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* Increase in prevalence of neurodevelopmental disorders
in the US and globally
— WHO: 1 in 6 kids diagnosed at birth

evaluation

Why this?

Autism Spectrum Disorder

 Strategies to evaluate DNT underdeveloped

Estimated Autism Prevalence 2018

e In vivo DNT Guideline studies primary method of

— Require an apriori trigger to be run

— Time & resource intensive

guestioned

* Centers for Disease Control and Prevention (CDC)
prevalence estimates are for 4 years prior to the report date
(e.g. 2018 figures are from 2014) X
Source: autismspeaks.org, “CDC increases estimate of
autism’s prevalence by 15 percent, to 1 in 59 children”

— Relevance of animal studies for human translation have been

Need for a new

Framework!!

e Compounds with unknown DNT potential remain untested

Figure Courtesy: Tim Shafer
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children’s health”

Why now?
environmental chemicals is broken. We cannot continue to gamble with our

There is a Need for a New Framework for Assessing DNT

Toxic

“Our system for evaluating scientific evidence and making decisions about

logy and Applied Pharmacology 354 (2018) 3-6

Contents lists available at ScienceDirect

Toxicology and Applied Pharmacology

journal homepage: www.elsevi

.com/locate/taap

ct TENDR
Consens

us: Targeting

Environmental Neuro-

Developmen

Consensus statement on the need for innovation, transition and implementation of
developmental neurotoxicity (DNT) testing for regulatory purposes

tal Risks.

Source: http://dx.doi.orgH0.1289/E

HP358
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Why Us?
« Prioritize compounds for further * Automated behavior
testing » Neuroimaging
* Rapid, high-content, cell-based _ * Novel Biomarkers
assays, and complementary animal In vivo
models Testing . 0 r
« Complement and refine in vivo ross divisional
teams with my|;.
disciplinary
expertise
DNT * Building on past
Screening experience
Exposure
assessment &
* Integrate exposure with study findings using
IVIVE* and computational tools
« Enhance communication with stakeholders
to understand issues and provide
translatable data

* [IVIVE= In vitro in vivo extrapolation

clinical
translation
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plement a DNT screening battery that covers key neurodevelopmental events

Objective 1

Human-derived +

rodent + zebrafish

9 Neural network
{ formation & function
Migration ; l
2-D assays 3D- Neurospheres Zebrafish
DNTP’s Proposed Battery: Initial Assay Selection




S

What led to selection of the current assays?

Objective 1: Assay Selection Rationale
* Key neurodevelopmental processes; perturbed 9DI>IT?
« Meet high readiness criteria

— Biological plausibility

— Test system description

- twg

ogy and Applied Pharmacal

— Good robustness

2y 354 (201E) 7-18
Contents lists available at Scienc

Direct

journal homepage: www.alsavier.

Toxicology and Applied Pharmacology

com/locate,
neurotoxicity (DNT) using in vitro methods

Strategies to improve the regulatory assessment of developmental
Andrew Worth
* Implementation for practical applications in industry/regulatory purposes
» High throughput; ready for prime-time

Bal-Price et al., 2018

Anna Bal-Price™’, Francesca Pistollato”, Magdalini Sachana”, Stephanie K. Bopp™, Sharon Munn®,



Objective 1: Building on DNTP’s Past Experience
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Pilot: DNTP Workshop, 2017
Apoptosis @,N
NTP Chemical Library #

J, Neurite growth % 4

—

~ J ~ Differentiation Paraquat
0 Valproic acid Rotenone
N |

Lead acetate Colchicine

Drugs Proli : _ o -

roliferation ~ . Myelination
Flame Retardants J — o) ——» @& Y Neural_ network .
B ndustrial 5- FU , formation & function
BN oy Mi ;

igration i _

BN pesiicides BDE-99 , BDE-47, EHDP
BN Negatives Hexachlorophene, DDT, BPDP,

BDE-47, Carbaryl

Negatives performed as expected
Aschner et al., 2017 & Mundy 2015 8
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Objective 1: Building on NTP’s Past Experience

DNT- Data Integration and Visualization Enabling Resource (DNT-DIVER)

Benchmark concentration value (uM)

Example: Flame Retardants
g 0.001 on 01 1 10 100
L1 T 1 T W TV

5 .
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Berberine chioride - _ e 1 '
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1-Ethyl-3-methyimidazoium dethyiphosphate ol
tert-Butylphenyl diphenyl ghosphate - ot N
6-Hydroxydopamine hydrochloride -

e
Dibenz{a hjanthraoene - *

Hexachlorophene =

- ) Carbamic acid, butyl-, 3-inco-2-propyny! ester 4
Compare activity of compounds/classes across multiple assays g ——— *

Decreasing order of potency

Phenol, isopropylated, phosphate (3:1) (68937-41-7):

Compare activity of compounds within an assay

Rasphe (hemaliesd)
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B | 2
7 g
8 ;
zo8
Dif |}
8z £t
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H .. sttt Gy
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Individual dose-response curves

Plate and well level information

) ) Control variability in assa
https://sandbox.ntp.niehs.nih.gov/neurotox/ Y Y 9



https://sandbox.ntp.niehs.nih.gov/neurotox/
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Objective 1: Applications of Battery
Prioritizing for Further Testing . N
e.g. Flame Retardants .5 _ §~ F5a 5 L EFss &7
T L o §“§°§ \;{g QIS s T
§
2,2',4,4'5,5- Hexabromodiphenyl ether (BDE-153)
2, 2',4,4',5- Pentabromodiphenyl e-ther (BDE-99)

2-Ethylhexyl diphenyl phosphate (EHDP)

3,3',5,5"- Tetrabromobisphenol A (TBBPA)

Isodecyl diphenyl phosphate (IDDP)
Isopropylated phenyl phosphates (IPP)

Trimethyl phenyl phosphate (TMPP)

Triphenyl phosphate (TPHP)

Tris (2chloroethyl)phosphate (TCEP)

Tert-Butylphenyl diphenyl phosphate (BPDP)

Data publicly available on DNT-DIVER

https://sandbox.ntp.niehs.nih.gov/neurotox/

0.0001

0.00001

[]
||
Novel replacements show comparable activity to phased-out compounds

Not active (no BMC)
[:l Not tested

10
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Objective 1: Applications of Battery

For use in decision-making

— 1. Novel substitutes

o0 e ]. Extensively have comparable in
—— used/phased-out vitro activity to older

e — . flame retardants

S S — i 2. In vitro activity within

- . 0 . order of magnitude of
o . I Novel Substitutes in vivo point of
P m———— departure (POD)
S s S el B (when known)

3. Activity lies within

§ coveme & wwpmma O mmam O e range of human

§oorem 0 worn J oo A wvonn A woron

exposure (limited
exposure data for

Blum et al., (2019) Environ. Sci. Technol. Lett. 6, 638-649 novel com pOUI’ldS)
11



!6_! Objective 1: Applications of Battery

When animal studies may not provide the answer...

= il Fiproblasis
7“%’% ,@,& /'u‘c?’gﬂ . hiPSCs
Pt \ ! Dy
et g L : @\QVQ . . . .

I ‘%\Y Guideline studies did not
= ecsh identify effects in humans
Transmdssion . . qr > —

& v a e - 5
—_—— '.ff/(/c,gfc;';; w.« | MOA discovered using 3-D
i E- Gene dysregulation

neurospheres

» Zika infects hiPSC-hNPC

« Zika infection dysregulates cell cycle and
transcription in hANPCs

» Zika infection attenuates hNPC growth
and induces apoptosis

Developing .-'=_;_,
fetal brain  §

Olagnier et al. 2016 DNA AND CELLBIOLOGY

Slide Courtesy: Ellen Fritsche Tang et al. 2016 Cell Stem Cell 12



Objective 1: Global Contribution to DNT

>

How will our battery fill a global niche?

Assays
Synaptogenesis
Assay-specific Ch;:‘l:ll Prolifeminn wamiw;' T Neurite Qutgrowth ~ Fir‘]::hm i
compound Lists: ABCDE 12345 67809101112 13 1415161718 1920212232425 26 2728 29 031
- I Assay
Assay 1 = .
e | R L Evaluation
| — — -
Increase coverage by 3 =
concerted screening efforts in § = =
multiple assays = =
Address NTP’s DNT- related - =
nominations more efficiently - =

Species: WMHuman Rodent EMAlternative

Slide courtesy: Tim Shafer, USEPA Bal-Price et al., 2018; Sachana et al., 2019 13



Objective 1: Recent Progress

>

Call for Screening 100 compounds

Academia DNTP
CPSC. NRDC 5o 130

2% 2%

EFSA

EPA 14% ~ 300 nominations
17% received from ~ 35
| individuals

representing
different sectors

DNT Consulting
Consortium
449%*

*DNT Consulting Consortium
R3 Fellows LLC, IDN Consulting, OECD, EFSA, USEPA, Academia, Health Canada

14
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Objective 1: Recent Progress
Develop and Implement 7 in vitro assays to screen 100 compounds
RFls posted for
- Complete battery providers S
E Ongoing
Not yet started
Call f0|: ch(?mical

Selection of Initial Battery Assays

Prioritization of Chemicals
for Screening

FY2020
Completed

Procurement of Compounds

FY2021

Screen compounds (IAA)

FY2022

To Do
Establish
Screen Compounds (Contracts) @ ------------------
IAA: Inter Agency Agreements

)

screen
ID
contractors

Establish >
contracts

Report >
screen >>

Report >

15
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Objective 2

Assess novel DNT assays and technologies: In vitro

Medium reservoir

/% DO Mice DO ESCs DO NPCs > & ¢

Incorporating Genetic Diversity

%//

3D-Bioprinting in gels

PDMS
Neuronal networks

P Ah=y

q Q(
L/"J’

DL

Neurite elongation Vascular networks
Vasculogenesis

In microfluidic device

D5

-
e

ok N e
VRLPE( )
%)

Human iPS-EC  MN
spheroid

X

Glass

3D-Bioprinting
Neural Vascular
progenitors  progenitors

2

Sell-assembled into
cellar spheroids

EH®

3D Bioprinting

WORK IN

Microfluidics

POGHESS

Nikolakopoulou et al., 2020
DO Figure Courtesy: Dahea You
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Assess novel DNT assays and technologies: In vivo
* Issue: Clinical observations are the primary

diagnostic tool in patients, and yet current
rodent evaluations are subjective & often

Objective 2
miss critical time-periods (e.g., nighttime)

* Proposed solution: Explore automated
24x7 monitoring- overlay artificial
intelligence

Linking mechanistic bioactivity
to clinical end-points

WORK N
PROGRESS
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Issue: Representing the entire brain
with limited number of histological
sections may not be sufficient to

capture subtle changes that may occur
in neurodevelopmental disorders

Objective 2
Proposed Solution: evaluate potential for

Activation during
1

Diffusion tensor
connectomics to

identify alterations

incorporation of imaging tools to capture
structural & functional changes
A

visuomotor coordination:

C
in networks

Model of neurofunctional scatter:

Regions showing
significant group

differences:

Journal Pbio 0020267 Autism Mri 5

18



Objective 3
Establish communication pipelines with stakeholders and public

% Ncmonol TOX|co|ogy Progrom
U.S. Depar

of Health and Hurr

A About Dataset:

site SEARCH
Quality Control Concentration Response BMC by Lab Integrative Analyses Resources

Developmental NeuroToxicity Data
g

Integration and Visualization Enabling
Resource (DNT-DIVER)

Sl e W

oo, e

19



Stakeholder Engagement

_.k“#c

@ Ministry of Environment

ucpavis B+l 3o mirossanem - @f g3
Canada Environmental H
European Food Safety Authority

Protection Agency

@>> OECD UNIVERSITY OF CATTFORNIA
@T Oregon State

Umve rsﬁ[at

Konstanz D ke National Institute of
UNIVERSITY Environmental Health Sciences

biobide  BATTELLE  cinoLia \ TOX ] /

IUF

Z RESEARC
"\:i | JITE KX H
_..F._,I..E. L

fila
University
of San Diego*

@ MOLECULAR “NRDC '\@QC (o2 AL
DEVICES | o e S Notord iy
: incl linici "','Project
..Expanding to include clinicians, ‘ TENDR

industry, advocacy groups..
20



!6‘ mm Completed

O2 o= inprocess Program Milestones and Metrics
Year 1 Year 2 Year 3

|

Develop and implement seven in vitro assays clection of assa Test & Report >
c a S O adClO

|
Develop and condugt novel automated P ase Test & Report
home-cage monitoring age |
Communications (listserv, website, DNT-DIVER) ab Refine

Implement plan

Establish program for post-doctoral fellow via ‘

D
the Faculty for Advancing Neurosciences advertiSed | >
Identify functional links between in vitro and in Build ) Test & Report
vivo tests v |
Contextualize findings from in vitro/in vivo Test & Report >
| ‘

Establish strategy for imaging studies Design and test >
| | <

Integrate DNTP (_:apabilities across translational Establish process >
toxicology pipeline | | v

21
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DNT HEI in DNTP’s Translational Toxicology Pipeline

Ultimate goal is to more effectively predict DNT for unknown environmental
chemicals to prevent neurodevelopmental disorders

Reduce & refine animal testing
Literature reviews '

in vivo DNT
Studies

Data /
Knowledge
Mining

Neurodevelopmental Public and
g0/ ommunicate J) | Stakeholders
oxicology

..
in vivo DN /
Studi V.

n Imaging

Automated Behavior
IVIVE Others — e.g. Omics

In silico :
In V|t_ro
Studies Alternative
) _ models

DNT-DIVER & screening battery

22
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unknown DNT potential

Perspective
There is currently no comprehensive method to evaluate compounds with
exposed

disorders due to environmental factors

Compounds remain largely untested and susceptible populations continue to be

Our effort is an initial step in the long journey of preventing neurodevelopmental

23
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Thank You!




Developmental Neurotoxicity Health Effects Innovation Program
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Question 1

What are you most excited about?



Developmental Neurotoxicity Health Effects Innovation Program
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Question 2

Please share your insights about the Program regarding:
a. how the objectives address the problem/opportunity
b. the boldness of the approach to achieve the objectives
c. the alignment of the metrics to the desired impact
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Question 3

Developmental Neurotoxicity Health Effects Innovation Program

Considering DNTP’s capabilities and expertise, what mechanisms do

you suggest that we consider to be able to effectively execute against
the objectives? With whom might we partner to ensure success?



g’; Developmental Neurotoxicity Health Effects Innovation Program

Question 4

The disease-focused approach of the Health Effects Innovation
Programs is novel in toxicology and hazard assessment. What unique
challenges are we likely to encounter in taking that approach for
developmental neurotoxicity? What near and mid-term deliverables
might reinforce our decision to take that approach?



g’} Developmental Neurotoxicity Health Effects Innovation Program

Question 5

A key theme of the NIEHS Strategic Plan is ‘Data to Knowledge to
Action’. At what level of detail do we need to characterize
neurodevelopmental hazards to enable public health-protective
decisions by individuals, regulatory scientists and policy makers? For
example, at the level of bioactivity in the developing central nervous
system, induction of adverse changes in morphology or function or at
the mechanistic level?
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