
THE FUTURE OF IN VITRO 
SCREENING IN THE DEVELOPMENT 

OF NEW DRUGS 

Hajime Kojima, 

JaCVAM, NIHS, Japan 

1 



3Rs of animal use 
(Russel and Burch 1959) 

 

•  Reduction (of animal use)  
• Refinement (to lessen pain or distress and to 

enhance animal well-being)  
• Replacement (of an animal test with one that 

uses non-animal systems or phylo-genetically 
lower species)  
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Cosmetics Industry and the 7th Amendment 
of the EU Cosmetics Directive 

 EU: 2.000 companies, 60 billion €   
       turnover 

 EU: 5.000 new products per year,    
       25% turnover with products  
        released within last 6 months 

 Marketing ban since 2003 for testing 
finished products in animals or not 
using ECVAM-validated methods 

 Phasing out testing in animals and  
stepwise marketing ban in 2009 and 
2013 
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Ban of testing in animals 
 

immediately  since 2003 

Testing of  - finished products 
 

Testing for  - phototoxic potential 

   - skin penetration 

   - skin corrosion 
 

Intensive research will be required to reach validation and 

regulatory acceptance of in vitro test for the following endpoints  

31. Dec. 2009  - eye irritation 

   - skin irritation 

31. Dec. 2013  -  skin sensitization ? 

                                    - embryotoxicity  ？ 

                                    - repeat dose assay? 

                                    

7th Amendment of the  
EU Cosmetics Directive 76/768/EEC 2003 
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Key factors for good in vitro assay 

• Test definition based on MoA, WoE 
• Valuable Cells 
• Optimal biomarker 
• High-through put  
• Niche (environment) and 3D culture 
• Low cost 
• 3Rs 
 

               Reliability and relevance 
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Test definition 
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(1) Miniature  Black Box Approach 

Animal model and in vitro 

(2) In vivo mechanism Excision Approach 

Chemical symptoms 
(toxicity) 

in vivo BLACK BOX 

regression linkage 

input outpu
t 

 

 
Living Organism 

in vitro endpoint 
in vitro BLACK BOX 

regression linkage 

in vitro endpoint 

(1) Miniature  BlackBox 
Approach requires 
“diagnostic” process 
similar to in vivo 
studies. Until cellular 
symptoms are well 
understood to the 
level of in vivo 
diagnosis, the 
validation process will 
be virtually endless. 

(2) Mechanism-excision 
type methods always 
have Positive controls 
and Negative controls. 
With which the 
validation process is 
easy and comcise. 

Chemical 

input 

Chemical 

input 

outpu
t 

symptoms 
(toxicity) 

outpu
t 

Chemical 

input outpu
t 
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The NTP Roadmap are consistent with the recent 
NAS Report 

 2007 NRC Report: 

– Calls for transforming toxicology: “from a 
system based on whole-animal testing to 
one founded primarily on in vitro 
methods that evaluate changes in 
biologic processes using cells, cell lines, 
or cellular components, preferably of 
human origin.” 

– Envisions pathway-based toxicology, 
where pathway perturbations are used 
to predict adverse effects 

– 2009 NRC report:  “the realization of the 
promise [of the 2007 report] is at least a 
decade away” 

 
National Research Council. 2007. Toxicity Testing in the Twenty-first Century: A Vision and a Strategy. 
Washington, DC: National Academy of Sciences. Available: 
http://books.nap.edu/catalog.php?record_id=11970 
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Option I 

In Vivo 

Option II 

Tiered In Vivo 

Option III 

In Vitro/In Vivo 

Option IV 

In vitro 

 

Animal biology 

 

Animal biology 

 

Primarily human 

biology 

 

Primarily human 

biology 

High doses High doses Broad range of 

doses 

Broad range of 

doses 

Low throughput Improved throughput High and medium 

throughput 

High throughput 

Expensive Less expensive Less expensive Less expensive 

Time consuming Less time 

consuming 

Less time 

consuming 

Less time 

consuming 

Relative large 

number of animals 

Fewer animals Substantially fewer 

animals 

Virtually no animals 

Apical endpoints Apical endpoints Perturbations of 

toxicity pathways 

Perturbations of 

toxicity pathways 

Some in silico and  

in vitro screens 

In silico screens 

possible 

In silico screens 

Options for Future Toxicity Testing Strategies 
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Biologic 
Inputs 

Normal 
Biologic 
Function 

Morbidity 
and 

Mortality 

Cell  
Injury 

Adaptive Stress 
Responses 

Early Cellular 
Changes 

Exposure 
 

Tissue Dose 
 

Biologic Interaction 
 

Perturbation 

Low Dose 
Higher Dose 

Higher yet  

Perturbation of Toxicity Pathways 

12 
Adverse Outcome Pathway 

(Adverse Outcome) 
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TOX21 

8300 

P
h

a
se

II
 

1060 

Pesticides, cosmetics and personal care products, fragrances, antimicrobials, food additives, 
failed drugs, chemicals of concern & green alternatives, industrial HPV & MPV, reference 
compounds (endocrine, repro/devtox, etc.) 

# Cmpds 

# 
A

ss
a

ys
 

P
h

a
se

I 

ToxCast 

311 

                   
EDSP21  

1860 

ToxCast & Tox21 Chemical Inventories 

Available for download at: http://www.epa.gov/ncct/dsstox/ 

Large coverage of: 

• chemical structure 

• phys. chem. property 

• use-category space 

• toxicity AOPs 

600 

60 
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Valuable cells 
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Method International 
acceptance 

3T3 NRU Phototoxicity Test OECD TG 432 

(2004) 

In vitro Micronucleus assay OECD TG 487 

(2010) 

H295R Steroidgenesis assay 

 

OECD TG 456 

(2011) 

BG1Luc Estrogen Receptor Transactivation Test Method 

for Identifying Estrogen Receptor Agonists and 

Antagonists 

OECD TG 457 

(2012) 

Performance-Based Test Guideline for Stably Transfected 

Transactivation In Vitro Assays to Detect Estrogen 

Receptor AgonistsTest 

OECD updated TG 

455 (2012) 

Fluorescein Leakage (FL) test method OECD TG 460 

(2012) 

In vitro skin irritation testing : reconstructed human 
epidermis (RHE) test method  

OECD TG updated 

439 (2013) 

 In vitro skin corrosion: reconstructed human epidermis 
(RHE) test method  

OECDTG Updated 

431(2013) 

OECD TG using cell lines (Year 2000 or later) 
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Optimal biomarker 
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High-through put  
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 Human Artificial Chromosome vector 
Novel technology for gene  
      transfer into cells 

・No integration in genomic DNA 

・One copy and stable 

・Physiological regulation 

・No over-expression/no silencing 

No limitation of DNA size 

（introduction of 

regulatory system） 

   

Advanrage   

HAC vector 

 (1) High quality 
  →Validation, development of    
         guidelines 
    Expression of transgenes 
             in a consistent manner 
    Easy to insert genes      
               (reduction in time) 

 
  (2) Efficient analysis 
     → Transfer of multiple genes 
        Multi-color bio-imaging 
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Multicolor and secretion luciferase assay system 
   An effective screening system 

・Multiple gene transcription activity assay system. 
JP4385135, US7572629, CN1784496, EP1784496 

・Luciferin luminescent substrate of marine ostracod crustacean and method for production thereof. 
   JP4915955, US7989621, US8343729 

CLuc

GLuc

N

S

S

N
COOHHO

Firefly luciferin

(1961, E. H. White)SLG SLO SLR 

Simultaneous monitoring of 3 gene expressions 

Monitoring of 2 gene expressions in secreta 

The system can measure promoter 
activities of two targets genes and one 
internal control gene in HTP system.  

Secretion luciferases GLuc & CLuc 

Secreted extracellularly 

It can measure 
luciferase activities 
in culture medium 
(in vitro), blood or 
urine (in vivo）. 
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Niche (environment) and 3D culture 
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(Kitamura S et al. FASEB J, 2005) 

Liver Spheroids 

Three dimensional culture method 

(Cell able, transparent Inc.) 

  Cell Culture Technique  
(three dimensional culture /  stem cell differentiation) 

Liver 

Kidney 

ES cell (mouse) 

differentiation 

Nerve 
 

rat adult kidney  
stem / progenitor  
like cells 
(rKS cells) 

A
q

u
ap

o
ri

n
-1

 Undifferentiated  Differentiated  

Kidney-like structure (In Vitro) 
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In vitro generation of organs derived from pluripotent stem cells  is very 
difficult since it requires reproducing various types of different 
component cells and three-dimensional structures 

→Target tissues (or cells) can be created using embryonic 
development within individual body. 

Creation of trans-chromosomic Chimera mice with the HAC vector 

mouse ES cell 
Injected into 
8cell embryo 
 
 

Chimera        mice 

  The embryo 
transfer to 
Uterus. 

  

 

 Transgenic mice 

Relationships between in vitro and in vivo response  

Using this technology, Human Antibody 
Producing Mouse was generated. 

Currently using this transgenic mice, 8 preclinical stage 
projects and 3 clinical stage projects are being 
developed. 

→Trans-chromosomic mice： Novel Transgenic mice using 

「Chromosome engineering」 & 「Developmental engineering」  
 
Mouse  ES cell 
 containing  

HAC vector  



 Reliability and relevance 
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Test Method Evolution and Translation 

Process: Concept to Implementation  
Stage Objective 

Review Risk Assessment Methods 

Research 

Development 

(Pre) Validation 

Validation 

Peer Review 

Acceptance 

Implementation 

Identify need for new, improved and/or  
alternative test methods 

Investigate toxic mechanisms; 
identify biomarkers of toxicity 

Incorporate biomarkers into 
standardized test method 

Optimize transferable test 
method protocol 

Determine relevance and reliability  

Independent scientific evaluation 
of validation status 

Determine acceptability for 
regulatory risk assessment 

Effective use of new methods by 
regulators and users 

33 



34 



35 

Test method validation process 

Review Risk Assessment Methods 

 

Research 

 

Development 

 

Pre-validation 

 

Validation 

 

Peer Review 

 

Acceptance 

 

Implementation 

In house 
validation 

Data on file 

For regulatory use 

Fo product liability 

Ring study 



Summary  

In vitro test methods for screening safety and 
efficacy of new drugs contribute to lower 
development costs, more accurate predictions 
of side effects, and increased animal welfare. 
There are several newly developed assays based 
on mechanisms of action (MoA) and preclinical 
biomarkers that meet the need for simple and 
easy-to-use test methods capable of high 
throughput and offering good intra-laboratory 
repeatability.  
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Thank you for your attention 
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