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Overview of AD -1

* Irreversible, progressive
brain disease

* Affects the elderly

* Estimated 5.3 million
Americans affected




~ Percent Change in Selected Leading
Causes of Death from 2000 to 2004

Cause 2000 2004 % change

Heart disease 710,760 654,092

Breast cancer 41,200 40,110 -2.6
Prostate cancer 31,900 29,900 -6.3
Stroke 167,661 150,147 -10.4
Alzheimer’s 49,558 65,829 +32.8
disease

Source: Centers for Disease Control and Prevention, National Vital Statistics
Reports, and Reports of the American Cancer Society. (For further details, see
Sources in the Appendix.)
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Prevalence of AD

* 13 percent, or one in eight,
people age 65 and over
have Alzheimer’s disease.

* Nearly half of people over
age 85 have Alzheimer’s
disease.




Cause of AD

damage to portions of the

brain that control
language, reasoning,
sensory processing and
conscious thought

likely genetic,
environmental and
lifestyle factors
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Mild cognitive Alzheimer’s
impairment disease

Normal

http://www.cbc.ca/health/story/2009/07/14/alzheimer-early-diagnosis.html
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Symptoms of AD

Symptoms include problems with:
-memory

-cognition

-judgment
-mood/personality changes
-communication

-bodily functions



http://www.youtube.com/watch?v=W8LzFT
xVeJc

leurological changes
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Very Early
Alzheimer’s

Mild to
Moderate

Alzheimer’s

Severe
Alzheimer’'s

As Alzheimer's disease progresses, neuro-
fibrillary tangles spread throughout the brain
(shown in blue). Plaques also spread through-
out the brain, starting in the neocortex. By
the final stage, damage is widespread and
brain tissue has shrunk significantly.




Neurological developments
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*Fewer nerve cells
and synapses
*Plaques build up
between nerve
cells

*Tangles in dead

and dying nerve
cells Alzheimer cells

=

healthy cells

http://www.alz.org/brain/10.asp
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Cleavage of APP

y-Secretase cleaves amyloid precursor protein to make
amyloid beta

Misshapen amyloid beta makes up plaque in brain

APP is cleaved in several places, so amyloid beta ranges
from 39-42 amino acids

* AB,, is most common

 AB,, is most likely to be misshapen and form plaque
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V-Secretase

Integral membrane protein complex

Made up of several individual proteins
e Nicastrin

- Stabilizes complex

Anterior pharynx-defective 1 (APH)

e Presenilin
» Aspartic protease

o Mutations lead to Alzheimer’s disease
e Presenilin enhancer 2
- Stabilizes complex

e CDi47 is a regulatory subunit
- May down-regulate APP cleavage

http://www.edinformatics.com/news/gamma_secretase.htm
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http://www.lbl.gov/Science-Articles/Archive/LSD-Alzheimers-switch.html
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Notch-1 selectivity:

y-secretase is necessary to activate Notch-1

It cleaves Notch-1, freeing the notch intercellular
domain (NICD)

NICD goes into cell nucleus and binds to CSL, a DNA
binding protein, activating it

Previous study shows that 30% decrease in y-secretase
activity has minimal Notch-1 side effects

http://www.genome.jp/dbget-bin/get_pathway?org_name=hsa&mapno=04330



Notch Sighaling Pathway in humans

http://www.isrec.ch/research/groups/research_groups_detail eid_3263_lid_2.htm
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Pregnane X receptor (PXR)

Nuclear hormone receptor,
dimerizes with RXR

Allows transcription of CYPs
such as CYP3A4

Mediates metabolism of
xenobiotics

Extremely promiscuous
receptor

Binds ligands of many
structures, shapes and sizes



http://2010.igem.org/Image:PXR-LBD_with_Rifampicin.jpg

PXR and drugs
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Drug-drug interactions arise when one drug is a PXR
ligand and another interacts with a PXR-mediated
enzyme.

Effects: decreased therapeutic efficacy, occasional toxicity

*Correction

Drug A ligands e o
to PXR before — ores_ 3 -
DNA binding or Liver, intestine /‘\

formation of

Ethinylestradiol  Efavirenz Warfarin Bramgiles
. Erythromycin Cyclosporin Tamoxifen
heterodlmer. Atorvastatin Carbamazepine Doxorubicin @
Indinawir

Nature Reviews | Drug Discovery



_ Discovery a nm

708163, a Potent, Selective and

Orally Bioavailable Y-Secretase
Inhibitor (2010)

Kevin W. Gillman, John E. Starrett, Jr., Michael F. Parker, Kai Xie, Joanne J.
Bronson, Lawrence R. Marcin, Kate E. McElhone, Carl P. Bergstrom,
Robert A. Mate, Richard Williams, Jere E. Meredith, Jr., Catherine R.
Burton, Donna M. Barten, Jeremy H. Toyn, Susan B. Roberts, Kimberley A
Lentz, John G. Houston, Robert Zaczek, Charles F. Albright, Carl P,
Decicco, John E. Macor and Richard E. Olson
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Achievement

Synthesis of a potent carboxamide-substituted
sulfonamide with the following properties:

-potency

-selectivity against Notch

-lack of Pregnane-X Receptor transactivation
-oral administration

-good metabolic stability
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Lead Compound 1

Development of previous
candidate 1

Lack of significant A3
level reduction o

Poor brain to plasma
ratio (B/P = 0.2)

PXR transactivation
(EC60 = 24[1111)



Second Generation Compounds - 2

e discovered via HTS

* deannulation of the {:f ™, 5.’;‘ﬁ O -
caprolactam ring led to e . f
potent acyclic amino acid i

analogs. f “a}

-J\.; Fa-"a,m



Second Generation Compounds — 3

*Reduced plasma and brain
AP4o0 levels

~plasma: 14 + 21%
~brain: 59 = 12 %

*High dose necessary
*B/P ratio = 0.01
*Poor microsomal stability

*Next step: test
substituents on
benzenecarboxamide
nitrogen
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Liver Microsomes

* ER vesicle

High concentration of
CYPs, FMOs, UDPGTs



Second Generation Compounds - 4

* Improved microsomal stability over 3:

% Remaining after 10 min of Incubation in s
Liver Microsomes

*ﬂc.
e

Compou 19
nd 3 .

Compou 32 75 97 | }
Ild4 "”-_ﬁ



PXR transactivation

Eight-fold lower PXR transactivation than 1
~EC,, = 2.4uM for compound 1
~EC,, > 16.7uM for compound 4
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Potency

* Potent inhibition of AB40 and AP42
* H4-8Sw cell line used

e e

IC,, (nM) 0.30 * 0.15 0.27 + 0.12



Second Generation Compounds - 4

Improved CYP inhibition profile

Weak inhibition of CYP2Cig

~1C,, = 20pM

~IC,, in nanomolar range for compound 2
-CYP2C1g9 and CYP3A4 inhibited



Selectivity

Summary of GS H4-8 SWi-40 IC,, Values and Notch (mNotch1 -AE) IC,, Values
for selected Sulfonamide-Based Y'-Secretase Inhibitors

IC5o + SD (NM)

compound AB Notch Notch/APP
ratio
1 1.4+1.2 540+230 390
2 4.1+1.2 960+420 230
3 0.14:0.05 26+9.1 190
4 0.30+0.15 58+23 193



~ Single-Dose Pharmacokinetic
Parameters of 4 in Rats and Dogs

species route dose G, (UM) T, . (h) AUC T/, (h) CLTp  V, (L/kg) F (%)

(mg/kg) (0-24 h) (mL/min/
(MM h) kg)

rat v 1 2.60+0.42 6.90+2.20 11.7+2.48 5.34+0.74
(female)

PO 10 2.29+1.1 14.0£ 9.2 27.2+7.39 105
dog v 1 6.04+1.12 11.4+1.76 4.20+0.93 3.87+0.56
(male)

PO 2.5 0.58 0.75+#0.25 6.35+ 4

+0.24 2.07



ACS Publications

High quality. High impact
Plasma and Brain AB4o0 at varied dose over time
A B
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Plasma and brain AP 4o following a single dose of 4 in female rats. The time course of

changes in (A) plasma AB40 and (B) brain Af40. Mean + SEM (n = 3 animals) for each
time point shown.

Published in: KevmW Glllman ]ohn E Starrett ]r MlchaelF Parker Kal X1e ]oanne] Bronson Lawrence R. Marcin; Kate E. McElhone CarlP

KlmberleyA Lentz; ]ohnG Houston Robert Zaczek; CharlesF Albrlght Carl P. Decicco; JohnE Macor Richard E Olson ACS Med Chem.
Lett. 2010, 1, 120-124.

DOI: 10.1021/ml1000239
Copyright © 2010 American Chemical Society



ACS Publications

High quality. High impact
A B
& 25 —e— CSF AB € 1000+
2 1 ~®-F CortexAB £
3 100 5
3 75+ . s ‘§
T 50 { % g
o o
=
g 2 g
& a
c L] L) L] LJ v LJ v LJ LJ LJ v LJ L E L} L] L) L} LJ L) L] LJ L) LJ LJ LJ L
0 2 4 6 8 1012 14 16 18 20 22 24 26 0 2 4 6 810121416 18 20 22 24 26
Time post dose (hr) Time post dose (hr)

(A) Brain and CSF AB40 % reduction and (B) plasma concentration by 4 dosed PO 2
mg/kg in male dogs. Mean + SEM (n = 1 or 2 animals) for each time point shown.

Published in: Kev1nW Glllman ]ohn E Starrett ]r MlchaelF Parker Kal X1e ]oanne] Bronson Lawrence R. Marcin; Kate E. McElhone CarlP

KlmberleyA Lentz; ]ohnG Houston Robert Zaczek; CharlesF Albrlght Carl P. Decicco; ]ohnE Macor Richard E Olson ACS Med Chem.
Lett. 2010, 1, 120-124.

DOI: 10.1021/ml1000239

Copyright © 2010 American Chemical Society
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Scott C. Mayer, Anthony F. Kreft, Boyd Harrison, Magid Abou-Gharbia, Madelene Antane, Suzan Aschmies,
Kevin Atchison, Michael Chlenov, Derek C. Cole, Thomas Comery, George Diamantidis, John Ellingboe, Kristi
Fan, Rocco Galante, Cathleen Gonzales, Douglas M. Ho, Molly E. Hoke, Yun Hu, Donna Huryn, Uday Jain,
Mei Jin, Kenneth Kremer, Dennis Kubrak, Melissa Lin, Peimin Lu, Ron Magolda, Robert Martone, William
Moore, Aram Oganesian, Menelas N. Pangalos Alex Porte, Peter Reinhart, Lynn Resnick, David R. Riddell,
June Sonnenberg Reines, Joseph R. Stock, Shaiu-Ching Sun, Erik Wagner, Ting Wang, Kevin Woller, Zheng
Xu, Margaret M. Zaleska Joseph Zeldis, Mlnsheng Zhang, Hua Zhou and J. Steven Jacobsen



Begacestat is also a y-secretase

inhibitor CF4
HO/\;)\CFg,
H™ SO,
2
. _



Development of Begacestat

Lead compounds were found by high through-put
screening of Wyeth and ArQule collections

e An assay with Chinese hamster ovary cells was used to
study the compounds.

e The amount of Cgg, a product made by -cleavage of
APP was measured. An increase means that y-cleavage
has decreased.



2 leads were found, compounds 1 and 2.

HO/\)\/ IC.,=5449 nM (compound 1)

and 2214 nM (compound 2)

Zln

i Compound 1 is 3.7-fold more
selective for APP, compound

2 is 9-fold.

X
X=Cl (Compound 1) or Br
(Compound 2)
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Compound 7: IC_ =294 nM, 14-fold selectivity for APP
Compouné 8: IC,,=297 nM

e} IC ,=25 nM, 10-fold selectivity

HO

Zllhn
ZII||

Zle

VN
T H/ \SO2
= -
Cl o
cl
Compound 8 Compound 9

Compound 7
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Metabolism of 9

9 was found to have poor in vivo potency, probably due
to metabolic reactions.

[t was found that the methyl groups on the 3-pentyl
side chain were oxidized, and the primary hydroxyl

group underwent glucuronidation. /\/E/

N
N

H SO,

e

S

—_—

Cl
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Tri-fluoro groups are added to prevent
oxidation.

Compound 10 Compound 5

* 1C,=16 nM, 15-fold selectivity ¢ IC =15 nM, 14-fold selectivity

l /\ji
/\LCF3 HO CF3
HO -

SN
H/ \302 H

Zl
ZIln

- 7

e

Cl



Synthesis of Begacestat

EtOMCFg HO T CFRg
HNTPh HNTPh
12 13

b
CF3

o~ .
N
H SO, 107':' HO/\./kCF?,
<2 S F\le

Reaction conditions:

*a: reduction of ester with
diisobutylaluminum hydride
*b: hydrogenation with a
palladium catalyst and Ha.
¢, d: The amine was converted
to the final product with the
sequential addition of
bistrimethylsilyl amine and
5-Cl-thiophene-2-sulfonyl-
chloride.



Begacestat (compound 5) has the most
metabolic stablity:

Compound | Compound
10: 5:

Organism: Half-life Half-life:
Rat 8 minutes 3 minutes
Mouse 24 minutes 48 minutes
Human 8 minutes >Q0 minutes

*Steric and electronic effects of the tri-fluoro methyl groups on 5 may
increase metabolic stability by blocking glucuronidation of the primary
hydroxyl group

*After 4 hours, the level of AB,, in the brain decreased by 37% and A,
decreased by 25%.

*The enantiomer of begacestat is inactive
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Conclusions

Begacestat is a potent inhibitor of y-secretase
Lowers amyloid beta levels

Selective for APP
Metabolically stable in humans



BMS article had some loose ends

Compound 4 was 97.0 + .7 bound to human serum
proteins and 96.3-97.9% bound to serum proteins in
animal species

e Serum proteins are in the blood

e This suggests the drug will not reach the brain

e So why did they publish this? Possibly, rush to publish
about y-secretase inhibitors



Muscarinic Receptor attempt

Agonists for M1 and M2 receptors tested on AD
e Made it to clinical trials

e Lack of improvement of cognitive function



AD cholinesterase inhibitors, as of 2001

Tacrine
(tetrahydroaminoacridine)

e Approved in 1993 2

e High incidence of R
hepatotoxicity —

http://www.lgmpharma.com/p-7-10-1753/tacrine.html



AD cholinesterase inhibitors, as of 2001

Donepezil
e Approved in 2000
e 55-week delay of symptomatic progression

e Normal side effects of cholinergic stimulation
« Nausea
 Diarrhea
» Vomiting

Galantamine
e Similar side effects to donepezil
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AD carbamoylating inhibitors, as of 2001

Rivastigmine
e Similar efficacy and side effects to donepezil

Eptastigmine
e Hematological effects led to discontinuation of clinical
trials



Failure of semagacestat, 2010

y-secretase inhibitor made by Lilly Research
Laboratories

Went to phase III trials

e Over 2600 patients with mild to moderate Alzheimer’s
disease

Worsened cognitive effects compared with placebo

Increased skin cancer risks N
Is the future of AD bleak? HG'S{’H\-J\
o i N

‘-=I¢

[HC)Semagacestat
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Paul Greengard doesn’t think so!

Difficult disease to treat
e Which AP isoforms lead to AD?
e Lack of efficacy
» Toxic side effects

Greengard remains optimistic
e Failures possibly due to insufficient selectivity
e New target: Y'-secretase activating protein

e Improved diagnostic techniques to indicate effectiveness
of drugs
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