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Let’s not beat a 
dead horse* talking 
once again about 
the shortcomings 
of animal tests

*Completely inappropriate for CAAT

• For the 9 most common 
OECD tox tests, 
reproducibility is 81%, 
69% for toxic substances

• Mice and rat predict each 
other ~60%
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Irreprodu-cell-bility
Cell tests have not less problems!
• Ca. 25% of cell lines misidentified
• 15-25% mycoplasma infected
• Genetic instability 
• Culture artifacts 

Pronounced genetic differences
in frozen cells of the same lot from 
a cell bank
Kleensang (2016) Sci Rep 6, 28994 

But we have 
to talk about:
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Genetic instability
MCF-7 cells  - ~42,000 articles

Karyotyping

Comparative Genome
Hybridization:

10% genome lost
50% of genes less than 2 copies
30% of genes more than 2 

copies (up to 30)

Overcome by 
Stem cells

“Franken-cell”
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Cell density ca. 0.1% of tissue,
Dilution of all secreted factors

Cell to cell contact about 2%, 
49% plastic, 49% medium 

Traditional culture: pan-fried eggs “sunny side up”
Single cell types
No tissue architecture
No organ functionality

Overcome by 
3D organoids



Edge-effects
Minimal cell contacts
No demand on cell functions
Cell cross-contamination

Sudden environment changes

Non-physiological environment
Growth factors and excess nutrients
Limited oxygen access

No polarization,
No flow

Overcome by 
Perfusion (chip)



Evolution of Cell Culture - high-tech & business opportunity

8Marx et al. 2016

Marx et al., Biology-
inspired micro-
physiological system 
approaches to solve the 
prediction dilemma of 
substance testing using 
animals. ALTEX 2016, 
33:272-321.

Marx et al., Biology-
inspired 
microphysiological
systems to advance 
medicines for patient 
benefit and animal 
welfare. ALTEX 2020, 37: 
in press.



Chem Res Toxicol 2017, 30:43–52

Life Sciences



CAAT’S BRAINSPHERE
PROJECT
§ FROM SKIN OF DONORS, 

INDIVIDUAL STEM CELLS

§ IN 3 MONTHS THOUSANDS OF

IDENTICAL ORGANOIDS

§ NEURONS COMMUNICATING

§ SOME BRAIN FUNCTIONALITY

~100um



Anderson et al., In Vitro Cellular & Developmental Biology 2021, Published online. Doi: 10.1007/s11626-020-00532-8



The next challenge is to model disease:
From microphysiological to 
micropathophysiological models

Petri-dishes with different disease models



From Copstead and Banasik, 2000.

Etiology of 
diseases

Toxicity
Trauma

Infection

Developmental
Immunologic
Cancer
Genetics
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Hours post-treatment with LPS
Similar: Dengue & ZIKA virus

Microglia in BrainSpheres to study neuroinflammation

Exclusively licensed by

IL-10

IL-6

IL-1β



A SARS-2-CoV-
infected human 
brain cell

Hogberg, Sillé & Smirnova

Bishai &
Bullen

ALTEX 2020, 37:665-671



Glioblastoma in BrainSpheres

► DEVELOP DRUGS

► OPTIMIZE CHOICE OF DRUG Exclusively licensed by

Effect of Temozolomide 
and Doxorubicin treatment

Brain with tumor



The model
identifies 
suspected 
developmental 
neurotoxicants and 
models various diseases

In conclusion, our BrainSpheres model has shown to be a reproducible and 
novel tool to study neurotoxicity and developmental neurotoxicity. Results 
presented here support the idea that rotenone can potentially be a 
developmental neurotoxicant. 

EPA-funded 
development 
of DNT assay



Multiplexed human 
BrainSphere Developmental 
Neurotoxicity test for six key 
events of neural development

September 2019

Smirnova, Hartung, Berlinicke, Gracias



CHD8 knockout BrainSpheres (CRISPR-CAS9) as disease model

iPSC carrying CHD8 mutation along with control cell line

BrainSpheres from iPSC with k/o CHD8

CHD8+/+ - control iPSC
CHD8+/- - heterozygous knockout

CHD8+/-CHD8+/+

CHD8

GAPDH

CHLORPYRIFOS-OXON

CH
D8

+/
+

Control CPF 100 μM

CH
D8

+/
-

unpublished

Lachman    Smirnova



New date!
Virtual Jun & Dec 2021
New Orleans, Jun 2022
Hosts:  Suzie Fitzpatrick, FDA
Thomas Hartung, Hopkins
Don Ingber, Harvard

~35 organizations
Scientific Advisory Board



GCCP 2.0
Draft published

• Stakeholder 
discussion

• Editor 
workshop

• Funding 
bodies

At ESTIV 2018
CAAT/ESTIV pre-
symposium

ALTEX 2020, 37: 490-492

Register at:
CAAT@jhu.edu



ALTEX 2019, 36:3-17

ALTEX 2019, 36:682-699

The next 
GCCP project
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What formal validation is about

Provide regulators 
the evidence 
whether they can 
trust a new / 
alternative 
method

Required only for 
regulatory 
methods, but 
helpful for any 
test



Good luck,
validating this 
in ring trials!
• Number of variables
• Moving targets
• Costs and low 

throughput
• Lack of reference 

points
• Freezing in time in 

an area of fast 
change



ALTEX 27 (2010) 253-263

We need to adapt Validation

ALTEX 30 (2013) 119-130 



The difficulty lies not in the new ideas, 

but in escaping from the old ones.

John Maynard Keynes 

(1883 - 1946)


