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Pitfall in the development of cosmetics 
—Wheat allergy caused by hydrolysed wheat protein 

 
 

○Eishin Morita 
 
 

Shimane University Faculty of Medicine 
 

E-mail: emorita@med.shimane-u.ac.jp 
 
 
 
Wheat insoluble protein, gluten, has been used as functional ingredient. Gluten can be modified 
through partial hydrolysis using acids or proteolytic enzymes, and its product, named hydrolysed 
wheat protein, are incorporated in formulated foods or in cosmetics. Recently, we have experienced 
several patients of wheat allergy who had been sensitized with hydrolysed wheat protein through using 
hydrolysed wheat protein-supplemented soap. The symptoms are typically facial angioedema and 
generalized urticaria, and sometimes anaphylactic shock. They had symptoms after starting to use the 
soap, a positive skin reaction to diluted soap solution and serum IgE reacting to hydrolysed wheat 
protein, as determined by Western blotting. The penetration of hydrolysed wheat protein into the skin 
was confirmed by the wheal formation in the face-washing challenge test. The soap were delivered 
more than 40 million from 2004 to September 2009. There were possibly more than hundred patients 
with wheat allergy sensitized by hydrolysed wheat protein in Japan. In October 2010, the Ministry of 
Health, Labour and Welfare of Japan sent a warning of the potential allergenicity of hydrolysed wheat 
protein. In May 2011, the company started to collect the disused soap. Then, Japanese Society of Al-
lergology set a working group to grasp the situation of the wheat allergy and to find a treatment for 
these patients. 
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Molecular Basis of Environmental Responses 

 
○Masayuki Yamamoto 

 
Department of Medical Biochemistry, Tohoku University Graduate School of Medicine,  

 
2-1 Seiryo-cho, Aoba-ku, Sendai 980-8575 

 
E-mail: masiyamamoto@med.tohoku.ac.jp 

 
Our bodies counteract insults originating 
from the environment.  Electrophiles and 
ROS transcriptionally activate the expres-
sion of detoxifying and antioxidant genes 
through the antioxidant/electrophile re-
sponsive element (ARE/EpRE).  Tran-
scription factor Nrf2 is essential for the co-
ordinated induction of cellular defense en-
zymes through ARE/EpRE.  Detailed 
analysis of the regulatory mechanisms 
governing Nrf2 activity led to the identifi-
cation of Keap1 that represses the Nrf2 ac-
tivity by binding to the N-terminal Neh2 
domain (see Figure).  Electrophiles liber-
ate Nrf2 from the repression by Keap1 and 
provoke the nuclear accumulation of Nrf2, 
demonstrating that the Nrf2-Keap1 system 
acts as a sensor for xenobiotic and oxida-
tive stress.  The two-site substrate recog-
nition model proposed for the Keap1-Nrf2 
system describes the regulation of nuclear 
accumulation of Nrf2 by a Cul3- Keap1 E3 
ubiquitin ligase-dependent mechanism. 
We have tested this model through structure 
biology, mouse/zebrafish genetics and human cancer analyses.  Keap1 forms homodimer resembling 
a cherry-bob.  The Keap1-DC domain binds to the Neh2 domain of Nrf2. Binding of both high affin-
ity ETGE and low affinity DLG motifs in the Neh2 to two DC domains of the Keap1 homodimer al-
lows correct positioning of the ubiquitin-target lysine residues within -helix of the Neh2 domain for 
efficient ubiquitination.  Oxidative or electrophilic stress modifies reactive cysteines of Keap1.  We 
surmise that these modifications lead to alteration of the local conformation and result in the Keap1 
dysfunction.  The Nrf2 inducers can be categorized into several classes based on the interacting cys-
teine residues, and this observation suggests that multiple sensor functions reside within Keap1.  The 
Nrf2-Keap1 system opens a new avenue to the understanding of the signal transduction and regulatory 
processes underlying the stress response and cancer progression. 
 
(Review) Molecular mechanisms of the Keap1-Nrf2 pathway in stress response and cancer evolution.  
Taguchi K, Motohashi H and Yamamoto M. Genes Cells 16, 123-140 (2011) 
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The Challenge of JCIA to take advantage of in vitro / in silico methods for 
chemicals management 

 
Shinji Kotachi 

 
Japan Chemical Industry Association 

E-mail: skotachi@jcia-net.or.jp 
 
 
In the field of the chemicals management, lots of efforts have been made by various nations and 

industries in the world to achieve the internationally agreed 2020 goal of SAICM in 2006.  For ex-
ample, REACH was enforced in Europe in 2007 and CSCL (Chemical Substance Control Law) was 
substantially amended in 2009 in Japan.  And, in the private sector, ICCA (International Council of 
Chemical Associations) has stepped up the promotion of GPS (Global Product Strategy) since 2006, 
which is the voluntary activity for the chemicals management, and JCIA launched the promotion of 
JIPS (Japan Initiative of Product Stewardship) to implement GPS into Japan.  All of these efforts are 
intended to manage new chemicals and huge number of existing chemicals as well by risk assessment 
based on hazard and exposure information.  Thus, it is not easy economically and temporally to per-
form them with only conventional methods.  

Western countries and Japan have been actively developing and implementing new methods to 
solve these issues.  For example, OECD is focusing on the development of QSAR and Category Ap-
proach, and introducing the concept of AOP (Adverse Outcome Pathway) as well to take account of 
mechanisms in order to diffuse the use of such new methods at the complex toxic endpoints.  The 
U.S. is challenging to develop a new in silico technology combined with in vitro tests using human 
cells, expecting high efficiency and high reliability.  Even in Japan, in silico methods used in the 
evaluation of eco- and human toxicities have been developed, and it will be desired to use those 
methods in the CLSL which includes the policy of using QSAR and Category Approach. 

Under such circumstances, JCIA established a new working group to take measures to new meth-
ods for chemicals risk assessments.  Our activities on in silico methods developed by OECD and 
activities on Japanese methods associating with research institutes will be presented in this 
symposium. In addition, JCIA has been promoting LRI (Long-range Research Initiative) in conjunction with 
western chemical associations for more than a decade.  The Development of in vitro and in silico 
methods have been supported by this initiative, and the outcomes from such initiative are fruitful and 
becoming recognized internationally.  The part of such outcomes will be introduced in this sympo-
sium. 
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Utilization of OECD QSAR Toolbox for prediction of chemical safety 
 
 

Yuki Sakuratani 
 
 

Chemical Management Center, National Institute of Technology and Evaluation 
E-mail: sakuratani-yuki@nite.go.jp 

 
 
Category approach is the method to estimate the toxicity of untested chemicals from the test data of 
analogue chemicals that are considered to have similar mechanism of toxicity. The advantage of 
category approach is that prediction results are derived with transparency since the supporting 
evidences are presented in front of us as a proof. Being widely recognized this advantage category 
approach is became widely used for the prediction of chemical safety by regulatory authorities in 
many countries. OECD QSAR Toolbox has been developed in order to provide the platform to conduct the prediction 
of chemical safety efficiently by category approach for the reviewers engaging in the chemical man-
agement (industry and regulatory etc.).  OECD QSAR Toolbox has databases of test data for various 
kinds of endpoints which were donated by OECD member countries, and has functions to identify the 
substructure of the target chemical causing toxicity (protein binding and DNA binding etc.). By using 
OECD QSAR Toolbox, user can effectively conduct prediction of the chemical safety by category ap-
proach, and can share the process and the data used in the prediction. 
National Institute of Technology and Evaluation (NITE) has been taken the part of supporting the 
evaluation of chemicals in the Chemical Substances Control Law. In this work, category approach has 
been used for validating the results by read-across for submitted new chemicals, and for prioritizing 
untested existing chemicals for testing (mainly bioconcentration).  In this presentation, outline of 
OECD QSAR Toolbox will be introduced as well as the utilization of OECD QSAR Toolbox in our 
duty work.  In addition, it will be introduced the Hazard Evaluation Support System for the repeated 
dose toxicity (HESS) which we have been developed as a compatible system with OECD QSAR 
Toolbox. 
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Establishment of JCIA in silico Working Group 

 

Daisuke Araki 

 

Japan Cosmetic Industry Association Alternative Testing Task Force 
 

E-mail: araki.daisuke@kanebocos.co.jp 
 

 In 2003, the 7th Amendment to the Cosmetic Directive (76/768/EEC) was adopted with restrictions 

on the use of animals to ensure the safety of cosmetics and their ingredients. Since its adoption, the 

development of alternative methods has been accelerated primarily in Europe. At present, several al-

ternative methods such as in vitro skin irritation test, photo-toxicity test and eye irritation test have 

been adopted as the OECD Test Guideline. Although there has been a continuous effort to find alterna-

tive methods, no full replacement has not been achieved especially for the more complex toxicological 

endpoints such as repeated dose toxicity, reproductive toxicity and toxicokinetics, for which the dead-

line was set to March 2013. For these reasons, an integrative in silico approach is expected to be one 

of the effective measures to develop the safety assessment approach with non-animal testing and re-

cently the practical applicability to the safety assessment has been verified with various in silico mod-

els including OECD (Q)SAR Application Tool Box. Also, in terms of chemical substances control 

such as the REACH and the Amended CSCL, Japan Chemical Industry Association has been actively 

working on the development and promotion of in silico and (Q)SAR models for the prediction of tox-

icities in the risk assessment of chemicals. 

In this context, Japan Cosmetic Industry Association (JCIA) established the in silico Working Group 

in the Alternative Testing Task Force of JCIA in August this year. The Working Group consists of 11 

member companies and its aims are as follows:    

1. To promote better understanding, dissemination and utilization of in silico methods within the 

cosmetic industry.  

2. To investigate alternative testing strategy combing in vitro and in silico methods for assessing 

the safety of cosmetic ingredients in the future. 

3. To verify the applicability of OECD (Q)SAR Application Tool Box to the cosmetic safety 

assessment. 

Here we present our current activity and future work plan as well as the current status of the devel-

opment, validation and legal acceptance of alternative methods in the field of cosmetics. 
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Approach of Shiseido for Safety Assessment in silico 

 
Hirokazu Kouzuki 

 
 

Research Center, Shiseido Co., Ltd. 
 

E-mail: hirokazu.kouzuki@to.shiseido.co.jp 
 
 
[Objective(s)] 

In order to develop a prediction system for the safety of chemicals, many attempts have been made 
by examining the structure-activity relationships. Its results, however, have not been satisfactorily 
enough from a standpoint of toxicological predictability. Causative factors which bring into unpre-
dictability are as follows: 1) Simple information such as the presence or absence of specific atoms, 
bonds, or partial structures and their numbers in the molecules was used as descriptors; 2) Since 
chemical toxicity involves into complex biological mechanisms, it is difficult to predict by conven-
tional linear regression analysis; 3) Most of the studies were only focused on the presence or absence 
of toxicity. 

In the present study, therefore, we have attempted to develop an in silico prediction system enabling 
the risk assessment of cosmetic raw materials by combining a molecular orbital calculation method 
and an artificial neural network system. 
[Materials and Methods] 

The results of EC3 from local lymph node assay and of LD50 from acute toxicity study were ob-
tained from toxicological publications. The results of no-effect level (NOEL) from 28-day oral toxicity 
and reproductive/developmental toxicity studies were collected from Japan Existing Chemical Data 
Base (http://dra4.nihs.go.jp/mhlw_data/jsp/SearchPage.jsp). 

The structures of the compounds were constructed by using the Chem3D Ultra Ver. 10.0 software 
(CambrideSoft Co., Cambridge, MA, U.S.A.) and modeled in their neutral forms. Molecular orbital 
calculations were performed by MOPAC2002. Molecular orbital descriptors obtained, which were 
considered to be independent and useful for the prediction of the toxicological potential and risk as-
sessment were selected. Then, they were correlated with toxicological data by using the artificial neu-
ral network system. Throughout the study the QwikNet Ver.2.23 software (http://qwiknet.home. com-
cast.net/) was used for analysis.  
[Results and Discussion] 

A combination of molecular orbital calculations and the artificial neural network system could en-
able to predict toxicological potential of the chemicals and their risk assessment. Toxicological meth-
odology in silico is thought to be more and more increases of the importance in the future, because it is 
one safety assessment method without using animals. For safety assessment of cosmetic raw materials, 
combining these original model, OECD Toolbox, and commercial model would be considered. 
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Framework for SAR-based Toxicological Assessments 

 
Sanae Takeuchi 

 
 

P&G Innovation Godo Kaisha 
 

E-mail: takeuchi.s@pg.com 
 
 
 
The use of structure activity relationships (SARs) for “read across” to fill data gaps has become an 
integral part of many toxicological assessment efforts, including the category approach for High Pro-
duction Volume Chemicals (HPV), the Joint FAO/WHO Expert Committee on Food Additives 
(JECFA) monograph review, and the Research Institute for Fragrance Materials (RIFM) review, etc. 
The OECD published a guidance document on toxicological grouping of chemical in 2007. Unfortu-
nately, few specifics are provided on how to decide whether the analog is appropriate for filling a data 
gap or how to read across data in a quantitative manner.  
 
This presentation will share a systematic framework for evaluating chemical structure, 
physic/chemical properties, predicted reactivity and metabolic considerations in order to categorize 
potential analogs as to their suitability prior to SAR assessment application for read across of toxico-
logical data. Key elements of this framework involve proactively identifying differences or similarities 
in reactivity and metabolism that affect toxicological outcomes based upon documented modes of ac-
tion, known examples, and verification of the concordance in biological responses across multiple 
endpoints between the chemical with the data gap and the analog.  
 
With limited dataset, results of case studies to test this framework support the conclusion that the 
process can be successfully applied to develop surrogate value for risk assessment. The read across 
results following this process were shown to be protective when compared to the actual toxicity data 
on the case study chemicals. Further enhancement to this frame work will be also discussed. 
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The International Cooperation on Alternative Test Methods  
(ICATM) update 

 
 
In 2009, the United States ,Canada, the European Union ,and Japan signed a Memorandum of Coop-
eration for International Cooperation on Alternative Test Methods(ICATM).  This agreement 
provides for enhanced international collaborations for the validation, evaluation, and development of 
for new alternative safety testing methods and strategies. The ICATM organizations work 
collaboratively to promote the validation and regulatory acceptance of new, revised, and alternative 
test methods that are based on sound science and that will provide continued or improved protection of 
people, animals, and the environment while reducing, refining ,and replacing the use of animals where 
scientifically feasible. 
 
The initial participating validation organizations are the NTP Interagency Center for the Evaluation of 
Alternative Toxicological Methods (NICEATM) and Interagency Coordinating Committee on the 
Validation of Alternative Methods (ICCVAM), European Center for the Validation of Alternative 
Methods (ECVAM), Japanese Center for the Validation of Alternative Methods (JaCVAM), and Health 
Canada’s Environmental Health Science and Research Bureau. A Korean Center for the Validation of 
Alternative Methods (KoCVAM) has recently also been established and became an ICATM participant 
in this March. 
 
The participating validation organizations seek to expand and strengthen cooperation, collaboration, 
and communications on the scientific validation and evaluation of new alternative testing methods 
proposed for regulatory health and safety assessments. Consistent collaborations are critical to the de-
sign and conduct of validation studies, the evaluation and independent scientific peer review of pro-
posed test methods. The enhanced international cooperation in these areas is expected to result in more 
efficient test method validation and review, and more rapid national and international acceptance of 
scientifically valid test methods.  In this symposium, we will provide an overview of the ICATM 
process along with an introduction to each participating validation organization and highlights of re-
cent and planned ICATM contributions. 
 
Chairperson(s):William Stokes, NIEHS, USA, and Hajime Kojima, JaCVAM, NIHS Japan. 
●ICATM The International Cooperation on Alternative Test Methods(ICATM) : Translating Science 
to Provide Improved Public Health Safety Assessments Tools, Hajime Kojima, NIHS, Tokyo, Japan 
●The Japanese Center for the validation of Alternative Methods(JaCVAM): Recent ICATM Contribu-
tions and Future Plans, Hajime Kojima, NIHS, Tokyo, Japan 
●The European Center for the Validation of Alternative Methods(ECVAM): Recent Contributions to 
ICATM and REACH and Future Plans, Joachim Kreysa, ECVAM, Ispra, Italy 
●The NTP Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM) 
and Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM): 
Translating Science into Public Health Safety Assessment Tools, William S.Stokes, NIEHS, Reseach 
Triangle Park, NC, USA 
●Health Canada’s Role in ICATM ,David Blakey, Health Canada, Ottawa, Ontario, Canada 
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Recent Progress in the Development of Organ-on-a-Chip Devices for  

Drug Discovery  
 

Hirokazu Kaji 
 
 

Department of Bioengineering and Robotics, Graduate School of Engineering,  
Tohoku University 

 
E-mail: kaji@biomems.mech.tohoku.ac.jp 

 
Developing biologically relevant models of human tissues and organs is an important enabling step for 
disease modeling and drug discovery. Recent advances in biomaterials, microfluidics and tissue engi-
neering have allowed the development of new three-dimensional (3D) in vitro models closely mim-
icking human tissues and organs also referred to as ‘organ-on-a-chip’. Although there have been much 
effort to develop such devices for more than a decade, this research field has recently been attracting 
greater attention since the Ingber’s group at Harvard University reported a lung on a chip device that 
recapitulates major structures and functions of the whole human lung [1]. 

In general, scientists in academia and industry rely heavily on in vivo animal models and conventional 
in vitro cell culture platforms to investigate biological processes and develop therapeutic strategies. 
While these approaches have been informative, and should continue to be so for years to come, they 
have significant shortcomings [2]. In vivo models can produce integrated multi-organ responses which 
are impossible to achieve using conventional in vitro models.  However, such experiments are costly 
and often unreliable, and can raise ethical issues. Current in vitro platforms are useful for studying the 
molecular basis of physiological and pathological responses. However, they often do not simulate the 
complex cell-cell and cell-matrix interactions crucial to regulating cell behavior in vivo. The collective 
limitations associated with current in vivo and in vitro models are exemplified by the significant num-
ber of new drug candidates which fail to make it to market due to low efficiency or severe side effects. 
These shortcomings together with regulatory restrictions limiting the use of animal models [3] have 
generated substantial interest in developing human based organ-on-a-chip devices for disease model-
ing and drug and chemical testing. A prerequisite for industrial use of such models is scalability. Or-
gan-on-a-chip devices could provide not only the biological relevance, but also the requisite high 
throughput applications. 

In this talk, I will provide an overview of the key microengineering technologies enabling the devel-
opment of organ-on-chip devices. Then, I will introduce recent work on exemplar biomimetic mi-
cro-organs, their physiological relevance and underlying technologies. I will also offer my perspective 
on exciting future directions and the challenges that remain for creating miniaturized, functional and 
responsive models of human tissue. 

[References] 
1.  D. Huh et al., Science 328, 1662-1668 (2010). 
2.  K. Ziolkowska et al., New J. Chem. 35, 979-990 (2011). 
3.  S. Adler et al., Arch. Toxicol. 85, 367-485 (2011). 
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Multi-Functional Hydrogel as Biomaterials 

 
Takayuki Kurokawa, ○Jian Ping Gong 

 
Faculty of Advanced Life Science, Hokkaido University 

 
E-mail:gong@sci.hokudai.ac.jp 

 
 
 
Biological tissues, except for the hard skeleton, mainly consist of soft tissues. Flexible soft tissues, 
besides their role as a medium for biological activity, are mechanically tough, shock-absorbent and 
self-healing. Cartilages tolerable against intense exercises and muscles producing tough power are 
typical examples.  
Biological soft tissues have two structural characteristics. One is their water-containing structures. 
Most of soft tissues contain 50-85 wt% water by volume. The hydroscopic structure enables biological 
soft tissues to serve as a medium for dynamic vital activities. The other is their sophisticated hierar-
chical structures ranging from the molecular scale to the macroscopic scale. The fact that biological 
soft tissues contain suitable amount of water to ensure molecular mobility and at the same time they 
have sophisticated structures is the true nature which enables biological tissues to create superb per-
formances.  
Polymer hydrogel is a water-containing substance, categorized as soft and wet matter the same as bio-
logical soft tissues. However, artificially created hydrogels do not have such sophisticated structure, 
and therefore they are lack of the superb functions as living bodies do. An innovation of hydrogel ma-
terial is required.  
We have been conducting researches on introducing living-body like sophisticated structures into 
synthetic polymer hydrogels to realize emergence of superb function. As a result, we have invented 
novel double-network (DN) hydrogels which have tremendously high mechanical strength analogous 
to that of natural cartilages (Adv. Mater. 2003). We have found that a tough DN gel consists of dual 
interpenetrating polymer networks with opposite physical properties: rigid network sustaining stress 
and functioning as sacrificial bonds, while soft network stopping crack propagation (Macromolecules, 
2006). This fracture mechanism was completely different from the existing polymer hydrogels, and it 
is analogous to that of biotissue like bones (Soft Matter 2010). Furthermore, we have implanted the 
DN hydrogels, as artificial cartilages, in the knee of rabbit and found, for the first time in the world, 
the gel inducing spontaneous cartilage regeneration in the living body (Macromol. Biosci. 2009). This 
finding completely changed the existing common knowledge that cartilage tissue cannot regenerate or 
repair in vivo. This finding also suggests the possibility that we could realize an innovation in regen-
erative medicine without in vitro cell culture, and therefore, have exerted a powerful impact on the 
medical field. 
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Microfluidic Assembly of 3D Tissue Models 
 
 

○Shoji Takeuchi 1,2 
 

 

1Institute of Industrial Science, Univ. of Tokyo, 2 JST-ERATO 
 
 

E-mail:takeuchi@iis.u-tokyo.ac.jp 
 

 
 
The cell encapsulation technology presented here not only allows easy control over bead size by vary-
ing flow parameters, but also allows better monodispersity and control over the shape of the hydrogel 
beads compared to conventional external gelation methods performed in microfluidic devices. Cell 
encapsulating alginate hydrogel beads of various shapes were successfully produced using this ap-
proach in poly(dimethylsiloxane) (PDMS) devices. Also, we demonstrated that the gelation conditions 
in our approach were mild enough to encapsulate mammalian cells without loss of their viability, and 
studied the effect on cell viability. 
We demonstrated a 3D tissue structure by stacking the "cellular" beads in a 3D mold. Since this 
method allows us to fabricate 3D in vivo like tissue structures, it can be applicable in the fields of re-
generative medicine and drug development. To prepare the cellular beads, we used an axisymmetric 
flow focusing device (AFFD) that allows us to encapsulate HepG2 cells within monodisperse collagen 
beads. We then seeded 3T3 cells on the surface of the collagen beads. Finally HepG2 and 3T3 cells 
were successfully made contact with each other. Moreover, by putting these capsules in a 3D chamber 
and incubating them, we successfully established complicated and milli sized 3D structures. We be-
lieve that altering the shape can be possible as simple as changing the mold, and will try to combine 
multiple types of cells to create more complex system that functions as a living organism. 
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Fig. 1  Prototype of the
capillary vessel model
made by photolithography 

Fig. 2 Fabricated 3D Y
branching capillary ves-
sel simulator with solu-
tion of red dye 

Fig. 3 Prototype of the
bionic simulator using a
heat explant 

 
 

Toward Realization of Bionic Simulator 
 

○Fumihito Arai1 

 

 
1Department of Micro-Nano Systems Engineering, Nagoya University 

 
E-mail: arai@mech.nagoya-u.ac.jp 

 
Simulators are used in practice and rehearsal for intravascular neurosurgery and for the development 
of new medical instruments, such as catheters[1]. We have been developed circulation type blood ves-
sel simulators simulating arteriole network. We proposed and fabricated multiscale transparent arteri-
ole and capillary vessel models with circular cross sections of 10–500 m using photolithography[2]. 
Figure 1 shows the prototype of the arteriole model. The vessel has circular cross sections and are 
achieved by seamless connecting arteriole models and artery models[2]. However, since the model has 
two-dimension (2D), we needed to fabricate three-dimensional (3D) blood vessel simulators for simu-
lating real blood vessel structures with a high degree of accuracy. For this purpose, we proposed a 
novel 3D exposure method which utilizes the femtosecond laser and mask hybrid exposure: 
FMEx(Femtosecond Laser and Mask Hybrid Exposure) [3]. We used two-photon absorption for local 
exposure by femtosecond laser and conventional photolithography by mask aligner. Figure 2 shows 
the fabricated 3D Y branching capillary vessel simulator. Based on this research, we are currently de-
veloped a bionic simulator using a heart explant. Figure 3 shows the prototype of the simulator which 
is used to maintain the explant for long time monitoring[4]. We report our research progress toward 
realization of the bionic simulator. 

5 mm

    

Inlet

Chamber

Outlet

 

 

 

[References] 
[1] S. Ikeda, et al., Journal of Robotics and Mechatronics, vol.17, no.3, pp.327-334, 2005. 
[2] T. Nakano, et al., Biomicrofluidics, vol.4, no.046505, pp. 1-10, 2010. 
[3] F. Arai, et al., Proceedings of the JSME conference on Robotics and Mechanics 2011, 1A2-D06, 2011. 
[4] H. Oowaki et al., , Proc. Annual Conference Robotics Society Japan, 2011(in press) 
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The Utility of the Peroxidase Peptide Reactivity Assay for the  

Identification of Skin Allergens 
 

G. Frank Gerberick,*, John A. Troutman,* Leslie M. Foertsch,* and Jean-Pierre Lepoittevin ¶ 
 

*Central Product Safety, Miami Valley Innovation Center,  
The Procter & Gamble Company, Cincinnati, OH, USA 

¶Université of Strasbourg, Laboratoire de Dermatochimie,  
Institut de Chimie, Strasbourg, France 

E-mail: Gerberick.gf@pg.com 
[Objective] 
Advancements in understanding the pathogenesis of allergic contact dermatitis (ACD) have led inves-
tigators to develop alternative approaches for identifying the potential of a chemical to act as a contact 
allergen without animal testing.  Since protein reactivity is a key step in the induction of ACD it was 
hypothesized that an in vitro method(s) could be developed to screen the sensitization potential of new 
chemicals based on reactivity.  To expand the applicability domain of the Direct Peptide Reactivity 
Assay, designed specifically for directly reactive haptens, a modified version of the assay was devel-
oped to include an activation step using a peroxidase-peroxide oxidation system for identifying poten-
tial pro/pre-haptens.   
 
[Materials and Methods] 
Test chemicals: 145 test chemicals including sensitizers and non-sensitizers were chosen from pub-
lished LLNA database. The Peroxidase Peptide Reactivity Assay (PPRA) is a quantitative in chemico 
peptide test method for screening contact allergens. A quantitative enzyme-based in vitro method using 
horseradish peroxidase and hydrogen peroxide (HRP/P) has been developed for measuring peptide 
reactivity of prohapten chemical sensitizers. The assay includes enzymatic (+HRP/P) and 
non-enzymatic (-HRP/P) reactivity determinations of test chemical (200 µM) with a cysteine-based 
synthetic peptide (20 µM). Sample analysis is performed using a rapid quantitative HPLC/MS/MS 
detection method that is simple and amenable to high throughput screening capabilities. 
 
[Results and Discussion] 
Loss of peptide was determined following 24 h co-incubation with test chemical using a concentra-
tion-response study design.  A total of 145 chemicals were tested in discrete reactions with cysteine 
or lysine peptide, in the presence and absence of horseradish peroxidase-hydrogen peroxide (HRP/P) 
oxidation system.  The chemicals cover a variety of reaction mechanistic domains and include acyl 
transfer agents, Schiff base formers, Michael acceptors and SN2 electrophiles.  General trends in pep-
tide depletion appear to coincide well with skin sensitization potential.  In contrast to the majority of 
non-sensitizers that showed little to no peptide reactivity, the majority of sensitizers, including haptens 
and pre-/pro-haptens, demonstrated relatively higher reactivity towards one or both nucleophiles.  
The utility of the method for identifying differences in reactivity between structural analogs has been 
demonstrated with certain chemical classes (e.g., acrylates, eugenols and various aminated aromatics).  
The overall accuracy of the PPRA is approximately 85%. This approach has the potential to qualita-
tively and quantitatively evaluates an important mechanism in contact allergy for hazard and quantita-
tive risk assessments without animal testing.   
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Chemistry and Mechanism of SH-group Modifications  
Involved in Skin Sensitization 

 
 

○Yoshiharu Iwabuchi1 
 

 

1Graduate School of Pharmaceutical Sciences, Tohoku University 
E-mail: y-iwabuchi@m.tohoku.ac.jp 

 
 
   Skin constitutes a critical surface distinguishing between self and nonself entities.  As the results, 
skin constantly suffers from divers array of stresses that trigger complex and enormous chemi-
cal/biochemical reactions to fight against malicious nonselves.  To gain a rough sketch of these 
daunting events involved in skin sensitization, a chemical view would provide us simple but helpful 
indexes. 
 
   Among various biomolecules, lipids, amines, and proteins exhibit marked reactivates in 
non-enzymatic class of reactions.  The origins of their high chemical reactivates are attributed to 
functional groups they possess, in which SH (mercapto or thiol) group, NH2 group, and CHO (alde-
hyde or formyl) group share particular attentions as useful marker or handle for chemical modifica-
tions. 
 
   This lecture describes the chemistry and mechanism of SH-group modification by representative 
chemicals that concern with skin sensitization: Reactions with (i) alkylating agents inducing SN2 reac-
tion (alkyl halides, epoxides, etc.), (ii) alkylating agents that react via Michael reaction 
(-unsaturated carbonyl compounds), and (iii) oxidants (ROS and NOx) will be reviewed with spe-
cific examples. 
 
   A recent result which exemplifies an interesting aspect of bis(arylmethylidene)acetone-class anti-
neoplastic, Michael-type SH alkylator will also be reported. 
 
[References] 
1. Selection of Chemicals for the Development and Evaluation of In Vitro Methods for Skin Sensitisa-

tion Testing, S. Casati, P. Aeby, I. Kimber, G. Maxwell, J.-M. Ovigne, E. Roggen. C. Rovida, L. To-
sti, D. Basketter, ATLA 37, 309-312 (2009). 

2. KSRP/FUBP2 Is A Binding Protein of GO-Y086, A Cytotoxic Curcumin Analogue, H. Yamakoshi, 
N. Kanoh, C. Kudo, A. Sato, K. Ueda, M. Muroi, S. Kon, M. Satake, H. Ohori, C. Ishioka, H. Osada, 
N. Chiba, H. Shibata, Y. Iwabuchi, ACS Med. Chem. Lett., 1, 273-276 (2010). 
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Safety evaluation of chemicals, including cosmetic ingredients, is very important. Predictive tests 

for ability to induce allergic contact dermatitis have generally been performed using animal models, 
such as the guinea pig maximization test and the murine local lymph node assay (LLNA). As regards 
risk assessment for skin sensitization, an exposure-based quantitative risk assessment (QRA) using 
LLNA was recently reported.  
However, development of non-animal assays is necessary from the viewpoint of animal welfare and to 
meet the 7th amendment of the European cosmetics directive, and with this in mind, several in vitro 
skin sensitization assays have been developed. Shiseido and Kao Corporation have focused on activa-
tion of dendritic cells in the induction phase of skin sensitization and developed the human Cell Line 
Activation Test (h-CLAT), which detects CD86 and CD54 expression on THP-1 cells as biomarkers. 
Furthermore, we reported that cell-surface thiols were related to cell activation1). We developed an in 
vitro assay which detected changes of cell-surface thiols on THP-1 cells by flow cytometry (SH test), 
and evaluated known sensitizers and non-sensitizers using this test. The predictive performance (ac-
curacy) was over 80%,2) and we found that the combination of SH test and h-CLAT decreased the 
number of false-negatives.  
 Recently, it was reported that the thresholds of CD86 and CD54 expression in h-CLAT were corre-
lated with the threshold of LLNA3,4). We also confirmed a correlation between the SH test and LLNA 
threshold. Furthermore, when we used the thresholds of CD86 and CD54 expression in h-CLAT, cy-
totoxicity and SH test data as descriptors for an artificial neural network system, the predicted EC3 
values from the neural network model were correlated with published EC3 values.  
 
[References] 
1. Hirota et al., J. Toxicol. Sci., 34, 139-150, 2009. 
2. Suzuki et al., Toxicol. In Vitro., 23, 687-696, 2009. 
3. Ashikaga et al., ATLA, 38, 1-10, 2010. 
4. Nukada et al., 22nd Annual Meeting of JSAAE, p25, 2009. 
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[Objective] 
We have been developing an in vitro skin sensitization test named the human Cell Line Activation Test 
(h-CLAT) based on dendritic cell activation using THP-1 cells (human monocytic leukemia cell line). 
We previously showed that the h-CLAT protocol was easy to transfer and a good inter-laboratory re-
producibility was observed in an inter-laboratory study in Japanese, European, and US laboratories. In 
this study, we updated the h-CLAT database to 102 chemicals. Moreover, we evaluated the utility of 
the sensitization potential classification by some calculated values obtained in the h-CLAT. And more, 
we tried to evaluate for tiered approach with the h-CLAT and Direct Peptide Reactivity Assay (DPRA) 
that was based on protein binding with sensitizers and epidermal protein. 
 
[Materials and Methods] 
Test chemicals: One hundred two test chemicals, including 77 sensitizers and 25 non-sensitizers, were 
chosen from LLNA database. 
The h-CLAT: THP-1 cells were exposed to each test chemical for 24 hours. After incubation, cells 
were collected and then stained by FITC-conjugated anti-CD86 and CD54 antibodies and propidium 
iodide. CD86 and CD54 expression and cell viability were measured by flow cytometry. Two of 3 in-
dependent assays at any dose should exceed the positive criteria (CD86 ≥ 150 or CD54 ≥ 200) in order 
to be considered a ‘positive’ outcome. Estimated concentration required to produce a Relative Fluo-
rescence Intensity (RFI) of 150 or 200 for CD86 or CD54 (EC150 or EC200), respectively, were cal-
culated. Minimum Induction Threshold (MIT) was determined as a minimum value, smallest of either 
EC150 or EC200.  
DPRA: Two synthetic peptides (containing either a single cysteine or lysine as a reaction target) were 
incubated with test chemicals for 24 hours and after that the depletion of peptides were measured us-
ing High Performance Liquid Chromatography. When the average of two peptide depletion data is 
over 6.376%, the test chemical is judged as positive. 
Tiered approach: The h-CLAT is used as the first step method. When the MIT of the h-CLAT is less 
than 10, the test chemical is judged as “strong”. On the other hand, the chemical with over 10 of MIT 
is judged as “weak”. As the next step, DPRA is evaluated and the chemical with positive result is clas-
sified as “weak”, however chemical with negative result is “negative”.  
 
[Results and Discussion] 
For hazard identification as positive or negative, the h-CLAT showed a good result (84% accuracy). 
Also the MIT showed the good correlation with EC3 of LLNA. Tired approach using the h-CLAT and 
the DPRA showed good accuracy (86%) and 96% sensitivity for hazard identification. The rank classi-
fication by this approach had 75% as accuracy. 
From these data, the h-CLAT and this tired approach by the above two tests might be useful to predict 
for hazard identification and rank classification of skin sensitization. 
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Several studies have suggested that IL-8 can serve as a biomarker for discrimination of skin sensitizers 
from non-sensitizers. We established a stable THP-1-derived IL-8 reporter cell line, THP-G8, which 
harbors SLO and SLR luciferase genes under the control of IL-8 and GAPDH promoters, respectively. 
After 6 h treatment with chemicals, normalized SLO luciferase activity (nSLO-LA) was calculated by 
dividing SLO-LA by SLR-LA, and the fold induction of nSLO-LA (FInSLO-LA) was calculated by 
dividing nSLO-LA of chemically treated cells by that of non-treated cells. The nSLO-LA of THP-G8 
cells increased in response to LPS and several sensitizers. The FInSLO-LA in THP-G8 cells induced 
by LPS or sensitizers positively correlated with their induction of IL-8 mRNA in THP-1 cells. The 
nSLO-LA value of THP-G8 cells was significantly increased (FInSLO-LA ≥ 1.4) by 13 of the 15 sen-
sitizers as well as by 5 of the 7 non-sensitizers. Interestingly, pretreatment with N-acetylcysteine sup-
pressed the increase in FInSLO-LA induced by all sensitizers (Inhibition index (I.I.) ≤ 0.8), but did not 
suppress that induced by most of the non-sensitizers. We then evaluated the performance of this assay 
using values of FInSLO-LA ≥ 1.4 and I.I. ≤ 0.8 in at least 2 of 3 independent experiments as the crite-
ria of a sensitizer, which resulted in test accuracies of 82% for the 22 chemicals used and of 88% for 
the chemicals proposed by ECVAM. This newly developed assay is a candidate replacement for ani-
mal tests of skin sensitization because of its accuracy, convenience, and high throughput performance. 
 [References] 
Takahashi T. et al. An In Vitro Test to Screen Skin Sensitizers Using a Stable THP-1–Derived IL-8 
Reporter Cell Line,THP-G8. Toxicol Sci. in press. 
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In 2005, JaCVAM (the Japanese Center for the Validation of Alternative Methods) was founded at 
the National Institute of Health Science (NIHS). JaCVAM’s mission is to 1) promote the 3Rs 
(Re-duction, Refinement, and Replacement) in animal experiments for the evaluation of chemical 
safety in Japan, and 2) to establish and maintain guidelines for new alternative experimental methods 
through international collaboration.  
In April, 2011, JaCVAM became an official organization at the NIHS. This required that the JaCVAM 
steering committee be changed from a support group to a responsible group. It will be al-lotted a 
budget and the appropriate human resources needed to validate and review a new or revised test. Addi-
tionally, JaCVAM’s decisions with respect to alternative tests will be communicated to the department 
of the Ministry of Health, Labour and Welfare (MHLW) and publicly announced on the JaCVAM 
website. 
  Significantly, as of February 2011, MHLW has decided that data obtained using alternative test-
ing methods approved by the JaCVAM Steering Committee can be used for the submission of 
quasi-drug applications, and for the application of ingredients to be included in the Cosmetic Standard. 
In summary, the MHLW’s commitment to developing alternative tests has undergone major changes in 
the past year. In the future, we plan to implement the 3Rs with respect to tests traditionally per-formed 
on animals, and we hope that these studies will lead to the adoption of additional alternative methods. 
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“Agri-health translational research project (Vitrigel)” 
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E-mail: t.takezawa@affrc.go.jp 

 
  The Agri-health translational research projects of MAFF (Ministry of Agriculture, Forestry and 
Fisheries of Japan) is aiming for creating new markets and industries appropriate for bio-medicine and 
biomedical materials produced from agricultural and marine products and is performing researches to 
develop vaccine rice for Japanese cedar pollenosis, medical products from genetically-modified silk 
warm and biomaterials fabricated from animal proteins. 

  In a new “Vitrigel” project started from last April for the above development of biomaterials, we are 
promoting the following three subjects utilizing animal-derived collagen; 1) Development of novel 
collagen vitrigel (high density collagen fibrils equivalent to connective tissues in vivo)-based biomate-
rials appropriate for the practical use in the fields of regenerative medicine and alternative to animal 
experiments, 2) Development of medical technologies suitable for transplantation of artificial skin, 
cornea and trachea fabricated from collagen vitrigel, and 3) Development of culture technologies util-
izing a collagen vitrigel chamber useful for evaluating the toxicity of chemicals as alternative methods 
of animal experiments (Figure 1). 

  In this presentation, I intend to introduce the outline of the new “Vitrigel” project and report the 
current status of the following two researches aiming for pre-validation; “Development of skin sensi-
tization test model” and “Development of eye irritation test model”. 

 

Figure 1  Outline of the
new “Vitrigel” project. 

S5－4 



AATEX 16 (Supplement), 2011 

 170

 
 

Nano/Micro particles and cell biorection 
 
 

○Fumio WATARI 1 
 

 

1Graduate School of Dental Medicine, Hokkaido University, Sapporo 060-8586  
E-mail: watari@den.hokudai.ac.jp 

 
 
[Objective] Nanomaterials are defined as those with the size less than 100nm for at least one dimen-
sion.  However µm or nm is an artificial unit and effect of downsizing are not always fit to this scale.  
Normally chemical ionic dissolution effect through the increase of specific surface area leads to acute 
toxicity or immediate effect and gives the largest effect which is the same sort as macroscopic with 
enhanced reactivity.  In this sense it is the extrapolation from macro.  Meanwhile, particles less than 
10µm induces cell phagocytosis, weak toxicity and chronic inflammation in tissue.  Thus physical 
size effect, specific to nano/micro, occurred through these biological process brings the conversion of 
functions different from in macro.  This forms the requisite conditions for osteolysis caused by abra-
sion particles produced from artificial joint, mesothelioma by asbestos and also relates with the vital 
activity such as remodeling process of bone.  For less than 200nm there appears the stealthy of inva-
sion into internal body through respiratory and digestion systems and internal diffusion in the whole 
body.  Of these phenomena there are issues expected to be replaced or evaluated with in vitro tests. 
[Materials and Methods] Particles：Ti, Fe, Ni (500nm each), Ti (various in 500nm～150µm), TiO2 
(30nm), MWCNT(30nmmetallic catalysts removed by acid), SWCNT (1nmsame) etc.  Cells：
human neutrophils, hepatocytes (Hc), osteoblast-like cells (Saos2), mouse osteoblass (MC3T3-E1) etc.  
Internal disposition tests:(in vivo): rat compulsive exposure test, mouse tail vain injection test.  
Observation: OM, SEM, TEM, time-lapse OM, XSAM elemental mapping. 
[Results and Discussion] (1) Cell morphology of static state after fixation and dynamic activity state:  
When hepatites are coexist with CNTs, cells develop pseudopods to make phagocytosis for CNTs and 
moves to repeat the action with the constant activity without rest (Fig.1).  On the other hand the 
norphology after fixation usually becomes closer to sphere with the minimum surface area.  It is 
difficult to conjecture such dynamic activity and functions and limited to evaluate the total cell 
functions.  (2) Invasion and permeability of internal barrier: Immunological defense system do not 
work sufficiently to nanoparticles and permit the invasion into internal body and internal diffusion in 
the whole body.  There are also problems whether nanoparticles can pass through internal barriers of 
cell nucleic membrane, placental barrier and blood brain barrier.  It is desirable to evaluate these pos-
sibilities and make screening.  
 
[References] 1) F.Watari et al.: Material nanosizing effect on 
living organism: non-specific, biointeractive, physical size effect, 
J.Roy.Soc.Interface 6, S371-388, 2009.  
2) F.Watari: Biointeractive and Bioreactive Nature of 
Nanomaterials, Nano Biomedicine 1(1), p.2-8, 2009.  
3) S.Itoh et al.: In situ observation of dynamic behavior of liver 
cells to carbon nanotubes and analysis of cell functions, Nano 
Biomedicine 1(2), 95-108, 2009.         
 

Fig.1 Psudopods extended for CNTs 
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[Objective(s)] Three dimensional culture method is quite important for tissue evaluation in vitro. We 
developed methods for regenerating several tissues using RWV(rotating wall vessel) bioreactor. This 
reactor generates stress by the horizontal rotation of a cylindrical vessel equipped with a gas exchange 
membrane. The reactor compensates for the effect of gravity, resulting in homogeneous cell growth 
and differentiation without sinking, and cells aggregate and form a three dimensional tissue. For tissue 
engineering application, cartilage and bone tissue were regenerated from bone marrow mesenchymal 
stem cells. For drug screening, three dimensional cancer tissues were constructed by the RWV biore-
actor. These details will be introduced.   

 
 
[Materials and Methods] 
Human patients bone marrow derived mesenchymal stem cells were expanded two dimensionally,  
followed by three dimensional culture by RWV bioreactor in chondrogenic differentiation medium and 
evaluated. Human osteosarcoma derived cell line, MG63 were cultured by RWV bioreactor and the 
effect of anti-cancer drugs, such as doxorubicin, was compared with the two dimensionally cultured 
cells. 
 
[Results and Discussion] 
The cartilaginous tissue formed by RWV from human bone marrow cells had higher qualities in wet 
weight, cartilage extracellular matrix content and Safranin-O staining than that cultured in flask (pellet 
culture). The cancer tissues formed by RWV responded to doxorubicin more moderately than two di-
mensionally cultured cells, which implicates the RWV cultured cells are expected to reproduce close 
reaction to in vivo one. 
 
[References]  
1)Uemura et al. TISSUE ENGINEERING FOR TISSUE AND ORGAN REGENERATION, ed. by 
D.Eberli, pp217-232 (INTECH, 2011) 2)Uemura et al.Culture Systems for Cell Therapy and Regen-
erative Medicine（ed. By Kino-oka et al.）pp128-135 （CMC Pub, 2010）3)Sakai et al. J Orthop Res. 
2009 27,517, Ohyabu et al. Biotechnol Bioeng. 2006 95,1003,   Yoshioka et al. J Orthop Res. 2007 
25(10):1291 
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[Objective(s)]  Our purpose of this study is the establishment of in vitro cytotoxicity testing systems 
for nanomaterials using Paramecium cells, a eukaryotic unicellular organism. 
 

[Materials and Methods]  The cells of Paramecium caudatum, sygen 3, were grown at 25℃ in a 
culture medium containing 1.25 % (w/v) fresh lettuce juice diluted with K-DS, Dryl’s solution modi-
fied by substituting KH2PO4 for NaH2PO4, pH7.0 (1), and inoculated with Klebsiella pneumonia one 
day before use (2).  
 

[Results and Discussion]  The effects of carbon nanofibers (CNF), cobalt ferrite (CF), titanium oxide 
(TO), and silver nanoparticles (ANP) on the behavior of paramecia were examined in their dispersion 
solutions. No behavioral changes or cytotoxicity was detected in CNF, CF and TO dispersions (Conc.: 
some g/mL). On the other hand, Paramecium cells showed abnormal swimming behavior in the ANP 
dispersion and finally committed to cell death. This toxic effect of ANP was reverse proportion to the 
particle sizes. Then, we examined cytotoxicity of ANP dispersion (DS) and extracted solution (ES) 
prepared by dialysis of the DS against distilled water (dialysis membrane: average pore size of 5 nm). 
Both DS and ES had very strong cytotoxicity. The Ag concentration in ES measured by ICP-AES in-
dicated about 10 g/L, suggesting production of Ag ions by ionization of Ag nanoparticles in the dis-
persion. 
 

Detoxification experiments revealed that human serum albumin (HAS), bovine serum albumin (BSA) 
and casein (Cas) showed detoxification effects on the cytotoxicity of DS and ES. The effects were 
dose-dependent. HAS had the highest activity among three proteins. 
 

SDS-PAGE analysis of cells treated with ES revealed that there were several differences in polypep-
tide banding patterns between ES-treated and untreated cells. Partial amino acid sequence analysis of 
these polypeptides indicated that one of the polypeptides was beta-tubulin and the other was an un-
known polypeptide. 
 

In this study, we demonstrated the identification of a gene associated with the Ag nanoparticle cyto-
toxicity in our in vitro bioassay system. We will discuss the advantages of Paramecium as a bioassay 
system for elucidation of nanomaterial cytotoxicity. 
 

[References] 
(1) Yanagi, A. (1987) Positional control of the fates of nuclei produced after meiosis in Paramecium: 
analysis by nuclear transplantation. Dev. Biol. 122, 535-539.           
(2) Hiwatashi, K. (1968) Determination and inheritance of mating type in Paramecium caudatum. 
Genetics 58, 373-386. 
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[Objective(s)] 
Various evaluations were conducted on cell damage of THP-1 cells by (1) titanium fine particles, (2) 
copper ions and (3) TEGDMA monomer. Especially, effects on oxidative stress, inflammatory cyto-
kine production and gene damage were considered. 
 
[Materials and Methods] 
(1) THP-1 cells were differentiated into macrophage by 200 nM PMA, and cultured with sub-micron 

titanium particles. Intracellular morphology, cell viability, inflammatory cytokine production, su-
per-oxide dismutase secretion and gene evaluations were evaluated. 

(2) THP-1 cells were differentiated into macrophage by PMA, and cultured in the medium containing 
IC90% (100 mol/L) copper ions. Gene expression analyses and proteome analyses (2D electro-
phoresis and MALDI-TOF mass) were carried out. 

(3) DNA microarray analyses were conducted on THP-1 monocytes exposed to IC50（2.5mmol/L）
TEGDMA for 24h and LPS for last 4h relative to those stimulated with LPS for 4h. Some 
up-regulated genes were confirmed by real-time PCR. 

 
 [Results and Discussion] 
(1) Macrophage actively phagocytized titanium fine particles and accumulated/refined them in intra  

cellular phagosome. By phagocytosis, while keeping cell viability, abundant inflammatory cyto-
kines and super-oxide dismutase were produced with their amounts equivalent to those by 
LPS-stimulation. Phagocytosis of titanium fine particles caused macrophage to express genes as-
sociated with inflammation reactions. It was suggested that titanium fine (sub-micron/nano) par-
ticles caused strong inflammation. 

(2) By IC90% copper ions, macrophage produced much intracellular HSP70. By quantitative 
real-time PCR analyses, MT1A gene for metal de-toxication protein and HMOX1 gene for oxida-
tive stress relieving protein) were significantly up-regulated, while RAD51 gene for DNA dam-
age repair protein was down-regulated. It was hinted that copper ions entered and had strong cy-
totoxicity. 

(3) LPS-stimulated THP-1 monocytes exposed to IC50% TEGDMA expressed xenobiotic metabolite 
genes (e.g. AK1R1C1) and anti-oxidative stress genes (e.g. NQO1 and GPX3). It was considered 
that monocyte facilitated 2nd phase chemical metabolism reaction and anti-oxidative actions. 
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[Objective(s)]  In recent investigation, carbon nanotubes (CNTs) have been utilized as scaffolds for 
cell cultures. We demonstrated that sheets of CNTs as a suitable scaffold for excellent adhesion and 
proliferation of osteoblast-like cells (Saos-2). In the present study, we prepared culture dishes with 
homogeneous thin or thick films of non-modified CNTs and examined the effect of serum concentra-
tions and different cell lines on cell proliferation in these culture dishes. Further, electrical application 
of a CNT-coated dish for bio-sensor of cell proliferation was also tried. 
 
[Materials and Methods]  CNTs employed in this study and CNT-coated dishes were prepared, as 
previously described [1]. The cells were cultured on CNT-coated dishes in recommended each media 
conditions with 10% FBS and 1% antibiotics at 37°C in a humidified 5% CO2/95% air environment. 
Cell proliferation was evaluated on optical microscope images by counting the number of cells at-
tached to each dish. We used the electric-resistance measurement system (Millicell ERS-2), and set it 
up on the CNT-coated dishes. (SWCNT0.5: 0.5 g/cm2, SWCNT5: 5 g/cm2, MWCNT0.5: 0.5 
g/cm2, MWCNT5: 5 g/cm2) 
 
[Results and Discussion]  CNT network structure at the nano-level roughness was observed on 
CNT-coated dishes. The ratio of cell proliferation was strongly affected by kind of cells and substrates. 
Interestingly, single-walled carbon nanotubes (SWCNT) thin films were found to be the most effective 
substrate for the proliferation of half of the cells used in this study (ex. Saos-2, HeLa, HEK293, 
NIH-3T3, and MDCK). Further, thin SWCNT 
films indicate high transparency and elec-
tro-conductivity. Therefore, thin SWCNT films 
may be used as a hybrid-biomaterial such as a 
biosensor or an electro-stimulator for cell con-
trols. Thus, thin SWCNT films may be used as a 
hybrid-biomaterial such as a biosensor or an 
electro-stimulator for cell controls. 
 
[References] 
[1] T. Akasaka, A. Yokoyama, M. Matsuoka, T. Hashimoto and F. Watari, Mater. Sci. Eng. C, 30, 391 
(2010). 
[2] T. Akasaka, A. Yokoyama, M. Matsuoka, T. Hashimoto and F. Watari, Carbon 49, 2287 (2011). 
 

 

Fig.1  SEM images of CNT-coated dish.
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Many reports have been published on the potential developmental toxicities of chemicals. Presently, 
no reliable experimental methods have been established for nanomaterials. It seems to be difficult to 
predict the risks of nanomaterials using animal experiments. Specifically, it is difficult to predict 
long-term risks because the lifespans of experimental animals are shorter than that of humans. Fur-
thermore, various nanomaterials have recently been developed. Thus, it is difficult to examine all 
nanomaterials by employing animal experiments. 

The Embryonic Stem Cell Test (EST), an in vitro developmental toxicity test using ES-D3 cells 
and Bulb/c 3T3 cells, has attracted attention as a method to screen for the embryotoxicity risks of 
many chemicals. The EST has been internationally validated on a large scale to confirm its reliability. 
However, many drawbacks have been pointed out. Thus, currently, this test is not widely used, al-
though 10 years have passed since its first appearance in the literature. Meanwhile, more ES cells have 
been established, and more culture methods have been developed. Thus, the fundamental protocol of 
the EST does not necessarily provide the most appropriate culture method.  

Since nanomaterials are only slightly soluble in body fluids, they are not readily ionized in vivo 
in a short period. Therefore, the basic EST protocol cannot be directly applied. Thus, we propose a 
3-dimensional model method. These 3-dimensional cell culture models have been improved based on 
many commercially available human skin models, and basically do not require the dissolution of 
chemicals in medium in a short time. In this method, the medium allows the direct contact between 
cells and the material via collagen. This method is optimal for materials with a low cell toxicity and 
low solubility in medium. In addition to these models, we have also evaluated an in vitro method for 
the measurement of gas embryotoxicity as well as a method employing metabolic activator introduc-
tion. As a method for measurement of the embryotoxicity of nanomaterials, the 3-dimensional culture 
method using ES cells and collagen gel may be the most useful for the accurate prediction of risks. 
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The development of alternative methods for skin sensitization testing is evolving at a rapid rate. The 
challenge ahead is to find quantitative and predictive approaches to utilize the data for conducting 
sound risk assessments to support the development and management of chemicals. 

Approaches to skin sensitization risk assessment have been dependent upon the availability of infor-
mation on two fundamental parameters.  Firstly, in vivo data relating to the relative skin sensitizing 
potency of the chemical, and secondly, information regarding conditions of human exposure.  Much 
has been achieved in terms of refining methods capable of informing these parameters.  For example, 
the development of the local lymph node assay (LLNA) has made it possible to predict skin sensitizing 
hazard, and to determine relative skin sensitizing potency, in a way that was not possible previously.  
Taken together with accurate information about predicted exposure, such potency data can be used to 
conduct high-quality quantitative risk assessments.  Although the LLNA provides an integrated as-
sessment of skin sensitizing activity, it does require the use of experimental animals.  Substantial 
progress is being made in defining alternative experimental strategies that avoid animal use, but it is 
clear that accurate characterization of skin sensitization hazards will require the integration of various 
sources of information. Currently, estimation of epidermal bioavailability, peptide reactivity and one or 
more measures of keratinocyte and dendritic cell activation have been investigated as an in vitro/in 
chemico/in silico correlate of sensitization potency for possible utilization in a quantitative risk as-
sessment scheme for skin sensitization evaluations of new chemicals. 

1. Aeby P., T. Ashikaga, S. Bessou-Touya, A. Achepky, F. Gerberick, P. Kern, M. Marrec-Fairley, G. 
Maxwell, J.-M. Ovigne, H. Sakaguchi, K. Reisinger, M. Tailhardat, S. Tessier, P. Winkler. 2010. Iden-
tifying and characterizing chemical skin sensitizers without animal testing: Colipa’s research and 
method development program. Toxicology In Vitro 24:1465-1473. 

2. Kern P.S., Gerberick G.F., Ryan C.A., Kimber I., Aptula A., and Basketter D.A.  2010. Lycal lymph 
node data for the evaluation of skin sensitization alternatives:  A second compilation.  Dermatitis, 
21(1):8-32. 

3. Gerberick, G.F., Aleksic, M., Basketter, D.A., Casati, S., Karlberg, A.T., Kern, P., Kimber, I., Lepoitte-
vin, J.P., Natsch, A., Ovigne, J.M., Rovida, C., Sakaguchi, H., and Schultz, T. 2008. Chemical reactiv-
ity measurement and the predictive identification of skin sensitizers: The report and recommendations 
of ECVAM Workshop 64. ATLA, 36:215-242. 

4. Kimber, I. D.A. Basketter, G.F. Gerberick, C.A. Ryan and R.J. Dearman. 2011. Chemical allergy: 
translating biology into hazard characterization. Toxicological Sciences, 120:S238-268. 
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Recent Research of Alternative Methods in Biotoxtech, Korea 

 

Mi-Sook Jung1, Mi-Ae Park1, Heung-Mo Bae1, Tae-Won Jeon1, Seong-Jin Baek1  

and Jong-Koo Kang1,2 

 
1Biotoxtech Co., Ltd., Ochang, Korea  

2Chungbuk National University, Cheongju, Korea 
E-mail: mszheng@biotoxtech.com 

 

 
  As a CRO (Contract Research Organization), Biotoxtech has conducted skin irritation test, eye irrita-
tion test, phototoxicity test and skin sensitization test by using animals for 10 years. Moreover, we ex-
perienced in evaluating the various substances such as medical supplies, cosmetics, food, chemical sub-
stances and pesticides. Based on these in-vivo data, we are developing alternative methods for various 
in-vivo safety tests. 
  
  First of all, we performed human skin model test and membrane barrier test using EpiDermTM and 
CorrositexR, respectively. Irritation responses were appeared in the 0.5 N sodium hydroxide and 8N po-
tassium hydroxide treated group (positive substances). However, there were no irritant responses by 10% 
citric acid. These results were consistent with rabbit's irritation data. On the other hand, EpiOcularTM was 
used to evaluate eye irritation. Similar to the above results, alternative method and in-vivo method 
showed same irritation response when 0.5 N sodium hydroxide applied. 3T3 NRU phototoxicity assay, 
an in vitro assessment of the phototoxic potential of a substance was validated following the OECD 432 
guideline. The validation of this assay involved testing eight chemicals with various phototoxic potential. 
Protoporphyrin IX, chlorpromazine, amiodarone and norfloxacin were classified correctly as phototoxins, 
while hexachlorophene, sodium lauryl sulfate and L-histidine were not phototoxic. LLNA assay test and 
skin absorption test are currently underway. LLNA-BrdU assay has been selected for assessment of skin 
sensitization. In the case of absorption test, we are developing test regarding in-vitro human skin absorp-
tion. As a recent research, time dependence of caffeine permeation quantity in human skin was con-
firmed by Franz cell assay. 
  
  In conclusion, we used alternative methods for skin irritation test and eye irritation test. These results 
and in-vivo data showed similar pattern. In addition, skin absorption and LLNA tests are expected to be 
completed within November, 2011. 
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Brief introduction on the alternative animal experiment for the evaluation 
of efficacy and safety in veterinary therapeutics 

－ Evaluation of hepatotoxicity and neurotoxicity for chemicals using the cells  
differentiated from mouse embryonic stem cell－ 

 
Hwan-Goo Kang, Sang-Hee Jeong, Eun-Ju Park, Young-Il Park, Seong-Wan Son 

 

        1 Animal, Plant and Fisheries Quarantine and Inspection Agency,  
Anyang 430-824, Republic of Korea  

E-mail address: kanghg67@korea.kr 
 
 
[Objective(s)] 

Embryonic stem cell (ESC) is considering a powerful source in biological research and medical field due 
to its unique nature; self-renewal and differentiation. This study was performed to assess the hepatotoxicity 
and neurotoxicity of arsanilic acid (Ars) at specific developmental stage of hepatic progenitor cells (HPCs), 
hepatocyte-like cells (HCs) and preneural cells (NPCs) derived from mouse ESCs.  
[Materials and Methods]  
For the evaluation of hepatotoxicity, three chemicals of carbon tetrachloride (CCl4), 5-flurouracil (5-FU) 
and arsanilic acid (Ars) were treated and their effects were evaluated by measuring the expression of CK18 
and GATA-4 as indicators of hepatic lineage markers and by determining AST, LDH and ALP in HCs de-
rived from ESCs established in our laboratory. For the evaluation of neurotoxicity, the expression of 
GABA-R, GFAP, Nestin, TUJ1, MAP2 and Oct-4 were examined to evaluate the differentiation to NPCs 
from ES at the days of 2, 4, 6, 8, 10, 12 and 14. Cells were treated with Ars (62 μM ~ 4 mM) and 
danofloxacin (1.25 ~ 80 μM) and mercury (15.13 nM~ 1 μM) in the process of differentiated into the NPC 
for 8 and 14 d or test chemicals were exposed for 6 d after 8 d differentiation. Specific marker proteins of 
differentiated NPCs and acetylcholine esterase activity were determined in cells treated by test chemicals 
for 14 d and cells exposed to test chemicals for 6 d after ES cells were differentiated for 8 d.    
[Results and Discussion]  

ESCs were morphologically changed to hepatic cells containing large nuclei and dark granular deposits 
within the cytoplasm. The viability of ESCs was not affected at range of 25 to 500 uM for CCl4, 12.5 to 800 
nM for 5-FU, and 6.25 to 800 nM for Ars, respectively, by short-term (16 h) treatment of each chemical. In 
the group treated with CCl4, the expression of CK18 was decreased (P<0.05) from day 10 by more than 
300 uM, while GATA-4 expressions were decreased by more than 400 uM but both markers were decreased 
(P<0.05) by all doses at day 40. In the group of 5-FU, the expressions of CK18 and GATA-4 were not af-
fected by all doses of 5-FU at day 22 while the GATA-4 was decreased (P<0.05) at day 28 and 40 by more 
than 400 nM. In the case of Ars, the expression of CK18 was inhibited (P<0.05) at day 22 by more than 
100 nM but it showed the tendency of recovery, while GATA-4 were inhibited by all doses of Ars at day 22 
but it’s inhibition was recovered at day 28 and 40. In the group of CCl4, the activities of ALP were in-
creased significantly (P<0.05) by all treated dose with dose-dependent manner and the activities of LDH 
and AST were also shown the tendency of increase by more than 300 uM. However, only ALP activities 
were increased by more than 50 nM of 5-FU. In Ars treated group, the activities of three enzymes were de-
creased but ALP was less affected than AST and LDH even though ALP was more affected in the groups 
treated with CCl4 and 5-FU.  

The morphology of undifferentiated ES cells revealed tight, round and multi-layered was changed to neu-
ron and neurite-like shape after differentiation step at 14 d. In differentiation process into NPCs, the ex-
pression of Oct-4 was significantly decreased from 10 d, and the expression of nestin, GABA-R, TUJ-1 and 
MAP2 were increased till 6 day and GFAP till 8 d. The expression of Oct-4 was significantly increased by 
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the treatment of more than 0.125 mM of arsanilic acid at day of 8. The expression of nestin and TUJ-1 were 
decreased by more than 0.125 mM, and GABA-R, MAP2 and GFAP were by more than 0.5 mM, 0.5 mM 
and 1 mM of arsanilic acid at the days of 8, respectively. The expressions of Oct-4 and GABA-R were in-
hibited by the treatment of more than 40 μM of danofloxacin and GFAP, TUJ-1 and Nestin, MAP2 were 
inhibited more than 5 uM, 10 μM and 20 μM of danofloxacin, respectively. The expression of Oct-4 was 
increased by more than 250 μM of mercury. Nestin was decreased by all dose of mercury, and GFAP, 
TUJ-1 were more than 62.5 nM , and MAP2 was more than 125 nM, and GABA-R was more than 500 nM.   
In the case of cells exposed to test chemicals for 6 d after differentiation for 8 d, the expressions of 
GABA-R and GFAP were decreased by all dose of arsanilic acid and Nestin was more than 0.25 mM, and 
TUJ1 and MAP2 were more than 0.5 mM, but Oct-4 was increased more than 0.5 mM of arsanilic acid. 
The expression of GFAP and TUJ1 were decreased by all dose of danofloxacin, and MAP2 was more than 
5 μM, and GABA-R and Nestin were more than 10 μM, but Oct-4 was increased more than 10 μM of 
danofloxacin. The expression of GABA-R was decreased by all dose of mercury, and TUJ1 was more than 
125 nM, and TUJ1 and MAP2 were more than 250 nM, and GFAP was more than 500 nM, but Oct-4 was 
increased more than 125 nM of mercury. In the case of cells exposed to test chemicals for 6 d after differ-
entiation for 8 d, acetylcholine esterase activities were dose-dependently decreased by arsanilic acid and 
those were also decreased by high dose of danofloxacin and mercury. In the case of cell treated for 14 d, 
high dose of chemical caused cell detachment and AchE was inhibited by 20 mM danofloxacin. Arsanilic 
acid showed the inhibitory effect on the differentiation into NPCs during differentiation but astrocyte and 
GABA-R were more affected after differentiation, and danofloxacin affects on astrocyte and microtubule 
during differentiation and after differentiation, and mercury affect on the NPCs, astrocyte and microtubule 
but GABA-R after differentiation. We demonstrated that the evaluation of in vitro neuro-toxicity and hepa-
totoxicity of chemicals using NPCs and HPCs differentiated from mouse ES. 

[References]  
1. Baxter, M.A., Rowe, C., Alder, J. et al., 2010. Generating hepatic cell lineages from pluripotent 
stem cells for drug toxicity screening. Stem cell research 5, 4-22.  
2. Leonora B., Joanna S., Silvia N.M et al.,  Human stem cell-based model for identifying adverse effects 
of organic and inorganic chemicals on the developing nervous system. Stem Cells 2009. 27, 2591-2601. 
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The Late Emeritus Professor Tsutomu Sugahara and the JSAAE 
 

Atsushige Sato 
 

Tokyo Medical and Dental University 
E-mail:sato-atsushige.eme@tmd.ac.jp 

 
Dr. Tsutomu Sugahara, the leading founder of the Japanese Society for Alternatives to Animal Experiment 
(JSAAE) passed away on October 1st 2010. He will be missed greatly. He was a professor at the Depart-
ment of Radiation Biology at the Kyoto University School of Medicine from 1961 to 1980. During this 
period he was involved researching the biological effects of radiation on cultured cells as well as the treat-
ment of cancer through hyperthermia. He was nominated to be a member of the Committee of Animal Ex-
periment Procedure in the Institute of Physical and Chemical Research. He organized the group responsible 
for examining alternatives to animal testing, published a report on the current situation survey and prob-
lems of alternatives to animal testing in 1982. The term “DAITAIHO” meaning ALTERNATIVES was first 
used in Japan, in this report. The JSAAE was established in 1989 which evolved from the study group on 
alternatives to animal experimentation organized by Dr. Sugahara in 1987. The Health Science Foundation 
directed by Dr. Sugahara gave continuous financial support for the JSAAE. He contributed a great deal to 
the establishment and the development of the JSAAE. Dr. Sugahara’ role in the wide dissemination of sci-
entific knowledge is appreciated. C.P. Snow published “Two Cultures and the Scientific Revolution” in 
1960. He remarked that the breakdown of communication between the two cultures – the sciences and the 
humanities –was a major hindrance in solving the world’s problems. To resolve these problems, compre-
hensive science which is capable of joining the two cultures must play a role. He was capable of harmoniz-
ing different fields of knowledge with diverse capabilities, therefore he was called a Renaissance man. He 
made comments on alternatives; the movements of animal protection groups are not as excessive in Japan 
as compared with the European and US ones, it is possible to study this problem scientifically, therefore, 
Japan should take a lead role and should promote the development of alternatives which fully considered 
the necessary expenses and time, resolving criticisms of the animal protection groups. Currently the JSAAE 
promotes developments in new alternative by using biotechnology.  Japanese researchers have created 
Organs-on-a-Chip, a device that mimics human organ cells. It should eliminate the need for animal testing. 
However, the chips may not capture certain aspects which are crucial to the living physiological system. 
The structure of living organisms is organized in an hierarchical fashion. “The whole is more than the sum 
of its parts.”  We need to gain more appreciation and understanding for the structure of life in the research 
on alternatives.  
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The Principle of humane Experimental Technique. 

What did Russell & Burch mention in the book？ 

Noriyuki Kasai 

Institute for Animal experimentation Tohoku University School of Medicine 

E-mail：nkasai@med.tohoku.ac.jp 

 

 

  It has taken 52 years since “The Principle of humane Experimental Technique” was published. The three 

Rs conception which Russell & Burch advocated in this book has been adopted in the Japanese Law for the 

Humane Treatment and Management of Animals and now common in all of people involved in animal ex-

perimentation and laboratory animals. 

  However, this important book has not been translated to Japanese yet and I guess only few people has 

read it so far in Japan. Therefore, I am now trying to translate and publish it, so I am going to introduce in 

this lecture what they mentioned in this book. 

  They mentioned first about the concept of inhumanity and the sources, incidence, and removal of it. 

They advocated the three Rs conception for removal or reduction of the inhumanity. Replacement has two 

modes, absolute and relative. The former is the experiment using endo-parasites, plants, micro-organisms 

and non-living system. The latter is one using non-recovery experiments on living and intact but anaesthe-

tized animal, and the preparation after being painlessly killed. In Reduction, there are problems of variation. 

The control of variation needs the control of proximate environment for phenotype and dramatype of labo-

ratory animals. The object of Refinement is to reduce to an absolute minimum the amount of distress im-

posed on those animals. The authors divided two distinct kinds of investigation, neutral and stressful stud-

ies. The latter has as its main or subsidiary object the acquisition of knowledge about the mechanisms of 

pain and distress. The former is all other studies which do not have such objectives. The study of fear may 

afford hope that even the toughest of problem in stressful investigation are ultimately amenable to refine-

ment.,  

 
 
 
 
 
 
 
 
 
 
 

EL－2－1 



AATEX 16 (Supplement), 2011 

 182

 
 

—Thoughts in animal life and responsibility of technician- 

With an experience of Eastern Japan Earthquake 

Teruko SUETA 

Institute for Animal Experimentation Tohoku University Graduate School of Medicine 

E-mail:tetuko3@med.tohoku.ac.jp 

 A major earthquake of magnitude 9.0 and the tsunami of the wide area attacked the East Japan at 2:46 on 

the afternoon of 11th March, and a large number of and missing person appeared. In addition, the radioac-

tive contamination of the Fukushima Nuclear Power Plant accident happened. At this symposium, I report 

the damage and the responses of two facilities of our institution, the central animal care facility and the 

clinical branch. The total damage in the Tohoku University campus was said to be 80 billion yen, and un-

fortunately, casualties were 3 students by tsunami. Because we took the earthquake countermeasures be-

forehand, as for us, the damage was relatively slight. The stop of electricity, gas and water were big prob-

lems. By the great earthquake, it was difficult to estimate a prospect of those restorations precisely. After 

the earthquake was completed, we checked on the escape of the animals and the sign of the fire.  We con-

firmed the damage of our institution from the next day. In the central facility, the death of approximately 80 

mice was identified by malfunction of the automatic water supply equipment. The branch office is located 

at the top floor of 12-story building that was intensely rolled, and this building was immediately designated 

as "exclusion zone“. We bred and managed the animals while aftershocks continued. In spite of the intense 

rolling of aftershocks, mice, rats, dogs and pigs had no damage, and we were pleased with the safety of the 

laboratory animal obediently.  

 The electricity and water were restored in 1-3 days. We needed 25 days for restoration of the gas. There-

fore we could not use a large-scale steam autoclave and the air heating. Suspension of the cage exchange, 

twice-daily ventilation, and, euthanasia of young mice were conducted for keeping SPF environment. As 

for the civic life, the acquisition of food and gasoline was difficult. Fortunately, we received distribution of 

necessary food from our university because aid supplies started three days after the earthquake.  We could 

work hard by grace of encouragements by e-mails from friends in other laboratory animal facilities, and 

sterilized animal bedding and foods sent from the institutes and companies concerned. We felt very thank-

ful. I will give the words of thanks heartily on this occasion. Thank you very much for your supports. 
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Education program on animal-experiment ethics based on international  
guidelines 

                       

〇Shigeo Ito  

Laboratory of Pharmacology, Graduate School of Veterinary Medicine, 

Hokkaido University, 

Kita 18, Nishi 9, Sapporo 

E-mail: sito@vetmed.hokudai.ac.jp 

 

The Animal Protection Law in Japan was amended in 2005, and included the 3Rs for animal experiments 

(Reduction of pain, Reduction of the number of animals used, Replacement by lower animals or cells). 

Furthermore, the Ministry of Education, Culture, Sports, Science and Technology (MEXT) provided "A 

basic Guideline for Animal Experimentation in Institutes." Under the circumstances, we were faced with 

the problem of how to teach the 3Rs to students in the graduate and undergraduate schools. It was neces-

sary to show them how to comply with the 3Rs. I report here how we did it. 

In 2005, MEXT started "Attractive Graduate School Education Initiative" as a graduate school education 

reform, and we applied for the program "Veterinary Scientist Training Program in Next-Generation – ethics 

education for animal experiments based on global guidelines", which was adopted. The most important 

quality expected from the graduate student is management capability in animal experiments based on ani-

mal welfare. We planned a teaching program for animal-experiment ethics, and tried to get accreditation 

from the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC). This ac-

creditation is recognized worldwide as the “gold standard" for animal research programs and is a symbol 

indicating the performance of humane animal experimentation. We succeeded in getting full accreditation 

in 2007 and educated students using this animal research program. We also prepared a system in which the 

students could experience the program during the process of animal experiments at the animal facility in 

the veterinary school.  

The program "Development of the Advanced Animal Experiment Educational Program based on an In-

ternational Standard" was also adopted by MEXT during 2009-2011. We provided subjects in general edu-

cation and graduate education courses at Hokkaido University and an e-learning subject "Practical Ethics of 

Animal Experiment" which can be seen in the homepage of the Japanese Association for Laboratory Ani-

mal Science in order to promote the widespread use of ethical techniques for animal experiments.  

The teaching of practical ethics of animal experiments in veterinary education will be very important be-

cause strict adherence to the 3Rs in animal experiments may become a social demand in the future. 
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Fabrication of biomimetic tissues composed of cells of more than 2 types: A 

promising new prospect for biomedical studies 
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2Center for Stem Cell Research, SMART Institute of Advanced Biomedical Science, and 

3Department of Molecular Biotechnology, Konkuk University, Seoul, Korea 
E-mail: jeongik@konkuk.ac.kr 

 
 
[Objective(s)] Most of the research in the biomedical field focuses on only one type of cell. However, the 
results of such studies on single cell types that are conducted under very specific laboratory conditions are 
limited in their application because they do not satisfactorily simulate the actual in vivo conditions, which 
involve cells of various types and a variety of complex mechanisms. These in vivo conditions are better 
represented by biomimitic tissues, with which it is possible to investigate interactions between cells of dif-
ferent types involved in different biological mechanisms. However, because of the unavailability of biomi-
metic tissue systems, animal models are used for these studies, which require the sacrifice of laboratory 
animals. In this study, we describe 2 methods for producing biomimitic tissues that to a large extent mimic 
the in vivo environment in living organisms.  
 
[Materials and Methods] To develop biomimetic tissues, we purchased 2 types of commercially available 
cell lines. From these cell lines, cell sheets and mixed cellular spheroids were fabricated using cell sheet 
engineering and the manufacturing technique for mixed cellular complexes developed by our group.  
 
[Results and Discussion] 
To incorporate the 2 different cell types into a single construct to create biomimetic tissues, we are now 
trying to use cell sheet engineering (Kwon, 2000) and the high-density suspension shaking culture method 
(HDSS) (Lee, 2011). We believe that these tissues will provide alternative methods to animal testing and 
experimentation with laboratory animals.  
 
[References] 
1. Kwon OH. et al. Rapid cell sheet detachment from poly (N-isopropylacrylamide)- grafted porous cell 
culture membranes. J Biomed Mater Res. 2000 Apr;50(1):82-9. 
2. Lee JI. et al. Transplantation of scaffold-free spheroids composed of synovium-derived cells and chon-
drocytes for the treatment of cartilage defects of the. Eur Cell Mater. 2011 submitted 
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Acetylcholine inhibits the hypoxia and hydrogen peroxide -induced reduction of 
connexin43 protein in rat cardiomyocytes. 
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E-mail: ariumih@pharm.kitasato-u.ac.jp 

 

 
[Objective(s)] Pathological sympathetic overactivation and vagal withdrawal are thought to reduce the 
survival rate after acute myocardial infarction (AMI) and chronic heart failure (CHF). Previously, we 
tested if aortic depressor nerve stimulation improved the survival rate after AMI in rats. AMI was in-
duced by ligating the left coronary artery. Two minutes after the ligation, 10-Hz stimulation of the in-
tact left ADN was started and continued for 30-min in treatment group, whereas no stimulation was 
performed in control group. The survival rate at 60 min after AMI was only 6.6 % in the control group, 
whereas it increased to 76.5 % in the treatment group. With regard to life-threatening arrhythmias in 
acute ischemia, the effect of vagal nerve stimulation (VS) has been reported to prevent ventricular fib-
rillation in animals 1). Therefore, we investigated the effect of acetylcholine (ACh), a parasympathetic 
nerve system neurotransmitter, on the gap junction component Cx43 using H9c2 cells. 
 
[Materials and Methods] H9c2 cells, which are spontaneously immortalized ventricular myoblasts 
from rat embryos, were used due to their conserved electrical and signal transduction characteristics. 
The cells were cultured in DMEM supplemented with 10% FBS and antibiotics.  
 
 [Results and Discussion] When cells were subjected to hydrogen peroxide (300M, 400M, 500�M), 
the cell survivals were decreased to 81.8%, 61.4% and 41.8%, respectively. Hydrogen peroxide 
(400M) group showed a marked reduction to 68.5%（for 3 hours）and 67.9%（for 6 hours） in the 

amount of cell survivals. These results suggest that hydrogen peroxide-induced cell survival is re-
sponsible for restoring the decrease in the Cx43 protein level. 
 
[Reference] 
1) Efferent Vagal nerve stimulation protects heart against ischemia-induced arrhythmias by preserving 
Connexin43 protein, Circulation, 112. 164-170. 2005 
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corneal epithelium. 
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[Background] We previously reported that p75NTR (CD271)-positive cells are observed among the 
tissue stem/progenitor cells in the crystalline lens and retina, allowing immunological purification of 
tissue stem/progenitor cells.  We observed and separated p75NTR-positive stem/progenitor cells from 
the human corneal limbus epithelium, and the cultured them using serum-free medium.  However, 
during culture, it proved difficult to maintain the properties of corneal epithelium for more than 5 pas-
sages. 
 
[Objective(s)] Furthermore, past efforts to create transgenic corneal epithelium frequently involved the 
use of defective viral vectors.  We examine eye irritation test using new immortalizing human corneal 
epithelium cells (iHCE-NY) which we transduced an immortalizing gene by new technique.  We 
search for the marker which can detect slight effect on cells using iHCE-NY.  Furthermore, we con-
duct examination about the differentiation ability of iHCE-NY. 
 
[Materials and Methods] We exposed some test materials to iHCE-NY and conducted neutral red test.  
We examined the change of the gene marker using real-time PCR at the same time.  Furthermore, we 
examined culture conditions of iHCE-NY and examined differentiation ability. 
[Results and Discussion] The value of IC50 of some test materials was similar to the other alternative 
test using corneal epithelial cells.  We are testing and report the change of the gene marker at an-
nouncement.  Furthermore, iHCE-NY was differentiated at changed culture condition.  We report 
the details at announcement. 
 
[References] Yamamoto N, Hirano K, Kojima H et al.: Cultured human corneal epithelial 
stem/progenitor cells derived from the corneal limbus. In Vitro Cell Dev Biol Anim. 46, 774-780, 2010. 
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Quantitative prediction method of in vivo renal clearance of drugs using 
human kidney and expression system 
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Graduate School of Pharmaceutical Sciences, The University of Tokyo 
e-mail: kusuhara@mol.f.u-tokyo.ac.jp 

 
[OBJECTIVE] The kidney is the important clearance organ in the body along with the liver. Urinary 
excretion of drugs is determined by the glomerular filtration, the tubular secretion in the proximal tu-
bules, and reabsorption. Tubular secretion mechanism is comprised of organic anion and cation trans-
port systems, and their substrate specificities determine the clearance ability in the kidney. The pur-
pose of this study is to develop a quantitative prediction method of the renal clearance using human 
kidney, and the method to examine the significance of MATEs, H+ and organic cation exchangers in 
human liver and kidney. We have reported pyrimethamine to be a potent and selective inhibitor for 
MATEs, and, using this inhibitor, contribution of MATEs to the H+ coupled organic cation transport 
was evaluated. 
[METHODS] Human kidney slices (300 μm) were prepared for in vitro transport experiments. The 
canalicular membrane vesicles (CMV) and renal brush border membrane vesicles (BBMV) were pre-
pared from human liver and kidney. In the presence of outward H+ gradient across the membrane, the 
uptake of organic cations, such as metformin, was measured using a rapid filtration method. 
[Results and Discussion] The uptake of anionic drug (rosuvastatin, pravastatin, pitavastatin, valsartan, 
olmesartan, trichlormethiazide, p-aminohippurate and benzylpenicillin) was saturable in human kidney 
slices although the contribution of a saturable uptake mechanism was at most 20% for pitavastatin. 
Except valsartan, the in vitro uptake clearance requires a scaling factor of 10 to provide a clearance 
similar to the in vivo tubular secretion clearance. It is speculated that valsartan undergoes reabsorption 
from the urine, and thus, the uptake clearance overestimates the tubular secretion clearance. Compari-
son of inhibition constants determined in human kidney slices (Ki) and effective concentrations of 
gemfibrozil and its metabolites at clinical doses suggests that the interaction between pravastatin and 
gemfibrozil can be explained by inhibition of the renal uptake process by gemfibrozil, and by gemfi-
brozil glucuronide (~20%). BBMV and in CMV show significant transport activities of organic 
cations coupled with antiport of H+, which was inhibited by pyrimethamine. This result is consistent 
with the tissue distribution and membrane localization of MATEs, and support that MATEs are re-
sponsible for the H+ coupled organic cation transport in the kidney. It is well known that ABC trans-
porters, such as P-gp, MRP2 and BCRP, play indispensable roles in the canalicular efflux of drugs into 
the bile.  This is the first demonstration that a SLC type transporter mediates the canalicular efflux of 
drugs. This study revealed that human kidney is useful to predict pharmacokinetic properties of drug 
candidates, and elucidate the drug-drug interaction mechanism in the renal elimination.  
[Reference] Watanabe T, et al Drug Metab Dispos. 39:1031-8, 2011. Kusuhara H, et al Clin Pharmacol 
Ther. 89:837-44, 2011 
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A New Alternative Method to Draize Test 
Using Dynamics of Giant Liposome 

 
○Masahiro TAKAGI  (takagi@jaist.ac.jp)  

 
School of Materials Science, Japan Advanced Institute of Science and Technology 

 
 
(Objectives) The Draize Test is an acute toxicity test involving application of a test substance to the 
eye of a restrained and conscious rabbits. The test is cruel as well as unscientific because of the dif-
ferences between rabbit and human eyes, and the subjective nature of the visual evaluations. The 
elimination of needless animal suffering is important. Equally important, from a scientific perspective, 
is the improvement in data quality derived from using a test that has objective, reproducible endpoints. 
Here we report development of a new alternative method to the Draize Test using characterization of 
dynamic morphological changes of biomimetic giant liposomes.  
(Materials and Methods)  1,2-Dioleoyl-sn-Glycero-3-Phosphocoline（DOPC）was obtained from 
avanti polar lipids. The fluorescent lipid N-(rhodamine red-X)-1,2-dihexadecanoyl-snglycero- 
3-phosphoethanolamine triethylammonium salt (rhodamine-PE) was obtained from invitrogen. Giant 
vesicles were prepared from dry lipid films of DOPC by the natural swelling method. The vesicles 
were then allowed to interact with the added chemicals. Time-dependent changes in membrane mor-
phology were observed using a fluorescent microscope. 
(Results and Disucssion)  Surfactants and alcohol induced membrane dynamics pathways (Stage 1: 
A, B, C, D) and pore formation pathways (Stage 2: a, b, c).  We examined correlation between 

shrinkage speed and Dra-
ize score and found that 
there is a good correlation 
between the shrinkage 
speed during Stage 2 and  
Draize score. 

We established the fol-
lowing equation to calcu-
late estimated Draize score 
based on the shrinkage 
speed of the liposome.  

 
 
 

Estimated Draize Score (a) 
0019.0

0763.0speed Shrinkage 
  

Estimated Draize Score (b,c)
0014.0

0073.0speed Shrinkage 


 
  It was concluded that the characterization of the morphological changes of giant liposomes can be 
used to establish a new alternative method to the Draize test. 
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Fig.  Dynamic morphological changes of giant liposomes      



AATEX 16 (Supplement), 2011 
 

189 
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1 Daicel Chemical Industries, Ltd., 2In Silico Data, Ltd., 3 University of Fukui  
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[Objective(s)] A newly skin sensitization prediction system has been developed. This system 
(ADMEWORKS/PREDICTOR) has been incorporated a state of the art technology of binary classifi-
cation whose name is KY (K-step Yard sampling) method. This method is one of the most powerful 
classification machines. Therefore this method is suitable for applied on classification of toxicity 
compounds. 
 

 This report discuss about the classification and prediction power of KY-method on skin sensitization 
problems by using sample data of ICCVAM and in-house sample data used by the Daicel Chemical 
Industries Ltd.. 
 

[Materials and Methods] A series of compounds (161 compounds obtained from ICCVAM) have been 
predicted by the System. KY-method has completely new algorithms for classification. This method 
generates two different kind of discriminant functions (AP; All Positive, AN; All Negative) and classi-
fies samples into 3 classes. The compounds predicted positive by AP are classified into positive class. 
The compounds predicted negative by AN are classified into negative class. The residual compounds 
are classified into grey class. The compounds of grey class are not found to be positive or negative at 
this stage. Those are used for the starting set, and re-classified by KY-method. These processes are 
repeated till the all compounds are classified correctly. 
 

[Results and Discussion] Fedorowicz et al. reported that using GPMT experimental data on ICCVAM, 
the concordance rates predicted by the TOPKAT and the DEREK for Windows are 73.3％ and 82.9％, 
respectively, and using LLNA experimental data on ICCVAM, the rate by the DEREK for Windows is 
73.0％1. The corresponding rates by KY-method are 68.3% (GPMT) and 61.2% (LLNA). Using Dai-
cel’s in-house data, the rates by KY-method and DEREK for Windows are 59.6％ and 65.4%, respec-
tively. 
 

[Conclusion] The obtained concordance rates by KY-method are not high, because it was clear that in 
this study, the experimental conditions of between samples for generating classification model and the 
predicted samples were different. Fedorowicz et al. also commented as follows in his paper that GPMT, 
BA, and LLNA have only a 72-73% total accuracy of predicting actual human skin sensitizers. 
 

[Reference] (1)Fedorowicz, A et al. (2005) Chem.Res.Toxicol.18, 954-969 
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(QSTR) approach: K-step Yard sampling (KY) methods 

 
 

Kazuhiro Sato1, Kohtaro Yuta2 and Yukinori Kusaka1 
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2In Silico Data Co Ltd, Narashino, Chiba275-0025, Japan 
E-mail: satokazu@u-fukui.ac.jp 

 
 
【Objectives】In silico assessment of skin sensitization is increasingly needed owing to the problems 
concerning animal welfare, as well as excessive time consumed and cost involved in the development 
and testing of new chemicals.  
 
【Materials and methods】We could perfectly classify skin sensitizers (positive/negative) using a 
newly developed K-step Yard sampling (KY) methods (U.S. Patent No. 7725413, 2010) by 3 steps.  
Therefore, the KY methods could be applied to qualitative structure-toxicity relationships (QSTR) 
study on classifying and predicting samples.  Validation study were performed by using 161 com-
pounds from Interagency Coordinating Committee on the Validation of Alternative Methods 
(ICCVAM). 
 
【Results】A total of 593 compounds (419 positive sensitizers and 174 negative sensitizers) were used 
in this study.  All of the 1015 parameters generated were reduced by various feature selection meth-
ods.  KY methods were referred to as a meta-algorithm approach because it requires ordinary data 
analysis methods to generate discriminant functions.  KY methods were the repetition of removal of 
gray zone of samples and reclassification of them to attain no gray zone (100% classification).  The 
correct classification of QSTR prediction for guinea pig data and murine local lymph node assay 
(LLNA) data were 68.3% (sensitivity 69.7%, specificity 54.5%) and 61.2% (sensitivity 60.7%, speci-
ficity 62.8%).   
 
【Dicscussion】KY methods always attain perfect classification at final step, even though samples are 
large number, large of structural diversity or highly overlapped on the sample space.  KY methods 
are promising tool in QSTR technology.  This QSTR system is thought to be applicable to initial pre-
diction of skin sensitizing ability of untested chemicals. 
 
【Reference】Sato K et al. Toxicol in Vitro (submitted) 
 
【Acknowledgement】This work was supported by a Grant –in-Aid from the Ministry of Health, La-
bour and Welfare, Japan (H20-Labour-009). 
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[Objective(s)] 
We have been developing an in vitro sensitization assay, the human Cell Line Activation Test 
(h-CLAT) with Shiseido Co. Ltd. The h-CLAT has showed the good performance to predict the skin 
sensitization potential. Currently ECVAM is pre-validating h-CLAT.  Moreover, other in vitro tests 
have been also developing. One is Direct Peptide Reactivity Assay (DPRA) based on the reactivity of 
hapten against protein. The combination of several in vitro methods is a crucial approach in identify-
ing the skin sensitization hazard adequately for a wide variety of chemicals.  In this study, we inves-
tigated a battery system: the combination of h-CLAT, the direct peptide reactivity assay (DPRA), an in 
vitro assay, and the in silico system, DEREK.   
 
[Materials and Methods] 
A Total of 102 chemicals were evaluated by two in vitro assays and in silico prediction model.  For 
h-CLAT, THP-1 cells were exposed to each test chemical for 24 hours. After incubation, the protein 
expression for CD86 and CD54 was analyzed by flow cytometry. Two of 3 independent assays at any 
dose should exceed the positive criteria (CD86 ≥ 150% or CD54 ≥ 200%) in order to be considered a 
‘positive’ outcome. DPRA was conducted based on the previous literature1.  Some data were quoted 
from the literature1. 
 
[Results and Discussion] 
Among 102 chemicals, the predictivity of h-CLAT, DPRA, and DEREK is 84, 78,and 76%, respec-
tively.  We next investigated several combination methods. As a first step, the integrated testing 
strategy (ITS) was investigated. Final score calculated from the scores of each robust data set from 
each ITS component was used for the evaluation. ITS demonstrated a higher accuracy (85%) com-
pared to DPRA, h-CLAT or DEREK alone. Secondly, the tiered approach using h-CLAT and DPRA 
were investigated as a practical system. The optimized tiered approach indicated the possibility of not 
only detecting the hazard (accuracy: 86%) but also for classifying the potency of chemicals. Our re-
sults brought the non-animal testing system one step closer to replacing animal testing.  
 
[Reference] 
1. Gerberick G.F. et al., 2007 Toxicol. Sci., 97, 417-427 
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The optimization for preparing the lymph node cell suspension  
in LLNA BrdU-ELISA 
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E-mail : yuuko_maruyama@fujifilm.co.jp 
 
[Objectives] 
LLNA BrdU-ELISA was developed as a non-radioisotopic modification of the original LLNA, and 
added to OECD Guidelines for the Testing Chemicals in 2010. In this assay, the procedure for prepar-
ing the suspension of lymph node cells is critical to produce the reliable data. A disposable plastic pes-
tle is commonly used to homogenize the lymph nodes, however, the data may be affected by the op-
erators’ skill and operation time. Therefore, we verified the artifacts in this homogenization procedure, 
and validated the utility of the beads homogenizer for cell disaggregating.  
 
[Materials and Methods] 
All LLNA BrdU-ELISA procedure was carried out following the standard protocol but lymph node 
suspension preparing. 
(1) Intraindividual variability (Test substance: 50% HCA) 
We prepared lymph node suspensions in condition as described below; 
--- using a plastic pestle homogenizer by the one operator for 2.5, 5, or 7.5 minutes 
--- using the beads homogenizer for 1 or 2 minute(s) 
(2) Individual variability (Test substances selected from references) 
We prepared lymph node suspensions in condition as described below; 
--- using a plastic pestle homogenizer for 7.5 minutes by 3 operators 
--- using the beads homogenizer for 1 minute 
 
 [Results and Discussion] 
(1) We obtained similar SI values by 5 min and 7.5 min pestle homogenization. However, by 2.5 min 
pestle homogenization, the SI value was different from other groups’ values. Short time homogeniza-
tion was considered insufficient for preparing lymph node suspensions for this assay. By beads ho-
mogenization, we obtained similar SI values as 7.5 min pestle homogenization with small variations of 
data. (2) For all test substances, there was no individual difference in the SI values.  
In conclusion, the operation time is important for pestle homogenization. Meanwhile, using the beads 
homogenizer, we may obtain similar data as pestle homogenization more efficiently.  
 
[References] 
1. H. Kojima et al., J. App. Toxicol. 2011;31:63-74 
2. OECD GUIDELINE FOR THE TESTING OF CHEMICALS, No429: Adopted in 2010 
3. OECD GUIDELINE FOR THE TESTING OF CHEMICALS, No442B: Adopted in 2010 
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[Objective(s)] 
OECD TG442A was adopted as newly skin sensitization test. The document suggests that concentra-
tion of test sample should not be 25% increase for ear thickness. However, the document does not 
stated variation of measurement of ear thickness. If large variation exists, such test would not be re-
gard as appropriate one. To resolve this issue, we examined the standardization of the measurement of 
ear thickness based on theoretical and data analysis. 
 
[Materials and Methods] 
Theoretical examination: 

A formula about the maximum value of the standard deviation which is rejected by the two sample t 
test is lead, and then applied for it on the several conditions. 

Data collection: 
Ear thickness data was obtained by two observers independently, using the DIGITAL THICKNESS 
GAUGE (G2-257M)(PEACOCK). Each measurement of ear thickness was repeated 3 times. 

 
[Results and Discussion] 
From the collected data, the average of ear thickness data par animal was about 0.18 to 0.28mm. Un-
der these conditions and 25% increase of ear thickness, the range of the maximum standard deviation 
was 0.02 to 0.031. 
On the other hand, the summary statistics of the standard deviation from the collected data were: range 
0.006 to 0.052, 25 percentile 0.006, median 0.012, and 75 percentile 0.021. The variation of standard 
deviations for well-trained observer was smaller compared with it for the other one. 
 
[References] 
OECD GUIDELINE FOR THE TESTING OF CHEMICALS 442A 
  Skin Sensitization: Local Lymph Node Assay:DA, OECD,（2010） 
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E-mail: saitou.kazutoshi@kao.co.jp 

 
[Objective(s)] 
  With animal animal welfare and regulatory restrictions on animal testing, in vitro assays evaluating 
the skin sensitizing potential of cosmetic raw materials are being developed. These assays are focused 
on on cell activation or protein binding properties of the chemical. However, some limitations（e.g. 
lipophilic substances, pre/pro-haptens, mixtures）exist in these in vitro methods that need to be over-
comed in order to fully replace animal tests. Recently, expression of redox-related genes was found to 
be upregulated in mouse skin after a 6-hour topical application of a skin sensitizers1).  We also ob-
served the same phenomena in normal human epidermal keratinocytes. These findings suggest that 
redox-related gene expression in epidermal keratinocytes could be used to assess skin sensitizing po-
tential of chemicals. In this study, we developed a new in vitro skin sensitization assay using recon-
structed human epidermis (Epidermal Sensitization Assay; EpiSensA) that may replicate an animal test 
in test material capacity, solvent flexibility, and allow for the evaluation of a diverse chemical class 
including lipophilic substances. 
 

[Materials and Methods]  
The OECD TG 439 model, wihich uses EpiDermTM, was selected based on the tissue having a meta-
bolic related gene expression similar to that found in human skin2). After tissue was exposed for 6-hour 
to test chemical, total RNA was isolated and the gene expression profile was determined using mi-
croarray analysis. Also, cDNA was synthesized and gene expression was quantitatively analyzed by 
real-time PCR.  
 

[Results and Discussion] 
We first determined the gene expression profile after application of two known skin sensitizers (dini-
trofluorobenzene, oxazolone) and one non-sensitizer (benzalkonium chloride). Both sensitizers in-
duced significant expression of redox-related genes, while BKC did not. This result showed that ex-
pression of redox-related genes was upregulated by sensitizers in EpiDermTM. Next, to assess the util-
ity of 7 redox-related genes that were significantly upregulated in microarray analysis (e.g. DnaJ 
homolog subfamily B member 4 (DNAJB4), glutamate-cysteine ligase, catalytic and modifier 
(GCLM)), we analyzed their expression by real-time PCR after application of 9 sensitizers including 
pre/prohaptens (e.g. cinnamic aldehyde, eugenol) and 3 non-sensitizers (e.g. lactic acid) in EpiDermTM. 
DNAJB4 or GCLM were significantly (2.5- or 3-fold) upregulated by 9 or 7 tested sensitizers, respec-
tively, while neither of them were significantly upregulated by 3 tested non-sensitizers. These data 
suggested that specific gene expression changes in EpiDermTM allow the detection of skin sensitizing 
potential of chemicals with the optimization of cut-off value, combination of marker genes. In the fu-
ture, we plan to examine the utility of this assay for chemicals like lipophilic substances and mixtures, 
which are not applilcable to existing in vitro tests.   
 

[Reference] 
1) Takashima et al., Journal of investigative dermatology, 130, S46, 2010. 
2) Hu et al., Toxicology in vitro, 24, 1450-1463, 2010. 
 

P－6 



AATEX 16 (Supplement), 2011 

 195

 
 
 

An alternative method using a novel Cys derivative with UV absorption for 
skin sensitization test 

 
 

○Masaharu Fujita1,Yuko Maruyama1, Atsuko Yuasa1, Yoshiyuki Jinbo2 and Takanori Hioki1 

 
1Safety Evaluation Center, Environment & Quality Management Div., CSR Div.,  

FUJIFILM Corporation, 2Synthetic Organic Chemistry Laboratories,  
Research & Development Management Headquarters, FUJIFILM Corporation 

E-mail : masaharu_fujita@fujifilm.co.jp 
 
 
[Objectives] 
It is well known that one of alternative methods for skin sensitization test is a protein binding assay 
using glutathione (GSH). However, the use of this method is hindered, because it requires expensive 
equipments such as LC/MS/MS to detect and quantify the formation of GSH-chemical conjugates. In 
this study, we synthesized a novel Cys derivative containing aryl group with UV absorption. This de-
rivative is detectable by HPLC, therefore, this method made it possible to analyze chemical reaction 
simply and inexpensively. Furthermore, we investigated the utility of this Cys derivative in the predic-
tion of skin sensitization potential using well-known skin sensitizers. 
 
[Materials and Methods] 
(1)Selection of skin sensitizers : We selected 6 test substances with various intensity of skin sensitiza-
tion from references. 
(2)Synthesis of novel Cys derivative (AAC*) : We synthesized AAC dimer by addition of aryl acetyl 
chloride to L-cystine, and obtained AAC by reduction of this dimer. 
AAC*:N-[2-aryl acetyl]cysteine 
(3)in vitro study : Test substance solution was added into GSH or AAC solution containing 0.2M am-
monium acetate (pH 7.0) and stirred at 25℃. Concentrations of GSH and AAC in the solution were 
determined by using LC/MS/MS for GSH and HPLC for AAC. 
 
[Results and Discussion] 
(1)We developed a determination method for aryl Cys derivative by HPLC, and it had a high sensitiv-
ity for detecting.  
(2)The rate of AAC depletion after incubation with each test substance was almost shown to correlate 
with the intensity of sensitization as well as GSH. These data indicate that our AAC method is useful 
for assessing the skin sensitization potential of chemicals, and it is simpler and more sensitive than the 
conventional GSH assay.  
 
[References] 
1) H. Kato, et al., The Journal of Toxicological Science, 28, 19-24 (2003) 
2) G.F.Gerberick, et al., Toxicological Sciences, 81, 332-343 (2004) 
3) G.F.Gerberick, et al., Toxicological Sciences, 97, 417-427 (2007) 
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[Objective(s)] To develop alternative in vitro assays to eliminate contact dermatitis, we introduced 
IL-8 promoter linked to the luciferase gene into THP-1 and established one stable cell line, THP-G8. 
We have revealed that the luciferase assay of THP-G8 in combination with N-acetyl-L-cysteine (NAC) 
could distinguish allergens from non-allergens. Chemicals which did not induce the luciferase activity 
were non-allergen. Although some non-allergen such as sodium lauryl sulphate (SLS) induced the 
luciferase activity, the induction was not reduced by addition of NAC. We considered a chemical to be 
an allergen if it induced the luciferase activity and the induction was reduced by addition of NAC. The 
accuracy of the assay was above 80% and comparable with other in vitro assays.1) To improve the ac-
curacy of IL-8 Luc assay, we investigate the molecular mechanism of IL-8 production. 
 
[Materials and Methods] THP-G8 cells (5x104 cells) were stimulated with 4-NBB with or without pre-
treatment of inhibitors. Six hours later, luciferase activity was measured using the Tripluc® luciferase 
assay reagent (TOYOBO Co., Ltd., Osaka, Japan) and a microplate-type luminometer with a 
multi-color detection system, Phelios (Atto Co., Tokyo, Japan). Normalized SLO luciferase activity 
(nSLO-LA) was calculated by dividing SLO luciferase activity (SLO-LA) by SLR luciferase activity 
(SLR-LA), and the fold induction of nSLO-LA (FInSLO-LA) was calculated by dividing nSLO-LA of 
chemically treated cells by that of non-treated cells. 
 
[Results and Discussion] To further investigate the mechanism of IL-8 induction, we stimulated 
THP-G8 cells with typical allergen 4-nitrobenzylbromide (4-NBB) together with several inhibitors. 
The luciferase activity induced by 4-NBB was reduced by addition of NAC, rotenone, dithiothrei-
tol(DTT), diphenyleneiodonium(DPI), BAPTA-AM, LY-294002, Y-27632, glybenclamide, arachidonic 
acid, U0126, PD98059 and SB203580, but reduced by suramine, brilliant blue G, apyrase and KN-62. 
The analysis using a stable THP-1-derived IL-8 reporter cell line, THP-G8, revealed that induction of 
IL-8 mRNA expression by THP-1 cells is mediated by ROS, p38 MAPK, and ERK. On the other hand, 
most of the data denied the role of extracellular ATP in it. 
 
[References]  
1) Takahashi T, Kimura Y, Saito R, Nakajima Y, Ohmiya Y, Yamasaki K, 
Aiba S. An in vitro Test to Screen Skin Sensitizers Using a Stable THP-1-derived IL-8 Reporter Cell 
Line, THP-G8. Toxicol Sci. in press. 
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[Objective(s)] 
Potency of a chemical substance to induce allergic contact dermatitis has been assessed by using ani-
mal models, including murine local lymph node assay (LLNA) and guinea pig maximization test 
(GPMT). On the other hand, it is hoped that non-animal test methods for detecting skin sensitizers 
would be established from the view point of the 7th amendment of the EU cosmetic directive or animal 
welfare.  

We have developed human Cell Line Activation Test (h-CLAT) 1) and SH test 2) as in vitro skin 
sensitization assay using cultured cells. The h-CLAT is based on the augmentation of CD86 and CD54 
expression in THP-1 cells by skin sensitizers, and the SH test is based on the changes of cell-surface 
thiols on THP-1 cells by them. In recent years, Antioxidant Response Element (ARE) assay which is 
based on the stimulation of ARE dependent gene activity is proposed as a further approach to predict 
skin sensitization. 

In the present study, we have attempted to predict the skin sensitization potential by integrating 
testing strategies (ITS) in vitro assays.  
 
[Materials and Methods] 
Forty-three chemicals (30 skin sensitizers and 13 non-skin sensitizers) were selected for this study. 
Their EC3 values of LLNA that showed the relative skin sensitizing potential were obtained from pub-
lished data. Some descriptors from in vitro assays which were considered to be useful for the predic-
tion of EC3 value have been extracted by a statistical technique. Then, they were verified to correlate 
with EC3 value by using the artificial neural network system which was QwikNet Ver. 2.23 software 
(http://qwiknet.home.comcast.net/) for analysis. 
 
[Results and Discussion] 
A good correlation between calculated EC3 values from the artificial neural network system and re-
ported EC3 values may appear. Therefore, this ITS in vitro skin sensitization assays may reflect pre-
diction of in vivo skin sensitization. 
 
[References] 
1) Ashikaga et al., 8th World Congress on Alternatives & Animal Use in the Life Sciences, p129, 2011 
2) Suzuki et al., Toxicol. In Vitro., 23, 687-696, 2009 
3) Natsch et. al., Toxicol. Sci. 102, 110-119, 2008 
4) Natsch et. al., Toxicol. Sci. 107, 106-121, 2009 
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[Objective] We have already reported the development of a three-dimensional human skin model con-
sisting of normal human skin fibroblasts (NHSF), normal human dendrite cells (NHDC) and normal 
human epidermal keratinocytes (NHEK(F)) on a collagen vitrigel membrane as an alternative animal 
experiments test method of skin sensitization; however, it is clear that the model has difficulties for 
practical use: 
1) glass ring was seeded with cells, and was not fixed with a vitrigel membrane, so this model was not 

convenient for experiments and was difficult to seed the cells consistently 
2) dendrite cells were seeded mixed with collagen gel, so it was not so convenient to establish a skin 

model, 
3) it was necessary to select endpoints with higher sensibility and reproducibility 
4) it is not clear effect of NHSF on cytokine release from this model and proliferation of NHEK(F), so 

it was necessary to clear necessity of NHSF 
In order to soluble these problems, we established a skin model that directly seeded dendrite cells 

onto a vitrigel membrane fixed with a vitrigel chamber, exposed to a skin sensitizer and analyzed IL-4 
and IL-8 release, and compared to skin model not seeded with NHSF . 
[Materials and Methods] A collagen vitrigel chamber seeded with NHSF or a collagen vitrigel cham-
ber not seeded with NHSF was seeded NHDC and after 4 hr, with NHEK(F). After 13-day incubation, 
0.2 mM of DNCB was exposed for 1 hr. After 24 hr, cell viability was measured by a tetra-color-one 
assay and IL-4 and IL-8 release were measured by ELISA.  
[Results and Discussion] The skin model seeded with NHSF had higher cell growth of NHKE(F) and 
significantly higher induction of IL-8 than the model not seeded with NHSF. It was found that DNCB 
induced IL-4 and IL-8 release from the skin model seeded with NHSF; however, DNCB did not in-
duce release from the skin model not seeded with NHSF. These results suggested that NHSF induced 
the increase of keratinocyte and cytokine release and a skin model consisting of NHSF is more useful 
than a model without NHSF as a model of skin sensitization and suggested that IL-8 is useful as a 
endpoint. 
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Statistical prediction model for skin sensitization potential using an inte-

grated dataset from h-CLAT, DPRA, and DEREK. 
 
 

○Kenji Okamoto1, Yuko Nukada2, Masaaki Miyazawa2 , Hitoshi Sakaguch2, Akihiko Takatsu1 
 

1 Kanebo Cosmetics Inc, 2 Kao Corporation 
E-mail:okamoto.kenji@kanebocos.co.jp 

 
 

[Objective(s)] The prevalidation of alternatives to animal testing for skin sensitization is ongoing, and 
a number of testing methods are currently being developed. For such methods, the use of only a single 
alternative test method may not provide sufficient predictive performance to make an assessment of 
skin sensitization potential. As a result, it may be necessary to develop an assessment strategy which 
combines multiple forms of testing. A parametric regression model presents the advantage of easy in-
terpretation, compared to non-parametric regression models such as neural networks or support vector 
machines. The objective of this study was to confirm the predictive performance obtained using a pa-
rametric regression analysis of multiple testing results. 
 
[Materials and Methods] Multiple linear regression analysis and logistic regression analysis were per-
formed via the Weka software using an integrated dataset for 101 chemicals obtained via LLNA, 
h-CLAT, DPRA, and DEREK. LLNA results (positive or negative) and LLNA EC3 values were se-
lected as outcome variables. A Box-Cox transformation1) was applied to the variable data, to improve 
both normality and predictive performance. 
 
[Results and Discussion] Use of the logistic regression analysis for the prediction of LLNA results 
yielded predictive performance with an accuracy rate of 87.3%, a sensitivity rate of 93.5%, and a 
specificity rate of 68.0%. Use of the multiple linear regression analysis for the prediction of 
log-transformed LLNA EC3 values yielded a predictive performance with a multiple correlation coef-
ficient of 0.778. By applying a statistical regression model to the dataset from LLNA, h-CLAT, DPRA, 
and DEREK, the predictive performance was improved than a prediction of a single test method.  
 
[References] 
1) Tukey, J, W. The comparative anatomy of transformations, Annals of Mathmatical Statistics, 28, 
602-632 (1957) 
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Development of the in vitro photo-sensitization assay by detecting  
changes of cell surface thiols and amines 

 
 

○Shiho Oeda 1, Morihiko Hirota 1, Hirokazu Kouzuki 1, Setsuya Aiba2, Yoshiki Tokura 3 
 

 

1 Shiseido Research Center, 2Department of Dermatology, Tohoku University Graduate School of 
Medicine, 3 Department of Dermatology, Hamamatsu University School of Medicine 

E-mail: shiho.oeda@to.shiseido.co.jp 
 

[Objective(s)] 
Evaluation of photo-sensitization potential is a very important endpoint for safety evaluation of 
chemicals, including cosmetic ingredients. As well as a in vitro skin sensitization test, development of 
in vitro photo-sensitization assay is also necessary. We have developed a photo-human Cell Line Acti-
vation Test (photo-h-CLAT) by adding UV irradiation, which test detects CD86 and CD54 expression 
on THP-1 cells as biomarkers. In this study, we tried to apply SH test, which was an in vitro skin sen-
sitization test detecting changes of cell-surface thiols as a biomarker, to in vitro photo-sensitization 
test.  
 
[Materials and Methods] 

THP-1（monocytic leukemia cell line）cells were used in this study. Cells were treated with known 

photo-sensitizers, and then UVA-irradiated. After treatment with chemicals, cells were washed and 

stained with nonpermeable thiol reactive compound Alexa Flour 488 C5 maleimide and nonpermeable 

amine reactive compound Alexa Flour 488 carboxylic acid, succinimidyl ester for detection of 

cell-surface thiols and amines. After staining, cells were washed and analyzed by flow cytometer 

(FCM) to detect the expression level of cell surface thiols and amines. 
 
[Results and Discussion] 

Cell-surface thiols on THP-1 cell were significantly changed by the treatment with 
6-Methylcoumarin (6-MC), Enoxacin and Chlorpromazine HCl（CPZ） under UVA irradiation. 
However, Tetrachlorosalicylanilide（TCSA）did not induce changes of cell-surface thiols. On the other 
hand, cell-surface amines on THP-1 cell were significantly changed by the treatment with 6-MC or 
TCSA under UVA irradiation. However, neither Enoxacin nor CPZ induced changes of cell-surface 
amines. In conclusion, our data suggests that cell-surface thiols and amines might be useful bio-
markers for detecting photosensitizing potential of chemicals. 

 
[References] 
1. Hoya et al., Toxicol. In Vitro., 23, 911-918, 2009. 
2. Suzuki et al., Toxicol. In Vitro., 23, 687-696, 2009. 
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Additonal multisite study of reconstructed human epidermis,  
LabCyte EPI-MODEL24 skin irritation test. 

 
 

○Shinoda, S.1), Hagiwara, S.1), Yamagichi, Y.2), Nakamura, A.2), Kasahara T.3),  
Shibai A.3), Katoh, M.4), Kojima, H.5) 

 
 

1) Drug Safety Testing Center Co., Ltd., 2) KOBAYASHI Pharmaceutical Co., Ltd., 3) FUJIFILM 
Corporation, 4) Japan Tissue Engineering Co., Ltd.,  

5) National Institute of Health Sciences 
E-mail: masakazu_katoh@jpte.co.jp 

 
 
[Objective(s)] 
In order to assess the performance of eye irritation test method using reconstructed human epidermis, 
LabCyte EPI-MODEL24, four validation studies have been performed by the management of the 
Japanese Society for Alternatives to Animal Experiments and Japanese Center for the Validation of 
Alternative Methods (JaCVAM) from 2008 to 2010. It was confirmed that the results from two labo-
ratories out of the three laboratories met acceptance criteria shown in OECD test guideline 439. How-
ever, a lot of cases in cell viability showed deviation from the test acceptability criteria, and required 
retest. In this study, to reduce the number of retest, the operation in test method was strictly defined. 
Then, the LabCyte EPI-MODEL24 skin irritation test was executed in three laboratories based on the 
validation study. 
 
[Materials and Methods] 
Six chemicals were selected among reference chemicals used in four validation studies, and were dis-
tributed after being encoded to three participation laboratories. In each laboratory, three independent 
tests were executed. 
 
[Results and Discussion] 
The additional study is on-going in September, 2011. A change in the number deviating of test chemi-
cals, reliability and prediction details of the test methods will be reported in the convention.  
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Study of in vitro skin irritation test targeted for sensitive skin 
 
 

○Hidefumi Ikeda1、Hideki Nishiura1、Masakazu Katoh2 
 

1Nihon Kolmar Co., Ltd、2 Japan Tissue Engineering Co., Ltd 
E-mail:ikeda@kolmar.co.jp 

 
 
[Objectives] 
Recently, women that realize the sensitive skin are increasing. Despite the definition of sensitive skin 
is unclear, it is supposed to have been well established among consumers. Also, the market targeted 
for sensitive skin has been spread. However, human safety tests for sensitive skin are difficult to per-
form mainly ethical reasons. For these reasons, it is desirable to establish simple and appropriate in 
vitro test methods. One of the characteristics of sensitive skin, loss of skin barrier function is observed. 
In this study, we examined the suitability of in vitro skin irritation test for sensitive skin, and the po-
tential of cosmetics evaluation for sensitive skin, using reconstructed human epidermal model, Lab-
Cyte EPI-MODEL general products (general’s) or LabCyte EPI-MODEL 6d products (6d’s) that is 
shorter culture and immature stratum corneum formation than general’s. 
 
[Materials and Methods] 
LabCyte EPI-MODEL general’s and 6d’s (Japan Tissue Engineering Co., Ltd.) were used. As the 
indicator of barrier function, transepidermal water loss (TEWL) and amount of ceramide were  
measured. In vitro skin irritation test was performed according to the method of Katoh et al1). First, we 
examined the sensitivity both general’s and 6d’s of IC50 values from cell viability, using sodium 
lauryl sulfate (SLS) and polyoxyethylene (10) octylphenyl ether (Triton X-100). Next, the same test 
was done by using the nine chemicals from ECVAM performance standards and classified into irritant 
(I) or non irritant (NI), as based on 50% cell viability.  
 
[Results and Discussion] 
We confirmed that the 6d’s were obviously lower stratum corneum numbers from images of tissue 
sections,  significantly lower amount of ceramide, and significantly higher TEWL of barrier function 
index than general’s. These results suggest that 6d’s may have the potential to detect more sensitive 
irritation because of low barrier function and high penetration of chemicals into the skin. Based on 
these findings, we evaluated the IC50 values of SLS and Triton X-100 and confirmed the 6d’s were 
lower than general’s. Also, on the results of using ECVAM performance standards, one chemical of NI 
classification in genaral’s turned to I classification in 6d’s were confirmed. By this reports, we show 
the results of cosmetics evaluation. 
 
[Reference] 
1) Katoh M., et al., J. Toxicol. Sci. 34(3), 327-334, 2009 
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Chemical list for the development of alternatives for skin irritation 
 
 

○Yasuo Ohno, Masaharu Akita, Noriyasu Imai, Takashi Omori, Yuko Okamoto, Hidenobu Okumura, 
Yuki Kawano, Mariko Sugiyama and Shigenobu Hagino 

 
 

JSAAE working group for the alternatives offor the skin irritation test working group 
E-mail: ohno@nihs.go.jp 

 
 
[Objective] The in vitro Reconstructed Human Epidermis (RhE) test methods adoptedaccepted asby 
OECD TG439 are alternative methods for the in vivo test methods of skin irritation test, which are 
usedmethods to detectpredict the primary skin  irritation for 4 hours-exposure tousing rabbit skins. 
Since Japanese regulatory, however, requires the result of 24 hours-exposure to predict primary skin 
irritation for cosmetic products and quasi-pharmaceutical products, it is considered that only the in-
formation from the RhE test methodsOECD TG439 is not enough.1) To resolve the issue, the estab-
lishment of the alternatives of the skin irritation for 24 hours-exposure is needed. For the new alterna-
tives the basic chemical information of the in vivo is essential, and then we developed the in vivo 
chemical list that includes information for skin irritation of 24 hours-exposure. 
 
[Materials and Methods] We obtained historical data of cosmetic ingredients by calling out the cos-
metic companies, in which the data had been obtained, through the Japan cosmetic industry associa-
tion. The chemical list was developed by considering the balance of the category of skin irritancy, easy 
to obtainingavailability of chemicals, and variation of the data among individual rabbits. 
 
[Results and Discussion] Data of the total of 70 chemicals was obtained and all the chemicals were not 
inappropriate dequate forfrom the point of data variation. Of these, we developed the chemical list in-
cluding 49 chemicals which awere possible to purchase as reagents commercially available. The list 
covered with 6 of strong-, 14 of mild-, 22 of weak-, and 7 of non-irritant for the irritancy, and, 13 of 
surfactant, 27 of oil, 1 of acid, 3 of polyalcohol, 5 of others for chemical substance. We believe the use 
of the present list enable the researchers to examine their methods for the target of the skin irritation 
test for the 24 hr-exposure. Although, the list might should be reconsidered and revised for adequacy if 
needed, we hope the present list is widely used to develop the new alternatives. 
In addition, this study is the sponsored by Japan Cosmetic Industry Association. 
 
[References] 
1)Sugiyama, Proceeding of the 23rd Annual Meeting of Japanese Society for Alternative s to Animal 
Experiments, 64, 2010. 
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The Reproducibility of the Validated EPI-200 Skin Irritation Test  
(EPI-200 SIT) in Japan 

 
 

○Yuki Handa1, Fumi Ichinose1, Helena Kandárová2, Hiroshi Yanase1  
1Kurabo Industries Ltd, 2 MatTek Corporation 

E-mail: Yuki_Handa@ad.kurabo.co.jp 
 
 
[Objective(s)] 
In vitro EPI-200 Skin Irritation Test (EPI-200 SIT) was accepted by ECVAM in 2009 as an effective 
method for predicting the skin irritation potential of chemicals and, in 2010, it was adopted as OECD 
TG 439. The EPI-200 tissues are manufactured by MatTek Corporation (US) and are shipped at 4 de-
grees to Japan in an extended shipping procedure (delivery time of 4 -5 days). Since the shipping to 
Japan takes longer time compared to the shipping within the US or from the US to Europe, the current 
study investigated results of the EPI-200 SIT following the extended shipping time. We have been 
conducting the EPI-200 SIT using chemicals previously evaluated by MatTek (1). and compared the 
predictive ability determined in Japan with that in the US. In addition, to evaluate the long term re-
producibility of the EPI-200 SIT assay, selected reference chemicals were tested in Japan. 
 
[Materials and Methods] 
The EPI-200 SIT method was conducted following the validated SOP. The EPI-200 tissues were cul-
tured overnight. On the following day, the tissues were topically exposed to test chemicals for 1 hour 
and afterwards rinsed followed by a 42 hour postincubation in fresh medium. The remaining tissues 
viability was determined by the MTT assay. A chemical was classified as irritant, if the tissue viability 
decreased below 50% compared to Negative Control. Viability above 50% classified the chemical as 
non-irritant. All defined assay acceptance criteria in terms of the OD570 of the Negative Control tissues 
treated with DPBS, the mean viability of the Positive Control tissues and the SD of tissue viabilities 
were thoroughly monitored. 
 
[Results and Discussion] 
Having completed testing of 52 chemicals, the classifications as well as mean viabilities obtained at 
KURABO were highly concordant with results obtained at MatTek. In assessment of the SIT method 
with quality controls, 50 out of the 51 experiments met the “acceptance criteria” over the past 24 
months. In addition, α-Teripenol, which was classified as irritant by MatTek, was predicted as irritant 
in all of the 24 tests over 13 months. The results from our SIT were highly concordant with those from 
MatTek’s and from the multicentre validation trial, therefore, we conclude that the EPI-200 SIT is an 
effective method for predicting the skin irritation in Japan despite extended shipping time. 
 
[References] 
1) Kandárová,H. et al. (2009) ATLA. 37(6),671-89  
2) Klausner et al. (2009). SOT, Abstract in:The Toxicologist. PS 392, p.81 
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Novel efficacy evaluations of cosmetics with reconstructed human  
epidermis models 

 
○Daisuke Yoshida1, Yukiko Izutsu1, Keisuke Tanaka1, Nobuyuki Ujiie1, Daiki Kyotani1, 2, Jinhua Li1 

1 Nikkol group Cosmos Technical Center Co., Ltd., 2 Nikkol group Nikoderm Research Inc. 
E-mail: yoshida@ns-cosmos.co.jp 

 
[Objective] 
Several safety tests using reconstructed human epidermis models were approved by the OECD as a 
Test Guideline 4391) for predicting skin irritation. However, efficacy evaluations are performed inde-
pendently by each company. We developed new transcutaneous application methods which can evalu-
ate the efficacy of cosmetics using epidermis models such as SkinEthicTM RHE (RHE) or 
EpiSkinTM-Large Model (EpiSkin-LM) (SkinEthic, France). We use two test systems. One is a 
co-culture system composed of a combination of fibroblasts and an epidermis model. The other is a 
system with only the epidermis model. Cosmetics are applied on the epidermis model and the efficacy 
involving skin absorption and other parameters is evaluated in those two systems. 
 

[Materials and Methods] 
Acceleratory effect on collagen synthesis by a VC derivative: RHE was 
placed in a microplate seeded with fibroblasts as shown in Fig. 1. 0% 
(PBS), 0.5% and 1.0% VCPMg solutions were then applied on the 
RHE. The amount of VCPMg in the culture media at various times and 
the collagen synthesis at the end of the study were measured.   
Suppressive effect of the release of PGE2 by an anti-inflammatory 
agent: EpiSkin-LM was irradiated with UV (150 mJ/cm2) after place-
ment in a microplate as shown in Fig. 2. 0%, 0.5%, 1.5% and 3.0% 
chimyl alcohol lotions were then applied on the EpiSkin-LM. The 
amount of chimyl alcohol in the epidermis model at 24 h and PGE2 
secretion in culture medium at 6 and 24 h after the application were 
measured. 
 

[Results and Discussion] 
Evaluation of the VC derivative: Collagen synthesis was observed in 
the culture medium (receiver side) even following the application of PBS (without VCPMg). The 
amount of VCPMg that permeated the epidermis model and collagen synthesis depended on the con-
centration applied. 
Evaluation of the anti-inflammatory agent: PGE2 secretion from the epidermis model following UVB 
irradiation was suppressed and it was a concentration-dependent effect. The amount of chimyl alcohol 
in the epidermis model depended on the concentration applied.  
In conclusion, we are able to reproducibly evaluate the efficacy in target cells of the transdermal ab-
sorption of various factors and various physiological responses. Therefore, these in vitro tests with the 
RHE or EpiSkin-LM will prove to be very useful for evaluating the efficacy of cosmetics. 
 

[References] 
OECD Guidelines for the Testing of Chemicals Test No. 439: In Vitro Skin Irritation Reconstructed 
Human Epidermis Test Method. 
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Establishment of new in vitro eye irritation test method using the  
reconstructed human corneal epithelium, LabCyte  

CORNEA-MODEL 
 
 

○Masakazu Katoh, Fumiyasu Hamajima, Takahiro Ogasawara, Ken-ichiro Hata 
Japan Tissue Engineering Co., Ltd.  

E-mail: masakazu_katoh@jpte.co.jp 
 
[Objective(s)] 
In vitro eye irritation testing, which is alternative to animal testing such as Draize eye test using rab-
bits, is required from an animal welfare.  We have developed the reconstructed human corneal epi-
thelium model, LabCyte CORNEA-MODEL, and investigated a test method to evaluate eye irritation 
effect using this model.  In this presentation, we report about an optimization of eye irritation test 
method using LabCyte CORNEA-MODEL and about the prediction potency of a optimized LabCyte 
CORNEA-MODEL eye irritation test. 
 
[Materials and Methods] 
Reproducibility among inter- or intra-lots of LabCyte CORNEA-MODEL was assessed as the indica-
tors with the cell viability and the barrier function. In order to establish a new alternative method for 
eye irritancy evaluation with this model, the protocol refinement was performed and optimum assay 
condition including both test chemicals exposure and post-incubation was determined. Moreover, the 
61 chemical substances were applied to optimized LabCyte CORNEA-MODEL eye irritation test and 
the correlation of in vivo class and the in vitro prediction of eye irritation was evaluated. 
 
[Results and Discussion] 
In evaluating the cell viability and the barrier function of LabCyte CORNEA-MODEL among inter- or 
intra-lots, there was little difference in each lot and showed good reproducibility. From the results of 
the optimization experiments of eye irritation test using LabCyte CORNEA-MODEL, the application 
periods of chemicals were set to 1 min for liquid chemicals and 24 hours for solid chemicals, and the 
post-incubation periods were set to 24 hours for liquids and nothing for solids, respectively. If the vi-
ability was less than 50%, the chemical was judged as eye irritant. Sixty one chemical substances were 
applied to the optimized protocol using LabCyte CORNEA-MODEL and the correlation with in vivo 
class was evaluated. The prediction of the new eye irritation test methods using this model was highly 
correlated with in vivo eye irritation (sensitivity 100%, specificity 80.0%, and accuracy 91.8%. From 
these results, it was suggested that the eye irritation test using LabCyte CORNEA-MODEL could be a 
useful alternative method to Draize eye test for variety of chemicals with irritant potency.  
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Fig. 1  Three parameters obtained 
from the time dependent 
profile of TEER after ex-
posing chemicals 

Lag time = t1

Intensity = (R1-R2) / (t2-t1)

Plateau level = (R1-R2) / R1

 
 
 

Advantage of a human corneal epithelium model reconstructed in  
a collagen vitrigel membrane chamber: A novel approach to  
extrapolate eye irritation from the time dependent profile of  
transepithelial electrical resistance after exposing chemicals 

 
○Hiroyuki Yamaguchi1, 3, Hajime Kojima 2, Toshiaki Takezawa1 

 

1National Institute of Agrobiological Sciences, 
2National Institute of Health Sciences, 3Kanto Chemical Co. Inc. 

E-mail: yamaguchih@affrc.go.jp 
 
[Objective(s)] A collagen vitrigel membrane (CVM) is composed of high density collagen fibrils 
equivalent to connective tissues in vivo and is easily handled with tweezers.   Also, it possesses ex-
cellent transparency and permeability of protein with high molecular weight and consequently the 
various researches utilizing it as a cell culture substratum advances so well (1).  To develop the alter-
native method for Draize eye irritation test using rabbits, a human corneal epithelium model with bar-
rier function was reconstructed by culturing HCE-T cells (a human corneal epithelium-derived cell 
strain) on the CVM scaffold prepared on the multiporous PET (polyethylene terephthalate) membrane 
of a cell culture chamber (Millicell) suitable for transepithelial electrical resistance (TEER) measure-
ment.  Consequently, it was suggested that eye irritancy could be estimated as the time-dependent 
changes of TEER induced by exposing chemicals to the model (2).  Further, to reconstruct a corneal 
model reflecting structure and its component in vivo, we fabricated a CVM chamber without the PET 
membrane and prepared a human corneal epithelium model in the chamber.  As a result, the decreas-
ing ratio of TEER at 10 sec after exposing chemicals was correlated with Draize score in those repre-
senting mild to severe eye irritancy (3).  In this study, we propose a new approach to extrapolate 
widespread eye irritancy by analyzing the time dependent profile of TEER after exposing chemicals.  
 
[Materials and Methods] We reconstructed a human corneal epithelium 
model by culturing HCE-T cells in a CVM chamber.  Subsequently, 
time-dependent changes of TEER after exposing test chemicals to the 
model were measured.  The correlation between 3 parameters shown in 
Fig. 1 and the Draize score and concentration of each chemical was 
analyzed. 
 
[Results and Discussion] Intensity and Plateau level after exposing 10%, 
1% and 0.1% Cetylpyridinium chloride was well correlated with Draize 
score.  In the case of exposing 1-33% ethanol, the period of Lag time was 
correlated with the concentration of ethanol.  These results suggest that 3 
parameters (Lag time, Intensity and Plateau level) derived from the time 
dependent profile of TEER after exposing chemicals are useful indicators 
for extrapolating widespread eye irritancy. 
 
[References] (1) Takezawa T. et al. Yakugaku Zasshi 130: 565-574, 2010. (2)  Takezawa T. et al. 
Toxicology in Vitro 25: 1237, 2011. (3) Yamaguchi H., Takezawa T. AATEX 15 (Suppl.): 277, 2010. 
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Definition of the applicability domain of the STE test based on the  
background review analysis 

 
 

○Kazuhiko Hayashi, Yuko Nukada, Takayuki Abo, Hitoshi Sakaguchi,  
Naohiro Nishiyama 

 
Kao Corporation 

E-mail: hayashi.kazuhiko@kao.co.jp 
 
 
[Objective(s)] Short Time Exposure (STE) test is an easy in vitro eye irritation test using cell viability 
as an end point, in SIRC (rabbit corneal cell line) cells following a one 5 minute dose treatment. In this 
study, we tried to define the applicability domain of the STE test based on the background review 
analysis aimed at listing the STE test as an OECD test guidelines. 
 
[Materials and Methods] From the results reported in the literatures or validation reports1-4), we se-
lected the 75 substances whose GHS classifications were identified. Each of the STE test result and 
predictive ability was examined respectively when the substances were classified in terms of the 
physicochemical properties of (e.g., chemical class, vapor pressure). 
 
[Results and Discussion] The accuracy analysis indicated that the false negative rate of or-
ganic/inorganic salts (50% [2/4]), esters (33% [1/3]), and alcohols/polyols (25% [4/16]) were high. 
When organic/inorganic salts were excluded out from over all substances (75) as out of applicability 
domain, the accuracy was improved from 85% to 87%. In addition, a highest accuracy (91%) was ob-
tained when organic/inorganic salts and the substances with vapor pressure over 6kPa were excluded 
out as out of applicability domain. In summary, the background review analysis indicated that the pre-
dictive ability of the STE test was improved by the exclusion of organic/inorganic salt and high vola-
tile sample (vapor pressure over 6kPa) as out of applicability domain. 
 
[References] 1) Takahashi Y et al., J. Toxicol. Sci., 34, pp.611-626. (2009), 2) Takahashi Y et al., Cutan. 
Ocul. Toxicol., 29, pp.77-90. (2010), 3) Sakaguchi H et al., Toxicol. In Vitro, 25, pp.796-809. (2011), 4) 
Kojima H et al., STE Test 2nd Phase Validation Study Report (2011) 
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A tiered approach combining three in vitro assays for predicting  
eye irritation potential of chemicals 

 
 

○Takayuki Abo1, Kenichi Ooshima2, Yuko Nukada1, Kazuhiko Hayashi1,  
Tomoko Komano2, Takumi Hayashi2, Daisuke Araki2, Hitoshi Sakaguchi1,  

Naohiro Nishiyama1 

 

1 Kao Corporation、2 Kanebo cosmetics INC 
E-mail: abo.takayuki@kao.co.jp 

 
[Objective(s)] 
The predictive potential of a tiered approach using the results from the STE test with SIRC cells, the 
EpiOcular™ assay with 3D models and the BCOP assay with isolated bovine corneas was examined 
for assessing GHS eye irritation. Then, we optimized the applicability domain of the STE test. The 
accuracy of this tiered approach predicting the GHS eye irritation rankings were estimated. 

 
[Materials and Methods] 
125 chemicals with a balance of GHS eye irritation categories and a wide range of chemical classes 
were selected. The first step in our approach was to evaluate the chemicals in the STE test, depending 
on chemical solubility. For non-soluble chemical, the chemical was evaluated by using the EpiOcular 
assay. If the chemical was classified as a “non-irritant” by first phase tests, it was considered to have a 
GHS ranking of “not classified”. If the chemical was classified as an “irritant” in first level tests, the 
classification was subsequently confirmed by reviewing the results from the BCOP assay. If the classi-
fication was “severe”, the chemical was considered a GHS “Cat.1”. For those chemicals whose classi-
fications were “non-severe”, these were considered to be GHS “Cat.2”.  
 
[Results and Discussion] 
First of all, the applicability domain of the STE test was showed as following items. 
1) Organic/inorganic salts (due to have possibilities of the effect by the physical irritation for crys-
tal-like solid in Draize test)  
2) High volatile chemicals (due to be a possibility with being lost by volatilization during test solution 
preparation or exposure) 
As a result, 4 false negative of 10 chemicals as applicability domain of the STE test is correctly evalu-
ated by using EpiOcular assay. The tiered approach including these applicability domain of the STE 
test allowed the determination of the GHS eye irritation rankings for chemicals from a wide range of 
chemical classes (accuracy: 72.0%, under prediction rate: 9.6%). From these results, this tiered ap-
proach might be a promising alternative method for predicting eye irritation. 
 
[References] 

1) Takahashi et al., Toxicol. In Vitro, 2008, 22, 760-770 
2) Harbell et al., The Toxicologist, 2009, 108, 378 
3) http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/OECD/OECD-TG437.pdf 
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Study on alternative eye irritation test with novel immortalized  
human corneal epithelial cell line 

○Yoshinao Kato1, Naoki Yamamoto2, Hiromi Yamashita2, Atsushi Sato1, Hiroshi Mizutani1, Satoru 
Nakata1, Hajime Kojima3 

1 Nippon Menard Cosmetic Co., Ltd., 2 Fujita Health University Joint Research Laboratory, 3 National 
Institute of Health Sciences 

E-mail: katou.yoshinao@menard.co.jp 
 
[Objective] 
With using novel immortalized human corneal epithelial cell line (iHCE-NY) that is established by 
Yamamoto et al., this study aims to predict eye irritancy of moderate to mild irritants by detecting 
mechanism(s) of their actions on cornea as well as of damage recovery of cornea molecular biologi-
cally.  The iHCE-NY cell line used in this study is an immortalized human corneal epithelial cell line 
that is established without using virus vector but with using normal human corneal epithelial stem 
cells/precursor cells that are isolated and cultured from human corneal limbal tissue.  Different from 
preexisting human corneal epithelial cell line (HCE-T), this cell line is a cloning cell line, and has dif-
ferentiation potency (reduplication potency) [1].   
[Materials and Methods] 
Ethanol, Triton X-100, both of which have been reported as moderate to mild eye irritants, and sodium 
lauryl sulfate were exposed to iHCE-NY cell line as test materials.  For investigating an appropriate 
processing condition to detect fluctuation for gene expression, we measured cell viability under vari-
ous conditions and the amount of m-RNA for marker gene expressing in corneal epithelial cell.  Fur-
thermore, we compared cell viability for the test materials among preexisting corneal epithelial cell 
lines (HCE-T and SIRC) including iHCE-NY cell line.   
[Results and Discussion] 
After eye irritant was exposed to iHCE-NY cell line, we could successfully detect the fluctuation for 
glycoprotein related genes expressing in corneal epithelial cells under the condition of low concentra-
tion where the fluctuation could not be detected by cell viability.  This result indicated that it would 
be possible to detect a slight irritant or damage recovery of cornea by detecting the fluctuation for 
gene expressing in iHCE-NY cell line.  We will further study on marker genes and their combination 
which can be an indicator for detecting a wider range of eye irritants by conducting tests with more 
test samples.  This study was supported by a Grant-in-aid from Ministry of Health, Labour and Wel-
fare, Japan.   
[References] 
[1] Yamamoto N, Hirano K, Kojima H, Sumitomo M, Yamashita H, Nakamura M, Hara K, Tanikawa 
A, Taniguchi K, Horiguchi M. (2011) Making immortalized cells by normal human corneal epithelium. 
The Journal of Experimental & Applied Cell Culture Research 30 (1), 104. 
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of several compounds using skin permeation parameters 
 

○Takeshi Oshizaka, Hiroaki Todo, Kenji Sugibayashi  
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[Objectives] 
Determination of skin distribution or skin concentration of active ingredients is very important for 
useful and safety evaluations of topical drug formulations and cosmetics.  A lot of experimental ani-
mals are presently used to determine their skin concentration, because only a set of data is obtained 
from one experimental run.  Skin permeation and skin concentration profiles of chemical compounds 
obey the Fick’s law of diffusion.  Generally, their skin permeation can be expressed by two-layered 
membrane model consisted of stratum corneum and underlying viable epidermis and dermis.  Thus, 
we aim to predict skin concentration of several compounds using their permeation parameters obtained 
from skin permeation experiment.  Prediction method for the permeation parameters and skin con-
centration of chemical compounds was also considered from their physicochemical parameters such as 
octanol-water partition coefficient or solubility parameter. 
 
[Materials and Methods] 
Full-thickness or tape-stripped skin was excised from the abdomen in hairless rats and set in Franz 
type diffusion cell to continuously measure the skin permeation of several compounds.  The excised 
skin was withdrawn after the permeation experiment to measure the skin concentration of several 
compounds.  Furthermore, theoretical skin concentration of the compounds was calculated from the 
permeation parameters obtained from the permeation data.  Octanol-water partition coefficient 
(ClogP) and solubility parameter (SP) of the compounds were calculated from Chem Draw Ultra 
(Cambridge Soft Corp.) and the Fedor’s law, respectively, using their chemical formula. 
 
[Results and Discussion] 
Almost a 1:1 relationship was obtained between the theoretical and observed skin concentrations of 
several compounds1), suggesting that the skin concentration can be easily predicted using permeation 
data.  When the skin permeation parameters are predicted in silico, the skin concentration would be 
estimated without animal experiments.  Logarithmic values of skin concentration of chemical com-
pounds were concave upward against ClogP or logSP.  It is well known that several skin permeation 
parameters are predictable from physicochemical parameters such as octanol-water partition coeffi-
cient, molecular weight and so on.  When such a relation could be clarified between skin concentra-
tion and skin permeation parameters using enough amount of compounds, skin concentration of a 
compound will be easily predicted.  The easy prediction of the skin concentration probably leads to 
easier estimation of effectiveness and safety of chemical compounds. 
 
[References] 
1) Sugibayashi K., Todo H., Oshizaka T., Owada Y., Pharm. Res., 27, 134-142 (2010). 
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[Objective(s)] The extent of skin permeation of chemical compounds is a very important criterion to 
select topically-applied drug and cosmetic candidates from a chemical library with great efficacies in 
the cell based tests.  The present skin permeation tests widely used are low-throughput means that 
much time is necessary to select candidates.  Furthermore, the area of excised skin applied to sin-
gle-well type diffusion cells (Franz type or side-by-side diffusion cells) was the same size to a 
five-hundred JPY or１dollar USD coin, resulting in high consumption of skins.  Although skin per-
meation tests are recognized to become an important criterion to select candidates, efficacy tests with 
living cells are still evaluated before the skin permeation tests.  In the present study, we report a skin 
permeation test system with a multi-well type diffusion cell (MDC) with small excised skin area.  
The validity of the MDC was investigated by comparing with the skin permeation profile using con-
ventional Franz type diffusion cells.  Lidocaine was selected as a model permeant.  
 
[Methods]  MDC was prepared in collaboration with Intron Corporation (Tokyo), and accepted one 
was purchased.  The effective diffusion area of a single donor compartment is 0.75 cm2, and this area 
is the same to that of single well in commercially available 48-well disposable plate.  A 48-well dis-
posable plate was used as receiver compartment.  In the present study, pig ear skin was set in MDC, 
and the amount of lidocaine permeated through skin was investigated.  1.0 mL of lidocaine solution 
and 1.5 mL of pH 7.4 phosphate buffered saline (PBS) or purified water were applied in donor and 
receiver compartments, respectively.  Periodical sampling was not performed, and the amount of li-
docaine permeated was measured by collecting receiver solution after finishing the skin permeation 
test.   
 
[Results・Discussion]  The amount of lidocaine permeated through skin with MDC was corresponded 
to that with Franz type diffusion cells.  We will investigate the validity of MDC toward 
high-throughput skin permeation test using different physicochemical properties of chemical com-
pounds. 
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[Purpose]  A certain amount of topically-applied drugs and cosmetic ingredients must be delivered to 
the target skin sites to have their efficacies.  Skin permeation of chemical compounds, however, are 
extremely low with little exception.  Thus, application of chemical enhancers is frequently necessary 
to increase the skin permeation of compounds and deliver their adequate amounts to the skin.  Since 
artificial membranes and three dimensional cultured human skin models have already been used as an 
alternative animal membrane for the skin permeation test, we paid attention to lipid bilayer membrane, 
liposome, as a simple and advanced model for evaluating chemical enhancers. Liposomes with a simi-
lar composition to intercellular lipids in the human stratum corneum were prepared, and the drug 
leakage from drug-entrapped liposomes and change in skin impedance were compared before and after 
application of several chemical enhancers. 
 
[Method]  Liposomes were prepared according to thin-membrane method.  Sodium fluorescein was 
selected as an entrapped substance and ethanol, isopropyl alcohol, propylene glycol and urea were 
used as chemical enhancers.  The chemical enhancer was mixed with the fluorescein-entrapped lipo-
some solution for 30 min.  The mixed solution was then centrifuged at 289,000×g for 5 min and the 
fluorescein concentration in the supernatant was measured with a microplate reader (SpectraMax M2e).   
The changes in skin impedance were calculated before and after 1h-application of chemical enhancers 
on the back skin in hairless rats. 
 
[Results and Discussion]  The amounts of fluorescein leakage from liposomes were increased with an 
increase in the concentration of chemical enhancers.  Leakage profiles of fluorescein from liposomes 
were dependent on the chemical enhancers.  On the other hand, the skin impedance changes after ap-
plication of ethanol or propylene glycol were decreased with an increase in their concentration.  
However, such concentration-dependent impedance decreases were not observed after application of 
urea.  These results suggest that the chemical enhancers such as ethanol and propylene glycol which 
could affect to the intercellular lipid structures in the stratum corneum can be evaluated by liposomes.  
The applied concentration of chemical enhancers for suitable efficacy with high safety will be pre-
dicted by the relationship between fluorescein leakage from liposomes and concentration of chemical 
enhancers.  
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[Purpose]  In vitro permeation experiments with excised animal skins have widely been conducted to 
evaluate topically applied drugs or cosmetics.  Recently, three dimensional cultured human skin 
models or silicone membrane were used as an alternative animal skin from the aspect of animal wel-
fare.  Physical means such as electroporation (EP) and iontophoresis (IP) are markedly utilized to 
increase the skin permeation of chemical compounds as well as chemical enhancers, especially in the 
cosmetic field.  The enhancement abilities by IP and EP are greatly affected by the applied-electric 
conditions such as applied voltage (V), pulse length (ms), pulse number and wave shape.   It takes 
much time to obtain a suitable electric condition of EP application, since there are a lot of candidate 
compounds with different molecular weights and/or n-octanol/water partition coefficients.  In the 
present study, liposome membrane with a similar composition to intercellular lipids in human stratum 
corneum was selected as an alternative animal membrane.  The effects of EP with various application 
conditions were evaluated by leaching experiments of a model material entrapped in liposomes.  The 
obtained results were compared with those by a conventional skin permeation experiment in order to 
establish a new evaluation method for skin penetration-enhancement effect of EP.  
 
[Method]  In vitro skin permeation experiments: Excised hairless rat abdominal skin was set in Franz 
type diffusion cells, and EP was treated by an Electro Square Porator (T820, BTX, San Diego, USA).  
Then, FITC-dextrane (M.W. 4kDa; FD-4) was applied as a model macromolecular hydrophilic fluo-
rescent compound on the skin.  The amount of FD-4 permeated through skin was periodically meas-
ured.  Leakage tests: FD-4 entrapped-liposomes containing stratum corneum lipids such as choles-
terol, ceramides and unsaturated fatty acids were prepared according to the Hatfield’s method (Hat-
field R. M., et al., Biochem., 38, 784-791, 1999).  EP was applied to FD-4 entrapped-liposome sus-
pension in the same conditions to the in vitro skin permeation experiments, and the effect of EP condi-
tions was investigated on the FD-4 leakage ratio from liposomes. 
 
[Results and discussion]  FD-4 permeation and leakage ratios were increased with an increase in the 
product of voltage, pulse length and the pulse number under various EP conditions.  A liner relation-
ship was observed between FD-4 permeation and leakage ratios.  Furthermore, multiple classification 
analysis showed that the voltage and pulse length mainly affect the leakage from liposome suspension.  
Thus, skin permeation could be estimated mainly from voltage and pulse length of EP conditions.  
These results suggested that the liposome membrane would be a useful tool to estimate the skin pene-
tration-enhancing effect of EP application. 
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[Objectives] 
A skeletal muscle cell-based bioassay system is one of the promising devices to reveal the complex 
mechanisms of type 2 diabetes because the disease is associated with a disorder of insulin- or contrac-
tion-induced glucose metabolism of a skeletal muscle cell in vivo. In this study, we have developed the 
gel sheet-supported contractile C2C12 myotube line patterns by means of the cell transfer technique 
(Fig. 1(A)) and patched them onto a microelectrode array chip to construct a skeletal muscle 
cell-based bioassay device (Fig. 1(B)). We successfully demonstrated fluorescent imaging of the con-
traction-induced translocation of the glucose transporter, GLUT4, from intracellular vesicles to the 
plasma membrane of the myotubes.  Defect of GLUT4 translocation in a skeletal muscle cell is 
closely associated with the development of type 2 diabetes. 
 
[Materials and Methods] 
The C2C12 myotube/fibrin gel sheet was prepared 
by transferring a myotube monolayer from a culture 
dish to a fibrin gel. The myotube/fibrin gel sheet was 
patched onto a microelectrode arrays so that the cel-
lular line patterns were aligned with the microelec-
trode patterns (Fig. 1(C)). Periodic electrical pulses 
were applied between the desired microelectrode 
pairs to induce myotube contraction.  GLUT4 ex-
pressed on the cell membrane was identified with the 
immunostaining method. 
 
[Results and Discussion] 
Fig. 1(D) depicts the expression assay of GLUT4 by the selective stimulation of the myotube line pat-
terns. Myotube line pattern on the left side was electrically stimulated and the right side pattern was 
rested. Electrically stimulated myotubes displayed an increase in fluorescent intensity above that of 
unstimulated cells by about 4-fold. Arbitral control of micropatterned myotubes contraction with lo-
calized electrical stimulation enabled high-contrast imaging of contraction-induced GLUT4 transloca-
tion phenomena in myotubes. 
 
[References] 
[1]K.Nagamine et al., Biotechnol.Bioeng., 2010, 105, 1161. [2]K.Nagamine et al., Lab Chip, 2011, 11, 
513. 
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Controlling the contractile myotubes by the flexible organic electrode 
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[Objective(s)]  
We report herein the micropatterning of poly (3,4-ethylenedioxythiophene)(PEDOT) on a hydrogel to 
provide a fully-organic, moist, flexible, and permeable electrode[1]. Their permeability for oxygen and 
nutrition would be an implanted electrode for recording and controlling the functions of muscle and 
neuronal tissues. We also present a typical application of the PEDOT/hydrogel electrode to the culti-
vation of contractile myotubes[2].  
 
[Materials and Methods]  
We laid the hydrogels on a Pt microelectrode fabricated on a glass plate. Electropolymerization (1.0 V 
vs. Ag/AgCl) and electrochemical actuation (±0.5 V vs. Ag/AgCl, 0.02 Hz) for effective peeling the 
soft gel from master electrode were conducted on the hydrogel-covered electrode in the aqueous 
monomer solution. 
  
[Results and Discussion] 
The PEDOT/hydrogel electrode could not be simply peeled off the master template because doing so 
caused the soft hydrogel to collapse. Instead, we repeatedly oxidized and reduced the polymer, causing 
its volume to change, until the hybrid film detached from the substrate(Fig.1). 
A film of contractile myotubes within a fibrin matrix was laid on top of the electrode and stimulated 
with periodic voltage pulse. The electrode induced contraction of the myotubes, and the electrode it-
self was observed to contract in unison with the myotubes(Fig.2).  

Glucomannan Collagen

Fig.1 (a) Schematic illustration of
electropolymerization and electrochemical
actuation to print PEDOT on hydrogel sheet.
(b) Photographs of the printed microelectrodes
on various hydrogels.

(a)

(b)

Fig.2 Time course of contractile
displacements of C2C12 myotubes and the
PEDOT hydrogel electrode.

 
[1] Sekine, S.; Ido, Y.; Miyake, T.; Nagamine, K.; Nishizawa, M., J. AM. GHEM. SOC. 2010, 132, 

13174–13175 
[2] Nagamine, K.; Kawashima, T.; Ishibashi, T.; Kaji, H.; Kanzaki, M.; Nishizawa, M., Biotechnol. 

Bioeng. 2010, 105 (6), 1161-1167. 
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[Objectives] Hepatocyte spheroids, which are formed following the rearrangement and compaction of 
cell aggregates, have been strongly advocated as a highly useful culture technique instead of the tradi-
tional monolayer culture. They have a tissue-like structure and can maintain higher-level liver-specific 
functions over a long period. Although several techniques for spheroid formation have been reported, 
it is difficult to generate mass spheroids of uniform size. In this study, we developed a microchip hav-
ing microwell structure for hepatocyte spheroid culture, and evaluated the effect of chip surface on the 
properties of hepatocyte spheroids. 
 
[Materials and Methods] Fig. 1 shows the 
schematic diagram of the microwell chip. The 
basic chip design was 460 microwells in trian-
gular arrangement. The morphological and func-
tional properties of rat hepatocyte spheroids were 
compared using the following three chip condi-
tions: a poly-methylmethacrylate (PMMA) chip 
which consisted of microwells with PMMA sur-
face, a polyethylene glycol (PEG) chip in which 
the surface of PMMA chip was modified by PEG, 
and an agarose chip which consisted of mi-
crowells of agarose gel.  
 
[Results and Discussion] In the PMMA chip, rat 
hepatocytes adhered to the surface at the initial 
stage of culturing, and then they formed spheroids by the acceleration of cell–cell adhesion. In contrast, 
in the agarose and PEG chips, rat hepatocytes directly formed spheroids without adhering to the sur-
face, and a single spheroid was formed in each microwell (Fig. 2). The mRNA expression of plasmi-
nogen activators in the PMMA chip was higher than that in the PEG and agarose chips, indicating that 
the modulation of cell attachment by plasminogen activators promotes the spheroid formation in the 
PMMA chip. Although the processes of spheroid formation were different on each chip, the functional 
expressions of hepatocytes (Albumin selection and ammonia removal activities) were almost same 
under all chip conditions. In conclusions, we developed the microwell chips for hepatocyte spheroid 
culture, and indicated that the properties of hepatocyte spheroids were influenced by the surface prop-
erties of microwell chips. 
 
[References] 1) Y. Sakai, K. Nakazawa, Acta Biomaterialia 3, 1033-1040, 2007. 2) Y. Sakai, S. Yo-
shida, Y. Yoshiura, R. Mori, T. Tamura, K. Yahiro, H. Mori, Y. Kanemura, M. Yamasaki, K. Nakazawa, 
Journal of Bioscience and Bioengineering 110, 223-229, 2010. 
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[Objectives] Micropatterning cell culture is one of the most useful approaches in the regulation of 
culture environments; it can control cellular microenvironments by regulating the cell arrangement at a 
micro-scale. Thus, it has been advocated as a useful technique for various cell-based assay systems. In 
this study, we developed a micropatterned chip of rat hepatocytes, and investigated the effect of cell 
spot sizes (micropattern sizes) on the morphological and functional behaviors of the micropatterned 
hepatocytes. 
 
[Materials and Methods] We designed the 
cell chip in which collagen and polyethylene 
glycol (PEG; non-adhesion molecule) were 
micropattered on a glass plate by the micro-
contact printing method (Fig. 1). To under-
stand the effect of cell spot sizes on the mi-
cropatterning culture of hepatocytes, three 
different chips were designed for which the 
total area of collagen spots was kept similar 
but the diameter of collagen spots was varied 
(chips 200, 500, and 800 in Table 1). Change 
in the cell morphology, liver- specific func-
tions, and gene expression were evaluated. 
 
[Results and Discussion] Hepatocytes ad-
hered to the collagen spots and then formed 
the micropattern configuration (Fig. 2). Al-
though the morphology of rat hepatocytes on 
chips 500 and 800 showed an almost sin-
gle-cell layer on the collagen spots similar to 
the random monolayer culture, hepatocytes 
on chip 200 gathered to the center of the collagen spot and formed multi-cell layers exhibiting a 
semi-spheroid form. The liver-specific functions (the ammonia removal and albumin secretion activi-
ties) of hepatocytes were maintained at a higher level in the micropatterned hepatocytes compared to 
the random monolayer. In addition, the mRNA expression levels of cell adhesion molecules (Cdh and 
Cx32) and liver transcription factors (HNF4α and C/EBPβ) on chip 200 were specially retained at a 
higher level than in other chip conditions throughout the culture duration. Hepatocytes on chip 200 
formed higher cell–cell interactions possibly by the formation of multi-cell layers; moreover, tran-
scription factors, such as HNF4α and C/EBPβ, were activated and the expression of genes encoding 
liver-specific functions was accelerated. In conclusion, the use of small cell spots in micropatterning 
cultures provides superior results in the retention of cells on the chip, the formation of cell–cell inter-
actions, and the expression of liver-specific functions. 
 
[Reference] K. Nakazawa, Y. Shinmura, Y. Yoshiura, Y. Sakai, Biochemical Engineering Journal 53, 
85-91, 2010. 

Table 1. Conditions of the micropatterned chips

Chip 200

Chip 500

Chip 800

Chip name

Chip 200

Chip 500

Chip 800

Chip name

200

500

800

Diameter [µm]

200

500

800

Diameter [µm]

270

675

1050

Pitch [µm]

270

675

1050

Pitch [µm]

6364

1020

396

Spot number

6364

1020

396

Spot number

2.0

2.0

2.0

Total area [cm2]

2.0

2.0

2.0

Total area [cm2]

PitchDiameter

Collagen spotPEG

PEG Collagen type IV

Glass plate Pt layer
Fig. 1.  Schematic diagram of the micropatterned chip

Fig. 2. Rat hepatocyte morphologies (day 5)

Chip 800Chip 500Chip 200

300µm

Random
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[Objective(s)] Recently, the development of culture techniques for activating biotechnologically the 
specific function of liver-derived cells has proceeded for the application to drug discovery tools. For 
example, it was reported that gene expression of P450 was up-regulated when multicellular spheroids 
composed of HepG2 cells (a human hepatocellular carcinoma cell line) were cocultured with 3T3 cells 
(a mouse fibroblast cell line) (Biotechnol. Bioeng., 103, 552, 2009.). Also, it was showed that albumin 
synthesis of rat primary hepatocytes cultured on the collagen-coated polydimethylsiloxane (PDMS) 
membrane was promoted over 10 fold in comparison to those on usual plastic culture dish. Besides, 
the coculture of such hepatocytes with 3T3 cells promoted albumin synthesis to about 3 fold and 
maintained it for long-term (J. Biotechnol., 131, 76, 2008.). However, culture technologies of cell 
sheets or spheroids were not always easy due to complicated manipulations. Also, the 
above-mentioned culture models could not reflect liver-specific microenvironments in vivo in which 
chemical compounds was uptaken to parenchymal hepatocytes through sinusoid and subsequently 
metabolized and excreted towards bile canaliculi. Therefore, we have to overcome these issues on the 
handiness and the reconstruction of liver-specific microenvironments from a viewpoint of application 
to drug discovery tool. In this study, we aimed to develop a basic culture unit appropriate for main-
taining and activating liver-specific functions of HepG2 cells utilizing a collagen vitrigel (high density 
collagen fibrils) membrane chamber that is useful for not only reconstructing organoid plates but also 
offering 3 different culture condi-
tions shown in Fig. 1. 
 
[Materials and Methods]  
HepG2 cells were seeded and 
cultured in a collagen vitrigel 
membrane chamber fixed in a 
normal culture dish for 2 days, 
and subsequently cells were cultured under 3 different conditions shown in Fig.1. Normal plastic cul-
ture dishes and Millicell chambers with a porous polyethylene terephthalate membrane were used as 
the scaffolds of control group. Albumin secretion level into culture media was measured as the evalua-
tion of liver-specific function.  
 
[Results and Discussion] Cells cultured in the collagen vitrigel membrane chamber grew well and 
formed a high density of monolayer in a short term as compared to those on control scaffolds. In 
phase-contrast microscopic observation, those cells cultured on the liquid-gas interface represented 
hepatic cord-like structure. In addition, albumin secretion level of those cells was significantly higher 
than the cells cultured in other conditions. These data suggest that a novel culture unit of HepG2 cells 
on the liquid-gas interface would play an important role as a new drug discovery tool.  
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Fig.1 Basic culture units utilizing collagen vitrigel membrane chambers. 
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[Objective(s)]  
In recent years, repeated dose toxicity studies using experimental animals have been widely used as a 
method for generating data on general toxicity. However, this test method, in which a large number of 
laboratory animals are killed, involves social and ethical problems related to animal protection. It is 
inefficient in economic and industrial terms as well, requiring considerable time and expense. There-
fore, it is important to develop a new test method to replace the existing one.  
 
[Materials and Methods] 
We developed a new method for cell tests incorporating the most advanced scientific technologies. To 
create cells required in these tests, we adopted state-of-the-art technologies for genetic modification 
and the production of transduced cells based on the “human artificial chromosome vector” as well as 
reporter gene technologies using “luminescent genes” in various colors and intensities. Reporter gene 
technologies using up-to-seven-colored luminescent genes is a very efficient system allowing you to 
detect multiple signals at the same time. 
 
[Results and Discussion] 
Using our advanced technologies, we developed high-sensitivity in vitro toxicity test system. Fur-
thermore, we will attempt to answer the question: “How should a comparison of an in vitro experiment 
and that with laboratory animals (in vivo) be done?” is an inherent problem with in vitro test system 
using cells. 
 
[References] 
Yamaguchi S et al., PLoS One. 2011 Feb 24;6(2):e17267. 
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Animal Sci., Res. Ctr. for Biosci. and Technology, Tottori Univ.、3 Health Research  
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 Institute., Advanced Industrial Science And Technology. 
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[Objective(s)] 
Various in vitro evaluation systems have been built such as a three-dimensional growth method, as an 
alternative for animal testing. 
It is, however, difficult to analyze ontogeny comprehensively in in vitro experiments. 
In order to build a quality in vitro evaluation system, it is necessary to compare in vitro and in vivo 
evaluation systems as well as understand the dissociation between the two systems.We created a 
high-quality, high-performance in vivo evaluation system with myocardial differentiation as the target, 
using human artificial chromosome (HAC) vectors. In addition, we attempted to build with the same 
construct an imaging system that can also be compared and evaluated in in vivo. 
 
[Results and Discussion] 
We built mouse ES (D3) cells that can monitor the expression of some transcription factor that is ex-
pressed distinctively in myocardial differentiation using human artificial chromosome (HAC) vectors. 
As a result of inducing these D3 cells into myocardial differentiation and conducting luciferase assays 
in each differentiation stage, it was suggested that physiological expression of the transcription factor 
was reproduced by luminescence. Also, we created chimeric mice from mouse ES (TT2F)  cells into 
which we transferred the same HAC vectors. As a result of performing luciferase assays using the 
chimeric mouse embryos, luminescence was observed. We will perform analyses of live imaging using 
embryos in the future. 
 
[References] 
Yamaguchi S et al., PLoS One. 2011 Feb 24;6(2):e17267. 
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[Objective] In the risk assessment of chemical substances, the development of animal testing alterna-
tive is strongly required. The present study, we attempted to establish a high-sensitivity in vitro toxic-
ity test system using chromosome engineering and bio-luminescence technology. 
 
[Materials and Methods] We obtained BAC clone containing a gene promoter region and transcrip-
tional regulatory domains of the human interleukin-1 (hIL-1) beta. As a gene delivery vector, we util-
ized a human artificial chromosome (HAC) vector, can carry large inserts including regulatory ele-
ments. We constructed hIL-1 beta monitoring HAC vector, which is designed luciferase gene (SLG) to 
be regulated by transcriptional regulatory domain. The modified BAC clone was introduced to HAC 
vector by Cre/loxP system. To evaluate sensitivity for detection of toxicity, we measured the activity of 
luciferase and expression of endogenous hIL-1 beta after lipopolysaccharide (LPS).  
 
[Results and Discussion] We established a stable cell line (hIL-1-HAC U937). The luciferase activity 
and hIL-1 beta expression were significantly increased in a time-dependent manner (0, 1.5, 3, 6, 12 
and 24 h after 100 ng/mL LPS). Likewise, the luciferase activity was increased in a concentra-
tion-dependent manner when the cells exposed with various concentration of LPS (0.1-10,000 ng/mL). 
In the future, we will need to do the validation study using several substances. 
 
[References]  
1. Yamaguchi S et al., Yonago Acta medica 54: 21-31 (2011) 
2. Nakajima Y et al., Biotechniques 38: 891-894 (2005) 
3. Katoh M et al., Biochem Biophys Res Commun 321: 280-290 (2004) 
 

 
 
 
 
 
 
 

P－34 



AATEX 16 (Supplement), 2011 

 223

 
 
 
 

Development of in vitro and in silico alternative method 
for acute systemic toxicity in vivo. 
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[Objective(s)] 
The SIRC cytotoxicity test has been useful for predicting an acute systemic toxicity (LD50). However, 
it was not applicable for the water-insoluble chemicals. To overcome this disadvantage, 
three-dimensional dermal model was examined to predict the LD50. Furthermore, an in silico model 
was investigated using the descriptor of molecular orbitals obtained from three-dimensional structure 
of the chemicals and using a neural network to improve the predictive capacity of the in vitro methods. 
 
[Materials and Methods] 
The chemicals to which rat oral LD50 values were known were used for evaluating the in vitro tests. 
The SIRC cytotoxicity test using crystal violet staining was used for obtaining the 50%-inhibitory 
concentration (IC50). Three-dimensional dermal model (MATREXTM kit, Toyobo Co. Ltd.) test was 
performed using MTT assay. For in silico, the descriptors of the molecular orbitals obtained from the 
three-dimensional structure of the chemicals were calculated by MOPAC2002 in Chem3D Ultra Ver. 
10.0 (CambrideSoft Co., Cambridge, MA, U.S.A.). The analysis was conducted by the artificial neural 
network (QwikNet Ver.2.23, http://qwiknet.home.comcast.net/) with these effective and independent 
descriptors. 
 
[Results and Discussion] 
The IC50 from the monolayer culture and the three-dimensional model showed a good correlation 
with the LD50 of the acute systemic toxicity, respectively. The results indicate that the cytotoxicity 
tests may be suitable for predicting the acute systemic toxicity. Also, the calculated values from in 
silico method showed a good correlation with the actual measured LD50 that was reported previously. 
It was shown that the in silico model may be useful for complementing the in vitro test. The results 
suggest that the combination of the in vitro cytotoxicity tests and the in silico model may be helpful to 
evaluate the in vivo acute systemic toxicity. 
 
[References] 
Kitagaki,M.，Wakuri,S., Hirota,M., Tanaka,N., Itagaki,H. (2006) : SIRC-CVS cytotoxicity test:an 
alternative for predicting rodent acute systemic toxicity. J. Toxicol. Sci., Vol.31, No.4, 371-379. 
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The sutady of  monitoring system of oxygen level on cultured rat embryos. 
 
 

Yokoyama,A. 
 
 

Kanagawa Life-science Research 
 
 
 
We have developed the monitoring system for oxygen level of rat serum by the use of rat whole em-
bryo culture. 
 The advantages of whole embryo culture are to examine the direct effects of the oxygen level on rat 
embryo. 
 As the testing oxygen level, the treated group by high level oxigen was examined in this study using 
the rat embryo cultured from day 11 to 13 gestation. 
In this whole embryo culture system,rat embryos were explanted on day  
11(plug day = 0) of gestation and cultured of rat serum with 95% O2 and 5%CO2 using improved rota-
tor for 48hrs. The monitoring system of oxygen level was used to the PO2 monitor by POG-5000.  
The group of treated embryos of low level oxygen were not exchanged in the heart beat, the 
crown-rump length, the embryo weight and the embryonic total somite. On the other hand, the mal-
formation was observed in the embryos cultured with low level oxigen. The typical marformation were 
hematoma and cleft lip on cultured rat embryos. 
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Effects of the conpound serum(CS) on cultured rat embryos. 

 

Yokoyama,A.①,  and  Akita, M.② 

 

 

① Kanagawa  Life-science Research,② Kamakura Women`s University 

 

 
We have developed the long term cultured system for drug and chemical compound of food by the use 
of rat whole embryo culture. The advantages of whole embryo culture are to examine the direct effects 
of the CS on rat embryo. 
 As the testing agent, CS was examined in this study using the rat embryo cultured from day 11 to 13 
gestation. The conpound serum(CS) was used to the salinhes fluid solution 6%. 
In this whole embryo culture system,rat embryos were explanted on day 11(plug day = 0) of gestation 
and cultured of rat serum with 95% O2 and 5%CO2 using improved rotator for 48hrs.  
The group of treated embryos of CS were not exchanged in the hear beat,the crown-rump length, the 
embryo weight and the embryonic total somite. On the other hand, the malformation was not observed 
in the embryos cultured with CS. 
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tests (Hand1-EST and Cmya1-EST) for developmental toxicity 
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1Institution Environmental Health Science Laboratory, Sumitomo Chemical Co., Ltd.,  
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3Tohoku University Graduate School of Medicine,  
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[Objective(s)] 
Previously, we identified several marker genes altered specifically by embryotoxic chemicals (Suzuki 
et al., J. Toxicol Sci., 2011). We also reported the establishment of 96 well multi-plates based new 
ESTs with luciferase reporter assays using stable transgenic embryonic stem cells for detecting the 
molecular markers (Hand1: heart and neural crest derivatives expressed transcript 1 or Cmya1: car-
diomyopathy associated 1) (Suzuki et al., Toxicol. Sci., 2011). Extensive investigations were per-
formed to explore predictive power and validity by comparing a set of well-known test chemicals. The 
novel EST (Hand1- and Cmya1-ESTs) offers high predictability and accuracy with a reduced test du-
ration and manpower compared to the original EST protocol, thus providing a new rapid and sensitive 
in vitro method for screening embryotoxicants. 

In the present study, we performed an inter-laboratory pre-validation study of Hand1- and 
Cmya1-ESTs. Objectives of the studies were to examine transferability, intra-laboratory variability and 
inter-laboratory variability of the protocols of Hand1- and Cmya1-ESTs in four independent laborato-
ries. 
 
[Materials and Methods] 
The present studies were conducted under the same experimental conditions. All regents, chemicals 
and culture medium used in the present study were purchased by a lead laboratory and distributed to 
other three laboratories. Analysis of differentiation toxicity and cytotoxicity of hydroxyurea were cur-
ried out in four laboratories using Hand-EST as the first experiment. Three endpoints for Hand1-EST 
(Hand1-ES-ID50; concentration of 50% reducing luminescence in differentiation toxicity test, 
Hand1-ES-IC50 and 3T3-IC50; concentration of 50% reducing the viability of cells in cytotoxicity tests) 
were determined in four laboratories. In the second experiment, the three endpoints of two 
strong-embryotoxic compounds (hydroxyurea and 6-aminonicotinamide), two weak-embryotoxic 
compounds (boric acid and valproic acid) and two non-embryotoxic compounds (penicillin G and 
ascorbic acid) were determined by the Hand1- and Cmya1-ESTs. The test chemicals were classified by 
the ECVAM prediction model reported previously (Genschow et al., 2004) using the three endpoints in 
Hand1- and Cmya1-ESTs. 
 
[Results and Discussion] 
We firstly examined the test protocols by comparing of reporter gene assay and cytotoxicity test data 
of a representative compound (hydroxyurea) under the same experimental conditions by the 
Hand1-EST. The value of each endpoint from four laboratories was very similar, indicating high 
transferability of new proposed ESTs. Extensive investigations of the Hand1- and Cmya1-ESTs were 
performed to explore reproducibility by comparing a set of 6 well-known test chemicals. The results 
gave good correspondence in all four laboratories, indicating that the present proposed protocols of the 
ESTs was expected to present no problems regarding transferability, intra-laboratory variability and 
inter-laboratory variability. 

This study was supported by a research grant from the New Energy and Industrial Technology 
Development Organization (NEDO) in Japan. 
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transformation assay 
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1Food and Drug Safety Center, 2Biosafety Research Center, Foods, Drugs and Pesticides, 3Japan Bio-
assay Research Center, 4Mitsubishi Chemical Medience Corporation, 

sakai.a@fdsc.or.jp 
 
[Objective]  
The Bhas 42 cell transformation assay (Bhas 42 CTA) is a short-term system for predicting chemical 
carcinogenicity. The assay protocol of Bhas 42 CTA consists of two components, the initiation assay 
and the promotion assay, to detect tumor-initiating activity and tumor-promoting activity of carcino-
gens. Its proficiency in predicting carcinogenic potential was previously shown in an in-house study 
on 98 chemicals [1]. Validation studies on the method using 6-well micro-plates (6-well method) have 
recently proved that the Bhas 42 CTA is reproducible between and within laboratories and applicable 
to the prediction of chemical carcinogenicity [2,3]. We have since developed the Bhas 42 CTA using 
96-well micro-plates (96-well method) for automated systems. The present study was performed to 
validate this 96-well method. 
[Methods]  
Four laboratories participated and the study was forwarded stepwise (pre-validation, phase I and phase 
II). The assay procedures are fundamentally the same as those in the 6-well method.  
[Results] 
1) A total of 25 chemicals were tested.  
2) In the pre-validation, MCA and TPA were examined, and the respective results were quite similar 

among all 4 laboratories.  
3) In the phase I, 7 coded chemicals were examined. In the initiation assay, concordant results were 

obtained by 4 laboratories for 6 chemicals. In the promotion assay, concordant results among all 4 
laboratories were achieved for 4 chemicals and for the remaining 3 chemicals accordant results 
were obtained by 3 laboratories.  

4) In the phase II, 16 coded chemicals were examined and each chemical was tested by two laborato-
ries. The results were concordant between laboratories for all chemicals. 

5) The assays of MCA, TPA and benzo[a]pyrene were duplicated in two different phases, and their 
results were quite similar between the phases.  

6) The cluster of transformation frequency in positive controls was quite separate from that in nega-
tive controls.  

7) Overall, 10 out of 12 carcinogens and tumor-promoters were positive and 8 out of 9 
non-carcinogens were negative. 

[Discussion]  
These results proved that the 96-well method is robust, transferable between laboratories, reproducible 
both within and between laboratories, and applicable to the prediction of chemical carcinogenicity. 
[References]  
[1] Sakai et al., Mutat. Res. 702 (2010) 100-122. [2] Tanaka et al., AATEX 14 (2009) 831-848. [3] 
Sakai et al., Mutat Res. in press (2011). 
[Acknowledgement] This work was supported by the New Energy and Industrial Technology Devel-
opment Organization (NEDO) in Japan.  
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Development of myocardial toxicity test using cardiomyocytes derived from 
ES/iPS cells as an alternative to the cardiotoxic in vivo test 

- Analysis of chronotropic and inotropic actions - 
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E-mail: kawai@iexas.med.osaka-u.ac.jp 
 
 
[Objective(s)]  The cardiac system toxicity test is obliged to execute the safety pharmacological test 
as well as safety evaluation by the general toxicity in vivo study. In general toxicity study, many ani-
mals are used to analyze cardiac function. These appraisal methods using animals are expected to be 
replaced by alternative methods from a standpoint of animal welfare. Previously, we developed a test 
method to assess the beating cardiomyocytes derived from ES/iPS cells using image analysis method 
(The 22nd Annual Meeting of the Japanese Society for Alternative to Animal Experiment, 2009). In 
the present study, we attempted to analyze chronotropic and inotropic actions of cardiomyocytes using 
this image analysis method. 
 

[Materials and Methods]  Mouse ES cells (EB3-Caa-eGFP-IP) were cultured in the absence of feeder 
cells. Cells were differentiated as embryoid bodies (EBs) by the hanging drop method. EBs were 
transferred at day 2 from the hanging drop into petri dishes and were cultured. On day 5, one EB per 
well was plated into 24-well culture plate. Differentiation into cardiac cells was investigated to contain 
one or more beating area by the microscope. Caffeine, Dexamethasone, Digoxin, Diphenylhydantoin, 
5-FU and Saccharin were diluted with medium or DMSO of which a final concentration was less than 
1%. They were applied on the beating cardiomyocytes for 10 minutes. The image of beating cardio-
myocytes were recorded before, immediately after and 10 minutes after application and after washing 
with PBS. Their images were analyzed by NIH Image J and the dose dependent curve of beating rate 
and contraction rate were delineated. 
 

[Results and Discussion]  We developed the appraisal method to analyze beating rate and contraction 
rate of beating cardiomyocytes. The graphs of dose dependent curve of effects with each reagent could 
be drawn. Interestingly the beating rate was not inhibited with 5-FU, however contraction rate was 
inhibited. This suggests that 5-FU may inhibit in inotropic action but not chronotropic action. The test 
method developed in this study may be useful for cardiac system toxicity as an alternative to in vivo 
test. 
 

[References] 
1) Niwa H., Masui S., Chambers I., Smith AG., and Miyazaki J. (2002) Phenotypic complementation 
Establishes requirements for specific POU domain and generic transactivation function of Oct-3/4 in 
embryonic stem cells, Molecular and Cellular Biology, 22, 1526-1536.  
2) Boheler KR., Czyz J., Tweedie D., Yang H., Anisimov SV., and Wobus AM. (2002) Differentiation 
of pluripotent embryonic stem cells into cardiomyocytes, Circulation Research, 91,189-201. 
3) Paparella M., Kolossov E., Fleischmann BK., Hescheler J., and Bremer S.  (2002) The use of 
quantitative image analysis in the assessment of in vitro embryotoxicity endpoints based on a novel 
embryonic stem sell clone with endoderm-related GFP expression, Toxicology in Vitro, 16, 59-597. 
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[Objective(s)] 
In transformation assays, transformation frequency has been quantified by time-consuming and sub-
jective scoring of transformed foci under a microscope. We found that hydrogen peroxide kills spe-
cifically normal cells but not transformed foci, and have developed a hydrogen peroxide method to 
measure transformation frequency in Bhas 42 cells (v-Ha-ras gene transfected BALB/c 3T3 cells). 
The present study was performed to evaluate the hydrogen peroxide method by comparing with the 
conventional microscope method [1-3] with 21 chemicals (13 carcinogens and eight non-carcinogens). 
 
[Materials and Methods] 
Bhas 42 cells were plated into 96-well plates (Day 0) and the cells were treated with a chemical from 
Day 1 to 4 for the initiation assay and from Day 4 to 14 for the promotion assay. On Day 21, hydrogen 
peroxide (final concentration: 0.0015%) was added and the cells were further cultured for 24 h. After 
treatment with WST-8 (10 �L/well) for 3 h, OD at 450 nm was measured with a microplate reader 
(hydrogen peroxide method). The cells were then fixed and stained with Giemsa solution, and wells 
having transformed foci were counted (microscope method). 
 
[Results and Discussion] 
For the carcinogens, except two chemicals (benzo[a]pyrene: equivocal by the hydrogen peroxide 
method but negative by the microscope method in the promotion assay, sodium arsenite: equivocal by 
the hydrogen peroxide method but negative by the microscope method in the initiation assay), the re-
sults of the hydrogen peroxide method matched with those of the microscope method. For the all 
non-carcinogens, the results of the hydrogen peroxide method and the microscope method were nega-
tive. Thus, the hydrogen peroxide method can be applied to objective quantification of transformation 
frequency and will provide a high-throughput assay in the combination with automated systems since 
it requires no fixation and staining. 
This work was supported by the New Energy and Industrial Technology Development Organization 
(NEDO) in Japan. 
 
[References] 
[1] Tanaka N. et al., AATEX. (2009) 14:831-848. 
[2] Sakai A. et al., Mutat Res. (2010) 702 :100-122. 
[3] Sakai A. et al., Mutat Res. (2011) 725:57-77. 
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Investigation the applicability of the test in TK6 cells 
 
 

○Taisei Mizota, Katsutoshi Ohno, Mina Ito, Toshihiro Yamada 

 
Food Safety Research Institute, Nissin Foods Holdings Co., Ltd. 

E-mail: t-mizota@nissinfoods-holdings.co.jp 
 
 
[Objective(s)] 
In vitro genotoxicity assays play an important role in predicting the carcinogenic potency of chemicals. 
There are a number of in vitro tests available for use. However, these assays have some problems of 
throughput, and species difference. To construct an easy-operating genotoxicity test system, we de-
veloped a p53R2-dependent luciferase reporter gene assay using human breast cancer cell line 
(MCF-7) expressing wild-type p53 gene [1, 2]. Previously, we reported that the test was also func-
tional in p53-competent human lymphoblastoid cell line (TK6) [3]. Our assay is advantageous over the 
conventional in vitro genotoxicity tests because the operating system is simple, throughput is high, and 
human cell lines are used. In this study, we investigated the reactivity of the newly constructed re-
porter plasmid for the purpose of improving the p53R2-based genotoxicity test in TK6 cells. 
 
[Materials and Methods] 
TK6 cells were transiently co-transfected with newly constructed reporter plasmid and pRL-SV40 in-
ternal control plasmid in each assay. After the incubation with test samples, luciferase activities were 
measured and normalized. The test sample was judged as positive for genotoxicity when the relative 
luciferase activity was 130 % or greater to control cells treated with solvent only. 
 
[Results and Discussion] 
The newly constructed reporter plasmid showed the higher reactivity in shorter exposure to test sam-
ples compared to the previously used reporter plasmid. To evaluate the performance of the test system 
in TK6 cells with new reporter plasmid, we referred to 61 of the chemicals recommended for the 
evaluation of modified or new mammalian cell genotoxicity tests by ECVAM. The results of this assay 
were 85% (17/20) for the sensitivity, 95% (39/41) for the specificity, and 92% (56/61) for the overall 
agreement. It is suggested that the p53R2-based genotoxicity test improved in this study can be used to 
detect various genotoxic chemicals without compromising the specificity. This test will be a valuable 
tool for rapid screen for identifying chemicals that may be genotoxic to humans. 
 
[References] 
1) K. Ohno et al., Mutat. Res., 588, 47-57 (2005). 
2) K. Ohno et al., Mutat. Res., 656, 27-35 (2008). 
3) T. Mizota et al., Mutat. Res., 724, 76-85 (2011). 
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[Objective(s)] 
Last year, we demonstrated that in vitro micronucleus assay using three-dimensional reconstructed 
skin model, EpidermTM , (3D MN assay) of which usefulness is currently also evaluated in EU1), could 
judge false positive chemicals2) as negative correctly and 3D MN assay was able to replace a part of in 
vivo genotoxicity testing (in vivo micronucleus assay). This time, to address applicability of 3D MN 
assay to various categories of chemicals, we further evaluated various materials using this testing. 
 
[Materials and Methods] 
For evaluation of 3D MN assay, we employed 9 materials including food and cosmetic materials such 
as plant extracts, polymer molecules and surfactants. We further evaluated 6 chemicals known to ex-
hibit genotoxic potential via metabolic activation. Consistency between the outcomes of 3D MN assay 
and existing results of genotoxicity evaluation was examined. Furthermore, we investigated mecha-
nism of 3D MN assay to give a result for better understanding on applicability of this assay. 
 
[Results and Discussion] 
The 9 materials described above were judged as negative in 3D MN assay that conformed to existing 
results of genotoxicity evaluation. We judged that 3D MN assay could evaluate these materials cor-
rectly. Among 9 materials evaluated, 2 plant extracts did not exhibit cytoxicity, that we refer as an 
evidence of exposure of test substance to the target cells, up to the highest dosage. When no cytotoxic-
ity is observed, alternative approaches such as measurement of test substance in the media would be 
necessary.  
 

Meanwhile, 6 chemicals known to exhibit genotoxic potential via metabolic activation were all nega-
tive in 3D MN assay which were totally inconsistent with existing results of evaluation. EpiDermTM 
was reported to possess metabolic activity similar to human skin3). We compared cytochrome P450 
activity between in EpiDermTM and in S9mix which is generally used for metabolic activation in in 
vitro genotoxicity testing. As a result, the activity was lower in EpiDermTM than in S9 mix. These re-
sults indicate that there are still challenges such as modification of the protocol in order to evaluate 
chemicals which would be metabolically activated in the liver.   
 
[References] 
1) R.D. Curren. et al. Mutation Research, 607, 192-204, 2006 
2) D. Kirkland. et al. Mutation Research, 584, 1-256, 2005 
3) Hu.et al. Toxicology in Vitro, 24(5), 1450-1463, 2010 
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[Objective(s)] 
Cellular respiratory activity is one of the indexes of cell quality.  In particular, it is known that higher 
embryo quality is correlated to higher oxygen consumption.  Recently, high quality embryos (or 
blastocysts) are increasingly used for in vitro fertilization and embryo transfer.  In order to obtain 
such embryos in sufficient quantities, we developed a well-of-the-well (W/W) system-based embryo 
culture plate equipped with microholes, at the bottom of which an oxygen sensing photoluminescent 
probe was placed, and evalutated its ability to identify high quality embryos. 
 
[Materials and Methods] 
A glass plate with through microholes (ca. 750 µm in diameter and 3.0 mm deep) was placed on a 
glass slide coated with a polystyrene film containing platinum octaethylporphyrin (PtOEP, ex = 540 
nm and em = 640 nm).  Two-cell stage embryos were individually placed in each microhole.  The 
morphology and respiratory activity were evaluated by fluorescence microscopy. 
 
[Results and Discussion] 
Morphological evaluation confirmed that the inner cell mass in the embryo proliferated in the W/W 
culture plate.  Eventually, 32 out of 36 embryos at the two-cell stage developed to the blastocyst 
stage after 3 days of culture.  This is comparable to the conventional method where 10 embryos were 
co-cultured in a microdroplet and all developed to the blastocyst stage, showing that the present W/W 
culture plate clearly allows stable incubation of embryos. 
   Next, respiratory activity of the 32 embryos was determined from the PtOEP photoluminescence 
intensity, which increases with increasing respiration.  We observed that the photoluminescence in-
tensity for 13 embryos increased as the embryos developed to the blastocyst stage, but did not change 
for the other 19 embryos.  It was found that the former embryos consisted of 60 cells or more, 
whereas the latter consisted of less than 60 cells.  Thus, the present W/W culture plate could enable 
individual embryo monitoring continuously and the selection of high quality blastocysts on the basis 
of the visual evaluation of oxygen consumption. 

This work was supported by the Research and Development Program for New Bio-industry Ini-
tiatives from the National Agriculture and Food Research Organization of Japan. 
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[Objective(s)] 
We are always exposed to enormous number of chemicals. It is well known that some of these chemi-
cals impact our immune system. For example, nickel is a potent hapten that induces contact hypersen-
sitivity in human skin, and known to be a T cell-mediated immune reaction. But its cellular and mo-
lecular effects are not well understood. In this study, to clarify the direct effects of chemicals on T cells, 
we analyzed its effects on mRNA express in T cells using DNA microarray. Furthermore, we estab-
lished a stable Jurkat-derived cell line, #2H4, and analyzed the effect of T cell signaling or metal im-
munotoxicity. 
[Materials and Methods] 
Human peripheral blood monocytes (PBMCs) were isolated from venous whole blood by density gra-
dient centrifugation using Lymphoprep (Axis-Shield) and Pan T cell isolation kit II (Miltenyi Biotech). 
T cells were stimulated with each chemicals and CD3/CD28 T cell expander (Invitrogen). Total RNA 
was extracted from the cells by RNA mini kit (Qiagen). Gene expression was analyzed using the 
Whole Human Genome Array (Agilent Technologies). IL-2, IFN-γ and G3PDH reporter plasmid were 
transfected into Jurkat T cells using SuperFect (Qiagen). After repeated limiting dilution, we estab-
lished a stable cell line (#2H4). #2H4 cells were stimulated with chemicals and PMA/ionomycin for 
6h. Luciferase activity was determined by Mithras LB940 (Berthold Technologies) using Tripluc® 
luciferase assay reagent (Toyobo). IL-2 or IFN-γ luciferase activity was normalized to G3PDH 
luciferase activity. 
[Results and Discussion] 
Using a DNA microarray and Gene Ontology, we identified 70 up-regulated (including IL-1β, IL-6 
and IL-8) and 61 down-regulated (including IL-2, IL-4, IL-10 and IFN-γ) immune responsive genes in 
chemical-treated T cells. To determine how chemical such as NiCl2, affects gene expression in T cells, 
we established T cell-derived Jurkat reporter cell line, #2H4. When #2H4 was stimulated with 
PMA/ionomycin, metal ions such as Ni, Mn and Zn significantly suppressed the promoter activity of 
both IL-2 and IFN-γ in a dose-dependent manner. These results suggest the possibility that chemicals 
as a blocker of Ca2+ release-activated Ca2+ (CRAC) channels affect IL-2 or IFN-γ genes. This new 
method allows for the study of evaluation of chemical immunotoxicity by changing the combination of 
host cells or target genes in the future. 
This study was supported by a research grant from the New Energy and Industrial Technology Devel-
opment Organization (NEDO). 
[References] 
1. Nakajima, Y. et al., Biotechniques, 2005; 38, 891-894 
2. Antonios, D. et al., Journal of Immunology, 2010; 185, 89-98 
3. Saito, R. et al., Toxicology and applied pharmacology, 2011, 254(3), 245-255 
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[Objective(s)]  
Pathological sympathetic overactivation and vagal withdrawal are thought to reduce the survival rate 
after acute myocardial infarction (AMI). Previously, we tested if aortic depressor nerve stimulation 
improved the survival rate after AMI in rats. AMI was induced by ligating the left coronary artery. 
Two minutes after the ligation, 10-Hz stimulation of the intact left ADN was started and continued for 
30-min in treatment group, whereas no stimulation was performed in control group. The survival rate 
at 60 min after AMI was only 6.6 % in the control group, whereas it increased to 76.5 % in the treat-
ment group. With regard to life-threatening arrhythmias in acute ischemia, the effect of vagal nerve 
stimulation (VS) has been reported to prevent ventricular fibrillation in animals1). Therefore, we in-
vestigated the effect of acetylcholine (ACh), a parasympathetic nerve system neurotransmitter, on the 
gap junction component Cx43 using H9c2 cells. 
 
[Materials and Methods]  
H9c2 cells, which are spontaneously immortalized ventricular myoblasts from rat embryos, were used 
due to their conserved electrical and signal transduction characteristics. The cells were cultured in 
DMEM supplemented with 10% FBS and antibiotics. H9c2 cells were pretreated with 1 mM ACh for 
8 h, followed by 1 h of hypoxia (1% of oxygen concentration). 
 
[Results and Discussion] When cells were subjected to hypoxia, the total Cx43 protein level was de-
creased. Hypoxia group showed a marked reduction in the amount of phosphorylated connexin43 
(Cx43), whereas the hypoxia-ACh group showed only a slight reduction compared with the hypoxia 
group. These results suggest that ACh is responsible for restoring the decrease in the Cx43 protein 
level, resulting in functional activation of gap junctions. 
 
[References] 
1) Efferent Vagal nerve stimulation protects heart against ischemia-induced arrhythmias by preserving 
Connexin43 protein, Circulation, 112. 164-170. 2005 
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[Objective(s)]  In vitro and in vivo peel adhesion tests using test plates and human skin, respectively, were 
developed to evaluate the adhesiveness of tapes.  Various studies have been performed by these tests.1,2)  
However, it was difficult to predict the in vivo peel force from in vitro peel force due to the difference be-
tween the factors that influenced the adhesion in in vitro and in vivo.  In some cases, in vivo and in vitro 
peel adhesion tests using animal skin are required.  Hence, it is very important to establish in vitro peel 
adhesion test method that is able to predict the peel force (subjective peel force) evaluated by sense of hu-
man skin and physical peel force (objective peel force) in in vivo.  In the present study, we investigated the 
factors that influenced the subjective peel force by performing in vitro and in vivo peel adhesion tests using 
test plates and human skin, respectively. 
     
[Materials and Methods]  In vitro peel adhesion test : Five adhesive tapes were cut out at 12 mm in width 
and 100 mm in length under the environment at 25°C and 60% of humidity.  Forty millimeters of the 
length were the adhesion area.  The tapes were adhered to the stainless steel plate (SSP) at 850 g weight of 
application pressure.  Three hours after application, in vitro peel force was measured at 300 mm/min of 
peel rate and 90° of peel angle using Tensile and compression testing apparatus (SV-52NA, Imada Seisa-
kusho Co., Ltd, Japan).  The peel force of each adhesive tape was kept the score (1-5) when the tape with 
highest peel force was considered as 5.  In vivo peel adhesion test : In vivo peel force was measured under 
the same conditions as in vitro peel adhesion test.  The cut tapes were applied to inside skin of the forearm 
in volunteers (18 males and females, 22-24 years old).  Subjective peel force : After in vivo peel adhesion 
test, the volunteers evaluated peel forces in each adhesive tape by scores of 1-5 (whole number) when the 
tape with highest peel force was considered as 5 and there was no same ranking.  They also filled in a 
questionnaire freely about the feeling in skin during peeling of the tapes.  
 
[Results and Discussion]  There was a significant correlation between objective peel force in in vivo peel 
adhesion test using human skin and peel force in in vitro peel adhesion test using SSP.  However, the re-
sult of scores in subjective peel force in in vivo peel adhesion test using human skin did not correspond 
with that in peel force in in vitro peel adhesion test using SSP.  It seemed that the evaluation of subjective 
peel force was indistinct when the difference of objective peel forces between the adhesive tapes was ex-
tremely small.  The subjective peel force also developed a tendency to increase when volunteers had a 
"pain" during peeling of the tapes.  In addition, it developed a tendency to decrease when they did not feel 
"stretch of skin" and they felt "easiness of peeling of the tapes".  It seemed that these factors also influ-
enced the subjective peel force.  
 
[References] 
1) M. Horgnies, et al., Int. J. Adhes. Adhes., 27:661-668 (2007). 
2) A. C. Karwoski, et al., Skin Research and Technology. 10: 271-277 (2004). 
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[Objective(s)]  Phthalate have widely been used as a plasticizer for household products.  They are 
released from plastics and are present in the air as gas and/or adsorbed to dirt particles.  The released 
plastic esters are immediately transformed to toxic metabolites after being ingested into the body via 
the lung, resulting in harmful effects to the reproductive system1.  In this study, we developed a 
method to predict the permeability of phthalate by combing in vitro experiments using the human al-
veolar epithelial cell line A549 and accompanying mathematical modeling. 
 
[Materials and Methods]  A549 cells cultured in the dish were exposed with phthalate containing 
medium for 48 hours and the cell viability was measured by Acid Phosphatase assay.  The cells were 
also densely cultured on semi-permeable membrane culture inserts and are incubated in culture me-
dium containing 0.1-10.0 mM benzylbutyl phthalate (BBP) in for 48 hours.  Phthalate permeated 
from the apical (Ap) side to the basolateral (BL) side were detected by HPLC.  In parallel, a simple 
3-compartment numerical model was developed to describe the permeation behavior of BBP and the 
parameters were determined by the exposure experiments in the culture systems.  In addition, we 
tested the feasibility of the developed numerical model in addressing long-term risk assessment of 
phthalate in humans. 
 
[Results and Discussion]  The viability of A549 cells is decreased only in the high concentration 
range of mM order, showing that the cytotoxicities of phthalates are relatively low.  Although the 
BBP concentration on the BL side increased as that the Ap side increased, the former was 3-4 times 
lower than the latter.  Therefore, it is predicted that the transport rate from Ap to BL is significantly 
low, or that from BL to Ap is substantial.  It is widely recognized that BBP is metabolized to Mono-
butyl phthalate (MBuP) and Monobenzyl phthalate (MBeP) by carboxyesterase2.  In this study, these 
two monoesters showed imperceptible cytotoxicity and their concentrations were as low as 1/10 that of 
BBP.  We therefore concluded that the effect of the metabolism of BBP is negligible.  With the re-
sults of the experiments above, the numerical model composed of 3-compartments, Ap side compart-
ment (inner space of alveolus), cell layer compartment (alveolus epithelium) and BL compartment 
(pulmonary blood circulation), was developed by assuming the dynamic equilibrium among the three 
compartments.  After determining the kinetic parameters from the cell culture experiments and con-
firming the good approximating by the model, we addressed the human lifetime risk assessment of 
carcinogenicity with the extension of the numerical simulation and the results of in vivo animal ex-
periments.  The lifetime human  carcinogenicity was calculated to be 6×10-8 when the concentra-
tion of BBP in the air is assumed as 0.85 g/m3, indicating that the toxicity of BBP is not negligible. 
 
[References] 
1. Eveillard A, et al., Toxicol. Appl. Pharmacol. 2009;236(3):282-292. 
2. Eigenberg DA, et al.. J Toxicol Environ Health. 1986;17(4):445-456. 
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[Objective(s)] Biological requirements of the former "Standards to Approval of Hemodializer" issued 
by the MHLW included animal testings; acute toxicity test and intracutaneous reactivity test. We have 
routinely conducted the tests for the quality control of the medical devices approved in accordance 
with the standards. 
  We tried to replace the animal tests with the cytotoxicity test described in "Test Methods for Plastic 
Containers" under "General Tests, Processes and Apparatus" in the Japanese Pharmacopoeia, which 
has history of replacement of the aminal tests the cytotoxicity test (colony assay method).  The re-
sults were not satisfactory enough in terms of quality control, especially in long-term trend analysis, 
because skillful work is required for staining and couting colonies keeping sufficient level of precision 
control by expertised technicians.  Therefore we subsequently investigated to modify the test proce-
dure introducing the formazan method in which intracellular dehydrogenase activity is monitored to 
evaluate their viability, instead of the colony assay, keeping the other part of the processes identical. 
 
[Materials and Methods]  In light of the principles of international harmonization, we basically fol-
lowed the MHLW Notice on the Review of Medical Devices No.36 , "Reference information on the 
principles of biological safety evaluation" 

MEM supplemented with 5% FBS is filled in the test sample (extracorporeal circulation circuit 
set).  Stoppered with a suitable plug, the sample was extracted for 24 ± 2 hours at 37 ± 1℃.  The 
extract was set as 100% (undiluted), and diluted with the MEM to get series of diluted extract.  V79 
cells (JCRB0603) were exposed to, and incubated in the series of the extracts.  After the incubation, 
formazan formation was processed with a commercially available kit (Cell counting kit-8, Dojin 
Chemical), and its amount was estimated with a microplate reader at 450nm (measuring wavelength) 
and 630-650nm (reference wavelength).  Ratios of absorbance values from the samples against those 
from negative control (the media without extract) were plotted against the concentrateion (%) of the 
extract.  The IC50 value was estimated with the plot.  Positive control materials A and B specified in 
the Japanese Pharmacopoeia were also tested similarly. 
 
[Results and Discussion] IC50 values from positive control A were 1.5% ± 0.7% ( Mean±SD, n = 24)  
in the colony assay, and 1.1% ± 0.7% (n = 24) in the formazan method. Those from positive control B 
were 65.0% ± 6.1% (n = 24), and 64.5% ± 5.8% (n=24) respectively.  Due to the fact that differ-
ences of IC50 values of the positive controls from both methods were not statistically significant (t-test, 
p=0.05), sensitivities and reproducibilities of the both method were equivalent. IC50 values of the test 
samples (ECC sets) were >100% (n = 48) regardless of the assay methods. 
  As a routine QC test, the formazan method is advantageous because it is less dependent on the tech-
nician's skill and is more helpful to the precision control management.  In addition, it is also favor-
able because it can be automated by an automated microplate handling system. 
 
[References] 1) Notice on the review of medical devices No.36. Issued March 19, 2003 by the 
Ministry of Health Labor and Welfare 
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To promote the facilitation of regulatory acceptance on these assays, JaCVAM (Japanese Center for 

the Validation of Alternative Methods) is making steady progress in validation and peer reviewed 
studies under the ICATM (International Cooperation on Alternative Test Methods) framework. 

The methods currently undergoing national or international peer review include the Bhas cell trans-
formation assay, and the short time exposure (STE) assay for eye irritation testing. Additionally, 
JaCVAM is participating, along with several other international collaborators, in ongoing validation 
studies, which include the human cell line activation test (h-CLAT), in vivo/in vitro Comet assays, the 
stably transfected transactivation assay (STTA) antagonist test for screening of endocrine disruptors, 
and an assay for phototoxicity.  

Particularly notable are JaCVAM’s efforts towards the validation, nearly complete, of the in vivo/in 
vitro Comet assay, which has been in development since 2006.  The next International Validation 
Management Team meeting will take place in September 2011 in Kyoto. JaCVAM is also working on 
validation studies of the STTA antagonist assay, and a reactive oxygen species (ROS) assay for photo-
toxicity testing, which is based on the hypothesis that ROS may induce photochemical or toxic reac-
tions. It is expected for the STTA antagonist assay as an additional element in OECD TG 455; the 
Stably Transfected Human Estrogen Receptor-alpha Transcriptional Activation Assay for Detection of 
Estrogenic Agonist-Activity of Chemicals.   The high-throughput ROS assay is under development, 
and the corresponding validation study is projected to be completed by December 2011. In the Fall of 
2011, JaCVAM will begin validation studies of in vitro immunotoxicity assays.  

I appreciate all collaborators of JaCVAM. 
 

 
 
 
 
 
 
 
 
 

P－50 


