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Next Generation Risk Assessment (NGRA)
New Approach Methodologies (NAMs)

NGRA is an exposure-led, risk assessment approach that
integrates New Approach Methodologies (NAMs) to assure
(human & environmental) safety without the use of animal testing

NAMs are any in vitro or computational (in silico) method

that enables mechanistically based chemical safety
assessment and contributes to the replacement of animals
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The Need for Implementation of NAM-Based Safety Assessments

Toxicity Testing

Strategies to Determine
Needs and Priorities

COSMETICS
Animaltesting bans since 1998

o Human

| S . relevance
X ..

%

Steering Committee on Identification of Toxic and Potentially Toxic
Chemicals for Consideration by the National Toxicology Program
Board on Toxicology and Environmental Health Hazards

P

’ AT ban in place

Exemption for common cosmetics

Commission on Life Sciences

National Research Council

« Too many chemicals and not
Resource enough data

constraints - Total number chemicals =
65,725

Societal - Chemicals with no toxicity
Regulatory attitudes/ data of any kind = 46,000
change (e.g. consumer - 1984 (forty years ago!)
EU Cosmetic preference
Regulation) O Aoy s

AT draft ban in discussion

One Tundred frou':mn[h GUHEHBS ’ Unilever driving discussion to create a ban
ol the

nited States of America

I No ban underdiscussion

Bogrn and beld at the City of Washington on Mondas,
the fourth day of January, neo thonsnd and sisteen

An Act

APPROVED
Global Animal Test Policy
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Non-Animal Frameworks for Safety Decisions:

Non-animal NAMs strategies
for 1-2-1replacement -
prediction of animal outcome

Prediction of an animal test is
not necessarily relevant to
assess human safety

Rodent studies have been used ina
protective manner with the use of
uncertainty factors rather thanin a
predictive way

DY

g
Unillever
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Development of battery of

assays aligned to AOPs
lzm)§

IR ‘@\\

/17

(AHOHP)-Wiki AOPs

(currently 481
‘ in AOP wiki;
1789 KE)

~ Multiple 1000s of assays need to be if
multiple AOPs are covered

°o0

%

How to identify the relevant AOP?
Not feasible for initial safety testing

Value in bespoke safety assessment when
differentiation between bioactivity &
adversity is needed (higher tier)

Receptor
binding stress

Development of
high-throughput & broad coverage
set of non-animal NAMs

ranscriptomics @

Exposure
(PBK)

( Protection Hypothesis: \

Cellular

assays assays

If biological activity measured
using a broad suite of human-
relevant test systems is above the
predicted exposure in humans,
then systemic adverse effects are

\ highly unlikely )
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Why Tier NAMs ina [Protective NGRA?]

« Canthenimplement the available and valid tools in a measured and
logical way

« Maintain a core dynamic system relevant to the risk
assessment/safety question
* Be ever prepared to improve and update

- Can lead from early-tier rapid computational tools to potentially
more complex testing systems in later tiers

* But only as necessary
- Helps give greater confidence to Regulators?
* Improving

- Early Tiers come at a ‘utility’ cost - the loss of otherwise useful
chemicals?

« That's what we have encountered but we must build confidence
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TOXICOLOGICAL SCIENCES, 169(2), 2019, 317-332

Society of 0i: 10.1093/toxsc/kEz058
Toxicology Advance Access Publication Date: March 5, 2019

www.toxsci.oxfordjournals.org Forum
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The EPA Blueprint: |A ‘Tiered’ Approach]

FORUM
The Next Generation Blueprint of Computational
Toxicology at the U.S. Environmental Protection Agency

Russell S. Thomas,*! Tina Bahadori,! Timothy J. Buckley,* John Cowden,*
Tier 1 Chad Deisenroth.* Kathie L. Dionisio.* Teffrev B. Frithsen. Christooher M.
Chemical Structure Broad Coverage, Multiple cell types
and Properties High Content Assay(s) +/- metabolic competence SEPA "
No Defined Biological Defined Biological Target N ew A pproq C h
, Target or Pathway or Pathway
Methods Work Plan
\ J Reducing use of animals in chemical testing
4 - Ottce ot o Doveiopoon”
v TI er 2 (O);fxce o: E’henu’:a‘l Sa‘:ef;' au\ld li’oll\xt:ox\ Prevention
I " \:"’EPA EPA 600/X-217200" "Dicomber 2021 | Www.epa,gov/research
Select InVitro Orthogonal confirmation Piocecion Ade
Assays
\_ I )
4 I ] Ters ) New Approach
Methods Work"Plan
Existing AOP No AOP
' 1 ‘ 1 - LS. Environmental Protéglion Agency
Office of Research and Dévelopment
1 1 Office of Chemical Safety@ind Pollution Prevention
o ’ 5 : . December 202 |
In Vitro Organotypic Assays and Identify Likely Tissue,
Assays for other KEs Microphysiological Organ, or Organism Effect
and Systems Modeling J Systems ) and Susceptible Populations
v v v
% 2y Estimate Point-of-Departure Estimate Point-of-Departure Estimate Point-of-Departure
%%,5 Based on Biological Pathway or Based on AOP Based on Likely Tissue- or
%9' Cellular Phenotype Perturbation Organ-level Effect without AOP

Unilever
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NAMs are Generally More Protective than Animal Tests
Accelerating the Pace of Chemical Risk Assessment (APCRA)

TOXICOLOGICAL SCIENCES, 173(1), 2020, 202225

SOT ‘ SOCICty o Tﬁx e D0 etz ASTAR HIPPTox ToxCast AC50
TOJ(iCO].Ogy’ S p Ot“ g ht Advance Access Publication Date: September 18, 2019 i (o) e
(OUErIE academic.oup.com/toxsci Tane messarch Aricle
Apply high-
Utility of In Vitro Bioactivity as a Lower Bound Estimate throughput
(httk) to get

of In Vivo Adverse Effect Levels and in Risk-Based
Prioritization

Katie Paul Friedman ® ,*! Matthew Gagne, Lit-Hsin Loo," Panagiotis
Karamertzanis,® Tatiana Netzeva,’ Tomasz Sobanski,$ Jill A. Franzosa,’ Ann
M. Richard,* Ryan R. Lougee,”!| Andrea Gissi,® Jia-Ying Joey Lee,* Michelle
Angrish,!l Jean Lou Dorne,/' Stiven Foster,” Kathleen Raffaele,” Tina
Bahador,! Maureen R. Gwinn,* Jason Lambert,* Maurice Whelan,* Mike
Rasenberg,® Tara Barton-Maclaren,’ and Russell S. Thomas @ *

mg/kg-bw/day

Bioactivity-exposure
Exposure ratio

95t

Chemical

Of the 448 substances, ~90% had a POD\, s that was less than the
traditional POD (PODy,gitiona? Value

Bioactivity:exposure ratios (BERs), useful for identification of priority
substances, demonstrated that high-throughput exposure predictions

ratio >0

 ExpoCast ®

POD-NAM 4 max AED = POD-traditional

3\ APCRA were greater than the PODy,y o5 for 11 substances I ; IL _,;?ﬁu :
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EPA Transition from ToxCast to Broad Coverage NAM ‘Product’
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Chemical Structure
and Properties

.

Broad Coverage,
‘ High Content Assay(s)

oDefined Biological
Target or Pathway

'

Multiple cell types
- metaboliccompetence

Defined Biological Target |

or Pathway

Tier 1 \

\

|

’ Selectin Vitro

Assays

‘ } Orthogonal confirmation

Tier 2

J/

‘/

N

!

!

Tier 3 \

J

Existing AOP NoAOP ‘
In Vitro OrganotypicAssaysand Identify Likely Tissue,
Assays forother KEs Microphysiological Organ, or Organism Effect
and Systems Modeling Systems and Susceptible Populations
v ; l

Estimate Point-of-Departure
Based on Biological Pathway or
Cellular Phenotype Perturbation

Estimate Paint-of-Departure

Based on AQP
Org

Estimate Point-of-Departure
Based on Likely Tissue- or

an-level Effect without AOP

High throughput profiling (HTP) assays are
proposed as the first tier in a NAMs-based hazard
evaluation approach

HTP Assay Criteria:

1. Yield bioactivity profiles that can be used for
potency estimation, mechanistic prediction and
evaluation of chemical similarity

2. Compatible with multiple human-derived culture
models

3. Concentration-response screening mode

4. Potential to detect specific and non-specific
bioactivity

To date, EPA has identified and implemented two HTP
assays that meet this criteria:

« High-Throughput Transcriptomics
[HTTr]

« High-Throughput Phenotypic Profiling
[HTPP]
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Building NAMs/NGRA Confidence: End-to-End Case Studies

=40 compounds

448 compounds

46 compounds

30 compounds

>70 compounds

@ampres From vision toward best practices:
oo scces Evaluating in vitro transcriptomic
points of departure for application
in risk assessment using a uniform

workflow
A 8
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Utility of In Vitro Bioactivity as a Lower Bound Estimate
of In Vivo Adverse Effect Levels and in Risk-Based
Prioritization

Katie Paul Friedman @ ,"* Matthew Gagne,’ Lit-Hsin Loo,’ Panagiotis
Karamertzanis,® Tatiana Netzeva,® Tomasz Sobanski,® Jill A. Franzosa,’ Ann
M. Richard," Ryan R. Lougee,” Andrea Gissi,} Jia-Ying Joey Lee,’ Michelle
Angrish," Jean Lou Dome,”” Stiven Foster,* Kathleen Raffaele,* Tina
Bahadori,’ Maureen R, Gwinn," Jason Lambert,” Maurice Whelan,” Mike
Rasenberg,® Tara Barton-Maclaren,’ and Russell S. Thomas @ *
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Unilever

Science Approach Document

Bioactivity Exposure Ratio:
Application in Priority Setting and Risk Assessment

Health Canada

March 2021

Health

Canada

application-peio

@)oo

Organisation for Economs Co-operation and Development
ENVICBC/MONOQ021)38

Unclassified English - Or. English

27 October 2021

ENVIRONMENT DIRECTORATE
CHEMICALS AND BIOTECHNOLOGY COMMITTEE

Case Study on use of an Integrated Approach for Testing and Assessment
(IATA) for Systemic Toxicity of Phenoxyethanol when included at 1% in a body

COSMETICS

lotion

Series on Testi

= O (e
s,

Cosmetics Europe L

" [s2:: | EUTOXRISK

EU-ToxRisk
SOXTEK
An integrated turopean Flagship’ Program
Orhving Mechanssm-based Toxicity Testing and firk Astessment
for the 21" Century

Case Study 16 Reporting Template

Team: 2

Team Members: Barira Islam; Ugis Sarkans; Marcel Leist Alessandra
Roncaghioni; Jukka Sund; Andrew White,

Compound ID: €5_16-02

Compound Name: (4-Hydroxy-2
JTEMPOL

Structure:

Other identifiers: CAS ID 2226-96-2; CH

—
'S

RISIC [::::]
HUNT3R




SEAC | Unilever @

Unilever: A NAMs/NGRA Tiered Framework Approach:
The overall goal is a human safety risk assessment

TIER 2: Refine Assessment
to Increase Decision

TIER O: Problem Formulation TIER 1: Data Generation

( . . ) Certainty
Characterise the chemical /ﬁ
. Exposure
Characterise the confumer exposure refinement
L Scenario ) including Bioactivity ™
. N
N generation of data e . ) -
Collate all available information relevant ADME generation Bespoke assays to cover remaining L S
(literature mining) parameter uncertaintiesidentified a Tier 0 or oo © )
Progress if datafor PBK Progress if \_ Tier1 )
safety model safety
decision can’t development decision can’t i N
be made L be made Further exposure refinement, e.g.
Exit T - / . ] consideration of transporters,
ifsafety decision B g Conk s metabolism..etc... =
2 - > N\ J =l
can be made £ Concentration [uM] | S =)
8 A
A4 3 Time A

Plasma Cmax Lowest

Use of predictive tools (i.e. /n silicoQSAR Exit . .
Safety Decision
platform PoD

models)

Use of exposure-based waiving
approaches such as Threshold of
Toxicological Concern (TTC)

[ Read Across ]
Calculate BER

A
Dy Exit
%g ifsafety decision can be made
L
(9

Unilever

- Exit
ifsafety decision can be made




Unilever: Our Key NAMs

Internal exposure - PBK modelling

~

BP4-Systemic Exposure-repeat

~—— Kidney cellular
Kidney tissue total
——Lung

96 120 144 168 192 216 240
Time

(h)

~——Plasma
Kidney extracellular
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/ In vitro pharmacological profiling \

PERSPECTIVES

Nuclear
receptor
panel

GPCR panel b "

P Reducing safety-related drug
attrition: the use of in vitro
pharmacological profiling

~79
targets

lon Channel
panel

Transporter
panel

4
y .

High-Throughput transcriptomics (HTTr)
TempO-seq technology - full
gene panel

* 24hr exposure

e 7 concentrations Lt

Moxon TE et al., 2020. Toxicology In Vitro, 63, 104746

D

1000

» Various cell models (e.g.
HepG2, MCF7, HepaRG)

= B0O

£ 600 i FE

« Dose-response analysis using b
BMDExpress2 and BIFROST
model

Reynolds et al. 2020. Comp Tox 16: 100138
Baltazar et al. 2020. Toxicol Sci 176(1): 236-
252

\{-t’-‘ eurofins
Bowes et al. 2012. Nat Rev Drug Discov
11(12): 909-22

Cr‘”}{)

/ Cell stress panel (CSP)

» 36 biomarkers covering
10 cell stress pathways

+ HepG2
24hr exposure

+ 8 concentrations

» Dose-response analysis

using BIFROST model
Image kindly provided by Paul Walker (Cyprotexy

Hatherell et al. 2020. Toxicol Sci 176(1):11-33
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Unilever: Testing the Performance of NAMs in an NGRA

. . . Low risk?
Benchmarking using chemical- %
° A i
exposure scenarios - | /
(7 |
O !
o |
* Chemicals with well-defined human exposures o |
| Highrisk? e
- Traditional safety assessment available o ° l
o |
« High certainty in the risk classification for each o |
chemical-exposure scenario from a consumer goods |
perspective i
« Risk class is relative to consumer health (N.B. drugs = 0.01 1 100 1000
high-risk) Bioactivity exposure ratio
‘ ‘Low’ risk for consumers from
systemic perspective [ Protectiveness ] [ Utility ]
‘High? risk for consumers from How many of the high-risk exposure =~ How many of the low-risk scenarios are
systemic perspective scenarios are identified as identified as low-risk at this early tier
% ?;% uncertain/high risk? stage in a risk assessment framework?
L (i.e. BER < threshold) (i.e. BER > threshold)
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Results for 38 Test Chemicals and 70 Exposure Scenarios

Highest available Cmax T
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BER

33% (8 out of 24)

T High-risk exposure scenarios are Low-risk scenarios are identified as low risk at this
LY ﬁg identified as uncertain/high risk early tier stage in arisk assessment framework
Umﬂww (i.e. BER < threshold) (i.e. BER > threshold)
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Comparison of NAM-based Tier 1 Toolbox with Decisions
Made Using /n vivo Data - Protective not Predictive

Traditional PoDs vs. NAM PoDs (mg/kg bw/day)
PBK level: highest
Pearson correlation: 0.57

HC Red 3
Furosemide

What if we took the same - gl| & P
approach with invivodata? — ¢ Penbuconszols

© DEET
il et Cyclophosphamide

102 ‘ e : . = o mylorpyrif:s

"o Trimellitic anyhydride

101 ] Butylparaben

Paracetamol

Aspartame

Oxytetracycline hydrochloride

2-Methyl-1,3-benzenediol

Nitrofurantoin

2-Amino-6-chloro-4-nitrophenol

L-valine

Ketoconazole

1,2-Octanediol

Ibuprofen

Cypermethrin

In agreement with Paul-Friedman et al. (2020) 1077 o e Dexamethasone

e Ethylzingerone
Glutaraldehyde

!

« Repeat dose in vivo data
identified for 27 chemicals
of the 38 tested.

100 .

 |In most cases NAM PoDs 10! 4

are more conservative
than traditional PoDs

102 - .

Traditional PoD (mg/kg bw/day)

l()-_4 I I | |l Ll 1 I 1
> 10> 1074 1073 1072 107! 10° 10' 10?2 103
%@? NAM PoD (mg/kg bw/day)

Unilever
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SOCI{: Toxicological Sciences, 2025, 204(1), 79-95

S O Tuxim ngy https://doi.org/10.1093/toxsci/kfae159
aca dem iC.ouD.com f TUHSGI Advance Access Publication Date: December 18, 2024
OXFORD -oup. Research article

Advancing systemic toxicity risk assessment: Evaluation
of a NAM-based toolbox approach

Sophie Cable*, Maria Teresa Baltazar, Fazila Bunglawala, Paul L. Carmichael, Leonardo Contreas, Matthew Philip Dent,

Jade Houghton, Predrag Kukic, Sophie Malcomber, Beate Nicol, Katarzyna R. Przybylak, Ans Punt, Georgia Reynolds, Joe Reynolds,
Sharon Scott, Dawei Tang, Alistair M. Middleton (5)

Safety and Environmental Assurance Centre [SEAC), Unilever, Colworth Science Park, Sharnbrook ME44 1][1 Umted Km:—rdom

\ L

P physiologically based biokinetics

https://youtu.be/522S8MnKp7g



https://youtu.be/5Z2S8MnKp7g

SERS - Safety, Environmental & Regulatory Science | Unilever R&D @

A Decade of Progress for TATT with NAMs/NGRA/TT21C




And Yet, Today, Nearly All Regulatory Safety
Testing is Still Based on:

Despite the current toxicity testing paradigm not sufficiently serving our needs... woefully
limited data, high testing costs, extremely long timelines, lack of human relevance, etc.
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What does the USA FDA think?

2y U.S. FOOD & DRUG

FOA

Roadmap to Reducing Animal
Testing in Preclinical Safety Studies

+Home / Regulatory Information / Search for FDA Guidance Documents

GUIDANCE DOCUMENT Executive Summary

. . oo o
COIlSldel‘atIOIlS fOI‘ the USE! Of Al‘tlflClal This roadmap outlines a strategic, stepwise approach for FDA to reduce animal testing in preclinical safety

. studies with scientifically validated new approach methodologies (NAMs), such as organ-on-a-chip systems,

Il‘ltelllgence TO Support Re glllatOI‘y computational modeling, and advanced in vitro assays. By partnering with federal agencies like NIH and

. e . . . VA through ICCVAM, FDA can accelerate the validation and adoption of these human-relevant methods,

DEClSlon-Maklng fOl' Drug and BlOlOglC&l improving predictive accuracy while reducing animal use. This transition will enhance public health by
streamlining drug development and ensuring safer therapies reach patients faster, while positioning FDA as a
Products alohal leader in madern reaiilatory science and innnvatinn
Draft Guidance for Industry and Other Interested Parties FDA NEWS RELEASE

JANUARY 2025 auman health and

FDA Announces Plan to Phase Out eceive FDA approva

e been particularly

Animal Testing Requirement for el g TR

- o »peared safe in animal
The FDA Modernization Act 2.0: Drug Testing in Animals is Rendered Optional MOHOC]OIlal AntlbOdleS and Other DrugS iferences between

Eli Y. Adashi, MD, MS & ° & . Daniel P. 0'Mahony, MSLS® . 1. Glenn Cohen, JD

THE AMERICAN JOURNAL
of MEDICINE

Official Journal of the Alliance for Academic Internal Medicine

Affiliations & Notes vV Article Info vV

ouncehithdnmediate Release:  April 10, 2025

The FDA Modernization Act 2.0 (S.5002), a bipartisan bill co-authored by Senators Cory Booker (D-NJ]) and Rand Paul (R-KY), was passed by tt
Senate on September 29, 2022, by unanimous consent and without amendments. Later ratified by the US House of Representatives, the FDA

Modernization Act 2.0, now part of the Consolidated Appropriations Act, 2023, was enacted into law on December 29, 2022.* The new law an Today’ the U.S. Food and Drug Administration is taking a groundbreaking step

the Federal Food, Drug, and Cosmetic Act by authorizing sponsors of novel drugs to make use of “certain alternatives to animal testing, incl

cell-based assays and computer models, to obtain an exemption from the Food and Drug Administration to investigate the safety and effect to advance pUb"C health by replacmg animal testlng in the development of

of a drug”* The new law also “removes a requirement to use animal studies as part of the process to obtain a license for a biological produc monoclonal anﬁbody therapies and other drugs with more effective, human-
biosimilar or interchangeable with another biological product.”* In this Commentary we review the history of legislative efforts to curtail the

relevant methods. The new approach is designed to improve drug safety and

mandated use of animals in the testing of drugs for safety and efficacy, discuss the emergence of nonanimal drug testing technology, and r¢

the future prospects thereof. accelerate the evaluation process, while reducing animal experimentation,
Congressional expressions of concern over the reliance of the US Food and Drug Administration (FDA) on animals for safety and efficacy test lowering research and deVelOpment (R&D) costs, and ultimately, drug prices.

have been a matter of record since 1998. It was in the course of hearings of the Senate Committee on Appropriations that the Doris Day Ani
League lamented the discontinuation of “all assessments of in vitro, or non-animal test methods, to substantiate the safety of products”* The FDA’s animal testing requirement will be reduced, refined, or potentially
Congressional consideration of the authorization of an Interagency Coordinating Committee on the Validation of Alternative Methods follow
before too long. However, it was not until 2019 that a flurry of Congressional bills were introduced with an eye toward limiting the use of a replaced using arange of approaches, including Al-based computational
the testing of new drugs on humane grounds. Examples include, but are not limited to, the Reducing Animal Testing Act (S.4288), a bill introy models of toxicity and cell lines and organoid tOXiCity testing ina Iaboratory
Senator Ben Ray Lujan (D-NM) on May 19, 2022. Perhaps the most compelling illustration of the leanings of the Senate is illustrated by the “
the Senate on Animal Testing” the central missive of which was that “animal testing should not be used for the purposes of safety testing o Seﬁing (so-called New AppfoaCh MethOdOIOQieS or NAMs data)-
B

Unilever
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Reflected in Funding at USA National Institutes of Health?

National Institutes of Health Seargitln Q

Turning Discovery Into Health Virtual Tour = En Espafio

Health Information Grants & Funding News & Events Research & Training Institutes at NIH About NIH

Home » News & Events » News Releases

NEWS RELEASES

Tuesday, April 29, 2025 Institute/Center

NIH to prioritize human-based research

National Institutes of Health (NIH)

technologies Contact
NIH Office of Communications and

New initiative aims to reduce use of animals in NIH-funded Public Liaison=

research. 301-496-5787

. . . Connect with Us
The National Institutes of Health (NIH) is
adopting a new initiative to expand 2 subscribe to news releases

innovative, human-based science while RSS Feed
reducing animal use in research. Developing
and using cutting-edge alternative
nonanimal research models aligns with the

U.S. Food and Drug Administration’s (FDA)

0y recent initiative & to reduce testing in
ﬁ i‘% imal hil ditional animal model
% 5 animals. While traditional animal models Combining microfabrication techniques with
|

Unilever
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In Europe, A Roadmap? Talk or Action? Lots to Decide On

COMMISSION ROADMAP TOWARDS PHASING OUT
ANIMAL TESTING FOR CHEMICAL SAFETY ASSESSMENT

Commission’s Communication Publication of Commission's
on Roadmap Roadmap

& interviews
Dec 2024 -May 2025

evidence
Sept- Oct 2024

July 2023
Y 1st Commission 2nd Commission 3rd Commission Q12026
Workshop Workshop Workshop
(together with Oct 25, 2024 16-17 June 2025,
PARC- NGRA) Helsinki
ECI Dec 11-12, 2023
launched '
2021 Public call for | Targeted consultations
=
2021(...) 2023 ;»‘E‘;m 2025 \—* 2026
Multi-stakeholder ' EPAA Animal-Free [
Roundtable on the . Chemical Safety | EUROGROUP
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In Our Own Work: Selection of Cells?

 Initially generated HTTr data in MCF-7, HepG2 and HepaRG cell lines for all chemicals, and
the Cell Stress Panel is conducted in HepG2 cells.

 Now focussed on using hTERT cell lines in place of cancer cell lines for new data generation

« Factors that have been considered:
- Biological diversity. Using content maximisation methods and baseline gene expression data to rank cells

- Metabolic capacity. Defining HepaRG 3D as the most competent and using the baseline gene expression data to
identify the most and least competent cell lines

- Presence of DART related genes. Making use of the baseline gene expression data and published lists of DART
genes

- Tissue of origin. Consideration of including most likely target organs or barrier tissues
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Are hTERT Cells Likely to be Superseded? YES! By Human iPSCs

W

Unilever

» Generation of
iPSCs from
mouse fibroblasts

toxicity testing

« Use of patient-specific iPSC-CMs
for disease modeling [62]
* Use of iPSC-CMs for drug

« Use of iPSC-CMs
for non-drug
toxicity testing

« Use of a healthy
population of iPSC-
CMs for drug toxicity

qﬂm

testing

qﬂm

« Generation of iPSCs from human
fibroblasts
» Generation of iPSC-derived CMs

* Use of iPSC-CMs from
patients to recapitulate
clinical toxicity of a drug

from human fibroblasts

* Use of a healthy population
of iPSC-CMs for
environmental chemical
toxicity testing

Patient/ Healthy
Subject Tissue Sources Cell Types
( = ;
K "‘\] Fibroblasts
/) }\ n T Lymphocytes

Keratinocytes

~ Hairfollicles
K P‘ , %Eﬁﬂﬁ - Renal TubularCells
(Al

iPSCs—

Cardiac Cells

Neuronal Cells

—> Biomedical Research g

— Drug Discovery
_— Potency Testing

Predictive Safety
Pharmacology/Toxicology

Liver Cells

Endothelial Cells

o o

Hematopoietic Progenitors

Mesenchymal Cells

Etiology and
Pathophysiology of
Diseases

Personalized/ Precision
Medicine

—> Cell Replacement Therapy



And They Are Being Used in Deci

Grouping of UVCBs to
waive (or minimize)
animal testing
requirements

Deriving “protective”
points of departure and
bioactivity-exposure
ratios

&*
House et al 2021

Grouping of UVCB Substances with New Approach
Methodologies (NAMs) Data

John §
Shu-D

o House et al 2022

Research Article

EYE GrouBmg of UVCB Substances
wew with Dose-Response Transcriptomics Data

from Human Cell-Based Assays
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Jang et al 2023
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sion Making:

Testing validity of dose
reconstruction
assumptions for chemical

Hsieh et al 2021
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A Population-Based Human In Vitro Approach to Quantify
Inter-Individual Variability in Responses to Chemical Mixtures
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Abstract: Human cell-based population-wide in vitro models have been proposed as a strategy to
fic estimates of however, the utilty of this approsch
s ot yotbect et for umultive exposues i mixuren. This sy imed f st defined

A their of the mixtures,
were likely to be more variable in a population than those of the individual chemicals. The in vitro
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derived using Bayesian concentration-response modeling and population variability was quantified
i the form o a toxcodynamic varablty acor (TDVF), We found that 2 chemmical nd ol mixtures
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%) of variability in b Jation to.>10, The data akso provide a
proofof pinciplefor single- ide toicity of th
20 mintures, athough seplcation would be ncesary due 1o statitical power liitations with the
current sample size. This study demonstrates the Reasibility of using a set of human lymphoblastoid
cell fines as an in vitro model to quantify the extent of inter-individual variability in hazardous
properties of both individual chemicals and mixtures. The b variability of
the mixtures is unlikely to exceed that of the most varisble component, and that similarity in gename-
wide associations among components may be used to accrue additional evidence for grouping of
constituents in a mixture for cumulative assessments.
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1. Introduction

sed toa ty of chemicals from both dietary and non-dictary
sources; therefore, developing approaches for the risk assessment of combined expasures to
multiple agents is the pressing challenge in regulatory science [1). Evaluation of mixtures

Rapid hazard screening
after disaster events that
may involve re-distribution
of chemicals

SOT =2 Chen et al 2021
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Risk Characterization of Environmental Samples Using
In Vitro Bioactivity and Polycyclic Aromatic
Hydrocarbon Concentrations Data

i - s s Chen et al 2021

Fred A. W Article
Potential Human Health Hazard of Post-Hurricane Harvey
o Sediments in Galveston Bay and Houston Ship Channel: A

siinormay Case Study of Using In Vitro Bioactivity Data to Inform Risk
university, & Management Decisions
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 Natural disasterssuch as n.-».s. and hurricanes can lead to severe damage t urban-

and d public health risks due

1o the m-diatibution of chesnical omtamminanis [1). These challenges are especially acute
in areas with known kegacy contaminations whereby natural and anthropogenic disasters
may alter the contamination patterns and change potential hazards in unpredictable ways.
One recent example of such an event is Hurricane Harvey (2017), which resulted in extreme
4 flooding in the Houston/Galveston Bay region, a heavily industrialized area on the shores
(ot ot ot CompernOf the Galveston Bay and the Gulf of Mexico. The sediments in the Galveston Bay are
Known to be d by icals Including polycy clic
aromatic hydrocarbons (PAHs), polycyclic biphenyls (PCBs), pesticides, and heavy met
alls 2], Indeed, recent studies indicated that post-Harvey, pollutants such as PAHs were
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And That is Without Factoring the MPS/Organ-on-Chip Possibilities!

IQ MPS Consortium Members: AbbVie, Alnylam, Amgen, Astellas Pharma US, AstraZeneca, Biogen, Boehringer
Ingelheim, Bristol-Myers Squib, Daiichi Sankyo, Eisai, Eli Lilly, F. Hoffmann-La Roche, Genentech, GSK, Incyte,
Janssen, Merck, Merck Healthcare KGaA, Novartis, Novo Nordisk, Pfizer, Sanofi, Servier, Takeda, Vertex, UCB

Establishment of NCATS
December 2011

[ US Food and Drug Administration ]

* Center for Advancement of
Science in Space (CASIS) or
International Space Station —
National Laboratory

*DARPA $75 M
2018 — 2022 Disease Models for Efficacy Testing

* AstraZeneca,

N

GlaxoSmithKline and Pfizer|
Reference Set Compounds
(2014-2017)

$8 Min kind per launch
* NASA task orders with
implementation partners

RFA-TR-19-003
- 5awards ($25 M HEAL)

Nociception, Addiction. and Overdose

Clinical Trials on a Chip

RFA-TR-19-014
+ 10 awards $36 M

2010-2012 2012 - 2017 2016 - 2021 Alzheimer's Disease-Related Dementias
Regulatory Science Toxicity Studies Accelerated Aging Models RFA-NS-19-027 Intramural - Extramural
-1award $7.5M Collaboration for Drug
NIH - FDA Joint NCATS Tissue - S Screening with Bio-fabricated
Leadership Council Chips for Drug Tissue Chips in Space Disease Models 3-D Disease Tissue Models
on Screening RFA-TR-16-019 RFA-TR-16-017 RFA-TR-21-015
Advancin‘ - & ovrarde $12 M g};lﬁ# NIAMS, NIBIB, NICHD, NIDCR, NIDDK, NIEHS, NINDS, ? awards $? M
Regulatory Science RFA-RM-11-022 - 13awards $75 M
=10 awards RFA-TR-18-001 (joined by RFA-DK-17-035 Type 2 Diabetes Translational
RFA-RM-10-006 NIBIB) § Centers for
- Heart and Lung RFA-RM-12-001 -4 awards $10 M 3 awards $15M Mm-
Micromachine was one -8 awards —p_y_lo ical
of 4 awards Self-sustaining Joaical
NCATS $50 M g ge - Systems
NI $18 M 2016 — 2020 Building Confidence in MPS beyond Ncr:tATs (TraCe MPS)
Common Fund, NIBIB, X N X suppo RFA-TR-23-001
FDAS225M NCI, NICHD, NIEHS, Tissue Chips Testing Centers and Database Center PP «4 awards $35M
ORWH $25 M RFA-TR-16-006, RFA-TR-18-005, RFA-TR-18-006
-2TCTCs and 1 MPS Database Center $24 M
L | | | | |
f 1 ! ] ! —>
2010 2012 2016 2020 2022 2024
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The USA NIH-funded ‘Tissue Chips’ Landscape = >$400m to-date
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Why Not Spin-Off Your Own Organ-on-Chip Company (NIH Supported):

Body on-a-Chip

Hesperos” L

TSSUSE

Emulating Human Biology

Scientific

o indore Selected products

Multi-Organ Chip
(2, 4 organs)
(5-10 organs)”

Michael Shuler
James Hickman

2-Organ-Chip (2-OC)
4-Organ-Chip (4-OC)
Human-on-a-Chip
(HoC)*

Uwe Marx

Tissue interface on-a-Chip

D

eo RTIS Kldney on-a-Chip

= : 1 on-a-Chi

== P
3 I N\ y

[ W X . Axel Guenther Artery on-a-Chip

— \ - :

= »

Quorum

| Tier -1:
| Collaborative research and
 technology transfer agreements
*Execution of all legal agreements
*Sharing of the protocols

*TAMU staff training with developers

,)\ @ CORPORATION

TEX-VAL

@

A I Vi e I I X /“y Olivier Guenat

Lung on-a-Chip

Airway on-a-Chip

Gut on-a-Chip

Kidney on-a-Chip

Bone Marrow on-a-Chip

Donald Ingber

ac®

nnnnnnnnnnnnnnnnnnnnnnn
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Scientific
founders

Kapil Pant

Linda G Griffith

Joseph Charest

Jos Joore
Paul Vuito
Thomas Hankemeier

B. Prabhakar Pandian

Selected products

LiverChip®
LiverChip® 36

Microphysiological
Systems

OrganoPlates®

SynTumor
SynBBB
SynRAM
SynTox

¥ JE Steven George

Abraham Lee
| - Roger Kamm
I

. -

T

Milica

G. y F
Christopher Hughes

? - Tier=0: = -

~

\ Tissue chip testing without cells -
| *Assembling of tissue chips i
*Testing of the flow and operation

H *Testing drug binding to devices
I °Development of LC-MS methods |

e ——

| Greg Baxter
Robert Freedman

=415 zior_l%}a

Tier 1:
Reproducibility testing of
tissue chips

| *Replicating published studies

*Evaluation of key findings
*Detailed protocols and SOPs

Anne Taylor

OOy veory
Carl W. Cotman

ized
micro-organ
(VMO) platform

3D cell culture chips

™

Tier 2:
Extending the utility of the
. tissue chips
*Defining the “context of use”
*Conducting additional studies
*Depositing data into MPS-Db

Triple Chambe
Neuron Device

IVERSIT Ye

A&M

\

Tissue Chip Testing Center
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PBK Modelling in NGRA - ‘Black Box’ or Fully Understood?

Physiologically based kinetic (PBK) models are used to simulate the behaviour of a chemical in the body
for a given exposure scenario

A Bayesian statistical model to quantifies

)" Inhalation the error for a novel chemical
s +  Output:Plasmac,,, distribution at each
Gastro PBK level

@B sime

 PBK models are composed of multiple coupled ordinary
differential equations.

 The model have various parameters that need to be
determined.

Example equation for determining the concentration of
chemical in the liver:

Lung

Adipose

Intravenous ‘
Bone

Brain

Heart

l Venous blood

Muscle dCliver CLiver : CLiver
| : VLiver dt QLiver | CArterial — 2 — CLint Py : * Fup
Dermal Skin Sl absorption Oral Liver Liver
moae
“ J
[+ Liver - Spleen
} : i [Concentration of
clint Kidney [Rate of change of chemical in the
o GFRifup concentlratl?n in the arterial blood] [Clearance rate via
B 5% iver [Concentration of ism i
¢ metabolism in the
%&@ ! [Blood flow rate] chemical in the
Unilover~

liver]
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Defined Approaches for Complex Data Integration: POD in HTTr

High throughput transcriptomic (HTTr)
studies provide high dimensional datasets
for the bioactivity of a chemical

Downstream results are highly sensitive to a
plethora of decisions around experimental
design, data normalisation, modelling
choices, summary statistics and more

For robust inferences, it is critical that the
consequence of each decision, as well as the
consequence of having made an alternative
choice, is understood

SERS - Safety, Environmental & Regulatory Science | Unilever R&D @

Load meta data

BIFROST HTTr - dataset preparation Raunitolaxing pag

Prepare BIFROST inputs |

Test substances Cell types Select plate:

Configuration fils editor Log

L T P

BIFROST HTTr - visualise results

Retumn to landing pagd
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Put Together iPSC of Multiple Lineages, into MPS/O0C, Treat with ‘Toxins’,
Determine POD from HTTr (and other NAMs) by Bayesian Statisics and
Compare to Exposure Estimated by Computational PBK with Population
Variability... Oh, and VALIDATE THAT!

aa N -

Cardiac Cells Liver Cells Endothelial Cells

And let Al make the
decision on:
Safe or Not-Safe

Unilever
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Reproducible? The Regulators Replication Validation Dilemma

| Newsinfocus
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NEWS FEATURE | 05 December 2023

Is Al leading to a reproducibility
crisisinscience?

Scientists worry that ill-informed use of artificial intelligence is driving a deluge of

unreliable or useless research.

- IA’= Lglkfnum Iﬁxpmsmu
> BIOMEDICAL PAPERS

inHundreds of studies seem to follow a template,
reporting correlations based on public datasets.

ols By Mi \)mllu nh wvingmany contributing factors.
Ve ha iden explosion n publication

ve

o0
uy that lenes
he scientific literature is at risk of mlarpaw rs]thatare ext eme\y! ormulaic
stotalk’ [l becoming g papers that
e i i g % Matt
k
ificial intell of Surrey UK.

i

(Al)took
ina uudy Pl 18 Pio s smlagy ciationsii nmaﬂyonMD pers dmnolnold up
this montl

30
Nai

that us ed
alth and Ny

S seemed tohay
“Imaginey

Pckedda(a
gtopassanexamthat

ey of
T.Suchak et al. PLoS Biol. 23, Q esl onszs)o want. You see which ones you

€3003152; 2025).

follow a similar zempl lc associating one  wro ;‘Ih s | ha sical Ily»hauhcy redoing,”

dc uwm epers It can take sptin
n scribe these cells

17 (KR

Dy

Unilenver

|

nature

Explore content v About the journal v Publish with us v Subscribe

nature > news > article

NEWS | 25 April 2025

Huge reproducibility project fails
to validate dozens of biomedical
studies

Unique reproducibility effort in Brazil focuses on common methods rather thana
single field — and prompts call for reform.
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CAREER NEWS | 20 January 2025

‘Publish or perish’ culture blamed
for reproducibility crisis

Survey of more than 1,600 biomedical researchers also flagged small sample sizes and
cherry-picking of data as leading causes of reproducibility problems.
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1,500 scientists lift the lid on reproducibility
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‘Doing good scienceis hard”:
retraction of high-profile
reproducibility study prompts
soul-searching

A paper by some of the biggest names in scientific integrity is retracted for issues
including misstatements about the research plan.
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Are We Even Scratching the Surface of the Wealth of

Data in Transcriptomics?
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Fig. 1. Overview of the study workflow. Abbreviations: KC, key characteristic; KEGG, Kyoto Encyclopedia of Genes and Genomes; GSEA, gene set
enrichment analysis; DEG, differential expressed gene; ORA, over-representation analysis; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin.
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New Collaboration Between Unilever and CMU for 2026+
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A Decade of Progress for TATT with NAMs/NGRA/TT21C
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