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Presentation Overview

* |Introduction: Drug discovery and translation to man
* ATP-based DILI hazard identification

» Stepping beyond ATP: from hazard identification to risk assessment
* Impact of 3D microtissues in drug development

* Outlook: challenges and opportunities
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Drug Discovery and Development Workflow
T h e ro c ky ro a d to S u c ces s Research & Discovery Development Market
TargetI&Y  H2L Lead Optimization Toleration To)(IND GLP Tox NDA
Industry Benchmark Milestones N;AE Phase T-ﬁ-IAII;;sslon Launch
} 1 Approved
Drug
} 5 Compounds
} 250 Compounds
> 10,000 Compounds ~10 years until launch and
costs between $2-3 billion USD
Drug — Target ID/Validation
Efficacy — Hit to Lead
— Lead Optimization
Predictive In Vitro Safety
In Vivo Toxicology
TN
A ER
e,
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Drug-induced Liver Injury (DILI): A Major Cause for Attrition

DILI histologies

stasis
atosis
* Fibrosis
. )l‘e’patitis
»” Necrosis
+ Apoptosis

W Liver =49(35%)

nlvs %)
M Renal=8 (6%)

W Haematology = 23 (17%)
W Immune = 16 (12%)

® Rodentcarc =9 (7%)

m Devtox = 3 (2%)

W Other =45 (32%)
G. Kenna, Drug-induce liver injury (DILI):
What is the problem ? 24052016.pptx
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Drug-induced Liver Injury (DILI): A Major Cause for Attrition

DILI histologies Preclinical attrition

. stasis | e After animal tox studies
atosis

. Fibr::‘;:iss G * Pharma average nonclinical attrition rates
s Nerosis, | s due to DILI are between 30-45%

- Apoptosis o .

Clinical attrition

* Liver toxicity in clinical testing phases |, I, Ill

after preclinical risk assessment

mCvVE %)

e Post-launch market withdrawals

e * Acute liver injury (idiosyncratic DILI) after
= Devion=3 (2% successful clinical evaluations

W Other =45 (32%)
G. Kenna, Drug-induce liver injury (DILI):
What is the problem ? 24052016.pptx
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Why is Drug Development So Challenging?

* 90% of IND entering clinical testing phase fail
due to lack of efficacy or safety issues

* Tremendous need for improved translation to human
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Translation

nature

Be open about drug failures to speed up
research

Access to evidence from disappointing drug-development programmes advances
the whole scientific process, explain Enrica Alteri and Lorenzo Guizzaro.

NSS4
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Why is Drug Development So Challenging?

* 90% of IND entering clinical testing phase fail
due to lack of efficacy or safety issues

* Tremendous need for improved translation to human

* 3D spheroid models show outstanding features
bridging gaps from 2D to the clinic
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Why is Drug Development So Challenging?

* 90% of IND entering clinical testing phase fail
due to lack of efficacy or safety issues

* Tremendous need for improved translation to human

* 3D spheroid models show outstanding features
bridging gaps from 2D to the clinic

* 3D cell culture opens new opportunities for discovery
and safety
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Why is Drug Development So Challenging?

* 90% of IND entering clinical testing phase fail
due to lack of efficacy or safety issues

* Tremendous need for improved translation to human

* 3D spheroid models show outstanding features
bridging gaps from 2D to the clinic

* 3D cell culture opens new opportunities for discovery
and safety

Tiekone  Boost in relevance of
DD

=
i.:" : \ B vitro by 30 cuture - S
JOHNS HOPKINS 3 N g

UNIVERSITY
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nature

Be open about drug failures to speed up
research

Access to evidence from disappointing drug-development programmes advances
the whole scientific process, explain Enrica Alteri and Lorenzo Guizzaro.
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Physiologically Relevant Features of 3D Liver Models

Multi-cellular spheroid model
Smallest functional unit of the liver
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Physiologically Relevant Features of 3D Liver Models

Multi-cellular spheroid model
_ ) Smallest functional unit of the liver
Physiologically relevant co-culture

(PHH, LEC, KC, and SC)
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Physiologically Relevant Features of 3D Liver Models

Multi-cellular spheroid model
_ ) Smallest functional unit of the liver
Physiologically relevant co-culture

(PHH, LEC, KC, and SC)

Maintenace of basic liver-typical functions
Drug metabolism, transport, synthesis and secretion
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Physiologically Relevant Features of 3D Liver Models

A bk am ae

Multi-cellular spheroid model
Smallest functional unit of the liver

Physiologically relevant co-culture
(PHH, LEC, KC, and SC)

liver& 3D 2D

Liver and 2D cultures
3D cultures
'

Maintenace of basic liver-typical functions
Drug metabolism, transport, synthesis and secretion

PC3 (8%)

donor1 donor2 donor 3

PC1 (51%)
Lauschke et al., 2016, Chemical Research in Toxicology

N —e
Yugere quet™®
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Physiologically Relevant Features of 3D Liver Models

Multi-cellular spheroid model A GSZfsdolon

_ ) Smallest functional unit of the liver
Physiologically relevant co-culture

(PHH, LEC, KC, and SC)

liver& 3D 2D

Liver and 2D cultures
3D cultures
'

Maintenace of basic liver-typical functions
Drug metabolism, transport, synthesis and secretion

PC3 (8%)

3D architecture by self-assembly

No artificial matrices, cell-cell adhesion,
secreted ECM

PC1 (51%)
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Physiologically Relevant Features of 3D Liver Models

Multi-cellular spheroid model
Smallest functional unit of the liver

Physiologically relevant co-culture
(PHH, LEC, KC, and SC)

Maintenace of basic liver-typical functions
Drug metabolism, transport, synthesis and secretion

3D architecture by self-assembly
No artificial matrices, cell-cell adhesion,
secreted ECM

Long lifespan in culture
Viable for up to 28 days in culture, enables long-term
daily treatment at low dosages
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PC3 (8%)
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liver& 3D 2D

Liver and 2D cultures
3D cultures
'

PC1 (51%)

@ liver

7d 3D

® 24h 2D

7d 2D

donor1 donor2 donor 3

Lauschke et al., 2016, Chemical Research in Toxicology
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Physiologically Relevant Features of 3D Liver Models

Multi-cellular spheroid model
Smallest functional unit of the liver

Physiologically relevant co-culture
(PHH, LEC, KC, and SC)

Maintenace of basic liver-typical functions
Drug metabolism, transport, synthesis and secretion

3D architecture by self-assembly
No artificial matrices, cell-cell adhesion,
secreted ECM

Long lifespan in culture
Viable for up to 28 days in culture, enables long-term
daily treatment at low dosages

Characterized X-species 3D-MTs

Rat, dog, monkey and human
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PC3 (8%)

A bk am ae

liver& 3D 2D

Liver and 2D cultures
3D cultures
'

PC1 (51%)

@ liver

7d 3D

® 24h 2D

7d 2D

donor1 donor2 donor 3

Lauschke et al., 2016, Chemical Research in Toxicology
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Physiologically relevant co-culture
(PHH, LEC, KC, and SC)

Maintenace of basic liver-typical functions
Drug metabolism, transport, synthesis and secretion

3D architecture by self-assembly
No artificial matrices, cell-cell adhesion,
secreted ECM

Long lifespan in culture
Viable for up to 28 days in culture, enables long-term
daily treatment at low dosages

Characterized X-species 3D-MTs

Rat, dog, monkey and human
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Multi-cellular spheroid model A Soisadiolon
Smallest functional unit of the liver

Physiologically Relevant Features of 3D Liver Models

@ liver

7d 3D

® 24h 2D

7d 2D

liver& 3D 2D

Liver and 2D cultures
3D cultures
'

PC3 (8%)

[d (] [J
PC1 (51%) donor1 donor2 donor 3

Lauschke et al., 2016, Chemical Research in Toxicology

Optimized for 3D tissue culture
1 microtissue per well in 70 yL supernatant
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Physiologically Relevant Features of 3D Liver Models

A bk am ae

Multi-cellular spheroid model
Smallest functional unit of the liver

Physiologically relevant co-culture
(PHH, LEC, KC, and SC)

liver& 3D 2D

Liver and 2D cultures
3D cultures
'

Maintenace of basic liver-typical functions
Drug metabolism, transport, synthesis and secretion

PC3 (8%)

donor1 donor2 donor 3

3D architecture by self-assembly
No artificial matrices, cell-cell adhesion,
secreted ECM

PC1 (51%)
Lauschke et al., 2016, Chemical Research in Toxicology

Optimized for 3D tissue culture

Long lifespan in culture
1 microtissue per well in 70 yL supernatant

Viable for up to 28 days in culture, enables long-term
daily treatment at low dosages

_ _ Amenable to wide range of endpoints
Characterized X-species 3D-MTs Biochemical and cellular biomarkers, HCI, ‘omics data
Rat, dog, monkey and human

Slide 18
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Physiologically Relevant Features of 3D Liver Models

A bk am ae

Multi-cellular spheroid model
Smallest functional unit of the liver

Physiologically relevant co-culture
(PHH, LEC, KC, and SC)

liver& 3D 2D

Liver and 2D cultures
3D cultures
'

Maintenace of basic liver-typical functions
Drug metabolism, transport, synthesis and secretion

PC3 (8%)

donor1 donor2 donor 3

3D architecture by self-assembly
No artificial matrices, cell-cell adhesion,
secreted ECM

PC1 (51%)
Lauschke et al., 2016, Chemical Research in Toxicology

Optimized for 3D tissue culture

Long lifespan in culture
1 microtissue per well in 70 yL supernatant

Viable for up to 28 days in culture, enables long-term
daily treatment at low dosages

_ _ Amenable to wide range of endpoints
Characterized X-species 3D-MTs Biochemical and cellular biomarkers, HCI, ‘omics data
Rat, dog, monkey and human

Scalable, robust, for reproducible data
Available in 96 and 384 plate formats Slide 19
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Biomarkers that can be measured in 3D InSight™ Liver Microtissues

Investigative Cellular DILI Key Events

Reactive Metabolite &
ROS Formation

Inflammation e

Disease as risk factors
Steatosis, Fibrosis

Bile Acid
homeostasis

§ =

Mitochondrial
Tox

Cytotoxicity
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. Histopathology

(RO ™ High Content Analysis

e Biochemical Assays
ATP, LDH, AST,
Lactate, Glucose,
Caspases, GSH/GSSG
ROS, Cytokines, ...

Ex vivo

¢ N |

Brightfield

3D Spheroid

Confocal Canalicular secretion
(BSEP/MRP2)

® Omics Endpoints
Transcriptomics
Proteomics
Metabolomics
Lipidomics
Bile Acid Profiles
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Presentation Overview

ATP-based DILI hazard identification

o
o
o
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DILI Hazard Identification

DILI Screening

Arch Toxicol @ CrossMark
DOI 10.1007/500204-017-2002-1

IN VITRO SYSTEMS

Utility of spherical human liver microtissues for prediction
of clinical drug-induced liver injury

William R. Proctor' - Alison J. Foster>* - JenmferVogt Claire Summers** - Brian Middleton®* -
Mark A. Plllmg“ Daniel Shi S M janska® - Simon Strébel® - Jens M. Kelm® - Paul Morgan®* -

Simon Messner® - Dominic Williams**

Predictive Toxicology

e Data science

« ATP based assay for hazard identification
* Correlations and statistics » Screening for human DILI
» No mechanistical information needed

* Specificity and sensitivity
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Comparison 2D (after 2 days) versus

DILI Hazard Identification 3D MT (PH, KC, LEC) (after 14 days)

Example data: 108 Clinical Compounds

m1: severe clinical DILI

Flutamide

1

RO+

o m2: High clinical DILI concern

0Pk

1: Severe clinical

Cal dasdiy
(%ofconysl)
{%otconysl)

hotcontal)
Coll asliy

m3: Low clinical DILI concern

" O4: Enzyme elevations in
clinic
O05:no DILI

i

3 o 103
Tregiitarsra umolt)

s

) Bt
Fetosonare [umolt)

Celecoxib

Simvastatin Paroxetine-HCI Tamoxifen
- 20 1
- 30 humT
EH = e N ~ e
2: High clinical He . £e gz
DILI concern 23 3 EH - . s . _— P -
3 3% . 32 2-fold Higher Sensitivity for Prediction Similar Specificity for Prediction of
R B of DILI Compounds with 3D Liver Microtissues DILI Negative Compounds with Both Models
10 190 1030 r -y e Teo l' o :‘OI 1080
Caloconlb [umaiL) Paroxetne HOI Bwoit) amoxiien imels ” 339 x — 61% @ 45 85% 85% Sensitivity
E in Sensitivity T
37 S 40 5
g 8 e
g £
. . i i Chlorphenirami 27 30
Chlorpromazine Furazolidone Clomipramine-HCI aleate 8 = uFalse Negative (FN) 3 2
0 e - . o ot 2w ) u True Positive (TP) o REskseostve
. _ _ P, § 2 s e 35 35 = True Negative
2. 2 1o, = 23 D
3: Low clinical gg “ gé ;g e ig - % 20 42 -
DILI concern 35 » 3 3§ - 32 = 3 w0 23 g &
a. . 0 0
T 2] o o0 o ’ ool e ] 4 o a0 1os i ) 90 To30 2D PHH 3D hLiMT 3D hLiMT
Cricepromazine BamciiL] v—y Clomipramine HC (smoiL] Chicrpheniramine Maleate lmolil) In Vitro Liver Model In Vitro Liver Model

3D MT showed ~2-fold higher sensitivity compared to 2D PHH

Similar specificity of 85% in 2D PHH and 3D MT
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Presentation Overview

Stepping beyond ATP: from hazard identification to risk assessment
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Moving from hazard identification to risk assessment

[FHEHS
«¥Steatosis

* Fibrosis
» Hepatitis
¢+ Necrosis
+ Apoptosis

¥

Causality Programs

* Evidence based science

- * |ndividual cases

* Sequence of events

* \alidated pathways

American College of Toxicology Signature Webinar Slide 25

Generation of mechanistic information




* Compound physical-
chemical properties

* Absorption,
Distribution,
Excretion

* Drug Metabolism

‘.’

Molecular Initiation Cellular Response
a 4 . —

Mitochondrial tox
ROS formation
Biliary efflux inhibition
Reactive metabolism
Covalent binding
Immune response

gan

i y
SEAY) o

* Cholestasis

¢ Steatosis
* Fibrosis

* Hepatitis
* Necrosis
* Apoptosis

A Framework for Explaining and Exploring Mechanisms of DILI

Or Response Organism Response
[ '.'i;»;-ﬁ 25}' V%

* Hy’s Law case
* Acute liver failure

* Idiosyncratic
reaction

Population Response
olala
(8| W)

ey 1 ex | e

* Genetics

* Epigenetics
* Diseases

* Sex

* Obesity
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KE = Key Event
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With a focus on three major DILI Pathways

Parent Drug Oxidative
Compound Metabolism Stress

Reactive Biliary Efflux
metabolites Inhibition

Covalent Immune
Binding Adduct Reaction

T-cell activation and

Formation cytokine release
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Building blocks of the cellular key event tool-box

Necrosis

Mitochondrial

Damage Apoptosis

Steatosis

Intracellular Bile
Acids

Cholestasis

Inflammation

Fibrosis
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Hepatocyte Stress Hypothesis

Mitochondrial toxicity and ROS formation

Parent
Compound

Drug Metabolism Oxidative Stress

Reactive
Metabolites

Biliary Efflux
Inhibition

Immune

Reaction
T-cell activation and
cytokine release

Covalent Binding

Adduct
Formation
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Necrosis

Mitochondrial

Damage Apoptosis

Steatosis

Intracellular Bile
Acids Cholestasis

Fibrosis
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Hepatocyte Stress Hypothesis

Disturbed bile acid homeostasis

Necrosis

Parent Drug Metabolism
Compound

Apoptosis

Biliary Efflux Intracellular Bile ]
Inhibition Acids Cholestasis
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Hepatocyte Stress Hypothesis

Neo-haptenization after covalent binding with the liver

Parent Drug Metabolism
Compound

Reactive
Metabolites

Covalent Binding Immune

Adduct - :Iqe‘?di?" ’ Inflammation
Formation -cell activation an

cytokine release
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Necrosis

Apoptosis

Fibrosis
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Program Design for Establishing Causal Links in AOPs

Study Sequence of Key Validation by

Background Events Causality

—

Functional validation by identifying the key event and pathway signature
for each DILI compound
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Biomarkers that can be measured in 3D InSight™ Liver Microtissues

Investigative Cellular DILI Key Events

Reactive Metabolite &
ROS Formation

Inflammation e

Disease as risk factors
Steatosis, Fibrosis

Bile Acid
homeostasis

§ =

Mitochondrial
Tox

Cytotoxicity
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. Histopathology

(RO ™ High Content Analysis

e Biochemical Assays
ATP, LDH, AST,
Lactate, Glucose,
Caspases, GSH/GSSG
ROS, Cytokines, ...

Ex vivo

¢ N |

Brightfield

3D Spheroid

Confocal Canalicular secretion
(BSEP/MRP2)

® Omics Endpoints
Transcriptomics
Proteomics
Metabolomics
Lipidomics
Bile Acid Profiles
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Program Design for Establishing Causal Links in AOPs

Study Sequence of Key Validation by

Background Events Causality

—

Functional validation by identifying the key event and pathway signature
for each DILI compound
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Causality Assay: Causal Links Between Pathways and Cellular Responses

Drug uptake (D Mitochondrial impairment
(2 Inhibition of biliary efflux Effect
Cholestasis Drug (3) Lysosomal impairment
H -4
S_teato_SIs Accumlulation (4) Reactive metabolites i . .
Fibrosis ! | « Chemical stress Agonist \{—>X>\ Inhibitor/Antagonist
g ¢ Oxidative stress

H9patltIS Metabolism * Protein modification
NecrOSIS (5) Endoplasmic reticulum stress
ApoptOSIs (6) Immune system . :

> (e Concentration

e Adaptive

Clearance e Inflammation

Richard Weaver et al, Nature Review Drug Discovery 19, 131-148 (2020)

1. 1C5 of test compound (ATP/LDH)
2. 1C5y in presence of specific modulator: Agonist (enhancer) and/or Antagonist (inhibitor)
3. 1Cxq curve shift indicates causality (Causality = cause & effect)
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Building blocks for DILI AOPs with Causality Assays

BSO BSO
Causality Assay Causality Assay
Antioxidant Caspase
Causality Assay Causality Assay

Bile Acid
Causality Assay

PBMC LPS
Causality Assay Causality Assay
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2.0+ 1.5+
€ - i : e .
g 1 32 101
5 = t l S © '
© o5 1.04 T ne o5
(% g. * & o 0.5-
O T 0.5 <L
00 T a T 00000000 — 00 |
controls: - BSO+BSO -BSO+BSO controls: -BSO +BSO
cpd treatment:  start end cpd treatment: end

by the GSH synthesis inhibitor BSO without causing cytotoxicity
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Case Study: Reactive Metabolite/Oxygen Species Causality Assay

Neo-haptenization after covalent binding in the liver

-BSO +BSO

csH [ ]
AP [ ] [
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Case Study: Reactive Metabolite/Oxygen Species Causality Assay

Acetaminophen
approx. max. release

’é\ 1201 . _BSO 1><106I .............................................

§ 100+ |C50 =3.5mM § 4x105 . . . . .

£ 0. 2 . s -BSO +BSO

- (] °

5 40 +BSO T 2x105- |:T3T: 1™

o IC50 = 1.1 mM pe . 1

o a 5]

o 20+ o 1x10 Unpaired t-test;

e . P value:

< 0 —— S— . 0- two-tailed
0.1 1 10 (mM) control 0.3 06 12 25 50 10.0 (MM) *P<0.05

Left shift of ATP IC5, and ATP dose-response curve, and LDH release signal indicating
membrane damage under GSH depletion conditions (+BSO).

1. James, LP, et al. Acetaminophen-induced hepatotoxicity. Drug Metab Dispos. 2003 Dec;31(12):1499-506

Slide 37
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CYP 3A4

P450 %
0" o OCH, 1-ABT

Aflatoxin B,

HO

GS

0 O OCH

Aflatoxin B,-8,9-epoxide

mGSTA3-3 | ~CSH

o "0 OCH

Aflatoxin B,-SG

—_—

3

3

Spontaneous reaction

with DNA

Case Study: Reactive Metabolite Causality Assay

150

100

50 -

Cell Viability (% of control)

=@~ without1-ABT

~®— with 1-ABT

0.01 0.1

[aflatoxin B,] (gmol/L)

T 1
1 10 100

without 1-ABT
0.22 (0.11-0.47)

1-ABT (1-aminobenzotriazole) = pan cytochrome P450 inhibitor

Results suggest reactive epoxide formation

with 1-ABT
N/A
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Disturbed bile acid homeostasis

Parent Drug Metabolism
Compound

Case Study: Bile Acid Causality Assay

B 150 ATP - 1x108 400, GCA 1x108 75 GCDCA 1108
4
8 r = r
- -8x105 8x105 § 60 182108 G
] . A -

£ 100 § §—°}"i 6x105 3 5300 6 105‘% I ‘:'{L,!. 6 105;
) | 6 3 c .
: I T R ac g e ] g
[ 8 < ® o = ®
& 5 B T 108 8§30 3 4x105 8
< c 1001 + g © ‘I" g
\_g LDH 2x105 = LDH At‘r?—x 2x105 € 15 LDH —ll L2x105 €
3 0—*_?_+—¢‘_+_¢¢"—'0 ﬁm‘gﬁ e ey PR s N s |
S N @ N 0o 3 O—v\.v.m.r\!m.-ocego 0?".“.‘??"’.“’?950

2T 86 X% Eorngygs -2t Eongds gt

< = ¥ 3 2= = E -~ S8 9K 33

@ - 55 oo- 8 8§82~ 3553 < i 82 - 355 <<

o - 0w £ o - v o = - 0 o

~-N O - NO - &« O
% x x

« Bosentan (DILI positive) decreased the secretion of the endogenous Bile Acid metabolites GCA and
GCDCA at non-cytotoxic concentrations.
* The structural DILI negative analog ET,-inhibitor Ambrisentane had no effect.
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120

1006—————— © -BA

+BA
80- 1

60+

ATP

40+

20+

Of—rrrrr—rrrr— rrom,
0 1 10 100 1000

Hendriks et al. Nature, Scientific reports, October 2016,
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Case Study: Bile Acid Causality Assay

Bile acid composition as in human plasma

Bile acid Concentration in human plasma (pM)*
Cholic acid 0.41
Chenodeoxycholic acid 0.64
Deoxycholic acid 0.48
Lithocholic acid 0.008
Ursodeoxycholic acid 0.14
Glycochenodeoxycholic acid 0.80
Sum 2478

Increased bosentan cytotoxicity by non-cytotoxic bile acid concentration

Slide 40
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120+
100+

o
b

N A
o e

o

co-culture

ATP content (% of control)
»
S

-LPS
I IC50> 110 uM
i1
9
+LPS
ICs0 = 68.2 uM
10 100

approx. max. release

,_\1><106_\L ...........................................................
3 4)(105 * * * * *
0: [ [ [} [ [l
@ 3x105 a
D 2x105-
2
T 1x10%+
o
— 0-
control 22 33 50 75 110 (uM)
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120+

1001 i

80+

60- + LPS
IC50> 110 uM

40
20

Case Study: Inflammation Causality Assay

__hepatocyte monoculture

-LPS
i < 1C50> 110 uM

>

control 22

100

33 50 75 110 (uM)

-LPS +LPS

AP ] ]
LoH [

Unpaired t-test; P value: two-tailed *P<0.05

Slide 41
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Case Study: Inflammation Causality Assay

) ) |eVOﬂoxac|n
e,
-
¢ o _LPS +LPS
o £ 10
< N AP ] [
control 170 uM 340 uM control 170 uM 340 uM LDH I:l -

Summary:
° LPS-enhanced trovafloxacin cytotoxicity in 3D liver MT with NPCs (PHH, KC, LSEC)

° No effect in PHH monoculture 3D MT
° No effect of LPS by levofloxacin (negative control, no liver toxicity in vivo).

Slide 42
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Case Study: Inflammation Causality Assay

Example: LPS-enhanced cytokine/chemokine panel in the InSphero
NASH disease model at day 5

3000+

B control 1
@ 2500 T
2 B NasH
¥ 20007
o
E = 1500
3 E Secreted cytokines/chemokines
%2 KCs: IL-6, MIP-1a, TNF-a
HSCs: IP-10, MCP-1, IL-8
% PHH: IL-8, MCP-1
>
&
Mean +/-SD, n= 4 microtissues
ND ND ***p<0.001, ****p<0.0001, NASH vs control

L6 IL-8 MCP-1 MIP-1a IP-10 TNF-a 1 exp. out of n=3

Biomarker toolbox to monitor specifically inflammation in cell culture supernatants

=
=
)|
e~
S|

/

IS A
“ugerg o>
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Lean

Steatotic

Nile Red O (green),
Nuclei by Hoechst (blue),
Plasma membrane by CellMask (red)

Case Study: Steatosis Causality Assay

Chlorpromazine

150~
. |
<
50+
—m— |ean
—e— steatotic
0 T T —TT T —r—rrrrm
1 10 100

Concentrations (uM)

Steatosis is a possible risk factor for DILI. Testing of new compounds
under lean and steatosis conditions might help patient stratification.
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Mitochondrial toxicity and ROS formation

Parent .
Compound Drug Metabolism [l Oxidative Stress o
—

Triglyceride levels

1500+
1000+
500 .
0
Lean Steatotic
Slide 44

RPNy
ugerg gues>




Immunology on the Chip: 3D liver MT — PBMC coculture

Interaction between drugs and human leucocyte antigen (HLA) molecule

leading to an adaptive immune response

MMMMMMMM

Human PBMCs Frequency (%)
a J Monocytes 10-30%
Lymphocytes 70-90%
Neutrophil ~ Monocyte  BCel  TCell Total T cells (CD3+) 45-70%
& g CD4+ T cells 25-60% of total CD3
“ ‘_,’ J ‘} CD8+ Tcells 5-30% of total CD3
! Total B cells 5-15%
M. """""""""" '\" """"""""""""" NK cells 5-10%
~ o Dendritic cells 1-2%
‘ ‘7* M Stem cells 0.1-0.2%

= (1

i ‘ ( i © ' m ‘\
C”C A | c

® :m'— T. o L )

B m»

» ) ’

Hepatocytes
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I

Cell-Type Key

& Hepatocyte
#  Kupffer cell
Liver Endothelial Cell

Gerd A Kullak-Ublick et al. Gut 2017;66:1154-1164

Biochemical assays
» Gene expression
> Histology

High-content analysis

Available Formats
Akura™ 96 and 384 plates
1 tissue per well
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Status of 3D Human Microtissues + PBMC Developments

Healthy Stressed
Islets Islets
PBMC Conditions
State Naive Cd3/Cd28 Activated

Abbrev. | 2X ax

6X

8X 2X ax 6X 8X

Cell# [ 4000 8000 12000 16000 | 4000 8000 12000 16000

N
S " 4

Day F + + + 1
tz 1 (IR 3
Start PBMC Start PBMC GSIS assay
activation co-culture Caspase assay
Stop PBMC ATP assay
activation Measure secreted and

intracellular insulin

Pancreatic
Islets

Naive PBMCs Activated PBMCs

Co-culture of PBMCs
and islet microtissues

Naive PBMCs Naive PBMCs

Y " — /
T=8h 15m
~

Analysis of
Islet Function

HLA matched Islet and PBMC donors @s‘ph ero E
Agctivated PBMCS Activated PBMCs Activated PBMCs
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Immune
Oncology
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PBMC-Induced Islet Injury Assay

No PBMCs Native CD3/CD28 activated PBMCs

00°00°00" 00°00°00" 00°00°00"

. InSphero
Islets: Green CMFdA PBMC: Deep Red Dye t=15-38 min

The PBMC - 3D microtissue coculture is a new tool to investigate
immune-mediated mechanisms of toxicity in iDILI
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In a Nutshell

3D-MT causality assays can be adapted to a wide range of pathways by specific
pathway modulator.

Possible applications of 3D-MT causality assays are:
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Presentation Overview

Impact of 3D microtissues in drug development

==
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High Impact of 3D Microtissues in Drug Development

Toxicology

Regulatory

American College of Toxicology Signature Webinar
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High Impact of 3D Microtissues in Drug Development

Toxicology Enabling fast decision making in
the drug developmental process

Predictive Toxicology : Hazard identification

Mechanistic studies |:>

3Rs
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High Impact of 3D Microtissues in Drug Development

Toxicology Enabling fast decision making in
the drug developmental process

Predictive Toxicology : Hazard identification

Mechanistic studies |:>
\ Translation to man

3Rs
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High Impact of In Vitro X-Species DILI Studies

Therapeutic Index determined by in vivo
animal data

] Y
§ = e— / Sufficient Tl - O

]
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High Impact of In Vitro X-Species DILI Studies

Therapeutic Index determined by in vivo
animal data

Eftect

=
~ Sufficient TI 9 O

5 ,// —
3 7 Narrow TI - ° NO GO
L3
Drug dose ?
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High Impact of In Vitro X-Species DILI Studies

X-Species DILI Testing

Therapeutic Index determined by in vivo
animal data

Recapitulate the in vivo effects in vitro

> | CompoundA | Rat | Dog | Human |
Sufficient Tl ° GO ClinPath/HistPath , .
Observation ALT, °e"t"|°bl1<!§;!'$necr08|s

Eftect

In vivo + k

In vitro*®

Eftect

=
Narrow TI ‘ ° NO GO
EDs, TDe ?

Drug dose H
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High Impact of In Vitro X-Species DILI Studies

X-Species DILI Testing

Therapeutic Index determined by in vivo
animal data

Recapitulate the in vivo effects in vitro

g - : )
3 Sufficient Tl ‘ ° GO ClinPath/HistPath , .
| Observation ALT, centrilobuley necrosis
T In vivo + k
g o
g Narrow TI ‘ ° NO GO
Elle TE;&‘J ?

Drug dose H
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High Impact of In Vitro X-Species DILI Studies

X-Species DILI Testing

Therapeutic Index determined by in vivo
animal data

Recapitulate the in vivo effects in vitro
omponin | | 0 | vren
‘ ° GO ALT, oentrilobu{lfugl;> necrosis

In vivo + k

Sufficient Tl

Eftect

Eftect

Narrow TI ‘ ° NO GO
P

EDg, TDg,
Drug dose

@\) GE
3
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High Impact of In Vitro X-Species DILI Studies

Therapeutic Index determined by in vivo
animal data

Eftect

=
~ Sufficient TI 9 O

5 ,// —
3 7 Narrow TI - ° NO GO
L3
Drug dose ?
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High Impact of In Vitro X-Species DILI Studies

X-Species DILI Testing
Therapeutic Index determined by in vivo

animal data

Recapitulate the in vivo effects in vitro

‘ ° GO

Eftect

Sufficient Tl

ClinPath/HistPath : _ .
Observation Micro vesicular steatosis

Eftect

=
Narrow TI ‘ ° NO GO
EDs, TDe ?

Drug dose H

S 0&»}
S 2
“’3
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High Impact of In Vitro X-Species DILI Studies

X-Species DILI Testing

Therapeutic Index determined by in vivo

animal data

Recapitulate the in vivo effects in vitro

ici ‘ ClinPath/HistPath : : :
{ Sufficient Tl ° GO Micro vesicular steatosis

Observation

Eftect

In vitro™ > + +

Narrow Tl ‘ ° NO GO
Compound A validates the in vitro model for species specificity
?

Drug dose H
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High Impact of In Vitro X-Species DILI Studies

X-Species DILI Testing

Therapeutic Index determined by in vivo

animal data

Recapitulate the in vivo effects in vitro

ici ClinPath/HistPath : : :
Sufficient Tl - ° GO Micro vesicular steatosis

Observation

Eftect

Eftect

=
Narrow TI ‘ ° NO GO
EDs, TDe ?

Drug dose H
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High Impact of In Vitro X-Species DILI Studies

IC5o = 190.9 pumol/L
IC5, = 348.1 umol/L
IC5, > 500 pmol/L
IC5, > 500 umol/L

Pt

Endothelin antagonist (ETx)

Clinical indication: Pulmonary Hypertension

« Withdrawn in 2010 due to acute liver injury %07
e Mechanism of Toxicity unknown 2% 10
* Preclinical studies did not reveal hepatoxicity § § T
=0
* Not cytotoxic in 2D-models Sx 50
§f ~ A= °
—— e e = 0 +—1—r=vrrrrey —T—rrrrTT —r—rrrrm
1 10 100 1000

Sitaxsentan (umol/L)

NS =41

et
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High Impact of In Vitro X-Species DILI Studies

IC5o = 190.9 pumol/L
IC5, = 348.1 umol/L
IC5, > 500 pmol/L
IC5, > 500 umol/L

Pt

Endothelin antagonist (ETx)

Clinical indication: Pulmonary Hypertension

« Withdrawn in 2010 due to acute liver injury %07
e Mechanism of Toxicity unknown 2% 10
* Preclinical studies did not reveal hepatoxicity § S T
=5
* Not cytotoxic in 2D-models Sx 50
§ =
—— —h— % - 0+
1 10 100 1000

Sitaxsentan (umol/L)
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High Impact of In Vitro X-Species DILI Studies

IC5o = 190.9 pmol/L

Example: Cross Species Evaluation of Sitaxentan =1 23481 pmollt

— 1C5,> 500 pmol/L
* Endothelin antagonist (ET,) = 1C.,>500 pmol/L
* Clinical indication: Pulmonary Hypertension
* Withdrawn in 2010 due to acute liver injury 150
* Mechanism of Toxicity unknown §§ _— —
* Preclinical studies did not reveal hepatoxicity g 8 T

=G
 Not cytotoxic in 2D-models S
§ A~
- —— N - o-+——rrrrmr—rrrrr—rTrrr™mM
1 10 100 1000
Sitaxsentan (umol/L)

In vivo species-specific effects of Sitaxentan was recapitulated in 3D-Liver microtissues

Higher sensitivity for Cytotoxicity of Sitaxentan in human 3D-liver Micro Tissues
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High Impact of In Vitro X-Species DILI Studies

* Liver toxicity in dogs due to food
contamination by AFB1

* Metabolic activation of AFB1 to
reactive epoxide

* Epoxide involved in liver toxicity

Aflatoxin B, Aflatoxin B,-8,9-epoxide

mGSTA&SVﬂSH

o

HO l
[ g g} OCH,

Aflatoxin B,-SG

MRP

lan R. Jowsey, Qing Jiang, Ken Itoh, Masayuki Yamamoto and John D. Hayes
Molecular Pharmacology November 2003, 64 (5) 1018-1028
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Cell viabllity
(% ofcontrol)

150 -
&~ Human IC50 = 0.111 umol/L
° &= Dog IC50 = 0.016 umoliL
1004
50
0 T T
0.000001 0.0001 0.01 1
Aflatoxin (umol/l)
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High Impact of In Vitro X-Species DILI Studies

* Liver toxicity in dogs due to food
contamination by AFB1

* Metabolic activation of AFB1 to
reactive epoxide

* Epoxide involved in liver toxicity

50 with DNA
o OCH, o OCH,
Aftatoxin B, Aflatoxin B,-8,9-epoxide
mGSTA3-3 V“S“
o
i@
HO
es” N0 N0 OCH,

Aflatoxin B,-SG
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Cell viabllity
(% ofcontrol)

-~ HumanIC50 =0.111 umol/L
=&~ Dog IC50 =0.016 umol/L

1507
L
1004
501
0 T T
0.000001 0.0001 0.01

Aflatoxin (umol/l)
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High Impact of 3D Microtissue Results influencing Clinical Studies

Changed therapeutic window in patients

Therapeutic effect Adverse effect

Epigenetics Mitochondrial

=
3
heteropl
eteroplasmy t
w AR A Age
9 gy
P N E | ‘5 g’
Disease y \ [ o8 BMI i
= \ 88 and altered metabolism
/ \ P Genotype % %
{ | < [
| Jy/ ~ E E
S’ £ | Female gender
, o 3 E
\ [0
Inflammatory Q - - —
episodes L:fes:ef g Disease or genetic susceptibility
alconol
_— < L
Co-medication -

Drug plasma concentration

|:> Clinical impact by toxicity testing in customized
patient- and disease-specific 3D-MT production
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High Impact of 3D Microtissue Results Influence Clinical Studies

Clinical need/application Customized 3D-MT production

Disease-specific DILI risk assessment, Toxicity testing in MTs from diseased or
considering patient fragility patient tissues

/
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High Impact of 3D Microtissue Results Influence Clinical Studies

Clinical need/application Customized 3D-MT production

Disease-specific DILI risk assessment, Toxicity testing in MTs from diseased or
considering patient fragility patient tissues
Support of patient stratification Tlssues from respective population
strategies + Toxicity and efficacy testing from Ethnicity or
underlying Polymorphism
* Drug responder versus non-responder
» Functional validation of specific genotype after
GWAS
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High Impact of 3D Microtissue Results Influence Clinical Studies

Clinical need/application Customized 3D-MT production

Disease-specific DILI risk assessment, Toxicity testing in MTs from diseased or
considering patient fragility patient tissues
Support of patient stratification Tlssues from respective population

strategies « Toxicity and efficacy testing from Ethnicity or
underlying Polymorphism
» Drug responder versus non-responder

Functional validation of specific genotype after
GWAS

Individualized patient medicine Patient-derived iPS MTs
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High Impact of 3D Microtissue Results Influence Clinical Studies

/

Clinical need/application

Customized 3D-MT production

considering patient fragility

Disease-specific DILI risk assessment,

Toxicity testing in MTs from diseased or
patient tissues

Support of patient stratification
strategies

TISSUGS from respective population
+ Toxicity and efficacy testing from Ethnicity or
underlying Polymorphism

* Drug responder versus non-responder

» Functional validation of specific genotype after
GWAS

Individualized patient medicine

Patient-derived iPS MTs

Idiosyncratic DILI

American College of Toxicology Signature Webinar

Adaptive innate immune responses by

patient-derived PBMC-MT coculture
+ PBMC and HLA-matched 3D-MT donor
* PBMC and 3D-MT from same donor

» PBMC from DILI responder
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High Impact of 3D Microtissue Results Influence Clinical Studies

Clinical need/application

Customized 3D-MT production

Disease-specific DILI risk assessment,
considering patient fragility

Support of patient stratification

/ strategies

Individualized patient medicine

Idiosyncratic DILI

Clinical mitigation strategy

American College of Toxicology Signature Webinar

Toxicity testing in MTs from diseased or
patient tissues

TISSUGS from respective population
+ Toxicity and efficacy testing from Ethnicity or
underlying Polymorphism

* Drug responder versus non-responder

» Functional validation of specific genotype after
GWAS

Patient-derived iPS MTs

Adaptive innate immune responses by
patient-derived PBMC-MT coculture

+ PBMC and HLA-matched 3D-MT donor

+ PBMC and 3D-MT from same donor

» PBMC from DILI responder

Mechanistic investigations
* De-risking Hy’s Law cases

» Biomarker discovery

* Antidote development
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submissions

EDA
o

EUROPEAN MEDICINES AGENCY

SCIENCE MEDTCTNE:S HEALTH

Regulatory

Mechanistic explanations for Risk Assessment

American College of Toxicology Signature Webinar Slide 73

High Impact of 3D Microtissue Results Influence Clinical Studies

Providing input for regulatory
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Presentation Overview

* Outlook: challenges and opportunities

«»:% 4
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New Therapeutic Modalities Require New Strategies
W,
A
Translation :‘:: ‘ﬂ'
*
Animals Patients
American College of Toxicology Signature Webinar Slide 75 T?@,,,;@;i:@g"




New Therapeutic Modalities Require New Strategies

Current Toxicity Testing Paradigm

g : igz
Translation
) ‘\‘:“ ¥
Patients

Animals

NEW Toxicity Testing Paradigm

; . Back-Translation
Human in vitro : :
3D-test systems — Patient tissue

* New therapeutic modalities (Biologics, gene therapy, etc)
- Safety and efficacy testing customized for individual patients
with specific diseases )

* 3Rs )— % »

ene
mmmmmmmmmmmmm
inAAY

nnnnnnnnnnnnn
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New
therapeutic
modalities

American College of Toxicology Signature Webinar

Translational Safety and Drug Discovery

Monoclonal antibodies
Recombinant proteins
Gene therapy

Stem cell therapy
Immune-mediated DILI

The immune response: CD4+/CD8+ T cells
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Translational Safety and Drug Discovery

Ll Monoclonal antibodies The immune response: CD4+/CDB+ T cells

C Recombinant proteins . B i

=  Gene therapy X a:gg

= Stem cell therapy o i::; ﬁgaf
New Immune-mediated DILI p: ccccc ’Sc:‘@ )

therapeutic
modalities

* DILI prediction by

Predictive ) .
transcriptomics

Toxicolo
9y * Al and Deep Learning
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New
therapeutic
modalities
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Translational Safety and Drug Discovery

Monoclonal antibodies
Recombinant proteins
Gene therapy

Stem cell therapy
Immune-mediated DILI

Predictive
Toxicology

Single Cell
Genomics

The immune response: CD4+/CD8+ T cells

DILI prediction by
transcriptomics

Al and Deep Learning

Isolation
Separation
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New
therapeutic
modalities

Translational Safety and Drug Discovery

The immune response: CD4+/CD8+ T cells

Monoclonal antibodies

Recombinant proteins . D gia
Gene therapy e e, a':égs
Stem cell therapy e ;g'—

Immune-mediated DILI

* DILI prediction by

Predictive ) :
transcriptomics

Toxicolo
9y * Al and Deep Learning

* Isolation

Single Cell
Genomics  Separation

AV, AAV, LV transduction
CRISP/CAS9 Knock-down

siRNA, microRNA, ASOs
Toxicity Slide 80
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Translational Safety and Drug Discovery

. Recombinant proteins
= Gene therapy

= Stem cell therapy
New Immune-mediated DILI

[ Monoclonal antibodies The immune response: CD4+/CD8+ T cells

therapeutic
modalities

* DILI prediction by

Predictive ) .
transcriptomics

Toxicolo
9y * Al and Deep Learning

Single Cell * lIsolation

M|Cr0b|0me GenomICS . Separation

Atherosclerosis

AV, AAV, LV transduction
= CRISP/CAS9 Knock-down
- siRNA, microRNA, ASOs
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Translational Safety and Drug Discovery

n Monoclona| antibodies The immune response: CD4+/CD8+ T cells
. Recombinant proteins
= Gene therapy

= Stem cell therapy
New Immune-mediated DILI

therapeutic

modalities

* DILI prediction by
transcriptomics

Organ on Predictive

Chip (OoC) . Toxicology Al and Deep Learning

DMPK Oncology Metabolic Metabolic

Single Cell * lIsolation

M|Cr0b|0me Genomlcs . Separation

Atherosclerosis

AV, AAV, LV transduction
= CRISP/CAS9 Knock-down

- siRNA, microRNA, ASOs
= Toxicity Slide 82
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Summary

* High impact of 3D human liver microtissues on safety assessment and drug
discovery

* Models fulfill the biological requirements in terms of translatability to humans and building
the bridge to patients.

* Pragmatic and flexible adaptation of 3D MT to specific scientific questions and industrial
needs.

* 3D human liver microtissues are complex in vitro models amenable to high-throughput
applications (quality, robustness and scalability of results).
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Summary

* High impact of 3D human liver microtissues on safety assessment and drug
discovery

* Models fulfill the biological requirements in terms of translatability to humans and building
the bridge to patients.

* Pragmatic and flexible adaptation of 3D MT to specific scientific questions and industrial
needs.

* 3D human liver microtissues are complex in vitro models amenable to high-throughput
applications (quality, robustness and scalability of results).

* The 3D microtissue technology is accessible as investigative tool for challenges of
the next generation of new therapeutic modalities.
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Thank you

American College of Toxicology Signature Webinar

‘armin.wolf@insphero.com
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