® ] pharmidex e e

Fast-forwarding drug discovery

In-Vitro and /n-Vivo BBB Models

Mohammad S. Alavijeh

One Nucleus Life Science Leadership Series: CNS and Ageing

26th January 2012, Clare College, Cambridge, UK

©Pharmidex




® 1 pharmidex

Fast-forwarding drug discovery

Pharmidex background
® 2002: Established company

® 2003: dti SMART award for developing platform technology

® 2003: Strategic alliance with LGC

® 2004: Corporate investment, Flexicare Medical

® 2005: UKTI service company of the Year

® 2006: Agent in Japan

® 2007: Venture capital investment, A2E Venture Catalysts

® 2007: Strategic alliance with Genzyme Pharmaceuticals

©20009: |l ncluded in the “Best of Britain” bo

2010: Strategic alliance with Domainex

® 2010: Collaboration with Medical Research Council Technology (MRCT) to provide drug discovery support
for allin vivo ADME/PK

® Management, Advisory Board & scientists - track record in CNS drug discovery & development
and ADMET/PK (Aventis, GSK, AZ, LGC, Pfizer, Merck, Novartis, Vernalis, Wy pt h..

® Successful track record of participating in FP6, FP7 & Bill & Melinda Gate Foundation grants, TSB,
BBSRC and MRC
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Fast-forwarding drug discovery

Pharmidex key capabilities
| St LIAYy3 Of ASyila ARSYUGATeEe aRSOSt 2L of S¢
services and unrivalled knowledge in drug discovery

In vitro ADME screens >

Integrated Drug Discovery _ biology & chemistry solutions
Pharmidex & Domainex partnership
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Fast-forwarding drug discovery

Aim:
Ato provide clients with the knowl
rapid progression of compounds that have the highest probability
of clinical successo

Focus:

Pharmidex focuses on delivering solutions for CNS-targeted
therapies and ADMET/PK services

Strategy:
We aspire to become the solution provider of choice for all
CNS drug discovery companies

We will achieve this by:
* Improving the quality of decision making
* Increasing the probability of success
* Reducing overall development time
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Fast-forwarding drug discovery

The major challenges to R&D (2000 to 2009)

B Lack of efficacy (30%) M Lack of efficacy (28%)

M Poor PK/ADME (39%) M Poor PK/ADME (9%)

m Advanced animal toxicity (11%) m Advanced animal toxicity (19%)
B Adverse effects in humans (10%) M Adverse effects in humans (12%)
m Commercial reasons (5%) B Commercial reasons (26%)

m Miscellaneous (5%) m Miscellaneous (6%)

S EEEdUOd” « &A1 NdEAGUpdE Al NdEI EADO dCbdli
properties early on in the drug discovery process

Source: Pharmacology: Principles and Practice (2009). Miles Hacker, William S. Messer Il, Kenneth A. Bachmann OPharmidex
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Fast-forwarding drug discovery

The major challenges to CNS R&D

* Brain complexity
* Our understanding of most CNS disorders is either

* Emerging
* Rudimentary
* Most CNS drugs are associated with CNS side effects

* The blood-brain barrier (BBB)
» BBB still a key barrier to developing drugs for CNS targets
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BBB Properties
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Fast-forwarding drug discovery

Facts about BBB Properties

« 400 miles (644 Km) of capillaries is 0:d%%6 of total brain volume.
» Presence of complex tight junctions and lack of fenestrations

- BBB blood volume approximate to 3% of brain volume

« BBB surface area is 1000 X BCSFB (choroid plexus)

* Resistance across brain capillary 18Odn2 > general capillary 1.3
KCm2

* |ncreased mitochondrial content

* The brain is 2% of the body mass, yet consumes 20% of its oxygen an
glucose

» Blood flow to brain is 220% of cardiac output
* Phasel (P450) and phask metabolism @glucuronidatior)
 Active transport; Absorptive and efflux
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Fast-forwarding drug discovery

BBB Transport Mechanisms

~

(a) (b) (0) (d) (e) () (@
Cell Passive Carrier— Carrier— Receptor—- Adsorptive— T
Migration Diffusion  Mediated Mediated Mediated Mediated Modulation
Efflux Influx Transcytosis Transcytosis
O @ O O +O+ O
Nog—polar solutes Lipid soluble ~ Glucose Transferrin =~ Histone Polar solutes
Lipid soluble Amphiphilic  Amino acids Insulin Avidin
Drugs Amines Viruses Cationised albumin
Monocarboxylates Cytokines
Nucleosides Leptin
Small peptides

Begley DJ and Brightman MW,(2003) Prog Drug Res 61: 3978
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Kinetics of brain penetration: Free drug hypothesis

HEHE]

{-.:u1 plasma

_—
chrain SRR Cl.l.bl'ail’l

Clmutahulism

Cell Membrane

Liu and Chen, Curr Opin Drug Discov Develop 8:505, 2005
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Fast-forwarding drug discovery

o non-CNS drug
* CNSdrugs

120 160
PSA (polar surface area)
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Fast-forwarding drug discovery

Typical Physicochemical properties for a CNS drug

Physicochemical properties Ideally
Not aPgPsubstrate
MW <400
Log D 1-3
H-bond acceptors <6
H-bond donors <2
Neutral or Basic pKa7.510.5
Polar surface area F dn'

©Pharmidex



® ' pharmidex

Fast-forwarding drug discovery

Blood concentration Low rate, High extent
Steady state

Chronicindications
> Depression
“>Schizophrenia

= Alzheimer

High rate, Low extent

Fast onset

Acuteindications

> Pain

. Headache

*.Sleep (but need short lasting)
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Fast-forwarding drug discovery

In vivo measure of BBB permeatiori rate, extent and relevance

BBB permeability (rate)
* InSilico

* Cell based (MDCKIDR1)

« Brain uptake index

*  PgPKO mice

BBB penetrability (extent)
« Brain perfusion

* Total brain (B:P)

« Terminal or Serial CSF profile

* Free brain binding

* Microdialysis

* Bio imaging

PKPD (extend and relevance)
* Receptor occupancy
» Biological efficacy (CNS biomarkers)

©Pharmidex
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Protein binding assay format using equilibrium dialysis or RED cell

Test compound
. Concentration 1-5 uM in plasma /serum / brain from
number of species
¢ control compounds per batch
Equilibrium
2 Incubation up to 4 hours at 37°C

¢ HTdialysis 96 well reusable Teflon® plate or
2 RED cells

. Analysisby LC/MSMS
Report data bound/unbound

PR arrm iAoy
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Fast-forwarding drug discovery

Caco-2/MDCK-mdrl membrane permeability assay

« Commercially and in-house prepared Caco-2 / MDCK-

mdrl /cells

* Cells onto 24 well filter plates .
— Express transporters P-gp efflux system (MDR1)

— Transport assay run with standard compounds

* Asymmetry ratio efflux. (B-A/A-B)
—  P-gp- inhibitor Verapamil hydrochloride

— Assay in presence and absence of P-gp inhibitor
— Cellintegrity — Teer

Apical sida

N TN

Chipmical ——————— e

S0 M= e

membrana Easoialaral side

Compound ICs Caco-2P,,, CL T Vdss
(nM) X10-6 cm/s ml/min/kg (h) L/kg

A 0.12 0.2 18 3.7 4.6

0.19 5.6 18 3.4 5.3

(%)
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Fast-forwarding drug discovery

Drug

Indication

Acid/iBase/MNeutral

buspirone
chlorpromazine
citalopram
clozapine
cyclobenzaprine
fluoxetine
fluvoxamine
haloperidaol
hydrocodone
hydroxyzine
lamotrigine
methylphenidate
metoclopramide
morphine
nortriptyline
paroxetine
propoxyphene
risperidone
9-0H risperidone
selegiline
sertraline
sulpiride
razodone

viziilalanine

anxiolytic
antipsychotic
antidepressant
antipsycholic
antispasmodic
antidepressant
antidepressant
antipsycholic
analgesic
antihistamine
anticonvulsant
stimulant
antiemetic
analgesic
anlidepressant
antidepressant
analgesic
antipsychotic
antipsychotic
anlidepressant
anlidepressant
analgesic
antidepressant

anlidepressant

Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base
Base

Base
Base

Base
Base
Base

™
Cradme

Drug

Indication

Acid/iBase/Meutral

caffeine
carbamazepine
cansoprodol
diazepam
ethosuximide
meprobamate
midazolam
phenytoin
thiopental
zolpidem

stimulant
anticonvulsant
anxiolytic
anxiolytic
anticonvulsant
anxiolytic
anaesthefic
anticonvulsant

anaesthetic
sedative

Meutral
Neutral
Neutral
MNeutral
MNeutral
Neutral
Neutral
Acid
Acid
Meutral

»32 selected according to sales,
# of Ry, structural class,
availability, pharmacology,
analytical feasibility

Maurer et. al. Drug Metab Dispos, 33: 175181, 2005
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Assessment of Brain Penetration
PK study can assess brain penetration by measuring brain/blood ratio
{- Cu
- / (CSF)
lood ¢, _-_-_. Cuz— Brain
:: (ISF) Binding
. * '\r 1 Ctbrain
In-Vivo PK study i Receptor B/B —
Rat, Mouse | — C blood
Blood conc
Brain conc
Brain/Blood

x Misconception:
The best compound has the biggest B/B ratio

©Pharmidex



® 1 pharmidex

Fast-forwarding drug discovery

/ Plasma (AuUC 0 - 5 hours)

—
‘=
—
a s

8/10 nontbasic drugs

0.01

The B/P ratio shows 400-fold difference (0.06-24)

Maurer et. al. Drug Metab Dispos, 33: 175181, 2005
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Retrospective analysis of 50 marketed drugs

e pharrﬁdex

U No apparent link between B/B ratio and efficacy

MW 285

.J{:'

\

ACDLogR.914

iBl{.Q

-J

~250 Fold

range

H Sertralige
_umﬁo__%m/

Chlorpromsagzi
Im_o_omzaﬁw_m/»
Fluoxetine o

Amitriptyline
Trifluoperazin
Doxepin
Perphenazine
Maprotiline
Olanzapinz
Fluphenazine
Clozapine
Bupropion
Atomoxetine
Seroquel
Loxapine
Thioridazine
Donepezil
Amoxapingz
Amantadine
Tacrine
Mirtazapirje
Citalopram
Venlafaxine
Midazolam
Diazepam
Trazodone
Ziprasidore
Lamotrigire
Temazepam
Tiagabine
Risperidone
Isocarboxazig,
Thiothixere
=
=

MW 306
ACDLogR!.811
B/B 25

i

S
Zaleplon a =
Carbamazepi= < A
Phenytoin
Meprobam ate
Mesoridazine =
Metocloprami
Pemoline
Primidone s
Selegiline & TN
_u_Nm:_Em_\ © z
ﬁ:::m:::q 1N

ACDLogP 0.165

H

100.0 -

10.0 -

1.0

_
1_ Q
o o

poojg/ureld

Similar observations in Doran A et al., (2005) Drug Metab Dispos 33:165_174.
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Fast-forwarding drug discovery

Summary in vivo Observation
* Absolute B:P ratios do not predict efficacy
* Neutral/acidic drugs show lower absolute B:P ratio than basics

* Lower B:P ratio is not associated with decreased potential for CNS
activity

©Pharmidex
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Fast-forwarding drug discovery

The free drug hypothesis Brodie et al. (1960)

AN A - ~ A e ~

" 1] EHOOEEOUx AUl O0d1T @di OdEOUI NT CxT UOd Ui xOUI I OUUd

;
C,C N OOE dhataird d -

Cu —"'—’ — DBl

Good permeability (ISF) Binding

No influx or efflux transp.
No brain metabolism

\ " Whole Brain
C, blood x £, blood = C, brain x {, brain b

C, blood = C, blood x f,, blood

C, brain = C, brain x {, brain Enhancement of C, brain will be
obtained through the maximization of
C,blood (PK) and f,, blood.

Kalvass JC et al., (2002) Biopharm. Drug Dispos. 23:327-338
Maurer TS et al., (2005) Drug Metab. Dispos. 33:175-181
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Assessment of Brain Penetration

® The key question is whether sufficient drug is able to reach the site of action within the

brain?
® Is ISFthe target biophase? -
. CSF sampling
f/_ Cu \ Rat, other species
/ (CSF) ~A CSF conc
lood —Cu —E—E—» Cu—— Brain

Rat, Monkey, Man

- Av\,‘ A Brain conc.
In-Vivo PK study : , Receptor . _LA T igand Displac.
Rat, Mouse,..etc -
Blood conc Ex-Vivo rec. occ.
Brain conc Microdialysis Rat,Mouse
Brain/Blood Mouse, Rat,..etc \A Ligand Displac.
A ISF Drug conc
A Neurotransmitters

©Pharmidex
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Assessment: interstitial fluid is the key

CSF

i

Interstitial
M _'_">e:: fluid - Feceptor

©Pharmidex
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Combi-PK/Microdialysis
Combi-PK/Microdialysis

o o . Mean Profiles in The Rat Brain (Hippocampus) Microdialysate Samples
Mean Profiles in The Rat Plasma Samples Post I.V. Administration Post LV. Administration
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3 8 8
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o o o
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NeuroPDE : wmicrodialysisof neurochemicalsn interstitial fluid from
brain prefrontal cortex after posp dose of PDX11 to freely moving rats
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NeuroPDE: Microdialysisof neurochemical$n interstitial fluid

Neurochemistry International 57 (2010) 504-511

Contents lists available at ScienceDirect

Neurochemistry International

journal homepage: www.elsevier.com/locate/neuint

Neurochemical changes in a double transgenic mouse model of Alzheimer’s
disease fed a pro-oxidant diet

Elizabeth S. Ash®*, Mohammad S. Alavijeh?, Alan M. Palmer ¢, Cathy Mitchelmore b
David R. Howlett €, Paul T. Francis ¢, Martin Broadstock, Jill C. Richardson ¢

* Pharmidex Pharmaceutical Services Ltd., London W15 1RR, UK

b Roskilde University, Denmark, UK

“King's College, Wolfson Centre for Age-Related Diseases, London, UK

4 Neurosciences CEDD, GlaxoSmithKline R&D Ltd., New Frontiers Science Park, Harlow, UK
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Microdialysis: application in clinic

©Pharmidex
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CerensesM: pelivering molecules across the BBB

A two-part solution for getting compounds
across the BBB

Technolgy
> Oligoglycerolipids (from Genzyme Pharmaceuticals)

Assessment
> comprehensive NeuroPK study (by Pharmidex)

©Pharmidex
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CerensesM: mechanism of action

- Endothelial capill“

Closed tight junction

©Pharmidex
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CerensesM: Proof of Concept in-v1vo
[V Small Molecule —Profile of Atenolol =+ 1-hexyldiglycerol

Figure 1. Plasma profile of atenolol in rats dosed with atenolol in saline (control)
or atenolol in 2.5% OGL-1. All rats were dosed at 0.2mg/kg, 0.2ml/kg.
(mean+SEM, n=3 rats/time point).

250 7 — = 0% OGL-1
T —#—2.5% OGL-1
E 200 1
o
=
o
£ |
g 150
(=
=
% 100 1
S Figure 2. CSF profile of atenolol in rats dosed with atenolol in 2.5% OGL-1.
b \ All rats were dosed at 0.2mg/kg, 0.2ml/kg. (mean+SEM, n=3 rats/time point).
L] ~
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12 9 R
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SFNposter and satellite symposium, San Diego 2007
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CerensesM: Proof of Concept in-v1vo
[V Profile of ion channel blocker + 1-hexyldiglycerol

0.7

0.6

Ratio to 0.5-
plasma
concentration 0.4-

O - 1-hexyl diglycerol
B + 1-hexyl diglycerol

0.3

0.2

NN N N N NN

0.1

BRAIN CSF
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CerensesM: Proof of Concept in-v1vo
Albumin Distribution in Glioma Rat Brain following distribution with 1-hexyl-diglycerol

©Pharmidex
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CerensesM: Proof of Concept in-v1vo
IV Delivery of Manganese +/-2-hexyl-diglycerol

“  Presented by GSK at ISMRM

Somatosensory Cortex L

May 2008 125
B 1.00 -
“  Rat paralysis model %
(5] 0.75 -
3 SETsIsasARananERE
”  Manganese delivered by E 050 1
LipoBridge produced robust and Z 005 |
reproducible signal increases in '
brain 0.00 4 s —] . . . .
0 10 20 30 40 50

77

Homogeneous whole brain
signal distribution

T min
MnCI2 + 1THLB
- MnCI2

()
gGlaxoSmthKl'ne

©Pharmidex




Fast-forwarding drug discovery

-

Cerense>M: Exciting new development in crossing BBB
Nature Biotechnology volume 26 number 11 NOVEMBER 2008

r/iwww.nature.com/naturebiotechnology

Breaching the barrier

The blood-brain barrier has confounded the development of many
neurological treatments over the years. Now, several companies are
claiming they can tackle the problem. Alan Dove reports.

The successful completion of a phase 1 trial of
an experimental drug provides little hint of the
prospects for final approval. Thus, when Boston,
Massachusetts—based startup TransMolecular
announced in recent weeks that it had completed
a phase 1 trial of its radiolabeled synthetic analog
of the scorpion venom peptide chlorotoxin (**'I-
TMe01) for the treatment of adults with recur-
rent malignant glioma and was initiating dosing
for a phase 1/2 trial, the news barely registered.
But the fact that TransMolecular succeeded in
showing TM6&01 could specifically target and
bind brain tumor tissue is a significant feat in

itealf__tn dnen tha derio had ta enccacehallby nanni-

Numerous factors contribute to the difficulty
of developing therapies for the brain—the com-
plexity of the underlying biology, rudimentary
understanding of brain function and neurogen-
esis, and poor predictability of animal models of
efficacy—and the BBB exacerbates the chance
of failure.

Keep out

Stretching along hundreds of miles of capillar-
ies and larger blood vessels, and extending from
the head all the way down the spine, the BBB
has evolved an effective structure to protect the

hrain fram aceanlt fram tovine ar athar noatan_

NEWS FEATURE

tracked the proteins to the apical or basolateral
side of the BBB with panels of antibodies. “We
have identified or characterized maybe 20 to
30 transporters that are expressed at a pretty
reasonable fraction of the expression level of...
GLUT-1," says Gallop. At least some of those
transporters seem to be relatively promiscu-
ous, which could allow them to move carefully
designed drugs through the barrier.

The BBB also has effective efflux transport
systems, such as the multidrug resistance—asso-
ciated protein family (inchuding P-glycoprotein),
which pump molecules out of the brain and
back into the blood. A drug that gets through
the BBB only to be exported immediately by
P-glycoprotein is not likely to be effective.
According to Gallop, “Many companies now
have standard screens in place to characterize
potential interactions of their candidate com-
pounds with [P-glycoprotein| and...this sort
of structure-activity relationship is starting to
perhaps inform what chemists are doing.”

©Pharmidex
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CerensesM: proof of concept
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CerensesM: chemotherapeutic efficacy

1.0
I- — cytostatica with OGL
— cytostatica without OGL
_ no chemotherapy
g
= 0.5
7
n=30
OO | | | | | | 1

Days
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CerensesM: pevelopment status

Pre-clinical safety studies completed
Multi-kilogram GMP manufacturing process developed
Further mechanistic studies underway

Extensive pre-clinical optimisation underway

©Pharmidex
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Complexity results from combining:
Potency
Selectivity
Water solubility
Metabolic stability
Membrane permeability

Optimal Optimal

metabolic stability membrane permeability

CNS Chemical Space
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Summary i Successful development depends on
optimisation of multi-variable factors at each step

Pharmacological
Effect

Receptor Binding

CNS Exposure

Plasma
Concentration

Dose
Administration

In vitro

* Most marketed CNS drugs have moderate to
high permeability

* Assays can detect significant P-gp activity

In vivo

* Absolute B:P ratio show 400 fold variability of
successful CNS drugs hence NOT a predictor
of efficacy

* Most CNS compounds have some interactions
with P-gp and asymmetry rations of 2-3 do not
appear to impact success of CNS drugs.

®* CSF and brain free levels show 80% correlation
with intrinsically permeable compounds

Delivery

* Many novel approaches in pipeline to enhance
CNS penetration

©Pharmidex
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Next steps

Pharmidex is open to collaboration possibilities
g Fee-for-service
U Shared risk/shared reward

Contact

Business Development Team
U Business@pharmidex.com

©Pharmidex




