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A 3D model of human brain development 
for studying gene/environment 

interactions 



Chemicals 

Pathogens 

Terrorism & 
Warfare 

Drugs &  
Countermeasures 

… but no patients 
to test on. 



NAS committee 
 
FDA Animal rule 2001 
 
“Currently available animal models 
for the development of 
countermeasures against 
biothreats are imperfect 
representations of the human-
pathogen interaction…the creation 
of new animal models is not 
warranted at this time … utilizing 
alternative methods to animal 
models” 
 
 
 

ALTEX. 2012;29(3):251-60. 



Research Drug development Clinical trials 

92% fail: 
-  20% tox not 

predicted 
-  40% no efficacy 

Average cost 
$1,4 billion 

1 in 100 patients 
in hospitals dies 
from adverse 
drug reactions 



 
•  Humans are not 70 kg-rats… 
•  Young animals, artificial diseases, 

unrealistic treatments, lack of 
covariables (comorbidity, other 
treatments) 

•  Few evaluations, e.g. stroke, 
sepsis, multiple sclerosis, show 
disappointing results 

•  Lack of reproducibility by industry 
of academic preclinical studies 
(11-25%)  

Limitations of (animal-based)  
drug development 



6 
http://en.wikipedia.org/wiki/Organ-on-a-chip 

 C. Zhang et al. (2009), 
“Towards a human-on-chip: 
Culturing multiple cell types 
on a chip with 
compartmentalized 
microenvironments” 

Human on Chip Approach 

Could overcome 
many of these 
shortcomings, 
especially using 
stem cells 
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CAAT$Information$Day$
Tuesday,$May$22,$2012$

10:00$am$–$4:30$pm$
Sheldon$Hall$(W1214)$
Johns!Hopkins!Bloomberg!!
School!of!Public!Health!
615!North!Wolfe!Street!

Baltimore,!MD!

The Johns Hopkins Center for Alternatives to Animal Testing 

Speakers!include:!
!

George$Korch!(JHBSPH!and!US!DHHS)!
William$C.$(Clint)$Florence!(DTRA)!
Donald$Drake!(SanofiIPasteur)!

Marti$Jett!(US!Army)!
Anthony$Bahinski!(Wyss!Institute,!Harvard)!

Sonia$Grego!(RTI!International)!
Lisa$Hensley!(US!FDA)!
Thomas$Hartung!(CAAT)!

!
!

!
Registration!fee!(including!lunch):!$100!(free!for!the!JHU!community)!!

For!registration!and!information,!contact!Marilyn!Principe!at!mprincip@jhsph.edu!
!

!
!

!

New$Approaches$to$Assessing$
Countermeasures$to$Bioterrorism$Agents$

$

Opportunities from 
countermeasures to 
bioterrorism 
•  Funding program ($200 

million) from NIH/FDA/
DARPA/DTRA 

•  Need for predictivity, 
QA, validation 

•  Joint workshop 10 May 
2013 FDA / NIH / DARPA / 
CAAT 

 

InfoDay 22 May 



Preparation of 3D aggregating brain cell cultures 
from human iPSCs 

School of Medicine School of Public Health 

? 



Multi-electrode array (MEA) recordings in 
aggregates 

Aggregate on MEA 

Evoked field potentials 

MEA system 

Amplitude (mV) 

Spontaneous bursting activity 

Frequency (spikes/sec) 



Trimethyltin chloride concentration

0 10 20 30 40 50 60 70 80 90 100 110 120
0

25

50

75

100

125 control 0.1 µM 1 µM 10 µM wash out

*
100 µM

Time (minutes)

M
ea

n 
fi

el
d 

po
te

nt
ia

l
am

pl
it

ud
e 

(m
V

)
0.020 0.022 0.024 0.026 0.028

-1.0

-0.8

-0.6

-0.4

-0.2

-0.0

0.2

0.4

0.6

0.8

Amplitude

Time (seconds)

A
m

pl
itu

de
 (m

V
)

Prediction of neurotoxicity by MEA recordings 
Ethanol concentration
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van Vliet et al., Neurotoxicology, 2007. 



Preparation of 3D aggregating brain cell cultures 
from human iPSCs 

NPC 



Characterization of human iPSCs 

School of Medicine 

Nanog/Oct4/
DAPI 

Sox2/SSEA3/
DAPI 

Sox2/SSEA4/
DAPI 

Sox2/
Tra-1-60/DAPI 

Sox2/
Tra-1-81/DAPI 

PLURIPOTENT MARKERS 

 KARYOTYPING 



DAPI/VGLUT1/VGAT 

DAPI/GABA/TUJ1 

Glutamatergic 

GABAergic 

Dopaminergic 

DAPI/Tuj1/TH 

Neuronal Differentiation 



3D aggregating brain cell cultures from 
human iPSCs 

4 DIV 7 DIV 



3D aggregating brain cell cultures from 
human iPSCs at 7 DIV 



mRNA expression in 2D and 3D neuronal cultures!
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How can the cell system fit onto a platform, 
and what platform schematic would work best?!

•  After aggregation the 3D culture can be transferred to most 
platforms 

 
•  Without rotation stable for at least 72 hours (LUHMES and rat 

model) 

•  MEA platforms - neuronal functionality (electrical activity 
recording) 

•  Larger samples size for e.g. intracellular metabolomics and 
transcriptomics analysis 



3D vs. 2D cultures 

•  Increased cell survival 

•  Increased differentiation 

•  Increased cell – cell 
interaction 

•  Reproducing better the 
complexity of the organ 

•  Endpoints need 
optimization 

•  More complex – lower 
reproducibility 



Toxicology - $3 billion of testing 
to regulate $10 trillion of trade!

Problems 
•  Throughput 
•  Costs 
•  Predictivity 
•  Too precautionary 
•  Animal use 
•  New products 
•  New hazards 
•  Mixtures 
•  Individuals 

? 
? 

Human-on-chip 



Scientific roadmap for the future of animal-free 
systemic toxicity testing 

 

May 2011:  EC report on status of  alternatives 
Sep 2011:  Independent review by 19 international experts 
Oct 2011:  Five white paper on the way forward 

    Consensus workshop with 35 experts 
Feb 2012:  Roadmap published 
Mar 2012:  Stakeholder Forum in Brussels with 150 experts 

 
US Stakeholder Forum 30-31 May 2013 

in preparation (M. Stephens) 
Looking for further interested partners!!! 

 



Ø  Key contribution to REACH 
implementation process  

Ø  Use of different informations, not 
stand-alone replacement 

Ø  Interim decision points 

Ø  Probabilistic / Bayesian approaches 

Ø  Modeling and Machine Learning 

Toxicology will make more use of 
integrated testing strategies 

 

Integrated Testing Strategies 



WoE, EBT, ITS…. Similar problems, 
but not the same 
all: quality and data integration problem 
EBT/WoE retrospective -- ITS prospective 
WoE pragmatic --  EBT / ITS formalized 
 

Just became available (AltWeb or ALTEX website) 



An atmosphere of departure in 
toxicology 

New technologies from 
biotech and 
(bio-)informatics revolution 

Mapping of pathways of 
toxicity (PoT) 

NAS vision report Tox-21c 

“We propose a shift from 
primarily in vivo animal studies 
to in vitro assays, in vivo 
assays with lower organisms, 
and computational modeling for 
toxicity assessments”  
F. Collins, NIH, 2008 

    “With an advanced field of 
     regulatory science, new  

    tools, including functional  
    genomics, proteomics,  
    metabolomics, high- 
    throughput screening, and 

     systems biology, we can  
replace current toxicology assays with tests 
that incorporate the mechanistic 
underpinnings of disease and of underlying 
toxic side effects.” M.A. Hamburg, FDA 2011  



Initiatives implementing Tox-21c 

Organiza(on Approach Purpose Outcome 

US	  EPA	  &	  Tox21	  	  
(ToxCast	  Program) 

High-‐throughput	  
tes(ng 

Chemical	  
priori(za(on	  
(ini(ally) 

“Biological	  
signatures”	  	  

 

Hamner	  Ins(tute Case	  studies 	  “Just	  do	  it”	   Proof-‐of-‐principle 

NIH	  project	  
(CAAT-‐US) Pathway	  mapping Pathway	  ID	  &	  

annota(on Human	  Toxome 



The concept of (finite number of) 
pathways of toxicity!

Annotation to: 
-  Hazard 
-  Toxin (class) 
-  Cell type 
-  Species 

Comprehensive list (Human Toxome)            Negatives 

Toxicant 

Toxicant 



PoT 



PoT 

Human Toxome 
database 

User	  side:	  
-‐  Regula(on	  
-‐  Probabilis(c	  

RA	  
-‐  Systems	  

Toxicology	  
-‐  Virtual	  pa(ent	  

Content	  side:	  
-‐  Mol.biol.	  
-‐  Biochem.	  
-‐  Omics	  SoT	  
-‐  Tox	  Mechan.	  

Exis(ng	  
databases	  

Workshop	  on	  the	  Concept	  and	  Tools	  for	  Pathways	  of	  Toxicity	  
October	  10	  -‐12,	  2012,	  Bal(more,	  MD	  



PoToMaC - 
The Pathways of Toxicty   
Mapping Center 
Transformative 
Research Grant: 
Mapping the 
Human Toxome 
by Systems 
Toxicology 

7 companies, 3 stakeholders 

European branch? 



2 Mar 2012 

“Driven both by legislative mandate and 
scientific need, a new suite of in vitro and cell 
culture-based animal-free methods are 
gaining a foothold in toxicology labs.” 



Validation modular approach 

Test definition 

Within-lab. variability 

Transferability 

Between-lab.variability 

Predictive capacity 

Applicability domain 

Minimum performance 
standards 

 
Reproducibility 

 
Relevance 
 

Hartung et al. ATLA 2004, 32:467-472  

ALTEX 24 (2007) 67-73 



Definition of Validation 

New 
TEST METHOD 

REFERENCE 
(TEST)  

Reliability 
(reproducibility) 

Relevance: 
scientific basis 

Relevance: 
predictive capacity 

✔ 
!!! 

✗ 
? 

Scientific 
Knowledge: 
-  PoT 
-  MoA 

ALTEX 27 (2010) 253-263 



Mechanistic instead of correlative validation 

1.  Identify PoT (AOP, MoA…) 
2.  Include in Human Toxome knowledge base 

Governance? 
3.  Design PoT-based reproducible assays 
4.  Show PoT coverage with well established 

reference chemicals 
5.  Include in ITS 

6.  Food for Thought article in ALTEX in press  

EBT? 

EBT? 



Evidence-based Toxicology 
“Evidence-based medicine goes toxicology!” 

 
Hoffmann and Hartung “Toward an evidence-based toxicology”,  

Human Exp. Tox., 2006 



Mar 2011:  US EBTC 
Oct 2011:  Secretariat at CAAT 
Jan 2012:  First conference hosted by EPA 



Just became available (AltWeb or ALTEX website) 



EBT	  Collabora(on	  Steering	  CommiYees	  
United States!

•  Mel Andersen, Hamner*"
•  Rick Becker, ACC"
•  Kim Boekelheide, Brown"
•  Robert Chapin, Pfizer"
•  Rodger Curren, IIVS"
•  Suzanne Fitzpatrick, FDA"
•  Jack Fowle, EPA"
•  James Freeman, ExxonMobil"
•  Alan Goldberg, CAAT"
•  Thomas Hartung, CAAT"
•  Michael Holsapple, Battelle"
•  Richard Judson, EPA"
•  Francis Kruszewski, ACI"
•  Martin Stephens, CAAT"
•  William Stokes, NIEHS, NIH"
•  Raymond Tice, NTP"
•  Joanne Zurlo, CAAT"
•  + Sebastian Hoffmann (EU EBTC liaison)"

"

Europe!
•  Alan Boobis (Imperial College)"
•  Neil Carmichael (ECETOC)"
•  Thomas Hartung (CAAT)"
•  Jan Hengstler (Leibniz Research Centre)"
•  Sebastian Hoffmann (seh consulting + services)"
•  Philippe Hubert (INERIS)"
•  Joanna Jaworska (P&G)"
•  Ian Kimber (University of Manchester)"
•  Annette Kopp-Schneider (Cancer Research Centre)"
•  Marcel Leist (University of Konstanz)"
•  Jean-Roch Meunier (L’Oréal)"
•  Bennard van Ravenzwaay (BASF)"
•  Kai Savolainen (Institute of Occupational Health)"
•  Thomas Singer (Hoffmann-La Roche)"
•  Nigel Skinner (Agilent)"
•  Carl Westmoreland (Unilever)"
•  + Martin Stephens (US EBTC liaison)"

"* Affiliations for identification purposes only 36	  



The difficulty lies, not in the new ideas, 

but in escaping from the old ones. 

John Maynard Keynes  

(1883 - 1946) 


