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Understanding IDT —

IDT causes life-threatening toxic events (even death) in
patients

IDT can not be easily predicted from non-clinical
toxicity studies

Often only appears in post-marketing with low
frequency ( 1/100 - 1/100,000 )

Leads to “Black Box Warnings”, or drug withdrawal.
Ticlopidine (Hepatotoxicity, TPP)

Troglitazone (Hepatotoxicity)

Tienilic acid (Hepatotoxicity)

Aminopyrine (Agranulocytosis)

Mechanisms of IDT are not fully understood



Mechanism i1s Unclear but...

Reactive metabolite and its covalent binding to
cellular macromolecules

« Many drugs assoclated with IDT are known to form
reactive metabolites to bind to proteins covalently

Exposure of the drug

* The occurrence of IDT Is rare with drugs given at a
daily dose of 10 mg or less

Host —specific genetic, environment, and/or disease
factors

* IDT does not occur in most patients



Obyjective

In order to clarify the correlation
between amount of CB, daily dosage
and risk of IDT, we performed the
covalent binding study using 42 drugs
with several safety profiles



Covalent Binding Categorized by the """O"”"
Safety Profile
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Nakayama et. al., Drug Metab Dispos. (2009)



Daily Dose Categorized by the Safety ‘_QF
Profile
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Correlation of Daily Dose and Covalent >
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Binding Categorized by the Safety Plrofil@msms

A
Y WA “0‘
$ AKX%
o o
@ BN
®
®
‘H‘\ L]

1 10 100 1000 10000

[y
)
(=)
\\\\. T T T

[—

(
| I

o
=

Covalent Binding (pmol/mgP)

Daily dose (mQ)

Both covalent binding and daily dose are related to the

9occurrence of IDT independently.



Zone Classification System (*]

Categorization of Safety Profile by the-amount
of Covalent binding and daily dosage
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Almost all drugs were located in zones corresponding to

their respective classified safety categories.

Nakayama et. Al., Drug Metab Dispos. (2009)
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Screening method for the detection of FMs.__. o

Lead Candidate
Optimization Selection

Trapping Assay Covalent Binding

o: High throughput, structural elucidation Assay
> Can not detect all RMs o: Directly detected to
the binding to

Time dependent CYP inhibition Assay |[RUESe Il IE

><: Low throughput,
necessity of labeled
compounds

Hit-to-Lead

o:High throughput DDIrisk assessment
> Can not detect all RMs

Qualitative trapping assay using agents such as glutathione
(GSH) is often performed in the early stages of drug
discovery
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Fate of the Reactive Metabolites and <=

Detecting System
O - TDI / MBI assay
CYP Drug CYP Irreversible CYP inhibition
- (Mechanism-based inhibition)
$ Proteins

CYP — | q

Covalent Binding
@
ES complex

\

CYP -
-> Covalent binding
Produg assay
GSH
Adduct

- GSH trapping assay
We hypothesized that TDI assays could be
complementary to trapping methods.




Obyective o

In order to clarify the importance of TDI
assays In detection of RMs, we investigated
the relationships between the formation
rate of [3°S]GS adducts, the enzyme

Inactivation rate in the TDI assay, and the
extent of CB in HLMs



Correlation between [°°S] GSH Adduct 2..
and Amount of Covalent Bindinmg—
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Four compounds with high level of CB did not show
detectable GS adduct peaks

—>the trapping methods alone cannot replace the CB
assay Nakayama et. al., Drug Metab Dispos. (2011)  *°



Correlation between Enzyme Inactivation ,..,Q,,

rate and Amount of Covalent Binding
r =0.14 (p =0.37)
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Four compounds that the GSH trapping assay failed to
detect were inactivators of the enzyme in the TDI assay

16



Correlation between RMs intrinsic o

Eiallchi-Sarrepo
clearance and covalent binding
r=0.77 (p <0.0001)
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> ‘§ 100 e © RMs intrinsic clearance (CL,. rus)
T & [ .—{
£ E ® o Formation rate of [35S] GSH adduct
3 oodf -
= g 10 ! PS Substrate Conc.
®
¢ ¢ ® Enzyme inactivation rate
o +
I X Substrate Conc.
N.D. 0.001 0.01 0.1 1 10
CL int, Rs
(nL/min/mg protein)

r is the Spearman rank correlation coefficient.

Correlation of Clint, RMs to CB was better than that of GS adduct

A combination of the GSH trapping and TDI assays is an
effective method for detecting compounds with the potential
of highly reactive metabolites ;



RiIsk assessment strategy for reactive ,Q...
metabolites in drug discovery
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Selected Gene Probe Sets Categorized by
the Function

Affimetrix | Correlation
probe set ID | coefficient
at .60

1370931 XreeS
1370537 _at .55 Xrooh
1371944 at 0.65 Ube213
1398792 at 0.58 Psmcl
1386930 at 457 ramad4
1383073 _at 0.55 Uspl4
1368817 _al 0.51 Psmed
1373052 at 0.59 Pdcl3
1386509_a_at 0.58 Vidacl
1386895 _at 0.66 Maged1
1373122 _at 0.64 Jub
1370803 at 0.58 Zwint
nigenetics,
1382663 _at 0.57 Batf
1390944 _at 0.56
1372122 _at 0,54 Tsgl01

1367840 at

1377662 _at

His

Gene Gene title
symbol

DNA repair

M-ray rapair complemeanting defactive repair in Chinesa hamstar calls 5
X-ray repaic complementing defective repair in Chinese hamster cells &
Ubiquitin / proteasome

ubiquitin-conmjugating enzyme E2L 3

proteasome (prosome, macropain) 265 subunit, ATPase, 1

prateasame (prasame, macragain} 265 subunit, nan-ATPase, 4

ubiquitin specific peptidase 14

proteasome (prosome, macropain) activalor subunit 4
Apoptosis

phosducin-like 3

voltage-dependent anion channel 1

Cell proliferation

melanoma antigen, family D, 1

jub, ajuba homolog (Xcnopus laevis)

ZW10 interactor

gene transcripti

basic leudine zipper transcription factor, ATF-like

Chmpd4c  chromatin modifying protein 4C

twumor susceptibility gene 101
natocyte growth factor-rogulated tyrosine kinace substrata

Oxidative stress / cell proliferation

Pir

pirin (iron-binding nuclear protein)

Oxidative stress (excluded from gene set

o

el S

A total of 65 genes showed statistically significant correlation between the

expression level and CB level, and 16 genes were selected as CB-

associated genes based on their biological functions
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Ingenuity Pathway Analysis of Genes Related to
Formation of CB
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‘HNF4a and NFkB would be candidate key factors }



Summary O
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« We established a zone classification system using
covalent binding in human hepatocytes and a daily
dose for the risk assessment of IDT.

« We demonstrated that a combination of the
[3°S]GSH trapping and TDI assays is an effective
method for detecting compounds potentially
capable of generating highly reactive metabolites in
the early stages of drug discovery.

« We estimated the molecular response against RM
and CB formation by correlation analysis between
the formation of the CB and TGx data.
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