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Despite insufficient safety data, approximately 5,000 high production volume (HPV) chemicals are 
now used by industries around the world. Japan’s Ministry of Economy, Trade and Industry (METI) 
is undertaking efforts to collect biodegradation, bioaccumulation and health/ecological effect data for 
such chemicals. 
To accelerate HPV data collection, and more generally, to promote chemical risk analysis by industry,  
New Energy and Industrial Technology Development Organization (NEDO), a research and 
development management organization under the auspices of METI, initiated strategic research and 
the development of chemical risk analysis technologies in 2000. 
The chemical risk analysis technologies under development include the following: 
1. Quantitative chemical risk trade-off analysis methodologies 
2. A quantitative structure-activity relationship (QSAR) decision support system to predict repeated 

dose toxicity  
3. High-throughput (HTP) assay systems that use cultured cells  
4. Gene expression profile datasets in repeated dose 28-day oral toxicity studies  
5. Methodologies to conduct preliminary risk assessments for nanomaterials  
 
The objective of this brochure is to explain a novel HTP assay system that uses cultured cells. 
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NEDO’s Role 
● Promotion of research and development of energy, environmental and industrial technologies as 

well as acquisition of emission reduction credits through the Kyoto Mechanisms. 
● Development, demonstration and introduction of promising technologies that private sector 

enterprises cannot transfer to the practical application stage by themselves due to the high risk 
and long development period required. 

● Efficient project management making the best use of the R&D capabilities and know-how of 
industry, academia and government. 

 
 

 
 
 
 
 
 
 
 
 
  

 
 
 
 
 

NEDO’s Project Activities 
National projects 
Technology seed development activities 
Practical application and commercialization promotion activities 
New energy/energy conservation technology introduction and dissemination activities 
Activities related to the Kyoto Mechanisms 
International project activities 
 
 

1. What is NEDO ? 

Coordination with 
policymaking authorities 

Combined efforts of 
industry, academia and 
government 

Ministry of 
Economy, Trade 
and Industry Promotion of national projects 

Industry  
Universities 

Project management 

Accomplishment of mission 

Comprehensive coordination 
of industry, academia and  
government 

NEDO 
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In conjunction with international developments in the field of chemical management policy, NEDO 
first initiated strategic research and development of chemical risk analysis technologies in 2000, and 
restarted its present research and development activities in 2006.  
 
Progress as of March 2010 
1. Risk trade-off assessment reports for two usage categories of chemical substances have been 

written taking advantage of the analysis methodologies and tools under development.     
2. Concerning the QSAR decision support system, the development of an integrated platform for a 

hazard assessment support system has been advanced together with the creation of two 
knowledge information databases (toxicity and metabolism). 

3.  Information related to HTP assay systems that use cultured cells will be mentioned below. 
4. More than 800 gene expression profiles have been analyzed from 360 tissue samples after the 

administration of 40 chemical substances in repeated dose 28-day oral toxicity studies, and 
assembled in a public database.  

5.  The development of characterization and hazard/exposure assessment methods for 
  nanomaterials has been advanced, and interim risk assessment reports have been publicized 
 (basic concept, titanium dioxide, fullerene and carbon nanotubes).  

 

2. Strategic R&D of Chemical Risk Analysis  
Technologies  
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3.1. Background and significance 
Since hazard data needs to be collected for tens of thousands of chemical substances there is an 
urgent need to develop low-cost short-term hazard assessment methods. In addition, in compliance 
with the 3Rs principle, there is a desire to transition away from conventional toxicology, which relies 
heavily on animal experiments despite the difference in species. The chemical risk analysis 
technologies under development include HTP assay systems that use cultured cells as an alternative 
to animal testing. The research and development being conducted by NEDO is aimed at establishing 
carcinogenicity, immunotoxicity and developmental toxicity tests despite the technological 
difficulties involved and the long development period required.  
 

3.2. R&D structure and activities 

 
 
 
 
 

3. HTP Assay Systems That Use Cultured Cells 
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3.3. Multireporter assay system 
Principle of multireporter assay for toxicity test 
Modern life science methodologies were advanced to develop gene expression analysis for toxicity 
testing. Multicolor luciferase reporter assay is a new toxicity test that uses cultured cells. 

 

Example of toxicity test for immunology using a multireporter assay 
Generation of T cells stably express SLG, SLO and SLR enzymes under two marker gene promoters 
and internal control gene promoter. 
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Standardization of measurement method using stabilized SLG, SLO and 
SLR 
To ensure reproducibility of multireporter assay for toxicity testing, a measurement method that 
uses stabilized SLG, SLO and SLR enzymes was standardized. 

 

 

Publications 
1. Li X, Nakajima Y, Niwa K, Viviani VR, Ohmiya Y: Enhanced red-emitting railroad worm 

luciferase for bioassays and bioimaging. Protein Sci. 2010;19:26-33 
2. Nakajima Y, Yamazaki T, Nishii S, Noguchi T, Hoshino H, Niwa K, Viviani VR, Ohmiya Y: 

Enhanced beetle luciferase for high-resolution bioluminescence imaging. PLoS One. 2010 Apr 
2;5(4):e10011 

3. Niwa K, Ichino Y, Ohmiya Y: Quantum yield measurements of firefly bioluminescence reactions 
using a commercial luminometer. Chemistry Letters 2010;39 

4.  Nakajima Y, Ohmiya Y: Bioluminescence assays: multicolor luciferase assay, secreted luciferase 
assay and imaging luciferase assay. Expert Opinion Drag Discovery 2010; 5:835-849 
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The enzymes retain their activities 

despite prolonged storage. 

Calibration of luminometer 
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3.4. HAC system 
Advantages of a human artificial chromosome (HAC) vector 

 
 
Construction of HAC vector 
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Example of toxicity test for immunology using HAC vector 

 
 
Example of toxicity test for reproduction and development using HAC 
vector 
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 3.5. HTP assays for carcinogenicity 
Background 
Although a multistage process is involved in carcinogenesis, classical classification of carcinogens as 
initiators and promoters is practically beneficial for the screening of carcinogenic chemicals. Most 
initiators can be detected by various genotoxicity tests, the results of which are used for 
carcinogenicity prediction and for regulatory purposes by authorities. In the case of tumor promoters, 
several methods have been proposed, but none of them have been routinely applied for regulatory 
purposes.   
Using cell transformation assays (CTA), BALB/c 3T3 cells and C3H10T1/2 cells can stimulate the 
process of two-stage animal carcinogenesis. The formation of transformed foci is the consequence of 
the complex process of transforming cells to a malignant state. 
Since these assays can detect both initiating and promoting activities, it is expected that they will be 
included as screening tools, but they have yet to be approved as routine screening methods because 
of the laborious and time-consuming procedures compared to routine genotoxicity assays.      
In a NEDO project, a sensitive short-term CTA has been developed using Bhas 42 cells that were 
established from BALB/c 3T3 cells transfected with v-Ha-ras genes. The Bhas 42 system can 
sensitively examine many more chemicals, including non-genotoxic carcinogens, in a short period.  
 

Aim 
To establish a short-term HTP assay system for carcinogens and to propose international testing 
guidelines once validation studies have been evaluated.  
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Comparison of the results in Bhas 42 CTA with those in other assay systems 
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Performance of Bhas 42 CTA for the prediction of chemical carcinogenicity 

 

  
 
Summary of in-house test results 
A. Bhas 42 CTA was able to detect a considerable number of Ames-negative and Ames-discordant 

carcinogens. 
B. Ames-negative and Ames-discordant carcinogens were detected mainly through a promotion 

assay, confirming that Bhas 42 cells acted as initiated cells in the CTA.  
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C. The ability of Bhas 42 CTA to predict the carcinogenicity of chemicals was superior or equivalent 
to genotoxicity assays. 

D. The accuracy of predicting chemical carcinogenicity would be improved by introducing Bhas 42 
CTA into the battery of in vitro assays. 

 

Progress 
In addition to the 6-well plate method of Bhas 42 CTA, a 96-well plate method was developed for an 
HTP assay. 
International validation studies of Bhas 42 CTA were performed using the 96-well plate method as 
well as the 6-well plate method.  
The Bhas 42 CTA method was proposed to the OECD as an international test guideline at the end of 
January 2010. 
 

Future plans 
In order to establish a high throughput assay, the following activities will be undertaken: 
A. Creation of a robotic system. 
B. Establishment of a luciferase reporter-gene assay using marker genes involved in cell 

transformation.  
 

Publications 
1.  Sakai A, Suzuki C, Masui Y, Kuramashi A, Takatori K, Tanaka N. The activities of mycotoxins 

derived from Fusarium and related substances in a short-term transformation assay using 
v-Ha-ras-transfected BALB/3T3 cells (Bhas 42 cells). Mutat Res. 2007;630:103-111. 

2.  Sakai A. BALB/c 3T3 cell transformation assays for the assessment of chemical carcinogenicity.  
AATEX. 2008;14, Special Issue:367-373. 

3.  Tanaka N, Sasaki S, Hayashi K, Sakai A, Asada S, Muramatsu D, Kuroda S, Mizuhashi F,  
Nagai M, Suzuki H, Imamura T, Asakura M, Satoh H, Sakamoto A, Nakao R, Hirose H, Ishii N,   
Umeda M. An interlaboratory collaborative study on a cell transformation assay using Bhas 42 
cells. AATEX. 2009;14: 831-848.  

4.  Muramatsu D, Sasaki K, Kuroda S, Hayashi K, Tanaka N, Sakai A. Comparison of sensitivity to 
arsenic compounds between a Bhas42 cell transformation assay and a BALB/c 3T3 cell 
transformation assay. Mutat Res. 2009;675:66-70.  

5.  Arai S, Tanaka N, Sasaki K, Sakai A. A Study on the Dose Setting of the  Promotion Assay in 
Bhas 42 Cell Transformation Assay. AATEX. 2010;15:6-13. 

6.  Sakai A, Sasaki K, Muramatsu D, Arai S, Endo N, Kuroda S, Hayashi K, Lim Y, Yamazaki S, 
Umeda M, Tanaka  N. A Bhas 42 cell transformation assay on 98 chemicals: the characteristics 
and performance for the prediction of chemical carcinogenicity. Mutat Res. 2010; 702:100-122.  
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3.6. HTP assays for immunotoxicity 
Establishment of reporter cells  
Based on DNA microarray analysis NEDO has conducted over the last 3 years, the following seven 
immune-related genes were selected to evaluate the immunotoxicity of chemicals: HMOX-1, IL-1b, 
IL-8, IFN-g, IL-10, IL-4, and IL-22. We constructed plasmid vectors in which the expression of either 
the SLG or SLO luciferase gene was regulated by the promoter of each gene. Through the 
electroporation or lipofection of these plasmids together with the G3PDH reporter plasmid 
established the following reporter cells derived from a human keratinocyte cell line have been 
established: HaCaT, monocyte/macrophage cell line, U937 and THP-1, and T cell line, Jurkat.  
1.  T cell line (Jurkat): 

IL-4 reporter cell (2A4), IFN-g reporter cell (2B12), IL-4/IFN-g reporter cell (10C6), IL-2/IFN-g 
reporter cell (2H4)  

2.  Monocyte/macrophage cell line (U937):  
    HMOX1 reporter cell (UR2H4117), IL-1b reporter cell (6C12), IL-8 reporter cell (1A10), 

IL-1b/IL-8 reporter cell (6C12)   
3.  Monocyte/macrophage cell line (THP-1):  
   IL-1b reporter cell (TCC17bA16.19), IL-8 reporter cell (TGC17EA01), IL-1b/IL-8 reporter cell 

(TGC17bA16EA26)  
4.  Keratinocyte cell line (HaCaT):  
   HMOX1 reporter cell (UR38H6) 

 

Evaluation system for chemical immunotoxicity  
NEDO combined the reporter cells (HMOX1, IL-8, IL-2, IFN-g reporter cells) and established an 
evaluation system for chemical immunotoxicity.  
1.  T cell immunotoxicity related to immunostimulation, Th1/Th2 imbalance or 

immunosuppression. 
2.  Dendritic cell/macrophage immunotoxicity related to immunostimulation, Th1/Th2 imbalance, 

and sensitization. 
3.  Keratinocyte immunotoxicity related to ROS production or redox imbalance.  
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Evaluation of T cell immunotoxicity using IL-2/IFN-γ reporter cells 

 
Representative data of 2H4(Cyclosporin-Dexamethasone) 

 
Application of IL-2/IFN-γ reporter cells to evaluate T cell immunotoxicity 

 Classification Chemicals IL-2 IFN-g Immunomodulation IL-2/IFN-g 

1  

Cytokines  

IL-10  27  15  M  1.8  

2  IL-4  28  22  M  1.3  

3  IFN-γ  14  +14  W/A   

4  IP-10  22  11  W  2  

5   

 

 

Drugs  

Dexamethasone  41  11  M  3.7  

6  Cyclosporine  100  65  S  1.5  

7  Mitomycin C  46  0  M  >>  

8  Vitamin D  +1  8  N   

10  Azathioprine  22  17  W  1.3  

11  Cyclophosphamide  15  5  W  3  

12  Methotrexate  47  34  M  1.4  

13  Mizoribine  8  13  W  0.6  

14  Pollutants  NiCl2  75  65  S  1.2  

15  Pollutants Folmaldehyde  45  +1  M  >>  

16  Dieasel particles  67  18  M  3,7  

17  Others  Trimellitic anhydrate  +28  +16  A   

18  Dinitrochlorobenzene  +100  +39  A   

Immunomodulation: 

Augmentation; >+10 

Null; <+5～, <=5 

Weak; >5～<=25 

Moderate; >25～<=75 

Strong; >75 



 

- 16 - 
 

In vitro sensitization test IL-8 reporter cell 

 

Representative data of TGC17EA(DNCB and Benzalkonium chloride) 

 
Application of in vitro methods for skin sensitization 

Chemicals LLNA induction of IL-8 

reporter activity 
Suppression by 

NAC Evaluation 

Oxazolone  Sensitizer  -  -  NS 

4-NBB  Sensitizer  +  +  S 

DNCB  Sensitizer  +  +  S 

MDGN  Sensitizer  +  +  S 

Glyoxal   Sensitizer  +  +  S 

2-MBT  Sensitizer  +  +  S 

Cinnamal   Sensitizer  +  +  S 

TMTD  Sensitizer  +  +  S 

PPD  Pre/Pro hapten  +  +  S 

Isoeugenol  Pre/Pro hapten  +  +  S 

Eugenol   Pre/Pro hapten  +  +  S 

Cinnamic alcohol   Pre/Pro hapten  +  -  NS 

Glycerol   Non-sensitizer  -  -  NS 

Salicylic acid  Non-sensitizer  -  -  NS 

Lactic acid   Non-sensitizer  -  -  NS 

SDS  Non-sensitizer  +  -  NS 
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Chemicals were selected according to Casati et al., ATLA 37, 306-312, 2009 

 

Publications 
1.  Ohara H, Saito R, Hirakawa S, Shimada M, Mano N, Okuyama R, Aiba S. Gene expression 

  profiling defines the role of ATP-exposed keratinocytes in skin inflammation. J Dermatol Sci.  
2010; 58:143-51. 

2.  Okada S, Muto A, Ogawa E, et al. Bach1-dependent and -independent regulation of heme  
oxygenase-1 in keratinocytes. J Biol Chem. 2010; 285:23581-9. 

3.  Kagatani S, Sasaki Y, Hirota M, Mizuashi M, Suzuki M, Ohtani T, Itagaki H, Aiba S. Oxidation 
 of cell surface thiol groups by contact sensitizers triggers the maturation of dendritic cells.  
J Invest Dermatol. 2010; 130:175-83. 

4.  Suzuki M, Hirota M, Hagino S, Itagaki H, Aiba S. Evaluation of changes of cell-surface thiols as 
 a new biomarker for in vitro sensitization test. Toxicol In Vitro. 2009; 23:687-96. 

5.  Numata I, Okuyama R, Memezawa A, Ito Y, Takeda K, Furuyama K, Shibahara S, Aiba S.  
Functional expression of heme oxygenase-1 in human differentiated epidermis and its  
regulation by cytokines. J Invest Dermatol. 2009; 129:2594-603. 

6.  Hirota M, Suzuki M, Hagino S, Kagatani S, Sasaki Y, Aiba S, Itagaki H. Modification of  
cell-surface thiols elicits activation of human monocytic cell line THP-1: possible involvement in  
effect of haptens 2,4-dinitrochlorobenzene and nickel sulfate. J Toxicol Sci .2009; 34(2):139-50. 

7.  Sasaki Y, Ohtani T, Ito Y, Mizuashi M, Nakagawa S, Furukawa T, Horii A, Aiba S. Molecular 
 events in human T cells treated with diesel exhaust particles or formaldehyde that underlie  
their diminished interferon-gamma and interleukin-10 production. Int Arch Allergy Immunol. 
2009;148:239-50.  

8.  Ohtani T, Memezawa A, Okuyama R, Sayo T, Sugiyama Y, Inoue S, Aiba S. Increased hyaluronan 
production and decreased E-cadherin expression by cytokine-stimulated keratinocytes lead to 
spongiosis formation. J Invest Dermatol .2009;129:1412-20. 

 
 
 
 
 
 

TGC17EA 

LLNA 
allergen irritant Total 

allergen  10  2  12  

irritant  0  4  4  

Total  10  6  16  

TGC17EA 

accuracy  87.5  

sensitivity  83.3  

specificity  100  
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3.7. HTP assays for developmental toxicity 

Objectives 
A number of in vitro systems have been proposed as tests for developmental toxicity. However, it 
could be argued that these tests are unlikely to gain widespread acceptance and use. To establish 
convenient and accurate in vitro short-term assays for developmental toxicity, NEDO developed 
novel in vitro tests using mouse ES cells and attempted to develop a novel rat whole embryo culture 
(WEC) method with the metabolic activation of chemicals using rat S9-mix. 
                                          

ES cell study  
Our research plan is as follows: 
A.  Determination of suitable method to differentiate mouse ES cells into cardiomyocytes and  

 neurons.  
B.  Analysis of gene expression of ES cells during differentiation into cardiomyocytes and neurons  

under differentiation methods.  
C.  Selection of candidates for marker gene by bioinformatics analyses.  
D.  Identification of marker genes in ES cells by treating them with embryotoxic and 

non-embryotoxic compounds.  
E.  Prioritization of marker genes by gene function and expression profiles.  
F.  Construction of luciferase reporter vectors containing the promoter site of each marker gene  

 upstream of the luciferase gene.  
G.  Establishment of stable transgenic ES cells for detection of the marker gene expression.  
H.  Development of basic protocols for reporter gene assays using transgenic ES cells and  

Investigation of efficacy using some standard compounds. 
 

Progress 
NEDO identified several genes whose gene expression was altered specifically by embryotoxicants 
during ES cell differentiation into cardiomyocytes and neural cells. These were selected as marker 
genes for detecting embryotoxicity. 
Several stable transgenic ES cells with the luciferase reporter gene were developed to detect the 
chemical dependent changes in the marker genes easily and conveniently. In order to establish 
appropriate basic operating protocol for in vitro short-term assay for prediction of embryotoxicity, 
NEDO optimized various conditions of the assay method . Next, several embryotoxic and 
non-embryotoxic chemicals were evaluated using NEDO’s transgenic ES cells following the basic 
protocol. NEDO has developed basic protocols for reporter gene assays using these transgenic ES 
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cells and preliminary studies have been conducted using some standard chemicals in order to clarify 
the efficacy of NEDO’s proposed tests. 
 

   Overview of ES cell study 

 

   

   Marker genes for detecting embryotoxicity  
    ① During differentiation of ES cells into cardiomyocyte
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② During differentiation of ES cells into neural cells 

 
 

Establishment of engineered cells  
using novel short-term tests for embryotoxicity  
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Proposed scheme of NEDO test 

 

WEC study  
NEDO has tried to develop a novel WEC method that involves the metabolic activation of chemicals 
using rat S-9mix. The effects of ten chemicals on cultured embryos have been examined with and 
without S-9mix. The S-9mix addition enhanced the test chemical-dependent adverse effects on the 
cultured embryos. These data suggest that the novel WEC method with a metabolic system might be 
better than existing test methods for its ability to detect embryo abnormality caused by both the test 
chemical and its metabolites.  
NEDO has also developed a new device to reduce serum volume for the WEC method. Furthermore, 
new equipment to culture 24 embryos in the whole embryo culture method using microwell plates 
has been developed.  

 
Publications 
1.  Akita M. Current status and future progress of reproductive/developmental toxicity test.  

Yakugaku Zasshi. 2008;128(5):765-72.    
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3.8. Conclusion 
Ultimate R&D objective 
The ultimate objective of this research and development is to establish cell-based high throughput 
(HTP) screening systems to detect chemicals having toxicities such as carcinogenicity, 
immunotoxicity and developmental toxicity. The systems are expected to be internationally validated 
and then used as international test guidelines, namely OECD test guidelines.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

------2006-----------------2008--------------------------------------2011------
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●Multireporter assay system 
Yoshihiro Ohmiya, Ph.D. 
Vice-Director, Bioproduction Research Institute 
National Institute of Advanced Industrial Science and Technology 
1-1-1 Higashi, Tsukuba City, Ibaraki 305-8566 Japan                  
E-mail: y-ohmiya@aist.go.jp   
 
●HTP assays for carcinogenicity 
Kiyoshi Sasaki, Ph.D. 
Head, Laboratory of Cell Carcinogenesis, Division of Alternative Research 
Hatano Research Institute, Food and Drug Safety Center 
729-5 Ochiai, Hadano City, Kanagawa 257-8523 Japan 
E-mail: sasaki.k@fdsc.or.jp    
 

●HTP assays for immunotoxicity 
Setsuya Aiba, M.D. 
Professor and Chairman, Department of Dermatology 
Tohoku University Graduate School of Medicine 
1-1 Seiryo-machi, Aoba-ku, Sendai City, Miyagi 980-8574 Japan 
E-mail: aiba@mail.tains.tohoku.ac.jp 
 

●HTP assays for developmental toxicity 
Koichi Saito, Ph.D. 
Group Manager, Molecular Biology Group, Environmental Health Science Laboratory 
Sumitomo Chemical Co.,Ltd. 
1-98 Kasugadenaka 3-chome, Konohana-ku, Osaka City, Osaka 554-8558 Japan 
E-mail: saitok5@sc.sumitomo-chem.co.jp 
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