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Biosketch: Clive graduated with a toxicology PhD in in vitro dermal absorption
and metabolism from Newcastle University. He joined Charles River in 1996
as a Research Officer to develop the in vitro skin penetration service. After
serving in study director and scientific manager roles, he became Head, In
Vitro Sciences in 2010 and Director, In Vitro Toxicology in 2020. His
department currently performs in vitro skin absorption, in vitro safety
pharmacology, investigational and mechanistic toxicology using advanced
tissue models and in vitro respiratory toxicology. He has presented at many
meetings and organized small meetings (Skin Metabolism) and large
conferences (WC9). Clive has authored and co-authored many posters and
abstracts as well as peer review papers. He is a peer reviewer for journals
including TIV, Regulatory Pharmacology & Toxicology, Annals of Work
Exposures, and Health and Skin Pharmacology and PhOYsioIogy. He has been
actively involved in advising reEuIatory agencies including NIH, SCCS, PMRA
and EPA as well as industry bodies and has presented a webinar on in
vitro toxicology with the FDA. He is also a member of the global Charles River
3Rs Working Groug as well as being a founding member of the North
American 3Rs Collaborative. In January 2021, Clive became a Member of the
Board of the UK NC3Rs.
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Abstract: 3D human tissue models have been used in regulatory toxicology for many
years with test guidelines for many of the acute tests (e.g. skin irritation and
corrosion and ocular irritation and severe damage). The availability of models has
increased to include oral, gingival, vaginal and the lung. The airway is a particularly
important route of administration of drugs as well as environmental pollutants,
cosmetic (e.g. deodorant) ingredients, agrochemical sprays and pathogens. One of
the fundamental questions is how relevant these models are in predicting toxicity or
efficacy when our benchmark tests are using animals, rather than the patient/
consumer. Are the differences observed between the animal in vivo data and the
human in vitro data to do with the species or the cellular model and if it is the former,
is the latter a better model? How also can we protect animals, which are still required
for regulatory testing? Therefore, a rat upper airway model has been created using
the Charles River rat by MatTek. This presentation evaluates the different human
upper and lower airway models and the rat upper airway model for predicting
toxicity and also in evaluating efficacy in human disease derived tissue — the most
important translation that we can assess is the human patient derived model. This
presentation will also examine where the tests may be able to be further developed.
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1. Regulatory: OECD Test Guideline Tests

2. Regulatory: Non Guideline Tests N

3. Investigational

5 ‘ EVERY STEP OF THE WAY

USES IN SAFETY ASSESSMENT

Skin Irritation (OECD 439) — EpiDerm™ or EpiSkin ™
Skin Corrosion (OECD 431) — EpiDerm™ or EpiSkin™
Ocular Irritation (OECD 492) — EpiOcular™ or HCE ™

Respiratory Toxicology MatTek
* Upper Airway — MucilAir™ or EpiAirway™ or SmallAir™ EEtGHSE
e Lower Airway — EpiAlveolar™
Oral

e Gingival — EpiGingival™

e Buccal — EpiOral™

Vaginal — EinaginaITM

Ciliated cells : ) - Goblet cells
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COMMERCIALLY AVAILABLE 3D E_LS: RESPIRATORY TRACT

Ciliated cells Goblet cells
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e MucilAir (Epithelix)

e EpiAirway (MatTek)

e Human derived tissue

e Healthy/ smoker/ diseased

Epithelix

Small Airway / Bronchiole
/ e SmallAir (Epithelix)
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e EpiAlveolar (MatTek)
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CAN THE 3D MODELS
EFFECTIVELY IDENTIFY
RESPIRATORY TOXICANTS?



EFFECT OF SDS ON MUCILAIR™: HISTOLOGY AND MORPHOLOGY

SDS (mM) Cross Sectional Histology (400x) Surface Morphology
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EFFECT OF SDS ON MUCILAIR™: BIOMARKERS
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HOW CAN WE PROTECT ANIMALS
WHICH ARE STILL REQUIRED FOR
REGULATORY TESTING?



Determining a No Effect Level for Selection of a Point of Departure for Risk Assessment of an Irritant Aerosol Using a 3D in vitro Assay

A. J. Charlton?, B. Parr-Dobranski®, 5. Flack?, T. Ramanarayanan?, ,andE E, Wolf
Syn genta Crop Protection, ' Bracknell, United Kingdom an 0, NC,
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Adverse Qutcome Pathway
Mecrotic injury
to epithelial
cells
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Basal stem cell
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Conceptual Model

CFD Modaling

HEC

--
Yes (Limited cell
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MucilAir

MucAIr™ |5 3 3D model of the human alneay epithalium formed from

differentated primary human cells. Syngenta has shown good concordancs

betwean MuclAlr data and 07 vivo Sty ouicomes. Measures of

membrans and call damage 35 markers of ITtistion salected wers:

» Trare-epithalal siectrical resistance (TEER] a decrease Indicates a
decreass In the Intsgrity of Hoht junctions between cels In e
mEmbrans

s«  Lactste dehyrogenase (LOH) Increased releasa Indicabes collular
cyiioxic membrane damags

«  Fesanurin metabollsm Resazunn s metabollzed 1o a fuarescant
Mhm cells, decreased fiuorescence Indicates 3 decrease In

S e

Absiract Mumber: 37T
Poater Board: 101

Study Design

Endpoints: TEER, LDH, and rasazurin metabollsm
Tissues from 5 separate doncrs

24 our togikcal exposure

Chiomihaion| appiled 5 Brawo 720 formuiation
10 concentrations § donor

€ repileates | concentration | donor

s+ Conceniration range 2 — 200 mg chionihalonilL

Dt S each fonor for sach andpoint was fMhed o 3 HIl model and
benchmark dose Wwas conducted 1o denve banchmark dose lower
05% corfigenca Intenval (BMOL) values.

Single Dnn-}r TEER

| 1 1
L - i Ll

Single Donor LDH Release

O . e P I 1 e DY s B B L I L e P e

Single Donor Resazurin Metabolism

e L LI LT T L T pe———————

i

BMDL (mgicms)
TEER LDH Resazurin Maan

Doniar 1 0.00£30 000703 0.00344 0.00470
Do 2 0.00347 000953 0.00224 L0040
Donor 3 0.00a22 DUO0ETE 0.004D0 000651
Donior 4 0.00937 000938 0.D0065 0.00335
[ 0.00309 0.0067S C.DOETS 0.00813

Maan 0.00825 000877 000267 0.00527

MuclAlr data showed

between TEER, LDH release and
observed. Given Me low Inter-donor and Infer-endpoint vanablity BMOL values
were combined o desive an

mlntﬁmmﬂﬂl all & donors
EMD and SMOL values. mﬂﬂ'ﬂ‘y QOOd concomance
resazurin metabolsm endooints was

Conclusions

Mecrotic Injury to the uminl surface of the respiatory aplthellum Is 3 key
EvERTt IN SQUAMGE Metapiasia of the lanne In Chioromalonl resed @t

This Inkial imitant response can De 35sessed In MUckAr, 3 sophisicatad 30 n
witra mesdel of the human respiratory eptthedium
Muclair issues from 5 separais donors were xposed 1o 10 concentrations of
Eravo 720 for @ pestod of 24 hours

TEER. LOH, and rasazurin metabeilsm wers maasured flowing freatmeant
and these results were Intemogated to deteming BMD and BMDL values
EMDL values were In the 30 - 100 mg chionothaionl /L range, transkating b
M35t per Uit suitace area concentratons of 0.0027 - 0.D0EE mglem? i wiro
mean BMDL - 0.00527 mgiem2)

Please see the application of this in vitro PoD on
our companion poster #2379 (board 103).

For detalied Information on study designs, plaase contact e authors: Alex. Charfiongsyngeanta com

syng‘enta

https://www.epa.gov/sap/meeting-materials-december-4-7-2018-scientific-advisory-paneld
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An Alternative Appruach For Evaluating The Human Health Risk From Exposure To An Irritant Aerosol
E..M.d:llﬂ.ﬂ.‘ﬁﬂ.llﬂ.- 2, S. Kabilan?, A. Kuprat?, S. Suffield®, S. Flack', T. Ramanarayanan', A. J. Charlton®, B. Parr-Dobrzanski?,
1Syngenta Crop Protection,

nshuru MC, 2Pacific Northwest National Laboratory, Richland, WA, *Syngenta Crop Protection, Bracknell

R

Abafract Number: 2373
dom Poster Board: 103

Introduction Conceptual Model
Modermizing sirahegies for evalLETng human hesith sk from pesicite SxposUre requires
new approaches that Increase our abilly fo conduct an Inegrated evauation of exposure
and hazard. Accurate and relevant risk evaluation based on aciual Inhalation exposue
SCENaNos and Eme ste-spectic respirabany SUrace concenirations ks one such strategy o
descrios human heaith nisks. Exposure data that Inciudes measured aemsnl characenstics
of nonvolatie pesScide FMUISToNS provides an Improved Input o exposure models.
Coupiing an aifiow modsl with a 30 In viro moded of rRepratony eplthelium was usad o
detemmine a Human Equivaient Concentration. The In vitro ass3y was usad o define the
dose-TEGROrEE and & no effect level of the nitlal key event (52 Abatract 2377, board 101
of this sassion for detals of e in vito ass3y).

Computational Flud Dynamic models can be used 1o desorbe target ste-specinic dogmetry
for the 3t and human and can caiculate surtace concentrations of depeelted asmso
formulatons In discrete ragions of the respiratony ract. This appmach can provide 3 more
accurate reflecton of Me deposition necessany fo Inftiate the cascade of events that resul
In N Imttant mediated TespoNse N the upper rsmiratony tadt.

Source to Outcome Approach
= Source Evaluate the particie size distrbution of pesticide application and

mixing/lcading activities. Computational Fluid Dynamics (CFD)
= Exposure Investigate the impact of spray quailty and aciivity on Inhalation Modeli
EAPOELTE, odeling
= Dosimerry Compare deposition In human versus rat alrways. = Simuates the Muld dynamics of the aifMow In the respiratory tract
= Qurcome Predict human Inhalation tomcily Incoporating relevant pariicle size = Surfaces are meshas of polygons, each of which can be monitored
AlsELanG. »  Commonly used In simulation of smaller particulates ke bacterla
Pesticide Exposure Data spores and diesal particulates —

= Exposure data Is commanily collected from agricuibural workers using an

DSHA Versatile Sampler {OVS) tube. Typically, OV tube data Is only reported [
as total concentration, withow? conskderation IZITFIEI'HI}*E' slze.
= Studles of spray particle size were undertaken at Syngenta fo compare OVS
tub= with standard sizing methods. Ske-by-side air sampling was conducted o
using OVS wube and Resplcon for varous agriculiral nozzies/spray quallties. — e tar

= Alr concentration of Inhalable pariicles vanes with spray quallty, but particle e ey e AL s el shemir

T
size distributions are similar. Thus, can USe 53me MsiNuton for diferent
spray applications. ‘. ‘P‘
« Identfizd partche size dstioution of 35 pm (SS0=1.5) for apglicator &
residential bystander and 13 um (S50 = 1.5) for mizerioagar $
1] . ".

g J":.n |' :qm " |i|.n I| g J(:n.n
|=1:-5.1u1:n-u'sumulmm

\\A AN

L E, e

WS Tubs o AN T o B Do
Buring spaming .

1@m 1

Deposition from the CFD model -

Human Simulation
Regional Dose: Top 25% deposited surface

g

Deposited Dose
[mg/fem? deposited surface|
¥ E 3 3

=

Aercsol Diameter {am)

—=—Vastiule ——Raspiratary = Olfactary —=— Phargny —=— Laryr —= Trachea

Dieposition {mp'em?)
Raspiratary  Qifaciony Pharyns Largnx  Trachas
1 4.79E-08 IME-06 5.22E-068 1.71E-D6  216E-06 T.34E-OT

a A39E-06 243E-06  455E-08 1.2BE-06  248E-D6 TEIE-OT
L] 5,73E-08 Z.BEE-0E 1.26E05 14BE-0E 3J.08E-06 EIGE-OT
10 1.EZE-04 4.50E-0E 1.77E-06 S41E-06 1.40E-D5 1.30E-06
15 29ME-04  2H0E-06 GTIEOT  NLUE-06  B4GE.DE 1. I9E-O6
20 2T6E-04 227E-08 G.50E-0F7 18BE-06 2.6TE-06 BSTE-OT
3 1.50E-04  1.BBE-06 2 SE1E-DT 1.0GE-06 213E-O7

Calculation of Human Equivalent
Concentration - Applicators
» Aesrosol: 36 (1.5) pm polydisperse
» Breathing rate: 18.4 breaths/minute or TB72 breaths/Shr
# Dilution Factor 0.438 Ib CTN/b diluted formulation
# I vitro BMDL 5.27x10°% mg CTM/em?

Raspiratery| Olactory | Phargmx | Laryne | Trachea

mw“"xm LO0E-06  1A1E-GT  BEZE-OT  1.61E-06 3.12E-07
(mm? BESEO4  4USE-DS AOMEG4  BS4E-04 10BE-0
WHSJI:I:-J 0.34 an 076 04z 21

#» The exposure concentration is the air concentration necessary
to match the in wivoe 8 hour deposition with the in wifro BMDL

Residential Bystander
Risk Assessment

= Max Average Exposure Range = 0.002 - £.86 pgim®
= Toxlcity (HEC) Rangs (m@'L converted to mgim?) = 112 — 1,580 mgim?

(=, LEly
ouEl
o
R
f
= L 1
e ==
b
. SEEL
- SN
Operator Risk Assessment
» Exposurs Ranges:

- Applcators = 0.11 - 313 pg'm®;, MixerLoader = 0.33 — 259 pgim?
= Toxlclty (HEC) Ranges (mg/L converted to mgim?):
- Applicator = 335 — 4,760 mg'm?;, MixerLoader = 77 — 616 mg/m?

B &

" :p..!..-{m....-..,..,.....
L EFow o

Opssaler Ak

L =il

e )

aER AEL A1 1 I8 LN R O HeEl HAE R e

Farmnrm Do s =

For detalled information on study designs, please contact the authors: paul. hindeniter@syngenta.com
Curment address for f. Corey: Greek Creek Toxkokinetics Consuling, LLC reoney.getn@amall.com
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OCCUPATIONAL TOXICOLOGY USING MUCILAIR™

Calculation of Human Equivalent
Concentration - Applicators
e Aerosol: 35 (1.5) um polydisperse
e Breathing rate: 16.4 breaths/minute or 7872 breaths/8hr
e Dilution Factor 0.438 |b CTN/Ib diluted formulation
e /n vitro BMDL 5.27x10-3 mg CTN/cm?

__________________|Respiratory Olfactory

(m;i‘;;?g:g';th) 2.00E-06 1.41E-07 8.82E-07 1.61E-06 3.12E-07
(n[.:gfcc'nfﬁg,?r) 6.80E-04 4.85E-05 3.04E-04 5.54E-04 1.08E-04
{:'15;,:_) 0.34 4.8 0.76 042 2.1

g e The exposure concentration is the air concentration necessary
syngenta o match the in vivo 8 hour deposition with the in vitro BMDL
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HOW DOES THE RAT 3D MODEL
COMPARE WITH THE HUMAN
3D MODEL AND THE IN VIVO DATA?



TEST PANEL OF 14 CATEGORISED RESPIRATORY IRRITANT/
NON IRRITANTS WITH HUMAN AND RAT EPIAIRWAY™

Human and rat EpiAirway™ units were treated with 14 test chemicals
formulated in either corn oil or ultrapure water at each of 4 different
concentrations with vehicle and positive (formaldehyde) controls.

Experimental conditions and study design were similar except the tissues
were rinsed with PBS at 3 h post dose and allowed to recover for 21 h.

TEER, MTT and histopathology were the endpoints.

2 Laboratories
e MatTek Corp., Ashland, MA, USA
e Charles River, Edinburgh, UK
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ADVERSE OUTCOME PATHWAY
EFFECT OF TOXIC INSULT ON EPIAIRWAY ™

1 Most severe

Re-epitheliazation |

‘ S

Epithelial cysts

Loss of ciliated cells |

Epithelial thinning

5§ Least severe

Intracellular vacuolation [

i o e -

R

Focal thickening




TEST PANEL OF 14 CATEGORISED RESPIRATORY IRRITANT/
NON IRRITANTS WITH HUMAN AND RAT EPIAIRWAY™ (IC.)

| Cherles River Edinbursh -——

TEER TEER Known Toxicity Information**
Test Chemical Human  Rat  Human Rat ;30 Rat Human Rat GHS Category Known RI* Skin/Eye Irritant

Acrolein 0.05 0.06 0.04 0.05 0.04 0.03 0.03 0.08 1 Y Y
Formaldehyde 0.64 0.81 0.81 032 0.17 0.13 0.20 0.18 3 Y Y
NaOH 1.11 1.15 1.63 1.10 0.73 0.73 0.88 0.31 No data Y Y
Butyl Amine 1.34 4.56 1.39 3.16 092 1.07 0.89 0.51 3 Y Y
Oxalic Acid 1.22 1.16 139 048 1.16 0.67 0.88 0.27 No data Y Y
Morpholine 7.90 18.3 9.13 19.0 106 16.2 11.8 16.2 3 Y Y
Vinyl Acetate 56.2 47.2 524 33.0 213 188 16.1 10.1 4 Y N
Ethyl Formate 190 199 152 161 109 115 63.2 624 4 Y N
2-Ethoxyethyl Acetate 174 134 143 75.7 117 72.6 57.5 57.3 4 N N
Methyl Methacrylate 146 41.3 126 28,9 132 299 130 14.9 5 Y N
Dimethyl acetamide 265 286 271 303 266 221 263 147 4 N N
N,N-Dimethylformamide 269 281 304 291 311 285 309 229 4 N N
Ethyl Alcohol 304 242 338 142 320 217 306 140 ) Y M
p-Dichlorobenzene 251 221 242 233 346 240 358 235 5 N NN



TEST PANEL OF 14 CATEGORISED RESPIRATORY IRRITANT/
NON IRRITANTS WITH HUMAN AND RAT EPIAIRWAY™ (IC.)

TEER TEER Known Toxicity Information**

Test Chemical w Pl =T . : gaan  Rat GHS Category Known RI*  Skin/Eye Irritant
Acrolejg

Oxe
Morpholine

Vinyl Acetate . . Vi — Y A Y
Ethyl Formate

fthyl Methacrylate
Dimethyl acetamide 265 286 271 303 266 221 263 147 4
-Dimethylformamide

Z < Z2=2Z2< =2Z2<< <<< <X <=
Zge =2 Z2 Z2 222 < << <<=

p-Dichlorobenzeng
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TEST PANEL OF 14 CATEGORISED RESPIRATORY IRRITANT/
NON IRRITANTS WITH HUMAN AND RAT EPIAIRWAY™ (IC.)

| Cherles River Edinbursh -——

TEER TEER Known Toxicity Information**
Test Chemical Human  Rat  Human Rat a0 Rat Human Rat GHS Category Known RI* Skin/Eye Irritant

Acrolein 0.05 0.06 0.04 0.05 0.04 0.03 0.03 0.03 1 Y Y
Formaldehyde 0.64 0.81 0.81 032 0.17 0.13 0.20 0.18 3 Y Y
NaOH 1.11 1.15 163 110 0.73 0.73 0.88 0.31 No data Y Y
Butyl Amine 1.34 4.56 1.39 316 0.92 1.07 0.89 0.51 3 Y Y
Oxalic Acid 1.22 1.16 1.39 048 1.16 0.67 0.88 0.27 No data Y Y
Morpholine 7.90 18.3 9.13 19.0 10.6 16.2 11.8 16.2 3 Y Y
Vinyl Acetate 56.2 47.2 524 33.0 213 188 16.1 10.1 4 Y N
Ethyl Formate 190 199 152 161 109 115 63.2 624 4 Y N
2-Ethoxyethyl Acetate 174 134 143 75.7 117 72.6 575 57.3 4 N
Methyl Methacrylate 146 41.3 126 28.9 132 299 130 14.9 5 ¢ N
Dimethyl acetamide 265 286 271 303 266 221 263 147 4 N
N,N-Dimethylformamide 269 281 304 291 311 285 309 229 4 N N
Ethyl Alcohol 304 242 338 142 320 217 306 140 5 Y M
p-Dichlorobenzene 251 221 242 233 346 240 358 235 5 N NN
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HOW CAN WE USE THE
ALVEOLAR MODELS?



ALVEOLAR TOXICITY AND FIBROTIC POTENTIAL
MODEL RESPIRATORY FIBROTIC AGENT: TGF-B1
e TGF-B1 dosed at the liquid interface at 1, 5 and 10 ng/mL

e Media containing TGF-B1 was changed every 2 days, exposure to 14 days
e TEER measured every 2 days prior to media change

e On Days 2, 6, 10 and 14, tissues were processed for histopathology

 The spent media analyzed by ELISA for fibronectin, IL-6 and Pro-Collagen | al
(biomarkers of fibrosis)
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ALVEOLAR TOXICITY AND FIBROTIC POTENTIAL
MODEL RESPIRATORY FIBROTIC AGENT: TGF-B1
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ALVEOLAR TOXICITY AND FIBROTIC POTENTIAL
MODEL RESPIRATORY FIBROTIC AGENT: TGF-1

Representative Images of Untreated and TGF-B1 Treated Samples on Day 6
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Representative Images of Untreated and TGF-B1 Treated Samples on Day 10

ALVEOLAR TOXICITY AND FIBROTIC POTENTIAL
MODEL RESPIRATORY FIBROTIC AGENT: TGF-1
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Assessment of Alveolar Toxicity and Fibrotic Potential
In Vitro using the MatTek EpiAlveolar™ Model

C5 Roper, JE Baily, HJ Simpson and JL Vinall
Charles River Laboratories, Edinburgh, UK

o INTRODUCTION

Pulmaonary fibrosis (PF) is n debifisting, typicaly fatel, condition cossed by o weriety of facioes
inclading emdronmenial or cozupafional expozures, drugs, redisfion and genefic predizposifon. No
cument i v [mmodsized csll nes), = win, in sl or i e modsls of PP fully recaphulms ol
=afiznt fesfures of the humen doesse.

I this study, 8 novwel in wiro crganotypic 30 sinwey model from primerny human cells (Epsfvedlar™
from M=k Corponstion) with macrophages wes exmmined bn eveliste shvedlsr ionicily and the
capacity of fie model me s method fo sysess fheofic potentisl in wim,. Previously, fis modsl hes been
=zhown fo behasein & menner refizciing the parent femse: and under =ome espesmenisl condibion can
devalop mapects of FF seen in fre |ower reapinsiony mect™

The study de=ign wes based on the: probocol prowided by MafTek™, Exillheclar™ tazyes were
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[
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MatTek

CORFOSATION
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o PATHOLOGY AND IMMUNOHISTOCHEMISTRY

Mode] Characterisation [Fgurs7) —=

Lo Dy 5, usirested comimis d=pimyed corsfent morshology

wih = =ingie dmer v of simet (W) oo spindls sheped w
fbroblests covered by = lmyer of 210 3 onfln thick of pofygonal o e

) mmzstue schm el cale Tae cimed celm ano ¥
microvecucisies ol were o in e e by
Degemerie cril weee: misg reve =nd ocoesional VA posiie s o
esdoiheiinl oels wene chseryed on the undemide of e

mesbrre. From Day 1, fhere wes ovell finsieg of e epliein ool ieyer wilh incressed membees.of Y posiive oxls =nd

s lmver cimied md momvmaomed celz Tz muggem = drege i crerotne bmwmer Dy © e Dy 0D crmrmciemes
bry proffiersfion of the fsmobi=e ssbpopulsfion =nd peolifersfion’ prefereinl nrviesl of = skt of
sirmey epiheinl o=l included in the imfial popsision

chalienged i devslop smpechs of PF, by exposure fo known PF cousing sqenbs; bisomygin (12, 012 or
D002 pgimL) or TGFH1 (0, Sor 1 ugml] in the culfure madis, or o pepesi=d serozcl applicafions
of silica (30 nm parficle size, ca 1007 1 pgiomé), for up to = 14 day period. Tizaue vinkilfy was
mazeszed by tranzepitheiinl secicel resistance (TEER) and lactsie detrydrogenase (LOH] relense
=yery 2econd day. Tizsee samples and spent culues medie were collected fhrcughout e Gme course
for mnshysi by pathoingy, immunohisinchemistry (IHC) mnd ELIZA fo fusher chamchesms o beaiiy
mode end fo idenffy s=pect= of PF dewsloping cver ime.

. . - - TGF- i Treatment Figer= 5]
TEER for e negetie conirc| russ decieed sesciy moer e courss of S 14 dey By D B of TG !"'1?:1Li=i.-ﬂ'hrcmd [ —
experimenisl period fom e 1300 © ca 350 Caom®. This mey reisie b confracion of e femues e © S e e " .
- . - mnay o st yml, and has Haen chasnd prauicus) TEER e e o e seenacl mjﬁ:p::;; mfnﬂ"-:htmz': e
= vehicke grosp, sioe groum end BL M geosps were similarin thin. A desr dooe: response we -
Shmerue 1 e TESR dmm o TERE Y i Sz Figun 3], WF“"""";H"EQF"'M“ P j:;';mi;h"ﬂ:‘ﬁ - :
D:rrq:uﬂibh urrirested corfred, the 5 mnd 10 ngiml. TERE1 fresied groups TEER dmpped o cose o 2o by Doy 10 and Doy 6, respeciveiy. | 0H rebme msch dey oF i meme o U pomite fermbiem mam wE e 1 _
n:frq:uﬂ:lb:-ndepu-dmhet:T-innI—1DJ}r=dtu:u=pfmdduym1mH:c:ﬂ:puw‘hg:cfﬁ:\d.: Gemh:nr"puui:hmuicm: '.'H'-g#ﬂ'gihgidqd; Iromamed mumbars o cagererme
the levetz of LDH reiesmed fom el =ampies were segigible. However, on Doy S oed Dey 8, 2 smel incremse in réfiessed LOH wes messsred in ol TEF-§1 groups, siica ady warm cEmarsmd in Hhams marpies
11 pgiom®] and fe dop LM do=e groun [defe not stoes). Trese deis indicets et he TE 31 pesied Samums in paricuier se being put under shess manfestnges =
reduchion in fight junciion istegrity {TEER) end lesking of some G2l constests, pesking Befwesn 5 and 5 days inio e resimenk regime. Howeves, foe: LOH relessed did sk

o MATERIALS AND METHODS

spproach hyserd coll valies, indicaing et the magority of e colls remsired sive. 2 cesr dose resporss mes messyres for secnsbes eyiesceliiier e prose,

Epiltheeciar™ iz = noved . TR Pro-Collagen | ol mnd Fhmrectn snd the inflammetzry marker, 16, from the TEF-f1 tmatmd groups cver fme (Figure= 48] Fro-Coliegen | of secestion wes siag DISCUSSION AND CONCLUSION
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[THP-1s), mafured ot the sir-iguid [ et '—I — = . fiigh junclion isiegrity] around e 2ome fime: point snd incressed ecreied Pro-Collagen | o over fise {pregsror of collegen

interiace [Figues 1. = - type 1, for which produciion smd scourmaistion s e helimesk of PR This dets comeiaie wel wil e xiopsfology
— obmeramirre. Lo TEER, wsiuss mnd norssses Pro-Collsgen | of s oty doe T dee chsnge om = predompersy

Tizaue vishility was nzse=sed by TEER end LDH rele=se: ma=ays on Day O Following iz, = group of
untrested tsues were peocem=ed for hisicloqyf peficlogy. In addiicn, 11 fz=ues per estment geoup
were: tresied on Dey 0 §eifher serosol exposure then incubstion in biank media for 2 deys orincubefion
in media comisining dozes for 2 days). The iclowing grours were besied:

epithelinl in bl phenotype whilst increesed | TH i Sesly = el of incessed musbers of degeseie onlis clneryed
from Dey 6 of TGR-E frenimest.
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= Combol=: wehicle: control for serool and negefive control {confrel for BLM L TGRET).
Beraol sxpozure was cosducied using a ssiine vehicle in e Vilrecell Cloud 12 expomsne chamber
with masccisted quarty crystsl microbabsnce [QCAY) for sssessmet of spplied dose [Figume 2

Dicsing wes nepesizd =very 2 days. The TEER aed LOH messurements wees repesied afier every

2 day incubefion. Om Dy 2, Dew 6 and Day 10, 2 f=sues per group were proce=sed for hisiology!
pathclogy. Free femues per group mdemr't‘l-z full 14 day regime, et which point all remeining fzzum
were procesmed for histoingy! pethology. Spent ubure medis ot mach fime point wes retsined for
ELIZA analyais (2 S=zues fet undenwent 14 uwi::l*:r:pﬂ'gu.p for the foliowing mesizr
fheonecting IL-6 (kis chisinzd fom RAD Sy=l=ms) and Pro-Collsgen | ol (Absam].
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BUILD AND EVALUATE AN EFFICACY MODEL FOR LUNG FIBROSIS

We are looking for partners for these and any
innovations you may need
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Early De-risking Approaches for Identification of Anti-Fibrotics —
for Idiopathic Pulmonary Fibrosis (IPF) Treatment

M. Wagstaff!, A Young?, C. Rop

, M. McElroy?, J. Aarbiou* and A. Zuurmond®
1 Charles River Laboratories Wilmington, MA, USA, 2 Charles River Laboratories, Saffron Walden, UK, 3 Charles River Laboratories, Edinburgh, U

charles river

, 4 Charles River Laboratories, Leiden, The Netherlands

oINTRODUCTION

Idiopathic Pulmonary Fibrosis (IPF) is a chronic lung disesse leading to & progressive and imeversible decline in lung function
caused by repetiive micro-injuries to the alveolar epithelium. To dabe, only nirtedanib and pirfenidone have besn licensed to freat
IPF, therefore, thers is an increased effort o discover new therspies. We have created a festing strategy for identifying new and
improwed therzpies for IPF using i vitro and in vivo modsls. The sirateqy starts with the in vitro high throughput screening
modsl, i vilro FMT Assay, fllowed by the low throughput 30, Epiflveciar model (which needs further optimization as it wes
developed for assessment of ung toxicty), and finally testing in the well established i wive bleormycin model.  This testing
sirategy provides an integrated (human in vitro and animal in wivo) testing program with 3Rs bensfits.

o IN VITRO FMT ASSAY

METHOD: Lung-gerived primary human bronchial fibweblasts were seeded and subsequently refreshed in preparation for addition
of small molecule compounds and the fibrotc igger TGRE1 (Figure 1). After 3 days, cells wene fixed and stained for o5MA and
AP and imaged by high-content analysis [Figure 2).

Figure 1. Schematic Oversiew of TGR-51-Mediatied Trans-diferentistion of Fibnoniasts 1o Myofibrobiasts [FMT) snd Modulstion by Small Molecules

Small molecules

e, 7 ECM

> = = — oSMA
= E Y=="—2=" Migration
Fibroblasts ® Myofibroblast

RESULTS: Exposurs to TGFE-1 demonsirated a clear, concentration dependant increaze in aSMA levels (Figure 3). This was
fully inhibited by freatment with the ALK-5 inhibitor (SB525324) and nintedanib. IC;; values for nintedanid are consistent acnoss
donors and strong Spearman rank correlation denotes consistency between biclogical repiicates.

Figure 2. High Conient Imaging of oSMA and Nuchkes Figure 3. N
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o IN VITRO EPIALVEOLAR™ MODEL

METHOD: A novel in vitra crganctypic 30 aiway moda! from primary human cells (Epifivedar™ from MatTek Corporation) with
macrophages was examined 0 evaluate alveolar toxicity and the capacity of the model a5 & method to assess fibrotic potential in
vitro. Epifiveciar™ tissues wese challenged to develop aspects of pulmonary fibrosis, by exposure 1o known TGFR1 (1, Sand
10 pgiml). Dwosss wens replenished every second day over 3 14 day pericd.  Tisswe visbility was examined by TEER and LDH
every second day and tssues were terminated at various intemvals throwghout the 14 day pedicd to allow examination by
histopathclogy throughcut the pericd. Additionally, spent media was assayed by ELISA for fibronectin, IL-6 and Proccllagen | af.

Figure 4. 5) TEER ) Cumulstive Pro-Colsgen | o1 Secrefiont o Cumuiatie IL-5 Secrefont and o) Cumuistive Fioronectin Secregion®
B}

\ : - I
\. '
Y b -

RESULTS: & dose rezponse reduchion in TEER was observed (Figure 43) but no cell death measured in LOH release (data not
shown). There were dose response increages in the fibrotic makers of Pro-Collagen, IL6 and Fibronectin {Figures 4a, b and c)
By Day 6 of TGF- B1 (10 ngfmL) treatment, the overall thickness of the cell layer was similar to unireated controls, howeer, the
mijority of the o=l population expresssd a spindie shaped VM positive fibroblast phenctype (Figure 5). From Day 10, samples
exhibited multifocal thickening and, in places, protuberant foc composed of multiple: layers of VM posiiive fibrotlasts mined with
lesser VM negative epithelid cells. Increased numbers of degenerate cells were observed in these samples. These data show
that it is possible to tigger a fbrofic phenotype in the Epilveciar™ model indicating it may be a useful tool to invesiigate the
efficacy of novel anti-fbrofic treatments.

a)

e

Figure 5. Representstive Images of D3y &
and Day 10 TGF-f1 Treated TESUES

=

[

© Seceeted concenimiions for Dey 12 of 1 mgi=L TEFfi1 tresiment ane exfimaied, 22 the sampie= wene discarded in emor

o IN VIVO BLEOMYCIN MODEL

METHOD: Studies were perfiormed in male SO rats (2500300 g). Lung exposure was madelied using integrated pharmacckinetic
data, estimates of free nintsdanib lung concentrafions and recepior afinity data. Phammacokinetic (PK) parameters were
determined following administration of nintedanib at 60 mg/kg (20 or BID) and fres drug concentrafions wers determined using
rat lung Bssue and plasma protsin binding data. The repetifive fibrosis model was established by dirsct administration of
bleomycin (1.86 unitskg, Days 1, 2, 3, 6 and 7; nintedanib or wehicle were dosed orally from Day -1 to Day 27. On Day 28, the
fight lung was irfiation-fixed and scored for fibrosis using the maodified Ashoroft scale (blind assessment on 6 lung sections per
night lung]. The et lung was retained for hydroxyproline determinafion using an LCMS assay {n = § to 10 rateigroup).

Figure E. Mintedanio Pharmacokinetic Moosling Foliowing 8) Once of b) Twice Caiy Dosing in the Rat

al Pirvt edanits oeul dose 60 mg g once dadly 1o eul - ddsulated sieady. b Miriledanily ofil denid 60 ME L Uk dily 10 il - sifferlatid HMeady-
Atate (Day 21; [ (el : Dy ] [aRors).

B R

I wy T ®z g

H wf g

| : |

i - 5

I “§ I

§ e " e

1 oom _} E e

- : - - 1 a0 - - - a

— — —_— ——
== == il IC30) g g b e [1CR) - 1 ——— R L A RO

RESULTS: PK modefing of unbound exposure, relative to cellular potency, demonsirated that 80 mgkg nintedanio (BID) gave

40-7(0% target coverage betwesn dose occasions (Figurs 7h) compared to 60 mgko (G0 which pave onty 10% target coverage
al Ccayye [Figure T2). These data suggest twice daily dosing will be mone efficacious compared to once daily dosing at 60 mo'kg
Mintedanib (60 mgkg, BID) sigrificanty reducsd fiorosis in three independent studies (Figure TB). Mintsdanid (50 mg'kg, QO)
was not consistenty antfibrotic in thres independent studies (data from one study presented) (Figurs TA).

Figure 7. Effect of a} Gnoe or i) Twice Daily Nintenanib Desing on Fibrosis Score (3 = b)
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Data shown as median = 95% Interquatile range
Mann-Whilney Men-Parametric t-test, n = 8 1o 10/group

°CONCLUSION

In conclusion, human-derived in viro models can be used to assess potency and foxicity of novel fibrofic compounds = dsess
relevant aszays (2.g. FMT). Only compounds with the optimum potsncy and low toxicy will rmove forward into in vivo a22250)
assess exposurs and efficacy. Inftegration of in vilro and i vivo dafa will improve with screening and selection for novel
therapeutic anti-fibrotic dugs.
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Assessment of Mucociliary Clearance and Cilia Beating
Frequency in MucilAir™-Cystic Fibrosis In Vitro

charles river

C. S. Roper, E. Storey, H. Paulo, and J. Wallace
Charles River Laboratories, Edinburgh, UK

o INTRODUCTION o RESULTS: MONOLAYER INTEGRITY, % ACTIVE CILIA, CBF & MCC

The lungs are cleared of particles and kept stenle by cilia beating the mucus resulting in
mucociliary clearance (MCC) of these matenials. In cystic flbrosis patients, the mucus
produced is thicker and, therefore, the MCC system does not function effectively.
Mucil&ir™-Cystic Fibrosis (MucilAir™-CF) tissues are a functional model of the human airway
epithelium derived from cystic fibrosis patients’ cells (homozygote AF503 mutation) cultured at
the air-liquid interface resulting in a similar morphology to the patient, with functioning cilia, but
defective MCC. Efficacy testing for novel cystic fibrosis freatments requires assessment of
cilia beating frequency (CBF) and MCC. Therefore, this proof of concept study was performed
to asses the effects of a known surfactant, Tyloxapol, in MucilAir™-CF on % active cilia, CBF
and MCC, with cell viability dby Tr ithelial Electrical Resi: (TEER).
Mucil&ir™-CF was chosen as the test system for this study as this is an in witro model for the
respiratory airways known to reflect the disease conditions of cystic fbrosis patients.

o DISCUSSION

This study demonstrated that efficacy can be measured and changes ohserved in Mucil&ir™-CF
using % active cilia, CBF and MCC. Toxicity can also be observed in parallel using TEER.

The study design clearly demonstrated efficacy and toxic effects of the treatments. The Low Dose
Tyloxapol was both efficacious and non toxic. Conversely, the High Dose Tyloxapol was efficacious
only over a shaort period but resulted in reduced MCC at 24 h.

Both the vehicle control {physiological saline) and negative control (R-Lactose) resulted in efficacy
without causing toxicity to the Mucil&ir™-CF cells. Efficacy was, therefore, at least partly due to the
mucus thinning effect of physiological saline uzed for all tr . The surfz properties of
Tyloxapol increased MCC further at 24 h than physiclogical saline or B-Lactose.

The aim of the study was to measure the effects of the surfactant drug, Tyloxapol,
B-Lactose tive control) bath in physicl | saline, and physiclogical saline on the
critical end-points for cystic flbrosis drug efficacy testing; % active cilia, CBF and MCC.

-m-_ﬁ-

Time Mean 8D Mean sD Mean Mean SD
Undosed 43 04 816 157 35 7.0 - -

1 min 6.5 14 923 76 208 %3 368 50
10 min 6.1 08 953 22 21 50 403 7
30 min 70 03 984 14 42 26 295 116
60 min 58 10 939 74 159 89 m 4

At 24 h, viability (Figure 8), % active cilia (Figure 9) and CBF (Figure 10) were unaffected by physiclogical saline, B-lactose or Low Dose Tyloxapol treatment. MCC (Figure 11) was improved for physiclogical saline P | B i 2 EL SO ) 2
(36.2 + 20.8 pm), C (52.9 = 40.7 um) and Low Dos= Tyloxapol (62.1 + 32.0 um) treatment compared to High Dose Tyloxapol that was reduced (7.3 £ 7.4 um). The results are summanised in Table 2. 24 63 03 950 9 621 ko 34 162

All values are given as mean + SD. Undosed results demonstrated that Mucil&ir™-CF recapitulates the disease (% active cilia, CBF and MCC (displacement) were 82 £ 16%, 43+ 04 Hzand 35+ 7.0 um).

Cell viability was unaffected by the Low Dose Tyloxapol treatment (Figure 4a). The % active ciliz (Figure 5a), CBF (Figure 6a) and MCC (Figure 7a) all increased immediately (1 min) to 93 + 8%, 6.5+ 14 Hz and
208 +26.3 um, respectively. % active cilia and CBF were sustained to 24 h. MCC was sustained to 60 min, increased to 61.9 + 34.0 um at 2 h and remained at this high level to 24 h (62.1 £ 319 um). These
results are summarised in Table 1.

ly, following the High Dose of Tyloxapal, cell viability was reduced from 30 min onwards (Figure 4b). However % active cilia (Figure Sb) and CBF (Figure bb) were not reduced until 24 h. MCC
up to2h(BB3x 54 1 um), but fell by 24 h (7.3 £7 4 um}, presumably due to Tyloxapal toxicity.

o MATERIALS AND METHODS

Adoze range finding test (data not presented) was performed to select the ions of
Tyloxapel in saline for the main test. For the main experiment, tiplicate MucilAir™-CF were
dosed (30 uL) with Tyloxapol (Low Dose; 0.0005%, viv and High Dose; 0.1%, viv)in
physiclogical saline. The tissues were exposed for 1, 10 and 30 minand 1, 2 and 24 h.
Triplicate Mucil&ir™-CF fissues were also dosed with the vehicle control (30 ul; physiclogical
saline) or the negative control (30 uL; B-Lactose; 75 uM in physiclogical saline) for 24 h only.

__-E!@-E-

Figure 1 chows a schematic of the cells in culture. - - n - Time Mean Mean SD Mean S50 Mean SD
— = - = 2, 2 Predose 43 0.4 816 157 35 70 - -
1 i I B 7 g
\ { E 0 g = ° E - Physiological Saline 78 20 954 60 362 208 374 97
1 f 5 "]
—— / foo i : 83 B-dactose 60 04 970 34 59 M7 3B 6
e E P : g 2
[——— L] C e ! x Tyloxapol (Low) 63 05 950 79 621 320 354 162
i 0
1 o .
‘ e me 3w @em tmmn m4n e ime vimm Hmn Sem mm oe Frdme imn Wmn Nmn S0mn imme 34 e tmm time 3mm smn mimm e Tyloxapol (High) 48 05 372 85 73 74 76 13
':
At each exposure timepoint, CBF and % active cilia (active cilia were considered to have a = = ) ; e
CBF =35 Hz) were assessed immediately using CiliaX software (Epithelic, Switzerland). an = :
Microbeads (10 pum, dark blue) were then applied to the surface of each tissue and ca 30 s ™ i !z En c O N C L U S I 0 N
videos were captured. The videos were analyzed using the TrackMate plugin on Image) El - B = . § ;
[NIH). This software tracks the beads as they move and determines the rate at which they g w = : T« - 4
move (Figure 2). TEER is a sensitive and reliable method to confirm the integrity of the m g ‘; : % ol chan mhlzm:‘y JAIr™-CF. Th:lr::‘% actie ciia, CBF and MCC can be measured and
. e . N . . 3 ges observed in MucilAir 2 fore, it is proposed to use these endpoints in this test
yer and was in all tissues MCC analysis. Six untreated tissues S " . = Ptz fms Wmn Noe Men e e b zystem to identify improved and novel treatmenits for patients with cystic fibrosis.
were analysed as for the treated tissues. Individual tracked images are presented in Figure 3 mRodimno dnno fmno Xmno e Fraze imn Wmn Xmn Gimn 10mn M0 ) ; " Pt 1mn fmn Xmh sime tmmn 3N .
B 05 " 0
- . . E o REFERENCES
FE 7 £
T - : 2
2 E : H - Huang S., Wiszniewski L, & Congtant S. (2011). The Us= of In Vitro Cell Models in Drug Dewslopme it for
g g = H g 4] Respiratory Diszases. The Use of In Vitro 30 Cell Models in Drug Development for Respiraus @ DISsi (s2s,
o = : =% Drug Discovery and Developmernt - Present and Future. Kapetanowic | (Ed). - =
' = £ . +  Beubler £, Fizcher R, Untersteiner . and Strohmaier W, (2016). Infiuence of the Surfactant Tyloxapol B

§
:

Temmel  Tyoompd Sragaze P-ysnm Blackm Twmps Tl Pz Physologesl biscoee  Tyompol  Teloemsol Frde nmm Bdacinme mmnol Tyiamzel
Lo THgh) Toow Hert Zaine R i e

#
L
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TRANSLATION - STUDY DESIGN
RAT VERSUS HEALTHY HUMAN VERSUS DISEASED HUMAN
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IS THIS EASY
TO DESIGN
AND RUN?



KEY POINTS FOR STUDY DESIGN
WHAT SHOULD AN IN VITRO RESPIRATORY STUDY LOOK LIKE?

Vehicle
Tissues arrive * Dose response curve Controls?

Returned to culture e Typically 4-6 replicates at
Recovery overnight or each of 4-6 concentrations .
longer, model dependant ¢ Half log dilutions? .

Numerous possible measures

Cell viability (LDH, MTT, resazurin)
Pathology, ELISA, PCR......

Replicate virtually anything possible in vivo
Others: TEER, MCC, CBF

Exposure Single or
Duration Repeat Recovery Measurements?
Rinse Dosing

Tissue Receipt Dose Applied Apically
& Recovery Liquid or Aerosol

Rinse with saline or PBS
Very gently to avoid perturbing system

Measurements?

ALl and/or

Untreated
Control?

37 EVERY STEP OF THE WAY

Positive Control?
What Effect are

we Assessing?







CONCLUSIONS

* |nvitro models can be used to effectively screen out toxicants prior to in
vivo toxicology assessment or identify potential candidates for drug
development following efficacy testing

 |nvitro models can be used to generate human equivalent
concentrations in occupational toxicology as well as identify no effect
levels in toxicology. From these data, formulations or active ingredients
can be screened out. For test articles chosen for in vivo testing, this
data can be used in support of identifying DRF starting doses

e Using the rat, healthy human and diseased human models in parallel
provides translational information that often could not be considered
until after first in man or later. Therefore, these data can be used in
support of clinical decision making

39 | EVERY STEP OF THE WAY Charleosﬁver‘ S



CONCLUSIONS

e As new microfluidic/ on-a-chip technologies and tissue models
become available, so this science will rapidly expand to answer more
complex questions such as chronic diseases as the current research
has focussed on the acute effects

 These tests will have tangible 3Rs and animal welfare benefits

* |ntegration of these tests into testing strategies should reduce the
costs of bringing products to market

 And we didn’t even discuss applications of these
technologies for COVID-19 research!!!

~>< ~
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ORGANOTYPIC 3D TISSUE MODELS FOR RESPIRATORY
SAFETY AND EFFICACY TESTING

MucilAir™ Upper Airway Cross Section and SEM.

Mucociliary Clearance from CF MucilAir™ Fibrotic Protuberant Foci from EpiAlveolar™ Histopathology of EpiAirway™

TGF-B Day 10

Apoptotic /
Necrotic cell

Epithelium —
Collagen

Porous .
membrane

¥y b - - - -
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CONTACT US

Telephone: Email: Website:
+44 618 438 8438 clive.roper@crl.com WWW.Criver.com
+ 44 773 634 4451
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