074Me or E64d
were administered by icv infusion in brains (0.015 mg/kg/day) for 28 days (8 animals
per treatment group). As shown in Figure 8a, AR40 and AR42 were measured by
ELISA assays and expressed as ng AR/g (brain weight), mean * s.e.m. As shown in
Figure 8b, amyloid load was quantitatively assessed by AR immuno-staining, and is
expressed as percent amyloid in brain tissue (cortex examined). The treatment was
found to significantly reduce amyloid load. As shown in Figure 8c, animals were
tested for cognitive function by the Morris water maze test and treatment of APPIn
mice resulted in a significantly lower average latency period (seconds). Moreover,
these results were statistically significant with p < 0.005 for each treatment group
compared to the relevant control.

As shown in Figure 9, APPIn mice show elevated AR, amyloid deposits, and
cognitive deficit as compared to wild-type mice. London mutant APP mice were

evaluated at 8 months of age to confirm high levels of brain AR, amyloid deposits,
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and the presence of cognitive deficit. As shown in Figure 9a, total AR peptide levels
were measured by ELISA and expressed as ng AB (AR40 + AR42) per gram brain
tissue (n = 3) and found to be significantly increased in the APPIn mice. As shown in
Figure 9b, mouse brain cortex sections stained for amyloid deposits using anti-Al
showed an amyloid load in APPIn mice but not in wild-type mice. As shown in Figure
9c, wild-type and APPIn mice subjected to Morris-water maze tests as described
above showed that the latency period for untreated APPIn animals was 2.3 times
longer than for wild-type animals. Comparing Fig. 8c reveals that treating the APPIn
animals dropped the latency period to only 1.2 times that of wild type animals (n = 3).
Thus, irreversible cathepsin B inhibitors are efficacious in this AD animal model,
causing an 80% improvement in cognitive function and a 50% decrease in amyloid
plague load and brain AB. Thus, these tests indicate that Cathepsin B inhibitors are

effective at reversing the cognitive deficit caused by AD.

Cathepsin B Inhibitors Have No Effect On a Transgenic APPIn Mouse
Expressing Human APP containing the Swedish Mutant B-secretase Site.

Cathepsin B inhibitors were also evaluated in another transgenic mouse that
expressed human APP containing both the Swedish mutant p-secretase and the
London y-secretase site (APPswe/In). The same treatment procedure as used for the
APPIn mice resulted in no significant change in memory, amyloid plaque load, AB40,
Ap42, CTFB, or sAPPa | the APPswel/ln mice (Table 2).

The fundamental difference between the APPswe/In mice compared to the
APPIn mice is the expression of the Swe mutant p-secretase site in the APPswe/In
mice rather than the wt p—secretase site expressed in the APPIn. In particular, the
substitution of the neutral asparagine residue in the Swe B-secretase site for the
positively charged lysine found in the wt B—secretase site changes the substrate
structure, which alters the biochemical properties of B-secretase cleavage.

The lack of effectiveness of cathepsin B inhibitors in mice expressing the Swe B—
secretase site was expected based on the cathepsin B assay used to select the
inhibitors. Cathepsin B showed poor cleavage efficiency for the Swe B-secretase
site, but showed high selectivity for cleaving the wt B-secretase site (Table 1). Thus,
cathepsin B inhibitors were expected to be efficacious in animals expressing the wt
p—secretase site but not the swe B—-secretase site.

In contrast to the APPswe/In mice, which showed no response to the

cathepsin B inhibitors, cathepsin B inhibitors were efficacious in APPIn mice
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expressing the wt B—secretase site for improvement in memory deficit with reductions

in amyloid plaque load and A peptides.

There was no significant difference in the mean latency period or mean
distance traveled for the untreated controls in both the APPswe/In and APPIn groups
of mice. However, a 2.3-fold greater amyloid plaque load was observed in the

control APPswe/ln mice relative to the control APPIn mice.

Table 2. Cysteine Protease Inhibitors Have No Effect in APPswe/ln Mice.

Parameter Mean + %SEM Significance
Control CA074Me Loxistatin (p < 0.05)

Latency Period (sec.) 38 + 8% 37 +12% 40 + 10% ns’'
Distance Traveled | 253 + 10% 246 + 13% 270 + 12% ns
(cm.)

Amyloid load (% area) | 1.14 + 4% 1.07 + 4% 1.06 + 4% ns
ApB40 (% control) 103 + 5% 91 + 4% 92 + 7% ns
AB42 (% control) 100 + 4% 97 + 3% 101 + 3% ns
CTFB (% control) 96 + 4% 97 + 3% 100 + 3% ns
sAPPa (% control) 105 + 5% 101 + 4% 98 + 3% ns

'ns = means not significantly different by ANOVA.

A Reversible Cathepsin B Inhibitor

E64d and CA074Me both contain a core epoxysuccinyl structure (69-71).
These compounds inhibit proteases by a covalently bonding via their epoxy ring to
the active site of the protease. As such, these compounds chemically react and
irreversibly inhibit the protease.

Although irreversible inhibitors are used as pharmaceuticals, they are
generally not preferred because the reactive nature of these compounds raises
issues of potential toxicity due to nonspecific reactions. These concerns are
increased when the irreversible inhibitor is chronically administered and when the
patient population is frail. Chronic administration and frail patients are both typical for
administration of AD drugs. Thus, reversible AD inhibitors may have advantages
because nonspecific reactions are less likely to occur and thus toxicity concerns may
be reduced relative to the use of irreversible inhibitors, although, as stated above,

E64d has been shown to be non-toxic in human clinical trails.

Reversible Cathepsin B Inhibitor Reduces Brain Ag and CTFB in the gp.

The known reversible cathepsin B inhibitor, acetyl-L-leucyl-L-valyl-L-lysinal
(Ac-LVK-CHO), is effective at reducing brain AR and 3-secretase activity in the
guinea pig animal model. This peptidomimetic is cell permeable and has an ICs of 4
nM for cathepsin B inhibition (4). As shown below, icv administration of Ac-LVK-CHO
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for 30 days at 1 mg/ml, 2.5 ul/hr (0.15 mg/kg/day) significantly reduces brain Ap40
and AB42 by about 70% and 60%, respectively, relative to controls. The Ac-LVK-
CHO also reduces brain CTFp by about 65% relative to controls. These results are
approximately the same as for the irreversible cathepsin B inhibitor, CAO074Me.
Thus, this indicates that a totally different class of cathepsin B inhibitor, a reversible
inhibitor, is an effective AD drug because the data show that such an inhibitor
reduces brain Ap and brain B-secretase activity. Reversible cathepsin B inhibitors

effectively reverse the cognitive deficit caused by AD.

Reversible Cathepsin B Inhibitor Reduces Brain A & B-Secretase Activity in gp

Although the irreversible cathepsin inhibitors are efficacious, there is a
potential concern that non-specific binding by these compounds may be the reason
for their effect. Reversible inhibitors are thought to pose less of a concern with
respect to specificity. In order to develop reversible cathepsin B inhibitors for AD,
such compounds also need to be demonstrated to be efficacious. The
peptidomimetic, acetyl-L-leucyl-L-valyl-L-lysinal (Ac-LVK-CHO) is a potent cell-
permeable reversible cathepsin B inhibitor (4). Ac-LVK-CHO was administered to
guinea pigs (gp) in the same manner as the irreversible inhibitors and brain A and
B-secretase activity was determined.

As shown in Figure 10, Ac-LVK-CHO was icv infused into gp brains at 1
mg/ml, 2.5 pl/hr (0.15 mg/kg/day) for 30 days in a 1.5% DMSO/saline carrier solution
using mini-pumps (N=8 animals per group). At the end of the treatment, the brains
were isolated and extracted with guanidine hydrochloride and AB40 and AB42 levels
were determined using ELISA. The controls were handled identically but did not
receive Ac-LVK-CHO. The Ap40 and AB42 levels for the treated brains and the
controls are shown in Figure 10 (mean +/- SD). Treating the animals significantly
reduced both AR40 and AB42 by about 70% and 60%, respectively, relative to
controls. These results were statistically significant with a p < 0.0001.

As shown in Figure 11, Ac-LVK-CHO reduces gp brain CTFf in vivo. Brains
from animals described in relation to Fig. 10 were extracted and analyzed for CTF(3
by ELISA. The CTFB levels as a per cent of control for the treated and control
groups are shown in Fig. 11 (mean +/- SD). The treatment resulted in a about a 65%
reduction in CTFB. These results were statistically significant with a p < 0.0001.

The reversible and irreversible inhibitors resulted in about the same reduction

in brain A and CTFp in the gp model. Thus, a reversible inhibitor is likely to be as
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efficacious as an irreversible inhibitor, and the inhibition of cathepsin B is the most
likely reason for this effect.
The data show that reversible cathepsin B inhibitors are also efficacious
because a reversible inhibitor reduces brain Ap and B-secretase activity in vivo at

about the same levels as did the efficacious irreversible inhibitors.

Peptide Structures Suitable for Drug Design Have Been Identified.

Reversible inhibitors suitable for drug development can be designed from
peptide structures. As shown below, six dipeptide aldehydes having an ICso of 100
nM or less for inhibiting cathepsin B B-secretase activity are shown. These
structures were found by screening a library of 70 dipeptide aldehydes. Cathepsin B
B-secretase activity can be assayed using recombinant human cathepsin B cleavage
of the peptidomimetic substrate, carbobenzoxy-Lvalyl-L-lysinal-L-methionyl-
aminomethylcourmarinamide, Z-VKM-MCA. That substrate mimics the wild-type B-
secretase cleavage site of human APP and its cleavage liberates a fluorescent MCA
reporting molecule. Thus, peptide structures can be identified for design of reversible

cathepsin B inhibitors suitable for drug development.

Peptide Structures Identified that Reversibly Inhibit Cathepsin B Activity
Peptide structures that inhibit cathepsin B B-secretase activity were used to
develop small molecule AD drugs. A library of dipeptide aldehydes were screened for
an inhibitory effect on the cathepsin B B-secretase activity using recombinant human
cathepsin B (3.5 ng) cleavage of the Z-V-K-M- MCA substrate (100 uM). Over 70
dipeptide aldehydes were screened and 6 were found to have an ICs, inhibitory

concentration of 100 nM or less and are listed in Table 3.

Table 3. Dipeptide Aldehydes Inhibitors of Cathepsin B B-Secretase Activity

Formula [Cso inhibitory concentration (nM)
Z-VK(Ac)-ald 31
Z-YS-ald 37
Z-Q(Trt)S-ald 58
Z-YV-ald 65
Z-C(Z)S-ald 67
Z-C(Z)K(Ac)-ald 91
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Design and Testing of Reversible Cathepsin B Inhibitors
(Separate out a description of the enzyme inhibition assay as a separate
example)

The design of reversible small molecule cathepsin B inhibitors will be similar
to that which has already been successfully employed to develop other cysteine
proteases, such as IDN-6556, which is currently in phase I clinical trials for the
treatment of liver disease. The discovery of IDN-6556 was accomplished through an
iterative medicinal chemistry program starting from a known protease tetrapeptide
inhibitor. The approach consisted of a number of steps, which are summarized here.
First, the tetrapeptide was truncated to reduce the peptide characteristics of the
molecule. Reducing the peptide size to a tripeptide maintained the compound's
potency but further truncation to a dipeptide abolished most of the inhibitory
properties of the molecule. Since it was desirable to build the pharmaceutical agent
from a dipeptide core, a library of dipeptide aldehydes was prepared to investigate
the effect of a variety of N-capping groups as potential surrogates for the P3 amino
acid. This approach involved preparing a library of compounds utilizing solid phase
parallel synthetic methodologies. This allowed for the synthesis of a large number of
dipeptide aldehyde inhibitors with various N-capping groups. The capping groups
were selected somewhat randomly with the intention of building a library that
contained significant structural diversity. These investigations led to the identification
a number of N-capped dipeptides which demonstrated excellent inhibitory activity
against a broad spectrum of caspases. The final step leading to the identification of
IDN-6556 was to investigate warheads other than the aldehyde group. This was due
to the fact that the aldehyde warhead was not considered optimal for a
pharmaceutical product and more importantly, the fact that the aldehydes, though
potent against the isolated enzymes, were not adequately efficacious in whole-cell
assays as inhibitors. Therefore, a study of various warheads was conducted and the
resulting compound, IDN-6556, was identified as a clinical candidate. Although the
optimized IDN-6556 warhead is an irreversible warhead, many early compounds
made in this process were reversible inhibitors.

This approach will also identify small molecule cathepsin B inhibitors suitable
for drug development. In summary, the approach will be (1) identification of the
optimal dipeptide core, (2) optimization of P3 interactions by random addition of
various N-capping groups, and (3) replacement of the aldehyde warhead. Similarly,
molecular modifications of the peptide structures will result in reversible small

molecule cathepsin B inhibitors suitable for further drug development.
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Design of Reversible Small Molecule Cathepsin B inhibitors

The approach to the discovery of reversible small molecule cathepsin B
inhibitors follows the successful approach used in the identification of IDN-6556,
discussed above. The steps involved in the medicinal chemistry development of IDN-
6556 include: (1) identification of an optimal dipeptide core, (2) optimization of P3
interactions by random addition of various N-capping groups, and (3) identification of
potential replacements for the aldehyde warhead.

As the first step, the known cathepsin B inhibitor, Ac-LVK-H, was truncated in
an effort to define a dipeptide core from which to build the inhibitor. The structure of
the final clinical candidate cannot be defined at this stage as the inhibitor will be
developed during the iterative medicinal chemistry investigations. A library of
dipeptide aldehydes consisting of all of the possible combinations of the twenty
common amino acids was synthesized. For these initial test compounds, the N-
terminus were capped with a carbobenzoxy (Z) group. The ICs's for the compounds
against cathepsin B was determined. Several potent dipeptide aldehyde inhibitors
have been identified, as shown in Table 3.

The second step in the development of the cathepsin B inhibitor was to
enhance the potency of the dipeptide aldehydes by substituting the carbobenzoxy
group at the N-terminus with a variety of alternate chemical groups. These groups
were selected randomly with an emphasis on maximizing the diversity within this
second library. The various groups were joined to the N-terminus via acylation or
alkylation chemistry. The compounds were synthesized in parallel utilizing solid
phase methodologies. It was anticipated that this phase would consist of several
iterations, requiring the synthesis and testing of multiple sub-libraries of compounds.
Several hundred compounds were synthesized and evaluated during this phase. The
more potent analogs identified were tested in the vesicle assay. For those
compounds where the structure activity relationship (SAR) against the isolated
enzyme does not parallel the SAR of the analogs in the vesicle assay, further
compounds were prepared as necessary in order to optimize the activity in the latter.

A third phase was the incorporation of alternate warheads. It is desirable to
maintain the reversible inhibitory properties of the aldehydes and thus, warheads
such as the nitrile warhead were synthesized and evaluated in the enzyme and
vesicle assay. This third phase is optional as the aldehydes prepared in the second

phase exhibit acceptable properties.
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Synthesis of Reversible Small Molecule Cathepsin B Inhibitors.
The synthesis of a novel cathepsin B inhibitor follows the plan outlined in
Scheme 1. The methodologies of scheme 1 are all documented in the literature. The
first step is to convert the P1 amino acid to its aldehyde via conversion to the
5 Weinreb amide followed by reduction with lithium aluminum hydride. Coupling of the
aldehyde to a linker (structure and synthesis described in Scheme 2) via an imine
functionality followed by attachment of the linker to a Wang resin provides the P1
aldehyde attached to a solid phase. Removal of the FMOC protecting group and
standard amino acid coupling to the P2 residue provides the dipeptide aldehyde
10  attached to a solid phase. Removal of the FMOC followed by acylation or atkylation
of the free amine with a variety of capping groups provides substituted dipeptide
aldehydes. Final removal from the resin and purification gives rise to functionalized

dipeptide aldehydes that can be evaluated for activity.

15 Scheme 1
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Synthesis of the known linker is outlined in Scheme 2. Tyramine is protected
20  with a tBoc group and the hydroxyl group is alkylated with methyl bromoacetate.
Removal of the protecting group with acid followed by reaction with DCI and

tBocNHNH; (tButylcarbazate) provides the fully protected linker. Saponification and

21



WO 2008/077109 PCT/US2007/088163
22

final removal of the tBoc group provides the linker. The NH; group of the linker reacts
with the amino acid aldehyde to form the imine. The carboxylic acid is attached to the

amine on the resin via an amide bond.

Scheme 2

OH O 0
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The small molecule cathepsin B inhibitors are selected for use in in vitro and
in vivo assays that were used to select the irreversible inhibitors, loxistatin and
CA074Me, and determine their efficacy. The in vitro assays include the cathepsin B
B-secretase assay, the regulated secretory vesicle cathepsin B and AB assays, and
regulated AB secretion cell assays. The in vivo assays use the APPIn mouse AD

model and the guinea pig model of human APP processing.

Comparison of in vivo Effects of Cathepsin B and BACE1 Inhibitors

The cathepsin B inhibitors, CA074Me, E64d and Ac-LVK-CHO, do not affect
the aspartyl protease, BACE1. Thus, the reported data is not due to direct inhibition
of BACE1.

As discussed above, removing cathepsin B in knock out animals does not
appear to affect their viability, fertility, phenotype or behavior. Moreover, the cysteine
protease inhibitor, E64d, has been shown to be safe in clinical trials. Although
initially thought to be benign, recent data suggest that knocking out BACE1 may
result in reduced viability and altered behavior (75). Thus, cathepsin B may be a
safer target than BACE1 for inhibition.

As shown here, cathepsin B inhibitors improve cognitive function inan AD
animal model whereas it appears that no BACE1 inhibitor has been shown to do this.
Also, cathepsin B inhibitors reduce brain AR more than has been shown to occur for
a BACE1 inhibitor. The effective dose of cathepsin B inhibitors is about 13,300 more
potent than BACE1 inhibitors. Thus, the cathepsin B B-secretase inhibitors compare

favorably to the BACE1 inhibitors in several respects.

Other Cathepsin B Inhibitors and Cysteine Protease Inhibitors

In addition to the cathepsin B and cysteine protease inhibitors described
above, any known cathepsin B inhibitor or cysteine protease inhibitor found suitable
for pharmaceutical use can be used to treat or reverse the cognitive deficit caused by
AD. For example, compounds described in International patent application no. WO
2007/038772, such as the prodrugs containing the brain targeted chemical delivery
system coupled to a cysteine protease inhibitor moiety, compounds described in U.S.
Patent Application Publication no. 2004/0248232, and Frlan, R. and Gobec, S. (2006)
Inhibitors of cathepsin B. Current Med Chem. 13:2309-2327, are useful for this
purpose. Others suitable inhibitors may include those described in U.S. Patent nos.
6,689,785, 6,387,908; 6,110,967, 5,843,992, 5,679,708, 5,556,853; 4,418,075 and
4,333,879, Assays described herein, in International patent application no. WO
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2007/038772, and those known in the art can be used to select additional cathepsin

B inhibitors or cysteine protease inhibitors for use in treating AD.

Pharmaceutical Use

The pharmaceutical compatibility of cathepsin B and cysteine protease
inhibitors can be determined by known toxicological methods. As discussed above,
neither inhibition of cathepsin B nor cysteine proteases are toxic. Suitable routes of
administration can be readily determined based on animal studies. The effectiveness
of the inhibitors for affecting AD can be assessed by any means known in the filed

such as those described for AD at www.clinicaltrials.gov. For example, cognitive

tests such as the Mattis Dementia Rating Scale and the MiniMental State
Examination have been developed. Known neuroimaging methods can also be used
for evaluating AD, especially AB, using various means such as magnetic resonance
or positron emission tomography. Further, biomarkers associated with AD can be
monitored for determining an effect, especially for levels of cathepsin B or cysteine

protease activity in cerebral spinal fluid.

EXPERIMENTAL METHODS

In vitro and cell assays

Novel in vitro screening assays that target R-secretase and AR production in
the regulated secretory pathway of neuronal cells were used to identify cathepsin B
inhibitors for (i) inhibition of R-secretase activity of recombinant cathepsin B, (ii)
inhibition of endogenous RB-secretase activity in regulated secretory vesicles, (iii)
reduction of AR peptide production in regulated secretory vesicles, and (iv) reduction
of AR secreted from the regulated secretory pathway from intact neuronal cells in
primary culture. This series of unique assays identifies small molecules that
effectively reduce AR peptide production in the major regulated secretory pathway of

neuronal cells.

Recombinant Cathepsin B B-Secretase Assay

The recombinant cathepsin B B-secretase assay occurs in a solution (100 pl
total volume) consisting of H,O (20 pl), Na-Acetate (50 mM, pH 5.0), NaCl (100 mM),
Z-VKM-MCA (100 uM), GSH (10mM), EDTA (1mM), and recombinant human
cathepsin B (3.5 ng) and 2DMSO (2%). A dipeptide aldehyde was added to such
solutions in varying amounts to determine the 1Cs,. The reagents were generally

commercially available or, in the case of the dipeptide aldehydes, custom
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synthesized. The assay was incubated at 37°C for 45 minutes and the fluorescence
was read using a spectrophotometer (365/450 nm excitation/emission). Assays were
run in duplicate. Compounds that inhibited cathepsin B by 80-100% (at 10 pM)
underwent dose-response testing at 1 nm to 10 uM to determine potency, measured
as ICsq values (determined by non-linear regression a analysis using Graphpad
Prism). Compounds with ICsg values in the nanomolar range, up to 100 nM, were

selected for further study.

Dipeptide Aldehyde Library
A library of over 70 custom dipeptide aldehydes was screened in the

cathepsin B 3-secretase assay.

Inhibition of Endogenous R-Secretase Activity in Regulated Secretory Vesicles
Isolated from Neuronal Chromaffin Cells

Cathepsin B compounds that effectively inhibit cathepsin B in the nanomolar
range were tested for their abilities to inhibit endogenous R-secretase activity in
regulated secretory vesicles isolated from neuronal chromaffin cells.

Isolation of regulated secretory vesicles, also known as chromaffin vesicles,
from adrenal medullary tissue (bovine) was conducted by sucrose density gradient
purification, as described previously (54-56, 58). Briefly, fresh bovine adrenal
medulla (from 40 glands) was gently homogenized by a polytron (Brinkmann) in 200-
250 ml ice-cold 0.32 M sucrose. The homogenate was centrifuged at 1500 rpmin a
GSA rotor (Sorval centrifuge) for 20 minutes at 4°C. The supernatant was collected
and centrifuged at 8000 rpm in a GSA rotor for 20 minutes at 4°C to obtain a pellet of
chromaffin vesicles. The pellet was washed 3 times in 0.32 M sucrose. After
washing, the chromaffin vesicles were resuspended in 0.32 M sucrose and subjected
to discontinuous sucrose gradient centrifugation in a SW28 rotor at 25,000 rom for
120 min at 4°C. The pellets of isolated chromaffin vesicles were lysed in 0.015 M KClI
with a glass-glass homogenizer and stored at -70°C prior to use. Beta-secretase
activities in frozen chromaffin vesicles are stable for at least 2 years.

Endogenous B-secretase activity in lysed chromaffin vesicles was assayed
with the R-secretase cleavage site specific substrate, Z-Val-Lys-Met-MCA, as
described (38,39). Small molecules were first tested at a concentration of 10 uM;
compounds that inhibit B-secretase activity by 80-100% were then analyzed using

dose-response curves for measurement of ICsq values. Compounds with 1Csp values
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in the nanomolar range (1-100 nM), were tested for inhibition of AR peptide

production in chromaffin vesicles.

Reduction of AR Peptide Production in Isolated Secretory Vesicles

Cathepsin B compounds that were effective inhibitors of endogenous -
secretase activity were tested for inhibition of AR peptide production in regulated
secretory vesicles. The effect of reversible cathepsin B compounds on production of
AR40 and AR42 in isolated chromaffin vesicles was tested by incubating candidate
inhibitors (at 10 pM) with lysed chromaffin vesicles under identical conditions as for
the R-secretase assay for 8 hours. This incubation resulted in AR peptide production
in controls, which was inhibited by E64c or CA074Me (10 uM), as described
previously (39). After incubation, AR40 and AB42 was measured by ELISA assays,
as described for measurement of AR peptides in brain extracts. Each candidate
inhibitor was assayed in triplicate. Cathepsin B compounds that showed at least
50% inhibition of AR production were tested in intact neuronal cells in primary culture

for reduction of AR produced in the regulated secretory pathway.

Reduction of AR Secreted From the Regulated Secretory Pathway of Primary
Neuronal Cell Cultures: Neuronal Chromaffin Cells and Brain Cortical Neuronal
Cell Cultures

Reversible cathepsin B compounds that inhibited AR production in isolated
secretory vesicles by at least 50% at 10 uM were tested for reduction of AR secreted
from the regulated secretory pathway of primary neuronal chromaffin cells. Primary
chromaffin cell cultures were prepared as described (50, 51). Cells were incubated
with inhibitors (first at 50 uM) for about 18 hours, and then KCl-induced secretion of
AR from the regulated secretory pathway was analyzed, by incubating cells in 50 mM
KClI for about 15 minutes and measurement of AR peptides in the secretion medium.
Inhibitor effects were more readily detected during increased rates of AR production,
which can be induced by treatment of cells with PMA (phorbol myristate acetate, 100
nM). Therefore, compounds were tested in the presence of PMA for effects on AR
secreted from the regulated secretory pathway.

Cathepsin B compounds that reduced regulated secretion of AR by at least
about 50% were tested in brain cortical neurons in primary culture for effectiveness in
brain neurons. Guinea pig brain cortical neurons can be purchased, for example
from GTS (Gene Therapy Systems, San Diego, CA), suitable for culturing. The tests
for the ability of inhibitors to reduce AR secreted from the regulated secretory

pathway of brain cortical neurons in primary culture were performed as described for
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chromaffin cells, with stimulation of regulated secretion by KCI depolarization.
Compounds that effectively reduced regulated secretion of AR by at least about 50%

were tested in vivo in guinea pigs and the London mutant mouse AD model.

Guinea Pig Assays
Intracerebroventricular (icv) Infusion into the Brain

Cathepsin B inhibitors were administered directly into the brain by icv infusion
with minipumps in time course studies at different doses. Guinea pigs were infused
with compounds using Alzet pumps (2.5 ul/hr, with compounds at 1 mg/ml in saline)
for 7 and 30 days, and other times. This initial dose of compound was selected
because E64d and CA074Me are effective at this dose. Each treatment group

consisted of eight to ten guinea pigs, including the vehicle control group.

Preparation of Brain Extracts and Synaptosomes for AR40 and AR42
Measurements
Brain Extracts and Synaptosome Preparations

At the end of each experiment, animals were sacrificed and half the brain was
taken for ELISA measurement of AR40 and AR42 levels. The other half was isolated
for synaptosome preparations for ELISA measurement of AR40 and AR42 content in
nerve terminals. Synaptosomes were prepared by homogenization in isotonic
sucrose (320 mM), pH 7.4, 1 mM EDTA, 0.25 mM dithiothreitol, and 30 U/MI RNAse
inhibitor. The homogenate was centrifuged at 1000 x g for 10 minutes. The
supernatant was loaded on a Sucrose-Percoll discontinuous gradient and centrifuged
at 32,000 x g for 5 minutes (80). Enriched synaptosomes were washed in PBS, and
centrifuged at 12,000 x g for 4 minutes. The supernatant was removed, and the
synaptosome containing pellet was resuspended in 50% OptiPrep (Accurate
Chemica. Westbury, NY), loaded on an OptiPrep discontinuous flotation gradient (9,
12.5, 25, and 35%) and centrifuged at 10,000 x g for 20 minutes. The synaptosomes
were obtained at the 15-25% interface.

Measurement of AR40 and AR42 Peptides

For quantitative analysis of AR peptides, an enzyme-linked immunosorbent
assay (ELISA) was used to measure the levels of total AR, AR, AR40 and AR42in
the brains and synaptosomes of guinea pigs (Biosource International, Camarillo, CA).
ARota, AR40 AR42 was extracted from guinea pig brains or from synaptosomes by
guanidine hydrochloride and quantified as described by the manufacturer. This

assay extracted the total AR peptide from the brain (both soluble and aggregated).
27



10

15

20

25

30

35

WO 2008/077109 PCT/US2007/088163
28

Tissue samples were homogenized in 5M guanidine buffer (5M guanidine HCI in 50
mM Tris-Cl, pH 8.3; Sigma-Aldrich, St. Louis, MO) at 1:10 w/v dilution. Homogenates
were agitated at room temperature for 3-4 hours, then stored at -20°C. The day
before running the ELISA, the tissue samples were diluted further 1:10 to provide a
final guanidine concentration of 0.5M. These diluted homogenates were spun down
at 14,000 rpm for 20 minutes at 4°C and supernatants used for AR} determination by
ELISA (84-86). Brain and synaptosome extracts were assayed as diluted in 0.5M
guanidine. In addition, AR40 and AlR42 were assayed using ELISA using 6E10 as
the capture antibody and Rb209 and Rb321 as reporter antibodies, respectively, for
AR40 and AR42 (96).

Transgenic APPIn Mice Assays

APPIn mice express the clinical mutant human APP (APP[V7171]) which has
a mutation at the y-secretase site that results in the overproduction of A and the
behavioral and neuropathology that develop an AD phenotype (8). These mice show
early stage deficits in cognition and memory at 3-9 months age. At the later age of 8-
12 months, amyloid plaques have developed in brains of these mice, with increased
levels of AR40 and AR42 peptides in the brain. Early deficits in learning in these
mice were reduced by a single administration of a AAV-CB-AR42 vaccine that
induced in vivo production of anti-Af} serum; vaccinated mice showed improved
memory and cognition, decreased AR deposition, and decreased plaque
development. Results shown here demonstrate that irreversible cathepsin B
inhibitors reverse the cognitive deficits and neuropathology in the APPIn mouse
model. Thus, this AD mouse model allows testing of select reversible compounds to
improve cognition and to reduce brain levels of AR peptides and amyloid plaques.

The mouse model of AD expressing human APP containing the Swe mutant
B-secretase site and the London mutation (APPswe/In) also overproduce A3, and
develop neuropathology and behavior that mimic AD. APPswe/In was generated by
site-directed mutagenesis at the f—secretase site of the APPIn to convert Lys-Met to
the mutant Asn-Leu. Both APPswe/In and APPIn mouse strains were created in a
C57BL/6 mouse background using the Thy-1.2 expression cassette driven by the
Thy-1 promoter containing an SV40 polyadenylation site. The APPswe/In mice differ
from the APPIn in that APPswe/In mice contain the Swedish mutant -secretase site
rather than the wt 3-secretase site found in APPIn. Results shown here demonstrate
that, as expected, irreversible cathepsin B inhibitors have no effect on APPswe/In

mice.
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Routes of Administration, Dose, and Schedule.

Direct icv infusion into the brain was the first route of administration to be
tested to establish the effectiveness of reversible inhibitors in the brain to provide
cognitive improvement, and reduction in brain AR peptides and amyloid plaques. lcv
infusion was performed as described above for the irreversible inhibitors with use of
the Alzet minipump. The initial dose utilized was the same dosage used for E64d
and CAO74Me in the APPIn mice or APPswe/In mice. Administration of these
compounds began at approximately 1-2 months of age and infusion was conducted
for periods of 1, 2, 4, and 8 months (or other time periods). Administration of the
select reversible compounds by direct icv infusion into mouse brains was conducted
initially at 0.025ul/hr of 1 mg/ml; other doses may be examined based on results with
the first dose. Each time point was conducted with about 8-10 animals and 8-10
normal control animals (age-matched) (or greater number of mice per treatment
group, if necessary, for appropriate statistical evaluation). At the end of each of
these infusion periods, cognitive testing and assessment of AR peptide levels with
plaque pathology was evaluated. At each of these time points, mice were tested for

cognition, and then sacrificed for evaluation of AR and neuropathology in the brain.

Behavioral Testing for Cognitive Improvement: Morris Water Maze Test

The status of memory impairment in the APPIn or APPswe/In mice with and
without administration of select compounds was assessed by the Morris water maze
test. The water maze test is widely used in mouse AD animal models to evaluate
cognitive impairment in such AD models. \Water maze tests were conducted as
previously described (87-89).

Drug-treated and vehicle-treated mice were tested in the Morris water maze
test. Mice were trained in a 1.2 meter open field water maze. The pool was filedto a
depth of 30 cm with water and maintained at 25°C. The escape platform (10 cm
square) was placed 1 cm below the surface of the water. During the trials, the
platform was removed from the pool. The cued test was carried out in the pool
surrounded with white curtains to hide any extra-maze cues. All animals underwent
non-spatial pretraining (NSP) for three consecutive days. These trials were to
prepare the animals for the final behavioral test to determine whether there was
sufficient retention of memory to find the platform. These trials were not recorded
since they were for training purposes only. For the training and learning studies, the
curtains were removed to extra maze cues to allow identification of animals with

swimming impairments. On day 1, the mice were placed on the hidden platform for
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20 seconds (trial 1), for trials 2-3 animals were released in the water at a distance of
10 cm from the cued-platform or hidden platform (trial 4) and allowed to swim to the
platform. On the second day of trails, the hidden platform was moved randomly
between the center of the pool and the center of each quadrant. The animals were
released into the pool, randomly facing the wall and were allowed 60 seconds to
reach the platform (3 trials). In the third trial, animals were given three trials, two with
a hidden platform and one with a cued platform. Two days following the NSP, the
animals were subjected to final behavioral trials (Morris water maze test). For these
trials (3 per animal), the platform was placed in the center of one quadrant of the pool
and the animals were released facing the wall in a random fashion. Each animal was
allowed to find the platform or swim for 60 seconds (latency period, the time it takes
to find the platform). All animals were tested within 4-6 hours of dosing and were
randomly selected for testing by an operator blinded to the test group.

Statistical analyses utilized the StatView program, using student’s t-test or by
one-way ANOVA analyses for testing the significance of values. These analyses
assessed changes in cognitive function with or without administration of the protease

inhibitors.

AR Peptide Levels and Amyloid Plaque Neuropathology in the Brain

After behavioral testing was completed, the mice were sacrificed for analyses
of AR40 and AR42 peptide levels, and neuropathology. One half brain (one
hemisphere) was utilized to prepare brain extracts for measurement of AR40 and
AR42 levels by ELISA assays, and the other half brain was used for
neuropathological evaluation. Procedures for preparation of brain extracts and
ELISA assays for AR peptides are those used for analyses of guinea pig brains.

AR-related neuropathology was assessed in cortex and hippocampus of
brains. The relative extent of AR immunoreactivity in neurons and glial cells was
assessed. Immunostaining for AR was conducted as described previously (58). AR-
related neuropathology was assessed in cortex and hippocampus of brains, as well
as other regions of the brain as controls. Brain tissue was fixed in 4%
paraformaldehyde overnight, and then processed to paraffin. Serial sections were
obtained, deparaffinized and washed in TBS buffer. Each section was blocked with
appropriate normal serum (mouse or rabbit), and subjected to primary anti-AR
antibody for detection of amyloid deposits. Sections were then stained with DAB
(diaminobenzoic acid) with the Vector ABC Elite kit (Vector Laboratories). Amyloid
areas were imaged with microscopic computer-assisted analysis system using the

NIH Image Analysis Software.
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Accordingly, the invention is limited only by the claims.
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Claims:

1.

A method of treating Alzheimer’s disease comprising the step of administering
a cysteine protease inhibitor to a patient in need thereof and thereby causing

a reversal in the progression of the Alzheimer’s disease.

The method of claim 1, wherein the protease inhibitor is a cathepsin B
inhibitor.

The method of claim 2, wherein the reversal in the progression of the

Alzheimer’s disease is an improvement in cognitive deficit.

The method of claim 3, wherein administration of the cathepsin B inhibitor

also causes a reduction in AB.

The method of claim 1, wherein the cysteine protease inhibitor is an

irreversible inhibitor.

The method of claim 1, wherein the cysteine protease inhibitor is a reversible
inhibitor.

The method of claim 1, wherein the cysteine protease inhibitor is selected
from the group consisting of CA074Me, E64d, Ac-LVK-CHO, Z-VK(Ac)-ald, Z-
YS-ald, Z-Q(Trt)S-ald, Z-YV-ald, Z-C(Z)S-ald or Z-C(Z)K(Ac)-ald.

A method of treating Alzheimer’s disease comprising administering an
effective amount of one or more cathepsin B inhibitors to a patient in need
thereof and thereby causing an improvement in cognitive deficit and a

reduction in AB.
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