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Presentation Outline

Provide examples of when transport is the rate-limiting
step in ADME

— Absorption

— Distribution

— Metabolism and Transporter Interplay

— Elimination (kidney and liver)

Transporter biology investigations using preclinical
models and GeMMs

Variability in drug transport function

Examples of when drug transport is a primary
determinant of drug-induced toxicity.



Implications of Drug Transport in Drug
Discovery and Development

Impact of Drug Transport on ADME ol 3 A — Fecal
— Oral absorption of drug =xeretion
— Complex metabolism interaction(s) A —> A 4

ascular
— Drug Distribution and elimination e 0 Urinary
. . i o Excretion
— Organ-selective delivery of drugs and pro - ___/,._.z'
Impact of Drug Transport on Response and "";,J""' Interstiial )
Toxicology space .

— Over expression of drug transporter may be a
major factor in tumor, bacterial, and fungal
multi-drug resistance (MDR).

Drug Transporters as Targets
— LY335979, Zosuquidar (Lilly)
Xenoport.com ‘transport by design’
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The rate determining process

“To understand the transporter-mediated
drug-drug interaction, we have to know the

rate determining process of a substrate In
the overall clearance.”

uptake, basolateral efflux, apical
excretion, metabolism

Professor Sugiyama, Keynote address AAPS, November 2007
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Cost of Drug Attrition
(somewhat recent example)

« Torcetrapib: Phase lll-nearly 1-billion dollars spent on

development.
o Safety
e Impact
— Immediate
— R&D
PFIZER INC Splits: W
az of §-Oec—-2006
ey T T T T T T T T T
5 MOLECULES THAT |NTILL - _fr—w/\w"_“*'“"“‘a A
CHANEE THE |NORLD / K“‘w”“ﬂf —\ fﬂl
27+ &\.\ -"ﬂ"\ PO ||
- '\.ijf l|
23 |L-___J;r_
2d ] L 1 . ] . 1
200 SEEZB : Dcﬁia . anﬂ? . NDHE?
~ Seoof
- S0k .
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Copyright 2006 Yahoo! Inc. http: /A AFinance .yahoo .coms



Reasons for Drug Attrition
(1991-2000)

ol —

M 1991
= 40 0 2000 |
g Not acceptable
E m_.

% worse YAy
5% worse
[
=
- f
: ]

Clinical Efficacy Formulation Pk Commearcial Toxicology Cost Linkonowwmy
safaty bioavailability of goods cither

Nature Reviews | Drug Discovery

I. Kola and JB Landis, Nature Reviews Drug Discovery 3, 711 -716 (2004)
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CYPs

Importance in Drug High
Disposition
Substrate Specificity and | Very Good
Overlap
Enzyme Kinetics: Very Good
Specific In Vitro Probes
Selective Clinical Probes Good
Species Differences and Good
Similarities
Organ/Cellular Good
Localization and
regulation
— Relative Abundance

Speed/Quality impact

Clearance and DDI

Discovery predictions Predictions

to early Clinical >-

Development

Genetic Variability

Program Functional

e, Polymorphisms
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phase II enzymes
Importance in Drug Moderate
Disposition
Substrate Specificity Moderate-Good
and Overlap
Enzyme Kinetics: Good
Specific In Vitro Probes
Selective Clinical Moderate
Probes
Species Differences Poor
and Similarities
Organ/Cellular Moderate
Localization and
regulation
Relative Abundance Poor
Clearance and DDI Poor
Predictions
Genetic Variability Moderate
Functional Moderate
Polymorphisms

NIH Princinle< in Clinical Pharmacoloav Transporter Rioloav 8 .Jantiarv 2000



Transporters
Importance in Drug | Moderate?
Disposition
Substrate Poor
Specificity and
Overlap
Enzyme Kinetics: Moderate
Specific In Vitro
Probes
Selective Clinical Poor-
Probes Moderate
Species Differences Poor
and Similarities
Organ/Cellular Moderate
Localization and
regulation
Relative Abundance Poor
Clearance and DDI Poor
Predictions
Genetic Variability Poor
Functional Poor
Polymorphisms
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Drug Interactions: CYP Mediated

o Significant CYP mediated drug interactions based on AUC ratio

in

N= 115 Studies
CYP2C9, 2D6, 3A4

BALNC ratioin vira

«—— AUCI/AUC related to P-gp DDI

Brown et al., Br J Clin Pharmacol 60:508 (2005)



CYP Summary

CYP Interactions were complex when first
recognized

Largest CYP-mediated DDIs

— Increase AUC 20X, C, .« 12X
Mechanism of CYP inhibition

— Competitive or non-competitive

— Potent inhibitors in sub-nanomolar range

Many CYP liablilities are thought to be
‘'screened’ out at an early stage of preclinical
development, however, what liabilities are we
selecting for?
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Permeabillity is an important determinant of In vitro-in
Vivo extrapolation for both Metabolism and Transport

High Solubility ~ Low Solubility

> |
E ClﬂSS 1 ClﬂSS 2 High Solubility Low Solubility
-E, @ | High Solubility . Low Solubility - 5
£ g | High Permeability = High Permeability E Class 1 Class 2
o | (Rapid Dissolution g 5 Transporter | Efflux transporter
0. | for Biowaiver) ; T E effepts || effects _
- |:> 5 minimal predominate
> o ’
£ Class 3 Class 4 -
‘a : g >
22 High Solubility Low Solubility = Class 3 Class 4
9 ¢ Low Permeability = Low Permeability z 2 Absorptive Absorptive and
E o @ transporter efflux transporter
@ — E  effects effects could be
o { predominate important

Amidon et al., Pharm. Res. 12:413 (1995)
Wu and Benet, Pharm. Res. 22:11 (2005)
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P-glycoprotein Structure & Function: ATP Binding
and Hydrolysis are Coupled to Drug Transport

= P-gp is distributed in the following
organs: Intestine, kidney, liver,
brain, adrenal gland, lymphocytes,
and placenta

= Hypothetical MOA

= “vacuum cleaner”

= Membrane partitioning

= Walker A and Walker B binding
motif

? f & ATP SITE

1 o X
) o i H o !
‘: eal L s o3
23 u " 4y 4 k- . .
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o Sy (T Vo % y s by, h 4
&3 ]
q d s sl & i .
4 9 7 i M i ) £
4 g 4 (R e, 1 &3 . &' o
» 3 i £/ AR ] & " g Foogrh iy )
3 G d {1 - d Bioon &7 A Baheodh
d d @ a7 Do B, b & g & G @woo §AR B 00Ny
& g4 : & & % Pre & 700 & 0 2 B gl & &P
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o) . [ W L 4] » #| v, ) 0 o e
%) o] i & e - &y & ] -] & 2 b
0 8 g i L o 0 J Ly * {4 - &
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& & o & & £ a g BE 24 4 A boo q
H i £ T B & R & g s . g @ A
s 5 Togh ® B B 08 f D, o ™ e B o
& & & B Goell et & 5 o
#; 8 th (e 00 . 5 *;
.: e o A 0] 1100 =8 Je: 1
g & Bind, g 2 9
] "] H H x {r

= Drug-stimulatable and inhibitable

= High basal activity present in P-gp
ATPase assay.

Oncogene (2003) 22, 7468-7485.
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Role of mdrlain the Blood-Brain Barrier and the

Placenta
e Mdrla/b (-/-) were found to be:
— Viable
— Fertile

— Without observable phenotype
until pharmacological challenge

with VM. 100- —=— mdrla (-/-)
e mdrla-/- LDg,= 0.7 mg/kg —— mdrla (+/+)
» mdrla +/+ LDg,= 60 mg/kg S 75-
T
e CF-1 mice were found to be 2 50+
spontaneously mutant in mdrla by =
MSD Scientists. The degree of D e
chemical exposure of fetuses within
each litter was inversely related to
expression of placental P-gp and cleft 0 J ) ' '
palate susceptablility cor o1 1 10 100
— mdrla -/- 100% cleft palate IVERMECTIN DOSE (mg/kg)

— mdrla +/- 50% cleft palate
— mdrla +/+ 0%

Figure from A.H. Schinkel et al., Cell, Vol.77, 491-501, 1994
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lvermectin Toxicity in the Collie

 50% of Collies display CNS
toxicity when treated with
normal doses of IVM (>60

ng/kg).
e |vm-sensitive Collies lack

functional P-gp at the blood
brain barrier.

« ABCB1 cDNA sequencing

— Sensitive Collies (7/7)
* 4-base pair deletion
* homozygous

— Non-sensitive Collies (6/6)

http://www.awca.net/drug.htm | * heterozygous (mutant/normal)
— Other breeds (4/4)

e normal/normal
From Mealy et al. Pharmacogenetics. 2001 Nov;11(8):727-33.




P-gp at the Blood-Brain Barrier

] — « Many Examples of Drugs

t s /;W whereby BBB Entry is

E = wd 2 Not Desirable

‘?ﬂ 10 :C??-_/‘_";“‘ | Flimie . ED — : .
< Uil & | m — lVErmectin
S /‘g:_“ =.. — Digoxin
‘ brain ‘ % WA — Non-sedating

S o1 antihistamines

) P » Fexofenadine
\ 4 o 654324012345 - e Loratadine

e Cetirizine
TJ Raub Mol. Pharmaceutics, 3 (1), 3 -25, 2006
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Clinical Translation of P-gp Inhibition at the BBB

A

e N=12 subjects
[11C]verapamil +/- CSA.

« Mean 88% increase In
BBB exposure (range 62-
148%).

e Clinical observation
significantly less than
mouse prediction.

N - b iy vl lsaciiviny
i bnnce ol Cady Freserncy of 184

&ET]

C
% %MnA
i 01 -?“‘KL&*_:; B LA
Clinical Pharmacology & Therapeutics (2005) 77, 503-514
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P-glycoprotein Substrates

4 Cancer Chemotherapy 4 HIV Protease Inhibitors
— Doxorubicin — Amprenavir
— Daunorubicin — Indinavir
— Vinblastine ~ Ritonavir
_ o — Saquinavir
— Vincristine _
_ # Cardiac Drugs
— Paclitaxel o
— Digoxin
— Teniposide _ Quinidine
— Etoposide — Posicor
4 Immunosuppressive Drugs — Most statins
— Cyclosporine A 4 Anti-thelmintics
— FK506 — lvermectin
— Abamectin

# Antihistamine

_ Terfenadine 4 Miscellaneous

C . — Loperamide
# Steroid-like g o
— Colchicine
— Aldosterone
— Ondansetron

— Hydrocortisone et al. |
— Erythromycin
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P-glycoprotein (ABCB1) Cluster Evaluation

Clinical Study

abcbla (KO)
Preclinical DDI
Lower Throughput

Caco-2 or MDCK ABCB1

Medium Throughput Substrate/Inhibitor
Membrane vessicle assays
Radiochemical Uptake Assay

Higher Throughput
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In Vitro Permeabillities

mannitol testosterone
0.26 A 85 A
B .28 B 101

passive passive

paracellular transcellular
vinblastine (P-gp substrate)

0.90 A 0.22 A 1.9 A
B 15 B 45 B 19

wild-type MDR1 MDR1 + CsA
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Caco-2 and MDCK cell comparison

* MDCK
Figure courtesy from Phil Burton/Allen Hilgers/ Thomas Raub
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In Vitro P-gp IC., for Inhibition of Digoxin Efflux Data
from Multiple Labs / Technigues

1000
& 387
W 263
140
100 -+
1.5-fold
36 ® 30 28.2
22 'S
—_ & 16 151
= 10 - 10
& 0 . . e~ L . ) ¢ A8.92
0 4.5- ;>
S m4 . A
G fold | —
2.18 . 2.3 2.2 —
g 5.0-fold W2 ® 165 15.7-
1 i 5.6-fold fold
g Zaile i 08 80- 5, 13.6-fold
: fold ' 9.1-fold
fold @ Pfizer (Net Flux, Caco-2)
_ [l Pfizer (Efflux Ratio, Caco-2)
0.1 A 4.75-fold GSK (B to A flux, MDR-MDCK)
0.055 Borchardt (B to A flux, MDR-MDCK)
A Borchardt (B to A Flux, Caco-2)
14 5-fold ® Bl (B to0 Aflux, MDR-MDCK)
— Kim, Wilkinson (Net flux, Caco-2)
0-01 T T T
o £ ® o o o) o) = e = Q
° 2 % 2 g s 5 5 g S E %
3 3 = © 5 5 8 5 2 3 o 5
£ & ° 3 S : 7 > =
= @)
X

Slide courtesy of M. Troutman/C. Lee Pfizer
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Chemical Features of P-gp Substrates

General Attributes:

lipophilic
large MW (volume)
amphiphilic
cationicatpH 7.4
cyclic
electron donating
groups

nitrogen, H-bonding




Chemical Features of P-gp Substrates

# Fot Bonds

# Arm Eings

H Bond Don

N = 8463 (MDR1: P,  BA/ P

Pil Lee and Ralph Davidson, PFE Groton

aop AB >= 2.5)
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Evolution of 2006 Draft Guidance

Knowledge of NME metabolic
pathways, interactions, and
Influence of active transport on drug
disposition with respect to DDI
potential is key to benefit/risk
assessment.

Integrated approach (in vitro and in
vivo) may reduce number of
unnecessary studies and optimize
clinical pharmacology studies.

Classification of CYP inhibitors and
substrates can aid in study design
and labeling.

— Substrate (25% metabolism)
— Inhibitor ([I}/Ki > 0.1)
— Inducer (40% control)

Guidance
Publication

Guidance

Concept
Publication

Paper

Advisory
Committee
Meetings

FDA Scientific Sabbatical

Public
Workshops

Public
Workshops

Slide adapted from Shiew-Mei Huang, Ph.D., FDA
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AUC/AUC or Cmax,i/Cmax Digoxin Ratios

Digoxin: Safety Concerns

3.50 +
3.00 4
2.50 4
2.00 ]
- u ’jh “ ’—I ’—l
S & D QD S L @ @ S L .
RSN & & S & &P & & & @ &S ¥ & S
& \S\‘\\b\ ero @‘\\ °& 0@ 8 0\& &Q{b & \'\\é’e & ?é\o oé’\\ rz‘y\e’oo s @'\\b\ \eé\Q\ ~<\°°Z\\6Q’(\ (§<\° SK ) éz?\% & Q\'Zﬂ’ @Q’Q\ <~"®\ & \\\<\ o e{\\é\
> X I R N X P ORI @ GO : NN . & & L L
@A e Q\\\«&’C}é{@ N 3 \?SQ\ O o @Q@Q o D <& @ O é\\\ & ¢ 9 é\o O @

mAUC mCmax

 Therapeutic conc ~ 1.5 ng/mL
 33% change in Digoxin Exposure (C,..,) ~ 2.0 ng/mL - Safety concerns
 25% change in exposure might be clinically relevant
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P-gp Mediated Digoxin DDIs

o <2-fold change in digoxin Cmax or exposure
were observed in the majority of published
cases

— I/IC50 > 0.1 is predictive of positive clinical digoxin
DDl related to P-gp

— 12/1C50 < 10 is predictive of no clinical digoxin DDI

e For Digoxin or NMEs that have a narrow T.I.
(similar to digoxin), P-gp may be an important
determinant of PK and response.

« Additional work is needed to fully understand
the mechanism of false (-)’s observed with
I/IC50 or false (+)'s with 12/1C50
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P-gp Summary

For some compounds, P-gp may hinder drug absorption,
moderately change AUC/Cmax and be moderate to major
determinant of CNS exposure.

No Single in-vitro assay appears to be durable enough to
perform within diverse chemical libraries and yield consistent
‘predictable’ in-vivo performance.

— Multi-tiered Assay Cluster Approach used to define
NCE/Drug- P-gp interaction.

Use of mdrla KO mouse appears to be the most sensitive
method to define P-gp substrates, however, cross-species
differences in P-gp remains an area of debate (JPharmacol
Toxicol Methods. 2006 Mar 15 and Feng et al., DMD 2008)

P-gp may be a target for Drug-Drug Interactions, optimal in-
Vvitro to in-vivo or in-vivo to in-vitro strategy Is needed in a case
by case basis.
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ABC Substrate/Inhibitor Overlap

Distinct but Overlapping Substrate Specificities

FTC & Kol34

LysoTracker
prazosin

Bis_ tl’eneEpirubicin
IStiNe paunorubicin

Tc Tetrofosmin
Tc Sestamibi

VX-710
PSC-833

Figure adapted from Thomas Litman
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ABCG2 (alias BCRP, MXR, ABCP,BMDP)

 EXxpressed endogenously in the intestine (small & large),
liver, kidney, placenta, skeletal muscle, brain, and in
hematopoietic stem cells

* In-vitro role in tumor drug resistance for Topo-1 and Topo-2
Inhibitors (MXR, SN-38, Topotecan, J-107088)

 Emerging role in drug absorption of camptothecan

analogues (lrinotecan and Topotecan).
+# ABC subfamily 7 (G);member 2 (related to Drosophila White proteins)

+# 655 amino acid protein
> ABCP isolated from human placenta R482 WT (Allikmets, 1996)
> BCRP breast cancer resistance protein R482 T (Doyle et al., 1998)
> MXR: Mitoxantrone resistance protein R482G (Bates et al., 1999)
> BMDP: Brain multidrug resistance protein (Eisenblatter et al., 2003)

Phylogram with distances

, human: 0.07572
' pig: 0.08153

rat: 0.03653
mouse: 0.03348
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The breast cancer resistance protein protects against a major chlorophyll-
derived dietary phototoxin and protoporphyria.

Jonker et al., Proc Natl Acad Sci U S A 2002 Nov 26;99(24):15649-54

 Bcrp -/- ADME Phenotype

» Diet-dependent phototoxicity

* Protoporphyria

* Enhanced oral absorption of topotecan

» Milk secretion of drugs and xenotoxins Nat. Med. 2005 Feb;11(2):127-9
« ABCG2 is expressed in bone marrow stem cells.
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Expression BCRP in mammary gland across species

Nonlactating Lactating

Literature:

BCRP substrates
reported concentrated
into milk of each of
these species

MRP1-5, P-glycoprotein
not upregulated in
lactating mouse
mammary gland

o Slide from A.H. Schinkel, NKI
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Substrates & Inhibitors of ABCG2

Drugs/NMEs Xenobiotics Inhibitors
Endobiotics
—Topotecan — FTC
—CPT-11/SN-38 —PhIP e Kol34, 143
—J-107088 —Pheophorbide A — Tryprostatin A
—Mitoxantrone —Estrogen SO, — GF120918
—Flavoperidol —lysotracker (green) — Lapatinib
—Diflomotecan —H33342 — Erlotinib
—Methotrexate —Rhodamine 123 — Gefitinib
—Sulfasalazine —Bodipy-prazosin — CI-1033
—Prazosin —Riboflavin (vitamin B2) — Novobiocin
—Benzoylphenylurea — Imatinib
—Cimetidine — Ritonavir

—Imatinib
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Physicochemical properties of BCRP substrates

N = 609 (BCRP: P, BA/ P, AB > 2.0)

Froperties for BCREF substrates * Pipeline P”Ot program 510100

mw » Molecular Weight (MW)

x{f,ffﬁ’nu-- Hx%“m « logD

» Polar surface area (PSA)

 # hydrogen bond acceptor (H Bond Acc)
« # hydrogen donor (H Bond Don)

e # Rings

« # Arm Rings

» # Rot Bonds

o  Blue region: the range of each property
el  Black line inside the red region is

the average value for each property
* Red region: the standard deviation

Pil Lee and Eric Reyner, SMI 2007 from the average value.
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Influence of BCRP (ABCG2) Expression on Cytotoxicity

e Edotecarin (J-107088) is an

Sy e excellent substrate of ABCG2
TR Viiesine (rexcnocz (Kotani et al., Cancer Res. 2001)
Li ........ v * In vitro combination studies of
g - \ gefitinib suggest complete
2 o W\ reversal of J-107088 in drug
5 . LR resistance.
> v N Vy
§ = Y  How may ABCG?2 alter ADME
e e o w  and PDinvivo?
Concentration ¥) * Project terminated before impact
of transport biology fully
characterized.
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Of mice and men: Topotecan:BCRP interaction

plasma topotecan (ng/mL)

plasma topotecan (ng/mL)

Jonker et al., INCI, 2000

250 +
—e— WT-(topo + vehicle)
@ WT (topo + GF120918)
200 { @.0
150 @
100 4
e
50
: -
0 — ‘ : —,
0 100 200 300 400 500
Time (min)
Jonker et al., INCI, 2000
350 §
304 @ —e— mdrla/b KO (Topotecan + vehicle)
@ mdrla/b KO (Topo +GF120918)
250 1 @
200 | ;
150 4 .
®
100
50 e
0 T T T T
0 100 200 300 400 500

Time (min)

plasma topotecan (ng/mL)

plasma topotecan (ng/mL)

Jonker et al., PNAS, 2002

30
—&— WT (Topo + vehicle)
%541 e @ - abcg?2 (-/-) (topo + GF120918)
o
20 @
15
10
°
54
0 T T T T T 1
0 100 200 300 400 500 600
Time (min)
Kruijtzer et al., JCO, 2002
12
10 k —— Human (Topo)
@ Human (Topo+GF120918)
8@
6 @

Time (hr)
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Oral Topotecan

A Phase | Study Of Oral Topotecan And Lapatinib In Subjects With Advanced Solid Tumors

This study is not yet open for participant recruitment.
Verified by GlaxoSmithKline, May 2008

Sponsored by: GlaxoSmithKline
Information provided by:GlaxoSmithKlineClinicalTrials.gov Identifier:NCT00682279
Purpose
This is an open-label, Phase | study of oral topotecan administered in combination with lapatinib
in subjects with advanced solid tumors. This Phase | study will evaluate the safety, tolerability,
and pharmacokinetics of oral topotecan administered in combination with lapatinib. This study
will be conducted in two parts. Part 1 of the study will investigate the impact of lapatinib on the
bioavailability of oral topotecan (bioavailability phase) and Part 2 of the study will consist of dose
finding to determine the maximum-tolerated dose (MTD) regimen of the combination (dose
escalation phase). In Part 2 of the study, the dose of oral topotecan will be escalated while
lapatinib will be given initially as fixed doses. The primary objective of the study is to determine
the MTD regimen of oral topotecan administered for five-consecutive days every 21 days in
combination with daily lapatinib in subjects with advanced solid tumors.

Source: clinicaltrials.gov
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BCRP (ABCG2) Modulates Sulfasalazine (SASP)
Resistance in-vitro

van der Heijden, de Jong, D
G
VU medisch centrum -

> expression in RA

B a CEM [T)

120 = m CEM/SSZ1.5 . -
A CEM/SSZ2.5 synovial (sub)lining

Control

Cell growth (% of contral)

0 1 | 1 1 ] 1 ] 1 |
Q0D .50 1.00 1 .50 Z2.00 2.50

557 lmmal )

RA pt, DAS-28: 4.3,
J. van der Heljden, A&R 2005, 52, S540

van der Heijden et al., Ann Rheum Dis. 2004
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Absorption, metabolism, and excretion of

salicylazosulfapyridine in man

SERUM COMCENTRATION OF SASP

o8 . AT aGw  mSH aS8 & RT +IQ LY P M

Fig. 2. Serum concentrations of SASP after ingestion of a single 4 Gm. dose of SASP on
Day 1 (10 subjects) and 4 x 1 Gm. of SASP on Days 2 to 10 (9 subjects).

Hasse Schroder and Dag E. 5. Campbell Uppsala, Sweden
Department of Zoophysiology, University of Uppsala, Pharmacia AB, Box 604, 751 25
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Sulfasalazine (SASP) Hypothesis

Inter-individual differences in intestinal expression
and function of ABCG2 (BCRP) contribute to
variability in drug bioavailability, exposure and
pharmacological response to SASP.
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ABCG2 Polymorphisms and Ethnic Distribution of SNPs.

« The ABCG2 Q141K genotype significantly affected the
pharmacokinetics of diflomotecan (Clin Pharmacol Ther. 2004)

» Gefitinib-induced diarrhea correlates with Q141K (J Natl Cancer
Inst. 2006).

« ABCGZ2 expression correlates with flavopiridol-induced
myelotoxicity.

Allelic Caucasians African- Asians Hispanics Africans Middle
var- Americans Easterns
lant

V12M 2 4 20—-45 40 5

Q141K 11-14 2.3-5.0 15-35 10 1.0 13

1206L 0 0 0 10 0

N590Y 1

Figg et al., Anticancer Drugs. 2007
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Sulfasalazine (SASP) Disposition

HOOC Bacterial
hydrolysis o)
Il H
N—=N S—N
|l
@)
Sulfasalazine (SS2)
HOOC
O
[l
H S—
II
5-Aminosalicylic Acid (5-ASA)

N-acetylation (NAT) Hydroxylation

O-glucuronidation

)

Sulfapyndl ne (SP)

| AN

N-acetylation

(2 phenotypes)

Rapid
Slow

Indications: Rheumatoid arthritis (RA),
Long term therapy of ulcerative colitis,
and Crohn’s disease

Bioavailability (F) of SASP in humans is
low (F< 15%) and highly variable

Low %F primarily attributed to SASP’s low
permeability and poor solubility (thus,
poor absorption)

Azo-reduction is the primary route of
metabolic clearance

Metabolism occurs in distal small intestine
and large intestine via bacterial flora

Studies in T-cells (CEM) demonstrate
SASP is an ABCG2 (BCRP) substrate
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In vitro Permeability of SASP with ABCG2 ( BCRP)

MDCK-ABCG2 B>A/MDCK B>A 2.1
MDCK-MDR1 B>A/MDCK B>A 2.3

Caco-2 B>A 160

Why the discordance Iin assays?
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Abcg2 is Major Determinant of SASP Absorption and
Elimination in the Mouse

Route of administration: PO

10°

10 RN A Dol
g 5 A T e
£ 10 A
c 5 O
S 10 @@M A
(@)
g 10t ©
= o
<
8 10'001 ‘ T ‘ T T T ‘ T T
g 0 5 10 15 20 25
(7]
K
% - | Route of administration: IV

10
£
N YA N R N
EI Brvvess et fygrereaseanenans. Brooreninnne. A
2]
g 10° 9% S, S 8 —9
]

102 O Observed, WT

10 A Observed, KO

—— Predicted, WT
------- Predicted, KO
107001 ‘ ‘ \ ‘ ‘ ‘

0 1

2 3 4
Time, hr

Zaher et al., Molecular Pharmaceutics epub January 4, 2006
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Abcbl (mdrla) does not contribute to SASP
Bioavailability or Clearance

10° Route of administration: PO
£ 10% -
2
o 10%
e
£ 10'-
c
3
S  10°
o
©
=
[%2]
©
o 10*
c
8 3
< 10° A
N 1
.9 ]
S 102 4| O  Observed, WT 2
2 1| &  Observed, KO

10! H Predicted, WT

1| =====-- Predicted, KO
100 — T i T i T i T i T i T i T
0 1 2 3 4 5 6
Time, hr

Zaher et al., Molecular Pharmaceutics epub January 4, 2006
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D Crnax (Ng/ML)* AUC (ng.hr/mL) Relative
i 0se
Mice | Route (ma/kg) Durati exposure,
Y wr | ko “(rr?r)'on WT | KO |AUCKo/AUCr
IV 5 1827 | 13570 0-4 3015 | 40343 13
Berpl
PO 20 233 16176 0-24 1189 | 131822 111
i IV 5 2749 2266 0-6 5131 | 3504 1
"4 po | 20 | 349 | 40 | o024 |1088| 1781 2
* |V (intravenous) = C at time zero was extrapolated from the model; PO (Oral) = visual C,,, from raw
data
SASP C

max

and exposure (AUC) in Berpl (abcg2) and mdrla (WT and KO)
mice following intravenous (V) and oral (PO) administration.

Zaher et al., Molecular Pharmaceutics epub January 4, 2006
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SASP Disposition in North American Healthy Volunteers

) o

= =100

[ i 10- :}“H

= 20 8 = &}SEL;:::Z'::::---*

o a3z ' S ——34GG/M421CC
q g 27 o = 34GA/421CC
T 30- a T3 1% 2 ——34AA/421CC
L = —=— 34GG/421CA
- —— 34GA/421CA
o

£

7))

ke

a

.. _ . ——
0 4 8 12 16 20 24
Time (Hours)

Brad Urguhart et al., Pharmacogenet Genomics. 2008 May;18(5):439-48.
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Altered SASP Exposure in Q141K Subjects

SASP BCRP*3

w
o
-
o
o

—— CC (n=11)
— CA (n=4)

N
o
o
o
o

o
o
o
o

Plasma Sulfasalazine (ng/mL)

o) ) 10 15 20 25 30
Time (Hours)

Urquhart et al., Pharmacogenet Genomics. 2008 May;18(5):439-48.
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Correlation between SASP Cmax and AUC for Healthy Subjects

100000+

10000

Cmax (ng/mL)

1000 ! ! ! ! I LI | I ! ! ! ! LI |
10000 100000 1000000

AUC (ng-hr/mL)

Urquhart et al., Pharmacogenet Genomics. 2008 May;18(5):439-48.
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421C>A SNP Changes Surface ABCG2 Expression

Total Protein Cell Surface
& &
Qo“ & ch‘ &
<A v v X e Y
kD & RN &0 & G 2L
R I N AT & A
TS _— BCRP (V5) — -
105 — - Calnexin
75 —

Pharmacogenet Genomics. 2008 May;18(5):439-48.

NIH Principles in Clinical Pharmacoloav Transnorter Rioloav 8 Januarv 2000



SASP Disposition in Healthy Japanese Volunteers

SASP plasma concentration {pg/mil)

60T

S0

401

301

201

10T

Time {h)

Figure 2 Effect of ABCG2 genotype on pharmacokinetics of sulfasalazine
(SASP). Plasma concentration-time profiles of SASP after oral administration
of a 2,000 mg conventional SASP tablet to 421C/C subjects (closed circles,
n=12),421C/A subjects (open triangles, n = 16), and 421A/A subjects (closed
diamonds, n =9).

Yamasaki et al., CPT January 2, 2008
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ABCG2 Pharmacogenomic Studies

Formulation
IR =—

susp —>

SR=—>

Dose, # Ethnic Group,

Drug Route Patients | Gender Result B e

Sulfasalazine R o | 2000 mg 37* Japanese 1.7-3.5X increase in Yamasaki et al (2008) Clin Pharmacol

N N :<\ po Male AUC, Cmax Ther, ePub
N N

Sulfasalazine 1000 mg 17* Caucasian 1.7-2.4X increase in Urquhart et al (2008) Pharmacogen &
po Both AUC, Cmax Genomics, ePub

Sulfasalazine 500 mg 36* Chinese No effect on AUC, Cmax | Adkison et al (2008) ASCPT mtg poster
po Both

Gefitinib 250 mg 1247 Caucasian 44% with mutation had Cusatis et al (2007) JNCI 98(23):1739
po Both diarrhea vs. 12% with

(IRESSA) WT

Topotecan <2.5mg 18” Caucasian 1.35X increase in oral Sparreboom et al (2005) Canc Biol Ther
po, iv Both bioavailability 4:650

Rosuvastatin 20 mg 14* Chinese 1.8X increase in AUC Zhang et al (2006) Clin Chim Acta
po Both and Cmax 373:99

Diflomotecan <0.5mg 221 Caucasian 3Xincrease in AUC and | Sparreboom et al (2004) Clin Pharmacol
po, iv Both Cmax for iv only Ther 76:38

Imatinib 100-1000 82n Caucasian No difference Gardner et al (2006) Clin Pharmacol
mg Both Ther 80:192

(GLEEVEC) po

Pitavastatin 2mg 38* Japanese No difference leiri et al (2007) Clin Pharmacol Ther.
po Male 82:541
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Gefitinib (Iressa)-enhanced SASP Bioavailability

2 A ---O---  Sulfasalazine alone

£5 A Iressa + Sulfasalazine X

z ;- : ;

Pé | ) HN =

E - é | R/N“«\,/"*\/O e
B

6 e ~0 — NJ

g_ T A

=2 S "

E 0% Gefitinib (IreSSa)

> 1

& e S

5 S

(< """""""""

5 """"""""""

g """""""""""""

: (@]

S w0

D ‘ | | | ; T T

W 0 4 8 - : i 24

Time (hr)

Plasma concentrations versus time curve after oral administration of
SASP (20 mg/kg) alone or combined with gefitinib (50 mg/kg) gavage

2 hrs prior to SASP administration in wt-type mice.
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Curcumin increases SASP Bioavailability

10000 6 SASP 150007
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Suneet Shukla et al. Pharm Res. 2008 Oct 9.
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ABCG2 Summary

ABCG2 (BCRP/ABCP) has a role in the absorption and the
elimination of a growing list of drugs, endobiotics, and
xenobiotics.

Additional probe substrates and inhibitors are needed to
Investigate cross-species to human comparisons and to
Improve in-vitro to in-vivo predictions.

— SASP _dose and formulation are important determinants of ABCG2’s
Influence on F.

ABCG2-transfected LLC-PK1 or MDCK cells may be useful to
evaluate the interaction of this transporter with NCEs or Drugs,
however, many BCRP (ABCG2) substrates require a
basolateral uptake transporter.

The abcg2 KO mouse in combination with ABCG2 (BCRP)

assay cluster may be best way to define ABCG2 substrates
and inhibitors.
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The SLC Superfamily

-

transportef

Coupled transporter ‘j \ 1}(} | I Passive transporter

Mitochondriall %

~

SLC series

Exchanger

Wesicular
qu iransporter

N

/
4

ATR
v PG
water channel ]l _. ' transporter
: " Pump
lon channel

Other transport proteins /

o Solute Carrier (SLC)
superfamily contains

— 43 families
— 298 genes

e HUGO database (see

http://www.gene.ucl.ac.uk/nome
nclature/)

— SLC root symbol

— Followed by numeral (family)

— Followed by letter

— Followed by numeral (ie
SLC22A1)

— Further elaborated in the
SLC21/SLCO

References: Hediger MA, Romero MF, Peng JB, Rolfs A, Takanaga H, Bruford EA. Introduction. Pflugers Arch. 2004 Feb;447(5).465-8.
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Renally-Mediated DDIls

«# Penicillin/Probenecid one of the earliest examples of ATS
(Active Tubular Secretion) inhibition.

H
R'CHZ—H—N S _CHZ\
o) | N-SO; OH
o OH —CHY O
o)

«# Drugs that have labeling precautions relating to renally-
mediated drug transport:

Dofetilide (Tikosyn™)

> Concomitant administration OCT inhibitors increase
potential for cardiac toxicity

Cidofovir (Vistide™)

> Concomitant administration of OAT inhibitors decrease
potential for nephrotoxicity
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When is it Important to Study Renal Transporters?

e Does scientific evidence suggest that it Is
necessary to investigate renal transport DDI
potential for NMES?

— Toxicologic significance
— Primary determinant of systemic CL
— NME inhibits the CLg of compound with narrow TDI

 What is the optimal in vitro and in vivo strategy

that will bridge preclinical to Clinical Development
Plan?

* |s there a need to perform both probenecid and
cimetidine studies in healthy volunteers if in vitro
and preclinicial data support that compound is a
prototypical transport substrate?

NIH Princinles in Clinical Pharmaco loav Transporter Rioloav & Jantiarv 2000




Package Inserts: Clinical Studies and DDI Potential

Drug (CLg) Results (Bedside)

Mirapex (400 mL/min) | N=12 subjects/treatment arm.

+ cimetidine 50% M in AUC; 40% MNinT 1/2

+ probenecid No effect on PK

Tikosyn (420 mL/min) | Narrow TDI

+ cimetidine 40% N in AUC; CLR \V 33%; QTc M17-19 ms
+ probenecid No effect

Oseltamivir N=12-18/treatment (see Hill et al.)
+cimetidine No change on PK

+probenecid 2.5-fold AUC of Ro64-0802 (active metab)

AXid (500 mL/min) Not currently defined, however TDI very high
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Transporter Nomenclature

SLC Family ABC Family
 Basolateral « Apical
— OCT2 =SLC22A2 — MDR1 = ABCB1
— OAT1 =SLC22A6 — MRP2 = ABCC2
— OAT3 =SLC22A8 — MRP4 = ABCC4
— System L = SCL7A5/8 — BCRP = ABCG2
« Apical

— PepT2 = SLC15A2

— OCTTN1 = SLC22A4
— OCTN2 = SLC22A5
— OAT4 =SLC22A11
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Major Renal Transporters

<+«—Blood Flow

Filtration (GFR) *fu

CL, = GFR + secretion — reabsorption

CL, = GFR
Filtration only
PgP secretion = reabsorption

MRP2/4
H+

CL, < GFR (net reabsorption)
OCTN1

J CL, > GFR (net secretion)

l Urine
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Renally-Mediated DDIs

ClL,

CL, = GFR+ ATS -TR

.

\

TTubuIar Active Tubular Cell lines expressing
Reabsorption Secretion | —» | human transporters
(TR) (ATS)
Sys-L et al., What [ ]’7
NC:/ \Yes
*in vivo CLg
Flow/pH Nonclinical species and/or

(No vol effect)|| Km/Vmax

!

select DDI & model PBPK

l

Validate Transporter Model & Aid Clin PK

Very low potential for a
clinically significant inhibitor
of Sys-L

DDI Design

*GFR should be need to be determined in some studies
tfew reported DDIs mediated via TR (Lithium and amiloride)
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Interspecies Comparison of Oxazolidinone
CLi/GFR in Rat, Dog, Monkey & Humans

4 -
3.5
3_
y 257 B Rat
é 2- B Dog
C';c 15- B Monkey
"g 14 0 Human
g 05

o

PHA288034 Linezolid PNU100592
03:8/\ F o]
TN g e 3 >0
P O N N O oL o
F N\_:O&H -y ) %H)J\ JQ\NJ\O j\
H N\n/ NG
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Inhibition of PHA-288034 Clearance via Probenecid or Cimetidine in the

Ratl
Rat 2

Rat 3
Rat 4

Plasma Inulin or 288034 CI (mL/min/kg)

288034 CLr

22.96
21.96

288034 CLr

22.18
24.11

25 A

20 A

15 -

Rat

—@— R1-GFR
—@— R2-GFR
—@— R3-GFR
—O— R4-GFR

—i— R1-288034 +/- PBCD
—l— R2-288034 +/- PBCD
—— R3-288034 +/- Cimetidine
—O— R4-288034 +/- Cimetidine

—{ ———8
- O

0l &

(62}
1

Probenecid (LD= 70 mg/kg)
followed by MD=40 mg/kg g40 min
or

Cimetidine 50 mg/kg q40 min

8 10 12

Time (hours)

PLASMA 288034 or Inulin Clearance +/- PBCD or Cimetidine

288034 + PBCD CLr
14.46
17.33

288034 + Cimetidine CLr

16.67
17.28

GFR-1 (control) GFR-2 GFR-3 CLR/GFR-2
12.55 12.19 13.22 1.88
10.55 12.40 14.51 1.77
GFR-1 GFR-2 CLR/GFR-2
11.53 11.40 12.22 1.95
11.35 11.81 11.36 2.04

CLR/GFR-3
1.09
1.19

CLR/GFR-3
1.36
1.52

009



Monkey PHA288034 Probenecid Interaction Study

@ Day 1: with probenecid H Day 16: without probenecid
100—
R Probenecid 30 mg/kgPO g6h starting 24 h prior
£ | tolVPNU-288034
1
¥ :
0.01 } } }
0 5 10 15 20 25
Time (h)

Study by WJ Adams et al.
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Model Systems to Study Renal Transport

solated Perfused kidney
Kidney Slices

solated BBMVs

e Transient
e Stable
GeMMs

solated Renal Tubules (PCTs)

ndividual Transporter Clones
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In Vitro Uptake Models

 Transport of PHA-288034 in human proximal tubules.
— Drug uptake in cell suspension of hPTs.
— Determine kinetics, substrate specificity, energy & ion dependence
— Preliminary study suggested no metabolism in hPTs

Subl0
Subl1l
Sub12
Sub13

[EEY
a1
[]

nmol/min/mg
[N
(@
[
¢ « > =

a1
1

| J | J | J | J
200 300 400 500
PHA288034 (uM)

J
0 100

NIH Princinle< in Clinical Pharmacoloav Transporter Rioloav 8 .lantiarv 2000



Na*-dependent Uptake of PHA288034

Human Proximal Tubule Studies

=
N

©

nmol/min/mg
(@)

3 - Uptake (Na+)

—o— Na-free buffer
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Time (min)



PHA-288034 Uptake in HelLa cells Transfected with Transporter cDNAs

150+
>
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O —_—
2 B 1254 _
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c
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o
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&OO QO \QO p «Oo QO \QO p
o® &®
QW© ©
S UM 50 pM

Richard Kim and Brenda Leake
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Experimental Protocol: Interaction Assay in Stable Transfectants

NME ‘
Probe [3*55

_ 00
» o
Control Experimental

Result/calculations = Inhibition of [SH]-ES uptake (% of control) in presence of NME
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PHA-288034 Interaction with hOAT1-HEK, hOAT3-HEK, hOCT2-
HEK, hOCTNI1-HEK and hOCTN2-HEK Cells.

100
80 T
l 1

— 60 A
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O 40-
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o) 20 -
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=N B S § @ s 2 < 2 c s
D ® a2 = x 8 x 3 x5
2. ® 2. ® @ =3 ® = ® =

IS S = S s 3 s s
40
hOATL1 hOAT3 hOCT2 hOCTN1 hOCTN2

HEK cell lines created by Prof. KM Giacomini
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PHA-288034 uptake in hOAT3 cells

35 T

28 * $

21

14

pmol/mg/min

O I T T T !
0 50 100 150 200 250

PHA-288034 (UM)

Michaelis-Menten Model fitted to individual responses using OLS

Standard 95% Confidence
Estimate Error Interval
Km (uM) 18 6.9 7 42
Vmax (pmol/mg/min) 31.5 2.90 25.1 38.0
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Cross-species Homology of OAT3 (SLC22A8) vs
PHA288034 CLy

Renal Clearance/GFR

60 70 80 90 100
% Protein identity OAT3 (SLC22A8)



Summary of PHA288034 Studies

Multi-tier approach appears to best way to identify
substrates/inhibitors of uptake/efflux drug transporters.

Active Tubular Secretion

PHA-288034 appears to be a substrate and an
Inhibitor of NOAT3 (SLC22A8).

PHA-288034 does not appear to be a substrate for
hOAT1, OCT2, OCTN1, or OCTN2.

Additional work I1s needed to fully appreciate OAT3
cross-species differences.

Cimetidine inhibits OAT3-mediated transport as well
as OCT-2 mediated transport.
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For MW >400
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Hepatic Transporters

Question 1. Is uptake transport the rate-Limiting
Step of total clearance (assume low/no
metabolism).

Question 2. Is it possible to predict the DDI
potential mediated through hepatic uptake or
efflux or are we only able to define potential
mechanisms of a PK observation?

Question 3. Toxicological significance of bile acid
uptake, synthesis, or efflux inhibition

NIH Princinle<s in Clinical Pharmaco loav Transporter Rioloav & Jantiarv 2000



Hepatic Uptake/Efflux Transporters

Basolateral membrane

Hepatic
+ permeability
‘_/“
Etoposide-
glucuronide

Vinblastine, taxol
doxorubicin, large-hydrg

canaliculus

Taurocholate, ABCC2
bile acids

membrane
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Hepatic Transport and Liver Injury

0.01

0.1

® Troglitazone,

— IC,,=39+086uM
Ei 100 B Troglitazone-sulfate,

t ICy, = 0.4 £ 0.06 uM
& Cyclosporin ,

S g0+ IC,, = 0.8 2 0.23 M
-= v Glibenclamide,

ﬁ IC,, = 8.6+ 1.9 uM
Qo 60+

=

[ %

E ..x".-.

= 1

8 404 7.

'E » Glibenclamide

P ED_ L

.?}' sulfat hC ~, ¥

b3 *--v

& —'Iu...____:-\-

‘{ D B L L L L L L L L L LL L L L L L L L L L |

1 10 100

Funk et al., Mol

Inhibitor concentration (pM)

. Pharm. Vol. 59, Issue 3, 627-635, March 2001
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OATP Substrates

Endogenous Substrates:

Estrone Sulfate, PGE,, Bilirubin, thyroid hormone
(T;, T,) Bilirubin-glucuronides Estradiol 17p-c-
glucuronide, bile acids

Drug Substrates:
Atorvastatin, Cerivastatin, Pravastatin

Rosuwvastatin, Pitavastatin, Caspofungin,
Troglitazone-sulfate, Rifampin, Arsenic,
Atrasentan, Valsartan, Olmesartan, Enalapril,
MTX, Temocaprilat, SN-38

Toxins:

Phalloidin, Microcystin-LR

Endogenous Substrates:
CCK-8, PGE, Thyroid hormone (T,, T,) Estradiol
17 [ -d-glucuronide, Bile acids, Deltophin, DPDPE,

Drug Substrates:

Pravastatin, Pitavastatin, Rosuvastatin,,
Fexofenadine, BQ-123, Oubain,, Digoxin,
Doxotaxel, Paclitaxel,, Rifampin, MTX, Bilirubin,
Repaglinide, Telmisartan, Valsartan,

Olmesartan, Enalapril, Temocaprilat, SN-38

Toxins:

Phalloidin, Microcystin-LR

ERichard B. Kim M.D.
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The NEW ENGLAND
JOURNAL of MEDICINE

SLCOIBI Varnants and Statin-Induced Myopathy —

A Genomewide Study

The SEARCH Co llaborative Group?

ABSTE ALT

BACECEQUND

Lowaringg |ow-d2nsity 1ipoprosin chalesterol with statin charapy results in substin-
tial rductons in cardiovascular events, and 1argsr Ieductions in cholestrol may
produce larger bensfics, In rare cases, myopathy ooculs in A5E0CiIEan With statin
therapy, especiallywhen ehe st1fns are admnisezrad athigher dozes and wich ceredin
other medications,

HETHOQOE

We carriad ut 3 gen omewide 15s500idtion studfu Sing approximaely 200,000 mark
ers (and addvtonal fine-mapping) m 85 subjeces with definiee of mcipient myopachy
and 90 contrals, all of whom were waking 80 mg of ssmwaseatin daily as part of a
trial inFolving 12,000 pardicipants. Replxacson was eeseed in 2 trial of 40 mg of
simFastatin Ly mvdlving 20,000 parkopants

REFULTE

The genomewide soan yieldad 2 single stiong assocarion of myopathy with the
T84362657 emgle-nuclecexde polymorphism (SHED locamed within SLOOLE! on chro-
mesome 12 (P=dx 109, SLO0IEI encodes the organic anion—transpordng poly
peptide OATFLEL which has been shown to regulace che hepadic uptike of sacins,
The noncoding [54362657 SHP was in nearly compics linkage disaguilibCium with
then onFfnonFmiou & 18418056 ENP [[*=097], which has been Imked v stdtin me-
tabolism. The prevalen o2 of the 34149056 C allele in the populicon was 15%. The
odds mrio por myopachy was 4.5 (95% con fidence ineareal [CI, 2.6 02 771 psr COpF
ot the C allele, and 16.9 {5k O, 47 60 61.1) n CC a5 compared wich TT homozp-
g, More ehan 6006 of thess mpopachy cases could be arribueed oo the C variane,
The ass0cidixon of 84149056 with myopathy was replicared in che il of 40 mg of
smwaseatin daily, which also showed an assacidtion bevween rs4149056 and the
chilesperoM owering effaces of sinvaseatin, Ho SHEE in any ochar reghon ware clearly
ass0ciand with myopathy.

COHCLUSIONE

We have identified common vacants in SLODIDL that are swongly associdead with
an increasad risk of stitin-induced mpopachy Genorping these varkints may help oo
achiera the benefits of stlcin cherapy mare safly and effeceively, (Current Con-
trodled Tridls mumber, IERCTHT 4248595

M OEMGL] MED OO MM oalel
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SLCOLBLI VARIANTS AND STATIN-INDUCED MYOPATHY
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Figure 1. Results of Tests for a Trend in the Association between Myopathy and Each SNP Measured in the Genome-
wide Association Study.

P values are shown for each SNP measured among 85 participants with myopathy and 90 matched controls who
were taking 80 mg of simvastatin daily. Analyses are based on 316,184 of the 318,237 SMNPs (99.4%) on the Sentrix
HumanHap300-Duo BeadChip {lllumina). A result above the horizontal red line indicates strong evidence of an as-
sociation (P<5x107).

N Engl J Med. 2008 Aug 21;359(8):789-99
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Hepatic Drug-Drug and Drug Transporter Interaction

Potential

Is NME eliminated unchanged in the bile and is a substrate of
uptake transporter or transporters?

— Permeability
— Multiplicity
— Affinity and Capacity
* Relative abundance of OATP1B1, OATP1B3, OAT2B1,
NTCP
« Selective vs pan-inhibitors (ie CsA)
Is NME a substrate of uptake and efflux transporters
— Multiplicity (ABCB1, ABCC2, and ABCG2)

Uptake/efflux synergy

NIH Princinle<s in Clinical Pharmaco loav Transporter Rioloav & Jantiarv 2000



Rifampicin Inhibits Atorvastatin through OATP
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600 mg rifampacin IV increases atorvastatin acid
AUC 7-fold.

* Acutely, single dose rifampacin may inhibit
OATP1B3, CYP3A4, and CYP2CS.

(Lau YY et al., Clin Pharmacol Ther, 81, 194-204 (2007), slide courtesy of Dr. L.Z. Benet)
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e Antibiotic used in treatment of tuberculosis

CH,
« Known for its ability to induce drug metabolizing enzymes and
transporters through activation of pregnane X receptor (PXR)

e Recently identified as an inhibitor of OATPs and entry into human
hepatocytes mediated by OATP1B1
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i . Tirona et al, J.Pharmacol.Exp. Ther 304:223-228, 2003
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Rifampacin Disposition in WT vs Slcolb2”/-KO Mice
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Zaher et al., Mol Pharmacol 74: 320-329, 2008
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Pravastatin Css Dispositon in WT vs Slcolb2”- Mice
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Ongoing work with Oatplb2 KO

e Understand the physiologic role of Oatplb2

e Further characterize translatability of murine
Oatp’s to human ADME and disease
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Future Direction of Drug Transport in Preclinical
Development and Clinical Pharmacology

DDIs mediated through drug transporter(s) have received
Increased attention, however, at present one can define the
likelihood of a DDI for well characterized transporters only
gualitatively (Likely, Possible, and Not Likely).

Significant overlap exists between drug metabolizing
enzymes and drug transporters.

Evaluation of in-vitro screens to predict in-vivo drug-drug
Interactions is an area of increased regulatory awareness.
Therefore, the accuracy of the predicted DDI is dependent
on the Quality of the in-vitro assay.

Greater emphasis on Clinical Translation with respect to
PK/PD of select transport probes is needed.

Preclinical and clinical differences in transporter expression
may be a determinant of drug-induced toxicity and a
developing area of research for drug-induced diseases.

— Additional KO and Tg mice to investigate the in-vivo
contribution of drug transporters are needed.
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