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HepG2 Cells & Other De-Differentiated Liver Cell Lines
in Cytotox Screening

Antimycin
HepG2 in Non-Glucose/Non-Serum Media

ATCC Number: HB-8045 150

Designation: Hep G2
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Predictive In Vitro Biology ‘vs.” High Throughput Screening

= We need both!
= We want:

‘ Toxic / side-effect level ‘

* Identification of predictive pathways and specific /\ g frcaty)
molecular assays to assess initial pathway Iy
activation potential (e.g. potency, efficacy)

Concentration

e Essential in vitro cellular models with dynamic, |

predictive, in vivo-like responses to chemical
exposure for various tissues/systems (e.g. liver)

......

Time

Volume Adjusted Concentrations (24 hrs)

e Useful assays as ‘windows’ (e.g. omics) to monitor — — : —
chemical perturbations (reversible, irreversible) in | riona SQr;pn:tEt 3@”% 5())3 Csou“%ffr;:inot“ Concentaton
predictive model systems At | —

0.01 pM 0* 0.0394 100 0* 0.0262

e Acute and ‘longer term’ exposure models o1 | ows | me | w4 | oooosr | D)

e Exposure considerations: levels (e.g. intracellular L 205 153 o5 00751 Lo
concentration), frequencies, ‘barriers’ (e.g.
extracellular matrices), and kinetics (e.g. waves) S | 12 >3 2

$Assumed 4 pL volume per million cells PXR binds (Kp) and has EGto activate

* Metabolism: in vivo-like clearance of parent “below detection imits CYP3A4 promoter in celllines @ ~2 uM
chemical and generation of in vivo-like 'Dussak. Formain 2001 JBC (276)$3309-32312

metabolites at relevant levels to better assess
metabolite effects




Are We There Yet?

Arrived?

eldentification of predictive pathways and specific
molecular assays to assess initial pathway activation
potential (e.g. potency, efficacy)

PYK

*Essential in vitro cellular models with dynamic,
predictive, in vivo-like responses to chemical exposure
for various tissues/systems (e.g. liver)

*Useful assays as ‘windows’ (e.g. omics) to monitor
chemical perturbations (reversible, irreversible) in
predictive model systems

*Acute and ‘longer term’ exposure models

*Exposure considerations: levels (e.g. intracellular
concentration), frequencies, ‘barriers’ (e.g. extracellular
matrices), and kinetics (e.g. waves)

*Metabolism: in vivo-like clearance of parent chemical
and generation of in vivo-like metabolites at relevant
levels to better assess metabolite effects
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Liver & Important Features to More Predictively Model In Vitro
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Distribution of Actin Microfilament

Low-density High-density
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Culture System Configurations
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e culture Media
......................... ? Overlay (e.g. Geltrex®)

( ~___— Primary Hepatocytes

il Py P V7l — 1

Rigid collagen with sl | Gelled collagen with a
\ a EHS overlay I s | gelled collagen overlay [

L P

I Conventional monolayer Sandwich culture 1 Sandwich culture 2
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Primary Cultures of Hepatocytes form Functional Bil e Pockets
(Canaliculi) Over Time in Culture (days)

CLF in Ca/Mg-free buffer




Pharma’s Use of Hepatic Models for Prediction of Clearance, DDI, Safety

= Intrinsic Metabolic Clearance (Cl,y
- Human liver microsomes (HLM) (e.g. 50 donor pools)

~  Human liver S9 fractions Inhibition-Induction

- Primary human hepatocytes (single donor) [Toxic  sde-sffect teve]
- Pooled primary human hepatocytes (e.g. 10 donor pools)

u Safety '_-": Therapeutic Window
- Acute cytotoxicity in cell lines (e.g. HepaG2) (drug efficacy)

- P450 transfected cell lines
- Primary human hepatocytes for cytotoxicity (e.g. HCS, ATP)
- Cross-species hepatocyte studies
- HepaRaG cells for cytotoxicity
= Metabolism
- HLM & recombinant P450s in reaction phenotyping
- Metabolic profiling & major metabolite ID: hepatocytes Time
= Transport
- Hepatic uptake clearance (PS,¢): hepatocytes (suspension, plated)
- Biliary excretion clearance (PSg): 7-day cultures of hepatocytes
= Drug-drug interactions
- Induction: primary human hepatocytes & HepaRG
- Inhibition: HLM, recombinant P450s, hepatocytes
= Pharmacokinetics (brining it all together)

- Intrinsic clearance, plasma protein binding, absorption, excretion,
induction, inhibition

o

Concentration

‘Ineffective level




Structure of Liver Lobule
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Zonal Distribution of CYP3A4 Expression in
Human Liver

1/25/2012 | Life Technologies™ Proprietary and confidential



Clearance Predictions

Intrinsic Cl¥eaaacee ((CIL,\) from Sugpamsmn Hepstooyties

1. Half-life: t ;,, (min):
Half-life of disappearance of parent molecule.
Plot In [S] vs t

2. Intrinsic clearance: CL ., (mL/min/kg):
Equation holds true only when [S] << Km.

CLINT -
average CL,,; (ML/min/million cells)
Lot Number [Midazolam [Tolbutamide PDextromethorphan
Hu 8040 8.0 0.7 0.3
Hu 4049 9.8 0.7 N.D.
Hu 781 10.8 1.3 2.7
Hu 833 10.5 0.8 6.0
DMD 26, 216-221 (1998) Hu 4124 5.8 0.1 0.2
Reference 7,14,

Nlis 11,17 16,<1 3.1, 16, 15




In Vitro Screening of Chemical Metabolism (IV/IV Co  rrelations)
(The Hamner, EPA (NCCT), CellzDirect/Life Technologi es)

e Thus far, most of the effort has focused on
characterizing the biological activity across
multiple cellular pathways and processes.

 Little attention paid towards understanding
relationship between active concentrations of a
chemical in vitro and expected concentrations in
human populations.

« Pharmacokinetic properties and human
exposure characteristics are equally important
as the biological activity in determining a
chemical's risk to human health.

Slide Courtesy of Rusty Thomas, Barbara Wetmore




Defining Dosimetry and Exposure in High Throughput Toxicity

Screens

Toxicokinetic
Parameters

Plasma Protein

Binding Metabolic Stability

In Vitro-to-In Vivo
Extrapolation

Predicted Assay
Oral Equivalent
Doses

Upper Level of
Human
Exposure

398 In Vitro ToxCast
Assays

ToxCast ACy, Values

Estimated Target
Tissue Bioactivity
Concentration

Provided by ToxCast
Data Generated In Vitro

Data Obtained from

Chemicals with Potential to Perturb Registration Documents

Cellular Pathways at Relevant
Human Exposure Levels

Computational Modeling

Slide Courtesy of Rusty Thomas, Barbara Wetmore




Reverse Dosimetry Modeling for Interpreting In Vitro Assay
Results

398 In Vitro ToxCast
Assays

ToxCast ACy, Value I
— Represented
as a Box
Plot
Plasma Oral —
Concentration Exposure I
Upper 95t Percentile Css _
Among 100 Healthy Oral Dqse Required
Individuals of Both Sexes : to Achieve Steady
Reverse Dosimetr
from 20 to 50 Yrs Old y State Plas_ma
Concentrations
Equivalent to In Vitro
Bioactivity

Slide Courtesy of Rusty Thomas, Barbara Wetmore
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Slide Courtesy of Rusty Thomas, Barbara Wetmore



ToxCast™ Collaboration Experimental Design :‘3‘:‘:‘3‘:‘3’:’3’:’3‘:

2000000000000
i e e
| jeassssssesss
Cultures of primary human hepatocytes 1000000000000

96-well format jessseessssss
" 6 positive control reference chemicals (known receptor
activators)

ToxCast Phase 1 chemical library

Endpoints

- Gene Expression

> 16 gene targets relevant for liver biology

Image cultures

|

P450 In Situ Assays

|

- P450 Enzymatic ACtIVIty (CYP].A) Gene Expression
— Cell morphology (Cell Health) Analysis
= Dose-response curves l

= Multiple Time Points Data Analysis

Rotroff, et al. J Toxicol Environ Health B Crit Rev. 2010 Feb;13(2-4):329-46.
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Fold Induction | 48hr Contrals

120

100

&0

G0

40

20

Representative ToxCast Chemicals for

Potency and Efficacy for CYP2B6 at 48hrs

bibddup

113;

Donor 775
Donor 778

Propetamphos SC50 = 2,511 Uk || % SMcacy 98.£35%
Prodiaming ECS0 = 16,631 uM || % EfMcacy 75.07%
Coumaphos ECS0 = 1,548 UM || % EMcacy 2126%

Phosalone ECS0 = 1578 uM || % Efficacy 195.0% & -

Chigroreb ECSD = 0372 UM || % EfMcacy 25.33% £

Lindane ECS0 = D.75% uM || % Eficacy 123.4% £

Phenobarblial ECE0 = 204 314 ub || % Efficacy 100.0% E !
Phencbarbital ECS0 = 517.241 ul || % Efficacy 100.0% ! f

Te+2

Log Concentration (pbl}

s T TS




Relative Risk Analysis with Human Hepatocytes/CellzD  irect Gene Expression
Data & 2-Year NTP In Vivo Animal Studies

True False True False Permuted
Gene Endpoint Positive Positive Negative Negative RR Sensitivity | Specificity
p-value
Count Count Count Count
cypsaq | RatThyroid 22 87 74 7 2.34 0.76 0.46 0.02
Tumors
cypepe | RatThyroid 23 100 61 6 2.09 0.79 0.38 0.04
Tumors
suLT2ay | RatThyroid 10 42 125 13 2.04 0.43 0.75 0.04
Hyperplasia
Rat
HMGCS2 Proliferative 7 5 126 52 2.00 0.12 0.96 0.04
Liver Lesions
SLCO1B1 Rat Liver 4 4 165 17 5.35 0.19 0.98 0.01
Tumors
Rat Liver
HMGCS2 4 8 161 17 3.49 0.19 0.95 0.03
Tumors
Rat Liver
CYP2B6 49 74 54 13 2.05 0.79 0.42 0.00
Hypertrophy
Rat Liver
CYP2B6 Apoptosis 17 106 63 4 2.32 0.81 0.37 0.03
Necrosis




Bisphenol A (BPA)

5x107%

0090-9556/023011-1 180-118557.00
Deve Merasousm avp Disnosmoon

Copyright 2 2002 by The American Society for Pharmacology and Expermmental Therapsutics

DMD» 30:1180-1185, 2002
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734017115
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METABOLISM OF BISPHENOL A IN PRIMARY CULTURED HEPATOCYTES FROM MICE,
RATS, AND HUMANS

J. J. PRITCHETT, R. K. KUESTER, anp I. G. SIPES

Deptartment of Phammacology and Toxicology, Center for Toxicology, The University of Arizona, Tucson, AnzZona

(Received March 7, 2002; accepted July 29, 2002)

This article is available online at hitp:/dmd.aspetjournals.org

ABSTRACT:

Studies have shown that in the rat, bisphenol A (BFA) is metabo-
lized and eliminated primarily as a monoglucuronide, a metabolite
without estrogenic activity. The purpose of this study was to de-
termine the extent of monoglucuronide formation in monolayers of
hepatocytes from rats, mice, and humans. Moncytotoxic concen-
trations of BPA (10, 20, and 35 pM; 1.0 pnCi), as assessed by lactate
dehydrogenase leakage, were incubated with isolated hepatocytes
for 0-6 h. Media were collected and analyzed for metabolites by
radiochemical high performance liguid chromatography and liquid
chramatography-tanderm miass spectrometry. The metabolites
identified include a monoglucuronide (major metabolite), a sulfate

conjugate, and a glucuronide/sulfate diconjugate (minor metabo-
lites). In hepatocytes of male Fischer-344 rats, the predominate
metabolite was the diconjugate (glucuronid &/sulfate). Under thase
conditions, the extent of metabolism by 3 h was similar in all
species tested because all BPA was converted to conjugates by
3 h. Initial rates of metabolism in hepatecytes follow ed the order of
mice > rats = humans. However, when extrapolated to the whole
liver {i.e., cells per liver), the hepatic capacity for BPA glucuronida-
tion is predicted to be humans = rats = mice. This research was
supported in part by The Society of Plastics Industry Inc., and
Southwest Environmental Health Science Center (ES 06694).

gx 10"




Primary Human Hepatocytes: Strengths & Limitations

Model System Biological Relevance Advantages

 High

> Maintain Liver microstructure
- polarized epithelium

Primary > Functional Phenotypes Eﬁ\ii(:[;:iovl?nl\cloi\?oels for
- Metabolism
NEPENEIES - Transport Correlation

(Sandwich Culture)

“Gold Standard” - Nuclear Receptor Pathways

1105
1106
1107
1108
1108
1106
1111
12

(e.g. CAR)

> Proper culture methodologies
critical for mature phenotypes

5
-

Design of In Vitroe Drug Induction Studies

Al thas Hime, the most reliable method to study a dmg’s induciion potential 15 fo quantify the
efizyine activity of pruunary hepatocyte cultieres following treanuemts including the potential
irducer dmg. a positive comtrol inducer drug (see Table %), and vehicle-treatad hepatocytes
inegative control), respectively. Freshly isolated hnman hepatocytes or cryopreserved
hepatocytes that can be thawed and cultured are the preferred liver tissue for these shidies

mmortalized liver cells are acceptable if it can be demonstrated with positive controls that

CYP3A4 and CYPLAZ are inducible in these cell lines

i PSS

itatio ns

*Technically Demanding

* Limited Availability
> Tissue sourcing
> Tissue quality

> Ethical/legal issues

*High Cost

*High Inter-Individual
Variation
> Large donor-donor variability

» Phenotype Instability
> Short culture life-span
< 10 days




Introducing Cryopreserved HepaRG™ Cells

= Liver Progenitor Cell Line

> Differentiates into two distinct cell
populations

= Hepatocyte-like Cell Population

> Adult phenotype similar to PHH

- ~50% of cell population
- P450 expression (i.e. CYP3A4)
= Biliary-like Cell Population
> CYP3A4 expression undetected

> Biliary markers

- CK19

- 06 Intergrin

e

Cerec V. et. al. Hepatology 2007;45:957-967




HepaRG: A Primary Hepatocyte-Like Alternative

= HepaRG™ Cells

> Qrganize in an physiologically relevant

>

manner

— Polarized epithelium

Integrated DME & Drug transport System
- Transporters
=  Uptake (e.g. OATP, NTCP)
= Efflux (e.g. MRPs, MDR)
- DME
=  Phasel (e.g. P450, FMO)
=  Phasell (e.g. UGTs, SULT)
- Receptor Pathways

=  Functional CAR, PXR, AhR

=  |nduction of DMEs and Transporters

HepaRG™ Cells

@ CerecV. et. al. Hepatology 2007;45:957-
967



HepaRG™ Cells Timeline: A Short History

= 1999

> |solation
> Development

> |nstitut National de la Sante’
Recherche Medicale (INSERM),
France

2002

> 1st publication

2004

> Commercially available in Europe

> Fresh Product

2011

> Life Technologies

> Cryo-preserved HepaRG™ Cells

o

rélbco | & invitrogen

Infection of a human hepatoma cell line by
hepatitis B virus

Philippe Gripon*®, Syhvie Aumin*', stephan Urban®¥, lacques Le Seyec*, Denlse Glalse®, Isabelle Cannle®,

Claire Guyomard!, losette Lucas**, Christian Trepod, and Christlane Guguen-Gulilouzo*

*iretitut Matienal do la Samld ot do & Rechern Madicsis [IMSERM LIS22, n!pal‘.l & PorvichaBio q!I!BHTMFT&. Ll I.T o Tor Molobosar
n‘lﬂb%k Lh.lws.-ﬂlH idalbarg, 69120 Holdslbarg, Geemamy: HOPREDIC, | n Peckar, 35000 R, Laboratore de Gandtiqua

olog e Collolaire, Hapital da Ponbchailkoy, 35 .;:3'3_1 Bannes, Franco an d'r.sL:u‘I.N hor:lu:l Sanld @ d-al Qn-d' m*-:Mhm:a:a
MRSERMI UZTY, 151 Coors Albart Thommas, 20404 Lyon Cedeox 03, Franco

PNAS November 26,2002 vol. 99 no. 24 15655-156 6(

Cryopreserved HepaRG™cells—exclusively from Life Technologies
with HepaRG™ calls, the

Infinitely reproducible drug metabolism and tox data are now your
vitrs solution for consistent resultsina complel

vaila y
the HepaRG™ o ll eed, when you need them.

. . go towww. ln\utrogen com;‘heparg;bs

download the frea mobile app at httpyy gattag.m M
the ban d I instantly sin orrmati cut HepaRG™
technologies
sducts N4 | ARG | geotein | cnll cutherw | instremants sl




HepaRG™ Cells Form Cell-Cell Interactions Analogous to
Primary Human Hepatocytes

B-catenin Merge

= Cell-Cell Interactions

> Co-localization of adhension
molecules

- B-catenin
- E-cadherin

> Formation of tight junctions

- Z0-1
= Establishing a polarized T
epithelium b &
) E- herin Phase Contrast
> AS Observed |n PHH CUItu re CaC(I:ere?V. et. al. Hepatology 2007;45:957-967

o ﬂ




HepaRG™ Cells: Exhibits Adult Hepatic
Phenotype

=  Adult Liver Tissue E =
. 0 a .

> 0O-fetoprotein undetectable - o T 0 9 &

= - O O r or o

] w QO O ) m ]

- Fetal hepatocyte marker e & 8 B B & 8

m @4 I L X I X

> Aldolase B highly expressed

- Adult hepatocyte marker Albumin

:
'i

= HepG2 a-Fetoprotein

> Aldolase B undetectable
Aldolase B - -

> O-fetoprotein highly expressed
Gripon, P. et. al. PNAS 2002; 99:15655-15660

= HepaRG™ Cells

> Express Aldolase B

> O-fetoprotein is undetectable

o w




HepaRG™ Cell Production

HepaRG™ HepaRG™ Culture
Growth & Differentation (Post-Thaw)

Differentiation

Sub-culturing of Differentiated HepaRG™ Cells is

not supported post-thaw.

14 days each phase

)

Tefmlnly
Differentiated

i g R
HepaRG™ Cells
(Post-thaw)




P450 Metabolism in HepaRG™ Cells

= PHH Activity
(Box & Whisker Plots)

> N=52

> Large donor to donor
variability

= HepaRG™ Cells Activity in
720 Metabolism Media)
(Red Points)

> Across 3 different 96-well
plates

> Cultured in metabolism media

= Comparable P450 Activity
> HepaRG™ Cells vs. PHH

o

40

129
10+

Pmol/Min*Million Cells

8
6
4
2

0

Day 4
—
I CYP1A2 Activity

_|_

o

257
20+
154
10+
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3504
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D [00]
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N
L

o

1
Bupropion Hydroxylation

S
I CYP3A4 Activity

_¥_

1
Testosterone 6 B-Hydroxylation

Pmol/Min*Million Cells Pmol/Min*Million Cells

Pmol/Min*Million Cells

40

121

Day 10

_
I CYP1A2 Activity

4
f

Phenacetin O-Deethylation
-

CYP2B6 Activity

L

3004
250+
200+

150+
1007

N A O ®©
P D O O

(@]

1
Bupropion Hydroxylation

I

-
I CYP3A4 Activity

!
Testosterone 6 B-Hydroxylation




HepaRG™ Cells: Long-Term Metabolic Compentence

‘Long-term’ culture > 22 Days
* Metabolically active
e Attractive for chronic dosing strategies

. CYP1A2 Activity 20 CYP2B6 Activity
S = §2
£33 1 22 30 1
£ 55
82 2 - $E 20 -
o £ £
:g:g 0 §§ 0 . . .
I~ ™ Q Vv ™ Q )%
S v S v
Q'b* Q'b\\ Q'DA Q’b* th\\ Q’b*
CYP3A4 Activity ) CYP3A4 Activity
= 400 . S 40
.g ".:Z
827 300 - £% 30 -
£5 200 - §2 20 -
I = [N
%‘*2 100 - T E 10 -
1 | | §3 o | e . .
% g 2s
2se ™ Q \ 2 ™ Q )%
g N Vv 3 S v
= 0’2’\\ sz?\ sz?\ Q° be‘\ sz?\
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Benzydamine N-oxidation
(pmol/min*million cells)
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|_\
ul
o
1

o

Testosterone 6 B-Hydroxylation

25 ~

15 A

0.5 A

o

o

CYP2C19 Activity

7-Hydroxycoumarin
Glucuronidation
(pmol/min*million cells)

Mephenytoin 4-Hydroxylation
(pmol/min*million cells)
H

Metabolism in HepaRG™ Cells

FMO Activity

t

450 ~

400
350
300
250
200
150
100

50

Day 4 Day 10 Day 22

UGT Activity

f t

Day 4 Day 10 Day 22




Metabolism in HepaRG™ Cells

Specific Activity
Marker Metabolite Donor mol/min*million cells) Std Dev

Enzyme Substrate

J—
_ ) HepaRG 0.85 0.16
CYP2A6 C 7-Hyd
oumarin ydroxycoumarin PHH (N=9) 0.12-9.87
HepaRG 0.22
CYP2C8 Paclitaxel 6a-Hydroxypaclitaxel PHHp(N—7) 0.064-0.24
Phase |__ _
) ) HepaRG 1.52 0.41
YP2C19  Meph [ 4-H h
DME CYP2C19 ephenytoin ydroxymephenytoin HH (N=1 10-23
HepaRG 248 50.9
CYP3A4 Testosterone 6B-Hydroxytestosterone P
PHH (N=52) 1.47-178
HepaRG 17. 3
- Benzydamine Benzydamine N-oxide PHHp(N -0)
gummm—
Phase Il _
==
HepaRG 9.23
DM E SULT  7-Hydroxycoumarin  7-Hydroxycoumarin Sulfate P
- PHH (N=0) NA

* CYP2C9 Genotype in HepaRG = *2/*2

** CYP2D6 Genotype in HepaRG = *2/WT and *9/WT
HepaRG™ Cells were cultured for 10 days in HepaRG™ Metabolism Media. Drug metabolism enzymes were
evaluated using in situ incubations with prototypical substrates.
PHH: Primary Human Hepatocytes; NA: Not Available




Metabolism in HepaRG™ Cells
Suspension vs Plated

Marker std Dev | Std Dev Specific Activity of Multiple DME in
. . . HepaRG
Meta bolites| Plated | Suspension | Plated | Suspension (Suspension Vs Plated @ 10 Days)
APAP 2.78 1.26 0.73 0.09
OHBP | 17.90 6.95 2.21 0.30 400.00 -
MDZ 28.40 25.65 2.39 0.58 350.00 -
6BT 248.00| 376.85 50.90 13.72 ST 300.00 |
60HTAX | 0.22 0.23 0.04 0.02 %9
c ©
40HDC | 3.94 4.89 0.38 0.38 g < 250.00 7
4HMPN | 152 | 127 0.41 0.04 ZF 200.00
FMO 17.30 10.30 1.74 0.50 o k= 150.00 -
7OHCMN | 0.85 2.92 0.16 0.13 <sE Pearsonr = 0.998
o 2 100.00 P value =<0.0001
T E :
N 50.00 y = 1.5369x - 6.9884
' Rz =0.995
0.00 ; . . .
0.00 100.00  200.00  300.00  400.00
40.00
HepaRG Plated
-7 35.00 - (pmol/min*million cells)
2 g 30.00 -
c
%.5 25.00 - -
3-; 20.00 -
Q) i
9 g 15.00
%% 10.00 - HH
TE 500 e -+
0.00 " . .
0.00 20.00 40.00

HepaRG Plated
(pmol/min*million cells)




Metabolism in HepaRG™ Cells

Human hepatocytes

&)
] (1 l
= Metabolic Profile of APAP ‘j’
E
n M
> Similar in PHH & HepaRG % 2 & = =
Differentiated nIl;espaRG cells
3
> Exhibits Phase Il Enzyme Activity - i |
E 20+ l
% 6l (2’
=

(1) glucuronide acetaminophen, (2)
sulfate acetaminophen and (3)
acetaminophen .

Aninat C et al, DMD 2006 p.75-83




HepaRG™ Cells:
Hepatotoxicity Model

Control (0 h) 6 h APAP 12 h APAP

HepaRG
Oxidative
Stress

HepaRG
Necrosis

M. McGlll et al. Hepatology 53(3):974-982, 2011




HepaRG™ Cells: Aflatoxin B1 Hepatotoxicity

120

2

" Hesz O Carerentiated HapaRG calls
> Minimal DME Activity
= HepaRG™ Cells

o o I J B HepiE2 calls
> Bioactivation of aflatoxin 0 J
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% Cell Viability
S

=

> Metabolically competent

=

u M eta bo I | SM Affe Cts A, Guillowzo et al. f Chemico-Biological [ateractions 168 (2007) 66-73
> Efficacy & potency

> Greater in a metabolically
competent system
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HepaRG™ Cells:
Hepatotoxicity Model

Aflatoxin Dose Response in HepaRG™ Cells

120
e HepaRG™ Cells m.; T
> Modulate P450 Activity = 1:2
c C ]
- Media Supplements 2 S o]
c o
s 5 707
> HPRG720 g
[N
c >
- Supports High P450 Activity S%6 ¥
. a + 40
(Black Line) '<T: § N
> HPRG730 & u ¢
- Supports Lower P450 Activity ©
(Blue Line) ° 01 oz 1 2 345 10 2 3 100
Concentration (Ui
> Metabolism Affects W Aflatoxin | 720 | ATP | EMAX: 98.4 | EMIN: 6.93 | EC50: 5.61 | W: -0.927 | R*2: 0.953

W Aflatoxin | 720 | ATP | EMAX: 103 | EMIN: 988 | ECE0: 10.8 | W:-1.32 | RA2: 0.996

- Efficacy & potency

o




HepaRG™ Cells:
Hepatotoxicity Model

« HepaRG™ Cells

> HPRG720
- Supports High P450 Activity
(Black Line)

ATP Concentration
(Percent of Vehicle Control)

> |Inhibition of CYP3A4

100 -
80 -
60 -
40 A
- Ketoconazole .

- Abolishes aflatoxin 0\9 &@
metabolism-dependent toxicity S S 9@\

A
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Plated Uptake in Cultures of Primary Hepatocytes
& HepaRG™ Cells

Hul074 Hu8083
300- 500-
- 37°C - 37°C
- 4°C 4004 - 4°C
£ 2004 =
S € 3001
(@) (@]
£ £
o 3 200-
£ 1001 e
o o
100+
0 — =i T 1 1 0 i —i T 3 1
0 5 10 15 20 25 0 5 10 15 20 25
Taurocholate [uM] Taurocholate [uM]
Model System Km SE Vmax SE 200+
Y HepaRG™ Cells - 37°%C
Hu8083-37°C 6.68 0.564 506.2 16.65 - 1°C
Hul074-37°C 6.32 0.799 336.6 16.20
HepaRG-37°C 21.09 3.084 185.6 11.05
Hu8083-4°C 16.45 5.039 9.279 1.566
Hul074-4°C 17.49 5.347 9.627 1.656
HepaRG-4°C NA NA NA NA
1 1 1
« Uptake in PHH determined 24 hrs after plating in 24 well format 0 20 40 60 80

« Uptake in HepaRG™ Cells determined 10 days after plating in 96-well format Taurocholate [uM]




HepaRG™ Cells: Functional Xenobiotic Activated Signaling Pathways

N
o
)

hF @ CYP1A
A I Xenobiotic

metabolism

H
J

[EEN
w
1
w
1

PAHs, Xenobiotics, Steroids
(Prototypical Inducer: OMP)

=

o
1

N
1

(6]
1
[
|

(Relative Fold Change)

o
I

CYP2B
Xenobiotic,
Steroid metabolism

o
I

Phenacetin O-Deethylation
Bupropion Hydroxylation
(Relative Fold Change)

PB, Steroids, Xenobiotics
(Prototypical Inducer: PB)

Induction of BSEP (ABCB11) mRNA by CDCA in
50 - HepaRG™ Cells

N
o
J

I Xenobiotic,

Steroid metabolism
Bile Acids, Steroids, Xenobiotics
(Prototypical Inducer: RIF)

' ' ' 0
& S & & &
O R SR N & &S S FXR BSEP/ABCB11
N N N N\ Q\? Q‘} Q N ‘o')/ o% o% I—->
@Q‘ @Q‘ \\‘z‘ Nl N N Kl ¢ Efflux Transporter
\ W * Bile Salts

N < N Response reductionis the result of cytotoxicit . . . L
°© P Y Y Bile Acids, Steroids, Xenobiotics
(Prototypical Inducer: RIF)

[
a1
1

=
o
1

mRNA Expression
(Relative Fold Change)
N
(92}

Testosterone 6 B-hydroxylation
(Relative Fold Change)
o o
Kl 3
“s
~ -




HepaRG": Easy to Use

HepaRG® Induction Timeline

Friday Monday Tuesday  Wednesday Thursday
Day O Day 3 Day 4 Day 5 Day 6

e
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HepaRG™ Cells: P450 Activity
Induction Responses

= Large Variation in PHH Responses

> Box and whisker plots = PHH

OMP: N of 11
PB & RIF: N of 52 1000
= HepaRG™ Cells o N = 52
: g 100 . T
> Single donor source 8 iy
o &) N =52
Low variation E 10 $ T
= All Cells Treated 72 hrs o
5 1
> In situ incubations I
CYP1A2 CYP2B6 CYP3A4
> Activities compared to Vehicle 0.1 ' ' X
. N & &
= Comparable Induction Responses R D o
)

> HepaRG™ Cells vs. PHH

> Qualifies as an acceptable donor
FDA DDI In vitro Drug Induction Study per 2007

— w




HepaRG™ Cells: Induction Reproducibility

Inter-Lot Variation

CYP1A2 Activity CYP2B6 Activity
(3 Independent Plates Per Lot) (3 Independent Plates Per Lot)
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HepaRG™ Cells: Induction Reproducibility

Inter-Lot Variation

1000

100

[EEN

Relative Fold Change
o

©
-

> S

CYP1A2 CYP2B6 CYP3A4

Three Independent Lots of HepaRG™
3 Independent Plates Per Lot
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Induction Media: Serum or Serum-Free

= Media Supplements

— Base Media Induction of CYP2B6 mRNA in HepaRG™ Cells
> WEM __ 80 -
c o 70 -
> GlutaMAX™ S S g0 -
v c
g9 50 -
- HPRG740 23 40
< ¢ 30 -
> Serum ZE 50 -
€9 10 -
—HPRG750 = 0 |"'_|ﬂ—r—i|
> Serum-free X N N N
) @’Q ’\f’QQ %QQQ
= 72 hrs treatment with PB m740  W750

o w




DMSO Tolerance: What Amount is Too Much

CYP1A2 mRNA

CYP2B6 mRNA
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Non-parenchymal Cells (NPC)

Hepatic Stellate Cells
(HSC)

Liver Sinusoidal Endothelial Cells
(LSEC)

|| PDGF, CTGF,
[
IL6, IL10, TNFa, PEGF, TGFD, HGF, |
HGF, IFNaBy
A/HGF, EGF, FGF,

F”MTM‘FM@W mwomwm]’mmmmm‘

s . SN . SRV . J
fo%’fo%fo%
MU AT

A Hepatocytes

CTGF, EGF,
/ IGF, LIF, SCF
> e

Transdifferentiation

@ Liver Stem Cells

(Oval Cells )

Liver Resident Macrophages
(Kupffer cells )

Transdifferentiation

B

0
vc%v

Biliary epithelial cells
(Cholangiocytes )




Liver Diseases with progressive Inflammation

*Hepatitis — viral HBV and HCV, autoimmune,

*Alcoholic and Non-alcoholic fatty liver disease (NA FLD) — may lead to
steatohepatitis and cirrhosis

*Primary biliary cirrhosis (PBC)  or Primary sclerosing cholangitis (PSC)

| Kupffer cells

P TR T TG e

=

Obtained form Gastrointestinal Pathology for Medical Il Students, Online Article

Most hepatic modeling is with ‘healthy’ cells, and clinical trials done in ‘healthy’ patients treated with a
single drug. Diseased patients in the general population may be at risk to idiosyncratic toxicity due to
lack of disease model focus (e.g. diminished clearance capacity, potential ‘overdose’)

o
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‘ Liver fibrosis ‘

Liver Disease & =
stracellular

Inflammation , matix collagen
FepeyE HSC

Q activation

() #— HsC

e G0 e B B s 0 e )

TNF \-
TGF-p1

IL-1a, IL-18

k IL-6
NADPH H,0, ——= Angiotensin Il

oxidase

Liver sinusoidal
endaothelial cells

), sinusoid endothelial cells (E) and

Figure 8 Scanning electron micrograph showing the relationships between hepatocytes (H
Kupffer cells (K), showing a sieve plate (courtesy Dr S. Singh and Miss D. Chescoe).




Effect of Inflammatory cytokines on P450 activities

Table 1 List of CYP enzymes with altered activities (decreased,
unless noted?b) in the presence of specific cytokines, cytokine
modulators, and human growth hormone, based oninvitro
and/or in vivo studies in humans

CYP enzyme Cytokines/cytokine modulators

CYP1A2 IFN-a, IFNa-2b, IFN-B, IL-2, IL-6, hGH?

CYP2C8 IL-1

CYP2C9 IL-2,IL-10

CYP2C19 Tocilizumab®, IFNa-2b, FN-B, IL-2, TNF-a, IL-6, hGH
CYP2Dé6 IFNa-2b

CYP2E1 IL-2, IFNa-2b

CYP3A Basiliximab, muromonab-CD3, tocilizumab®,

IL-1,1L-2, IL-6, IL-10

Huang SM, Zhao H, Lee JI, Reynolds K, Zhang L, Temple R, Lesko LJ. Therapeutic protein-drug interactions
and implications for drug development . Clin Pharmacol Ther. 2010 Apr;87(4):497-503. Epub 2010 Mar 3.




Human Hepatocytes Co-cultured with Kupffer Cells:
Effect on Liver Enzyme Expression

200 200
—0O— Co-culture 10 :1 Control (4)
—0— Co-culture 10 :1 Control (4) —O— Co-culture 10 :4 Control (3)
—&— Co-culture 10 :4 Control (3) —8— |L-22 00 ng/ml Co-culture 10 :1 (4)
~— —8— |L-22 .0 ng/ml Co-culture 10 :1 (4) o~ —&— |L-2 2 00 ng/ml Co-culture 10 :4 (4)
O 1501 —&— |L-22 .0 ng/ml Co-culture 10 :4 (4) O 150 |
+— +—
c c
(@] @]
O O
X X 1
£ 1001 S 100
= >
3 3]
< 50 < 50 -
<< <<
™ ™
o o
> >
O O 0
0 T 1 T 1
T T T T
0 2a 48 72 0 24 48 72
Time (hours) Time (hours)

Sunman etal., DMD 32(3):359-63, 2004




Co-cultures: Direct contact vs. Transwell approach

Hoebe KH, Witkamp RF, Fink-Gremmels J, Van Miert AS, Monshouwer M.
Direct cell-to-cell contact between Kupffer cellsa  nd hepatocytes augments endotoxin-induced hepatic i njury.
Am J Physiol Gastrointest Liver Physiol. 2001 Apr;280(4):G720-8.

>

100

Table 1. Effect of LPS on biotransformation capacity
in HC cultures, DC cocultures, and MI cocultures

75 |

%TNF production

45 |- Testosterone
LPS,
] wg/ml 68-OH 928-OH 1-NG
HC culture control 100+ 10 100+ 6 100+ 10
B 1 86 -+ ] 87 + 8* 37+19*
10 73+ 7% 73 + 12%
e | DC coculture control 59 * 6T 62+ 57 45 T107
| 1 38+ 8* 41 + 15% g o
g 10 29 + 5% 27 + 9* Q0D
¢ i’ MI coculture control 80 * 127 85+ 12% 65 T137
= s | 1 65+15 11217 36 + 8%
T g 10 o 16 g 65+ 13* i e i

HC — Hepatocyte cultures DC — Direct contact co-cultures MI — Transwell co-cultures
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Cryopreserved Kupffer Cells from Life Technologies

CD68 (ED1) CD163 (ED2)

New Product Availability : Rat Cryopreserved Kupffer cells (now ), Human Cryopreserved Kupffer
cells (custom product currently, launch expected mid-2012 )

Potential Applications : Inflammatory Co-cultures for toxicology screening, and cells for basic and
clinical research

o




Monocultures Co-cultures

- One cell type - Multiple cell types

- No need for self assembly - Require self assembly to function

Vs.

- Does not mimic in vivo interactions - Mimic in vivo interactions

- Can produce false results in toxicology - More appropriate for toxicology and
screening since in the liver, multiple cell drug screening since they can be
types are involved prepared to mimic liver disease state

hC'o-CuIture:
Hepatocytes Kupffer cells and Hepatocytes

Monoculture:
Kupffer cells




Kupffer cells: Fresh vs. Cryo-preserved — Morphology

Fresh Kupffer Cells Cryopreserved Kupffer Cells

1 day
culture

2 day
culture




Kupffer cells: Fresh vs. Cryo-preserved — Cytokine E ~ xpression

Lla IL1b L2 L4 IL6 IL10 1112 113 IFNy TNFa  Cov RANTES

. CSF | (CCL5b)

Fresh Kupffercells | +  +++ - - #++  + - - o4 - ++

Cryo Kupffer cells S R T T T A A R U o S T R

Legend

- <5% of control ++  25-75% of control
+ 5-25% of control +++ >75% of control




Human Kupffer cells Hu8137 (~92% Purity, 25 vials out of 1/5 of liver materlal)




Human Kupffer cells — donor variations

LPS induced cytokine production (24hr)

3,200 -
ENo LPS ®mLPS
2,400 -
T 1,600 -
>
2
© 800 -
=| -
0
Hu8121 Hu8123
WLT
IL6 Basal Level Increase in IL6 levels
_ due to LPS response
Hu8121 ++++ -
WLT T
Hu8123 + ++4++
B Hul362 +++ +
Resections - Hu1387 et N/A
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