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Ⅰ. KoCVAM and R&D in NAMs 

Ⅰ KoCVAM and R&D in NAMs 

1 KoCVAM: past, present and future 

● Korean Center for the Validation of Alternative Methods (KoCVAM) has been operated 

within the Ministry of Food and Drug Safety (MFDS) since 2009 in order to introduce 

alternative test methods or new approach methodologies (NAMs) in safety assessment, 

which conventionally relies on animal testing, and to support the promotion and 

utilization of NAMs. 

● MFDS has provided support for the promotion of NAMs since when they were not 

much popular and nor studied by, for example, conducting research and providing 

education on the methods. MFDS is the only government agency in Korea that has 

developed NAMs adopted in OECD Test Guidelines. As a member of the OECD, Korea 

has adhered to the Mutual Acceptance of Data (MAD), a multilateral agreement on 

recognition of the safety assessment data of chemicals including cosmetics, and mutually 

accepts the safety assessment data with other participating countries. According the 

the OECD, the MAD saves around 300 million euros (300M €) of testing cost and sacrifices 

of over 10,000 laboratory animals each year. MFDS has helped the national industry 

and GLP facilities to increase their competitiveness in the world by helping domestic 

technologies to be adopted by the OECD, which the MAD system is based on. 

● This is attributed to over 14 years of KoCVAM’s commitment to international cooperation 

with the OECD and the International Cooperation on Alternative Test Methods (ICATM). 

● KoCVAM signed the Memorandum of Cooperation (MOC) to join the ICATM in 2011 

and has participated in the development and validation of over 30 NAMs led by the 

ICATM member countries. 

7 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

● MFDS has focused on regulatory acceptance and development of NAMs for evaluation 

of medical products including medical devices as well as cosmetics ingredients. In 

particular, an in vitro skin irritation test for evaluation of medical devices developed 

by MFDS has been approved unanimously as an internationally standardized test method 

at the ISO/TC194* Meeting held in October 2023. This is the first and the only 

accomplishment made by a national organization relating to ISO 10993-23** skin irritation 

test. 

* Technical Committee of ISO (International Organization for Standardization) dealing with 

biological and clinical evaluation of medical devices 

** International standard ISO 10993-23:2021 (Biological evaluation of medical devices-Part 23: 

Tests for irritation) 

● Also, KoCVAM has provided full support for distribution of NAMs in Korea to promote 

the use of the methods by organizing workshops and training programs (including 

video training) for academia and industry including non-clinical research institutions 

as well as co-organizing international symposium each year since 2013 

● KoCVAM has been committed to supporting the development of NAMs and promoting 

practical use and regulatory acceptance of advanced new methods through active 

international cooperation. 

2 Regulatory acceptance of NAMs 

● The world has tightened ban on animal testing for safety assessment of chemicals 

including cosmetic ingredients and medical devices, and the ban has increasingly spread 

to medical products. Therefore, it is imperative to develop and accept internationally 

harmonized NAMs. 

8 



    

              

              

              

            

             

             

           

           

            

            

           

           

           

            

             

              

         

             

           

               

     

             

               

              

      

               

          

            

          

           

              

          

              

            

            

Ⅰ. KoCVAM and R&D in NAMs 

● Since the EU’s complete ban on animal testing for cosmetics, more and more countries 

have also prohibited animal testing. With the revision of Cosmetics Act in 2016, Korea 

has also banned sales and marketing of cosmetics and their ingredients tested on animals. 

● The domestic companies exporting cosmetics and medical devices need NAMs for safety 

assessment, and failing to perform one will make them experience a huge financial 

loss. The current Korean laws relating to NAMs are; Laboratory Animal Act; Cosmetics 

Act; Regulation on Evaluation of Functional Cosmetics; and Standards for Biological 

Safety Evaluation of Medical Devices. Pursuant to the Laboratory Animal Act. MFDS 

is responsible to establish and implement the policy to support development and 

acceptance of NAMs able to replace animal testing. Accordingly, the Minister has 

established KoCVAM that carries out tasks related to development, validation, and 

dissemination of NAMs. Reticently, “the draft bill for promotion of development, 

dissemination and utilization of alternative test method (proposed by law maker In-soon 

Nam, Dec. 2020)” and “the draft bill for encouraging development, distribution and 

use of alternative test methods (proposed by law maker Jung-ae Han, Dec. 2022)” have 

been submitted to the national assembly in order to strengthen the role of KoCVAM 

and to promote the use of NAMs in Korea. 

● In 2023, MFDS revised the Korean Pharmacopoeia to accept NAMs for quality control 

of pharmaceutical products. With the revision, the test methods using recombinant 

factor C have newly been included to replace the use of horseshoe crab blood to 

detect endotoxins in pharmaceutical products. 

● With the establishment of the FDA Modernization Act 2.0 in December 2022, FDA 

allows the use of NAMs in new drugs and biologics application. In other words, the 

law concerning foods, drugs and cosmetics has permitted the use of the data generated 

using NAMs as non-clinical test data. 

● To keep up with the change in the U.S., MFDS has made an administrative notice 

on implementation of the revised “Regulation on Pharmaceuticals Approval, Notification 

and Review”. The revised regulation allows submission of data from non-animal methods 

or human biology-based tests (cell-based test, MPS, bioprinting, computaional model, 

etc.) that are produced in accordance with the Good Laboratory Practice. 

● To proactively respond to the changes in the world where NAMs are expanding their 

realm from cosmetics including cosmetic ingredients and medical devices to 

pharmaceuticals, MFDS has worked hard to promote NAMs in Korea for the last 14 

years. With the knowledge and know-hows accumulated in KoCVAM, MFDS will be 

able to take lead nationally and internationally in the field of NAMs. 

9 



       

     

           

             

             

         

             

         

           

              

              

          

         

           

           

   

              

    

 

   
   

  

         
       

    

              

            

  

              

               

               

      

     

             

       

             

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

3 MFDS R&D budget relating to NAMs 

● The Toxicological Evaluation and Research Department at the National Institute of 

Food and Drug Safety Evaluation (NIFDS), an affiliation of MFDS, has conducted researches 

on development of advanced safety assessment methods since 1998 as part of MFDS 

research and development project for food and drug safety. 

● The project is intended to establish base technologies for safety prediction and evaluation 

including development of toxicological, pharmacological and clinical tests, advanced 

analytic methods, laboratory animals and alternative test methods, which can serve 

as a scientific basis for the policies relating to safety management of foods, drugs, 

etc. As a part of the project for development of safety assessment methods, the 

Toxicological Evaluation and Research Department has developed and validated NAMs 

and developed novel toxicity assessment and narcotics analysis methods. 

● KoCVAM and Toxicological Screening and Testing Division of the Department has 

developed and validated NAMs for safety assessment of cosmetics, medical devices, 

etc. in the project. 

Table 1. R&D project for development of NAMs for safety assessment conducted by Toxicological Screening 
and Testing Division 

Title Main topic 

Establishment of foundation 
for development and 
validation of NAMs 

ㅇ Development of internationally harmonized test guidelines for NAMs 
reflecting animal welfare and their acceptance in Korea 

● Scientific outcome of the project 

- The R&D project for development of NAMs for safety assessment is divided into 8 

studies, which are carried out by each division in Toxicological Evaluation and 

Research Department. 

- Many remarkable papers have been able to be published from the project, leading to 

establishment of scientific basis for the regulations on safety management of foods and drugs. 

* 139 SCI(E)-grade papers were published through this project for the past 3 years (2020 to 2023), 

exhibiting average Impact Factor of 4.17 

● Social outcome of the project 

- Establishment of the system to control new narcotics and to prevent their introduction 

in Korea by rapidly responding to them. 

* Selected as one of the 100 best national R&D projects in 2020 

10 
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2016 2017 2018 2019 2020 2021 2022 2023 

Ⅰ. KoCVAM and R&D in NAMs 

- Reduction of public fear over hazardous chemicals by performing toxicity evaluation 

on consumer chemical products and medicinal substances and establishing 

regulations on hazardous ingredients that might threaten public health. 

- Protection of public health from corona virus by preparing the draft guideline for 

efficacy evaluation of drug candidates and by providing information on clinical trials 

in order to facilitate rapid development of COVID-19 treatments 

● Technical outcome of the project 

- Development of internationally harmonized alternative test methods adopted in 

OECD Test Guidelines 

- Application of 14 patents in Korea and in other countries for the technologies 

developed by internal R&D project 

* Out of the 14 patents applied for the past 3 years (2020 to 2023) through the project, 3 

applications have been filed in other countries 

* A qualitatively remarkable outcome with 5.00 of patent rating in SMART 

Budget for R&D on Establishing foundation 
Unit: 1 million won 

for Development & validation of NAMs 

● The project for research and development of safety assessment technology will continue 

to serve as a platform for strengthening the country’s global profile and competitiveness 

by developing safety assessment technology meeting international standards. ➊ In order 

to actively respond to global bans on animal testing, research for development of NAMs 

using advanced technologies will be performed to obtain original technology for next 

11 



       

            

          

              

             

                

            

         

 

            

         

          

             

            

      

         

             

             

           

         

            

             

         

          

 

               

          

          

            

 

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

generation safety assessment method and to enhance economic feasibility of the domestic 

industry by using the technologies and products produced within the country. 
➋ Confidence in the policy for safe management of narcotics and safe use of foods 

and drugs will be maintained by preemtively responding to new narcotics, foods and 

drugs. ➌ The public will continue to trust MFDS as it is able to rapidly execute political 

countermeasures to any issues relating to toxic substances in foods and drugs. 

● Research project: establishment of foundation for advanced toxicity evaluation 

technology (2022~2025) 

- Toxicological Research Division of NIFDS has conducted the study aiming to establish 

foundation for regulatory science by preemtively obtaining advanced toxicity 

evaluation technologies developed in Industry 4.0 (budget: 8.38 billion won). 

- The Division has been working to propose a toxicity evaluation platform using liver 

organoid as an international standard and to create new bioindustry by performing 

an independent validation study and peer-review. 

● New research project: standardization of NAMs for practical implementation (2024~2028) 

- Toxicological Research Division of NIFDS will launch 5 year project in 2024 budgeted 

at 47.5 billion. The project aims to improve coherence of regulatory science and 

to encourage practical use of NAMs by developing, optimizing and standardizing 

NAMs for safety, efficacy and quality evaluation of drugs. 

- The project consists of research on development of alternatives to animal testing 

especially for safety evaluation and for specification testing of drugs. It will focus 

on standardization of toxicity and efficacy evaluation technologies including 

organoid, organ-on-chips and 3D tissue models and fostering their regulatory 

acceptance. 

* ➊ heart ➋ kidney ➌ nerve system ➍ respiratory system ❺ skin ❻ digestive system 

- MFDS will build intergovernmental cooperation system to facilitate development of 

toxicity and safety evaluation methods based on standardized organoids and 

organ-on-chips and to propose the methods as OECD Test Guidelines with support 

from KoCVAM. 

12 
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Ⅰ. KoCVAM and R&D in NAMs 

Table 2. Main topics of the research project “standardization of alternative test methods for practical 
implementation” 

Main Topics 

Project A 

Project Title Development of alternatives to animal testing for safety evaluation of drugs 

Detailed subject Timeline budget 

① International harmonization and standardization of alternative 
test methods 

5 years 
30.875 billion 

won 

② International harmonization and standardization of safety 
and efficacy evaluation technologies based on heart organoid 
and (or) tissue chip 

③ Optimization and standardization of safety and efficacy 
evaluation technologies based on nerve system organoid 
and (or) tissue chip 

④ Optimization and standardization of safety and efficacy 
evaluation technologies based on skin organoid and (or) 
tissue chip 

⑤ Optimization and standardization of safety and efficacy 
evaluation technologies based on respiratory system 
organoid and (or) tissue chip 

⑥ Optimization and standardization of safety and efficacy 
evaluation technologies based on kidney organoid and 
(or) tissue chip 

⑦ Optimization and standardization of safety and efficacy 
evaluation technologies based on digestive system 
organoid and (or) tissue chip 

⑧ Development of AI-based alternative test methods 

Project B 

Project title Development of alternative test methods for specification testing of drugs 

Detailed subject timeline budget 

① Development of alternative test methods for quality 
evaluation of plasma-derived medicinal products 

5 years 
16.625 billion 

won 

② Development of alternative test methods for evaluation 
of oral mucosa irritation potential of medical devices 

③ Development and optimization of alternative test methods 
using zebrafish and C. elegans 

④ Establishment of biological resource bank 

13 
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Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

Development and validation of internationally harmonized 
Ⅱ alternative test methods recognized by the OECD 

□ Development and validation of alternative test methods 

● Test Guidelines (TGs) issues by the OECD are adopted by governments, industries and 

research institutions in the world for hazard and safety evaluation of chemicals including 

cosmetic ingredients. Use of the Test Guidelines that are based on validated test methods 

help obtain reliable safety assessment data for protection of human and animal health. 

● Most NAMs for evaluation of hazardous substances should be validated by national 

and (or) international organizations. The size of validation studies can range from small 

to large, international scale. 

● Validation of a test method (or an approach) is a research process that is based on 

scientific principles to establish reliability and relevance. 

- Reliability refers to measures of the extent that a test method can be performed 

reproducibility within and between laboratories over time, when performed using 

the same protocol. 

- Relevance refers to description of relationship of the test to the effect of interest 

and whether it is meaningful and useful for a particular purpose. It is the extent 

to which a test correctly measures or predicts the biological effect of interest. 

● KoCVAM has supported the OECD adoption of the NAMs developed by NIFDS’ R&D 

projects in Test Guidelines. The test methods in OECD TGs are regulatorily accepted 

in Korea under Cosmetics Act, Regulation on Evaluation of Functional Cosmetics, and 

Standards for Biological Safety Evaluation of Medical Devices and utilized in safety 

assessment of not only drugs that MFDS is concerned but also chemicals and pesticides. 

17 



       

         
  

 
       

  

           
   

    

          

              

  

              

        

             

               

                

      

             

            

        

    

              

             

              

       

            

               

            

               

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

1 
The first domestically developed skin sensitisation test method adopted 
in OECD TG 

Supervising 
division 

Toxicological Screening and Testing Division of NIFDS 

type Internal project 

title 
Study on international harmonization for development of test guidelines based on 
alternative test methods (I)(17181MFDS486) 

□ Background for the study 

● Since the 3R principles (reduction, refinement and replacement) suggesting ethical 

use of animals in science were proposed, demand for NAMs for safety assessment has 

been increased. 

● There should be an alternative to the existing Local Lymph Node Assay (LLNA) (OECD 

TG 429) that uses lab animals and radioisotope. 

- A KoCVAM-developed “me-too” method to TG 442B (alternative to TG 429) is able 

to overcome some of the limitations of LLNA. The method was included in the OECD 

workplan in April 2016 and adopted in the TG 429 in June 2018 following a successful 

validation study and an independent peer-review. 

● There has been an increasing demand on alternatives to animal testing in biological 

safety assessment of medical devices. An alternative skin sensitisation test method for 

safety assessment of medical devices should be developed. 

□ Study in brief 

● The objectives of the research were to propose the revised OECD TG 442B including 

LLNA: BrdU-FCM developed in Korea; to conduct follow-up study based on the comments 

from the OECD expert group; and to perform research on the skin sensitisation test 

method for safety assessment of medical devices. 

● LLNA:BrdU-FCM 

- LLNA:BrdU-FCM, a “me-too” method to OECD TG 429, has advantages over OECD 

TG406 that requires use of guinea pigs. The method is able to detect skin sensitisation 

potential without using radioisotope, to reduce the number of animals used, and 

to alleviate pain in animals as it does not require the use of an adjuvant. 

18 



            

               

            

            

 

             

            

      

      

          

          

 

          

           

            

             

              

        

             

                

              

     

 

          

       

    

    

            

               

          

     

            

Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

● Principle of the method: A local lymph node assay is able to detect skin sensitisation 

potential of test substances according to the UN GHS1) by evaluating T-cell activation 

and proliferation, the fourth key event of skin sensitisation Adverse Outcome Pathway 

(AOP). 

- The method is able to evaluate skin sensitisation potential of test substances using 

a flow cytometry that measures proliferation of auricular lymph node cells during 

the induction phase of skin sensitisation. 

□ Overview of the Research Outcome 

● Major accomplishment: LLNA:BrdU-FCM developed by NIFDS has become the first 

domestically-developed toxicity test method adopted in OECD Test Guideline (OECD 

TG 442B) 

- Validation study: KoCVAM worked with international stakeholders and operated a 

validation management team to coordinate the validation study in accordance with 

the guidance suggested by the OECD, and prepared the validation study report. 

- OECD recognition: The scientific rationale of the method was proved during the peer 

review, and the method was officially included in OECD TG 442B in June 2018 

following the OECD WNT approval in April 2018. 

* WNT: OECD Working Group of National Co-ordinators of the TGs programme who take 

decisions on TGs (approve and update of TGs) and decide on project proposals to include in 

the work plan. The group consists of representative from the member countries that adhere 

to MAD and meets annually. 

● Academic accomplishment 

- Awarded as one of the best MFDS R&D projects in 2017 

- Publication: 1 paper in a SCI-grade journal* 

* Regulatory Toxicology and Pharmacology 

□ Excellence and advantages 

● Excellence: LLNA: BrdU-FCM developed in Korea has been recognized as a reliable 

and relevant alternative to OECD TG 442B and a “me-too” method to OECD TG 442B 

during the KoCVAM-coordinated international peer review consisting of experts from 

the U.S., Switzerland and Japan. 

1) UN GHS: United Nations Globally Harmonized System of classification and labelling of chemicals 

19 



       

             

             

           

         

        

               

    

             

           

          

           

     

           

             

             

           

     

           

             

               

 

    

   

 

        
    

    
    

    

     
        

 

    
  

     
   
 

    
     

     
   

   
  

    
  

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

● Advantages: Compared to Local Lymph Node Assay (LLNA) that often faces issues relating 

to radiation exposure or disposal of radioactive waste due to use of radioisotope, 

LLNA:BrdU-FCM is able to evaluate skin sensitisation potential without using radioisotope 

and to perform mechanistic research including B-cell and T-cell. 

□ Utilization of the Outcome and Its Impact 

● The outcome has proven that KoCVAM plays a leading role in the field of alternative 

test methods in Korea. 

* Countries developed test methods recognized in OECD TGs: the U.S., 5 European Countries 

(Germany, Italy, Netherlands, Belgium, and France), Japan, Canada and Korea. 

● International relation: International exchange and cooperation has been promoted (e.g. 

participation and presentation in the general meeting of ISO/TC194, Biological and 

clinical evaluation of medical devices). 

* Countries joining in the ISO/TC194 general meeting: 29 participating countries including 

Germany (host), Australia, Austria, Belgium, Canada, the U.S. Japan Brazil and 19 observing 

countries 

● The related industry has grown thanks to introduction and dissemination of a new 

alternative test method, which has helped nurture professional personnel, and technical 

support provided by the government. 

- Guidance on the use of LLNA:BrdU-FCM, has been published, education workshops 

have been organized; and training programs have been run to transfer the techniques 

required to use the method to those working in the domestic GLP facilities and related 

academic area. 

□ Performance of the research 

Title 
MFDS performance evaluation standard 

type performance indicators 

1 
Proposal to add a method in the OECD 

Test Guideline (OECD TG442B) 
Encouragement of practical use 
by policy improvement, etc. 

Number of TG proposals 
submitted 

2 
Press release: Alternative test method 
developed in Korea soon to be added in 

OECD TG 

Education and promotion of 
the research outcome 

Number of the education or 
promotion materials about 

the outcome 

3 

Publication: Evaluation of skin 
sensitization potential of chemicals by 

local lymph node assay using 
5-bromo-2-deoxyuridine with flow 

cytometry 

Building on expertise 
through academic 
accomplishment 

Number of papers published 
in SCI-grade journal 
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Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

Title 
MFDS performance evaluation standard 

type performance indicators 

4 
Publication: Development of the LLNA: 

BrdU-FCM for Skin Sensitization 
Evaluation 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
and publications in 

international workshops 

5 

Publication in academic journal: 
Evaluation of Skin Sensitization Potency 
Using the LLNA: BrdU-FCM and the Ex 

vivo Cytokine Assay 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
and publications in national 

workshops 

6 
Publication: Evaluation of Skin 

Sensitization Potential of Chemicals Using 
the LLNA: BrdU-FCM 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
and publications in national 

workshops 

7 
Publication: Predictive Possibility of the 
Ex vivo Cytokine Assay in LNCs on Skin 

Sensitization Potency 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
and publications in 

international workshops 

8 
Addition in OECD Test Guideline 

(OECD TG 442B) 

Encouragement of practical 
use by policy improvement, 

etc. 

Number of TG proposals 
submitted 

9 Awarded as an excellent R&D project 
Utilization and dissemination 

of research outcome 

Number of the education or 
promotion materials about 

the outcome 

10 
Press release: MFDS-developed skin 
sensitisation test method adopted in 

OECD TG 

Utilization and dissemination 
of research outcome 

Number of the education or 
promotion materials about 

the outcome 

11 
Making presentation in 2018 Education 
Workshop on Alternative Test Mehtod 

Utilization and dissemination 
of research outcome 

Level of mutual exchange of 
information for 

dissemination of technology 

12 
Hosting 2019 Training Workshop on 

Alternative Test method 
Utilization and dissemination 

of research outcome 

Level of mutual exchange of 
information for 

dissemination of technology 

13 
SOP-sensitisation-19: Local Lymph 
Node Assay Using Medical Devices 

Improvement of ability in 
testing, research and 

experiment 

Total count of test methods 
developed 

14 
Making oral presentation in the 29th 

ISO/TC194 general meeting 
Improving national 
competitiveness 

Performance in international 
exchange 

(e.g. signing MOU etc.) 

15 
Publication: Evaluation of the Local Lymph 
Node Assay: BrdU-FCM to investigate 

Skin Sensitizers 

Encouragement of practical 
use by policy improvement, 

etc. 

Number of presentations 
and publications in 

international workshops 

16 

Publication: Utilization of the LLNAL: 
BrdU-FCM and the Ex vivo Cytokine Assay 

to evaluation of Skin Sensitization 
Potency. 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
and publications in national 

workshops 

21 
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OECD GUIDELINE FOR TIIE TEST/ IC Of Cl/EM/CAL 

Local h·mph node a!i!i:n·: BRDU ELI A or - FCM 

GEhl.RAL l:'flRClDL 'TIO_ 

l. A kin en itiser refers to a uhsrance thH "~ll lead to an allergic re pome 
follm fog rt'peated skin con as ~fined by the nired Nntion5 1 bally Humoniijed 

y tefll of Classification _nd Lah;!lling (>f Chemical· (UN GI-£) (1), 

2. There is general agreen'l('n.t regarding rhe key biological evenns underlying skin 
ensicis rion_ The urrenr knowledge of the he1ni,al and biol icru meehnni ins 

ssociared v.~rn skin srmitisntion 1w ocen surrmariml in rhr fonn of an Adversr 
tcmx: Pathwa ' (A ) (2), . rarting with the moleCLdar initiating event tlumigh 

in m1edime events to the adverse effect, nam ly allergic coot::Jct derm1titis. TI.11s AOP 
f ·uses on chemical that rea t with d1iol G.e. cysreirK:) and primary ami1 e (i.e. ly ine) 
such as organic hemirnls. In this insmr e, che molecular initiating evem G.e. the fi.rsr 
key evem) is ch:: covalent binding of elccirophilic suhsrancrs ro nucleophilic centrrs in 
·.ki n pron:in,;, 1hc fir ·c ~y e\'~nt can be acl'.lres ed u~i~ thi:- in chcmico Direct Ptptidc 
Reactivity A ay IDPM) TG 442C (3). The second key event in chis ACT' take;s place in 
the kerati - t . and includes infl ammatory resp::ins a. \\ II a. changes in gene 
expressim rn;sociared with specific cell signalling pmhwa s such as the 
antioxid..,ntklectrophile re ponse ekment (A RE)-depcndent pathway . Th h:y vent 
an Ix: ddrem·d tleling the in 11 .irro ARE¾f2 Luciferase Test .lvbhoos 

(KeratinoSensTht: or uSens) TG 442D (4) . 11,e third key even is the activation of 
dend:ritic cell (D , pically e . ed by expre ion of .pecific cell LJJ·face markerr., 
chemokines and cycokines, and can be addressed using either die in vitro Humm Cell 
Line Acti \'ation Test h LAT'.l, the in vitro U93 7 II Line Activat.i oo Te t (U •1 .i) 
or the lnrerleukin-9 Repxrer Gene assa (IL-ti Lu..: as ay) drs ribed in TG442E (5). 
Th fo1.1 rd1 key even is T-ccll prolife rati on, which is indiredy ai cs d in the in vivo 
mu:rine Local l mph _ xle As a (LL l (6). 

3. lhe fj c Test Guideline (TG) for the cleremrinalion of ski.ti ensilisarirn in the 
mouse, the Local L>~nph Amy (LLNI\: T , 429) wa5 adopted in 2002, and has 
since then b:i::n n:viml (7)_ The ~tails of the validarion of th: LL and a n:vic::w of thr 
ssociated work have been published (8) (.9) (10) (l l) (12) (13) (14) (1 5) (l 6). In the 

LL , radioisotopic cl1ymidi11e or i ine is used to ure lym yte proliferation 
and therefore ~ llssay has limited use in re~ioos ~e ch:: acquisition, use, O£ disPJ5al 
of radiooctiYity i, problcm.1tic_ 

~OECD, (20U!) 

Yoo ore j..,, ro L6'e dm rn.1lil!no.l ,ubjro ro tl-.o rem,,; :ind <m□al!l 31•:>ibhle OT hrrp~'Arnw. -Jas,-r<rmsJlrl:cnJiCKr.s/_ 

In ocrnrdmc•,,.,;rn me d,c-isi{J]lof die c::c....;t an odolei,,.:uoo cf. 01.ohamy m31ll!.'fld Alllll!l{ I rim, <lxi1iand.d.. 01m:il oo cl-., Mnwl 
,\.;cef.t1111<:c ,i D.u., i111l1e,1: ,,, ·m .,f cl1r;111i.,.il (C(2l)1 8}4ij]. rl111., (}.,;d;lit>; ,..., ;,n>;.1 bl b!, 1111; '.Clh)rt1~ Mcei,n~ ,,l,h.; 01e11ui;-.ils 
frxnimi """ • nil d"' Worili n P'1l'lj' oo a,.,_..,,;._"11,, Pe.ad irid llioie:,J-u~ J:r \\riC1en . :-edi.e on 25 Jw-.. 20 I . 

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

□ Major accomplishment 

1. Adoption in OECD Test Guideline (OECD TG442B) 
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TmoiC<Jlogy and J>harmacclogJ l 0'7 (2019) I 04401 

Cootents Hscs avalla:ble ar Sdeoce[ljre~1 

Regulatory Toxicology and Pharmacology 

~ ... ., 
llnh•olW(i •..i 
Plilnm~ 

jo u rna l homepag e '. www.e l sevier.com/l □ cete/yrtph 

Evaluation of skin sensitization potential of chemicaJs by local lymph node 
assay using 5-bromo,•.2-deoxyuridine with f!low cymmetry 

Byeol-1. Han"•1, Jung.Sun Yi"'1, Souk Jin Seo". Tae Sung Kim". Ilym1ng Ahn\ yungyuk o", 
Joo Hwan Kim~, SeungJin Bae\ Jong Kwon Lee-=·• 

•T~ 5uuflm,J on.:! T<1dn,J 00..ldon; Ne,J,m WIUl!r< of R>o<I and !lru,J safery Ewduaitao, l'lf-.Y a/ Fooo' <l!ld ~ 5.JJ/ay, cfl~ .2111"9, lll,puflll,: a/ 
.t°llml 
• ~ af l'II""""")', Elma Wonkl!ll tlnOl<rmf, s-.il, ~ Rq,lili!I<: afKbni!l 
' Th>ta>IO,!)'c,ol-..,, !IM!tao, llmJi1nd lmlllllu a/ R,a,:I ond Dnlf Sofe,y Ewduan'an, Jdinl"')' '1j ~ood and ~ 5cjey. cf,~ 2Bl99, Rq,lili!tt: a/ Koir<a 

.~llTICLI! IN F O .~BSTRAC T 

i{.,,.,,,d,_, 

IJ><lll ~ h rode 111H}' 

UJiM. 
BrdU.fCM 
Skin. Rmltllz.illlon 

- I• 
Fbi- cyrarru,iry 

The lodl Lymph ncdo assay 11sing S,!,romc,.2-deox,-uridiru, with ll<w.• cytomot!I}' 0-tNA: 111-dU-~M) is~ modified 

LIRA used to ideniif}• mm =osi ti= . This assay m"-"= tile pmliferati001 cf a11ri<JJlar lymp~ node c.,LJ,; 0-NCs) 
dllring :fJte! :imluctioc ~ cf skin sensit:iL"lliofl ilnd the !IUJmber cfBrdO,posi.ti~ l.NL!li using fl,o.,,,, cyfomet:ry. '\Ve 
det.,rmil1ied if Ll.NA: B,d!J, FCM ctm ""'1111at" Uu, .tic 2ruitiz.11iom pat-en1i•I cf 20 mbst=es. imcludit1g 16 
zmliz>er:s and 4 ooowemsitiun, lh•I ,.-en, 15bed usiog LI.NA: DA a.rul Ll.NA: 111-dU•EUSA bu.t net lmed in OECD 
TG 4i2.9 . Afh,:,-· ~leoting approp<iote l'Blicle• a.rul condudiB;S I""=""" te;ts in 2 pf,=, oolvemt, and Im 

can.a:nmtions fur the m.,in t~ W'eJ'ie determinecL Ia the ~ia slmly, ,.,.~ me.lSU.l"ed dJ.mg,e.; ia LN ""'eight. the 
mm,beroflJ,lCs, aod the pn,pcrti001 of BrdU incc,:poral"ed iabo lJ,lC,, to calcula e stimuh11ion indees (SI)_ Sl wa• 
ca.lculoled baseil on lbe tol lllmlRr aflJ,lCs and. 111-dU iOCtJqlOl"llticn im LNC.. \\le found Iha! aJL mbsti:n.c .. w.,.., 

ccrm:lly classified a. =•itiun .,. mcn•serwli= O,'Cr.11~ we <io:nfumed 1flal U.. Wl'A: llroU-~M <;an .,.a]. 

Dill~ .si:ic .2[]~ ti2.il.tion pol~tiil.l oft~ 20 .mbstanas. Addi t::icura11}' , DLIJ' :resclts of camhini[18 22. ~erenc~ sub-

mru: .. ti"1ed in OECD TG ~29 .md 2ll addiliomal mbstana,, ,t..,,.'ed tli.,t c<1<1oordana, oi" Ll.NA: Bi:dl.f.l'CM wilh 
!he l!ll.\11, ,..,. bighieT trum bofon,_ 

1. latrooudioo 

lb.!. m.u:rtne !ocal lympl1 nl'.Kb! a=y (l.LNA) far eval□a t t1g tile skln 

seru:lclzs.d.on paterufal •Of substam:es Ms bee;n used "'-o:r:ldwide as ltll 
alt=atl~-e tes1 method tD the ootwentfooally used gutnea p:lg te!lt 
(Ol:l.:D TG 40b, l Q9".!) ; It was ru:l.opted as OECD TC 429 (Sldn Sensit"i­
zacl.oo: Local Lymph NClffi! Allay) in 2002 (OliQ), 201 Oa). "file LI.NA Js 
a ~ 3ll!Osldrzatloo test tn mtoe that measures tile. prol[fer3/llon ,a f 
ruurlne local auricular lymph node cells (I.NC!i) airer top cal l!el:JIO!llft ro 
re~ substances.. Howe·'i'er, the IHI!. ot UNA has been lim t-ed due to the 
employment at radloJsatllfJoe"labeled "ff-methyl tl1yn1ldtne atld tile re­
sultant d ifficulty tn tlle dJspasal ,af radioacd\'e waste In llOll1.I! c-auntries.. 
For this rea:soo., LI.NA was ruodilioo to rep~ce '1-methyl rhymldlne, 
and tw0 IIOJH'adlo 1sompk lll4A med!.ods (l..LNA: IlA as OE.CD TC 
4-421\ and 11.NA: l!t'dU-£1..LSA as OitCtl TC 4421!) were adopted tn 2010. 
~ DA quantifies dLe ATP oomeat of Cs arid U.z.lA= f!rdU-£LISA 
ruelitllles the lnco,paratlo:n of f!t'd u , an anal.og:ue of thymldlne, Into 

• Con:-..;pan.ding autlhcr. 

J!.mw! ,rddr,n: jkl""'51(r kccu .. kr (J..ll lee). 

' Th= ;wliton amtributed "'lu,IJy le de Ibis wcrlt. 

httpo: t di::ii.«s,"10.10 I fvh<tph.2019.05..0:26 

lymph nodes (OOOD TC 442A, 201Ub, OECb TC 442B, 201[k,d) to 
evaluare I.NC prolJferacloo.. In Ch£Jnli:-o Skin Seruiidr.zat on (D.'PltA) as 
OECD TG 442C and !It VW'io stln SeMlclzs.doo (Ker.ul aoSens) as OOCD 
TC '142D were adapted Jn 2015 and ht Vim> Skin Sensitl:i.a tlan (h.-0..•.:0 
as OE.Cl) TC 442R \\•as 31dapced Jn 2017 (O!lCD TC -'1-42C, 2015a; OECTJ 
"'f"G 4420, 2015b• OECD T-G -'1-42£, 2011). 

Tbe LI.NA: ll rd - FCM Is a novel nmHlldi~mp c ,·erslon of the 
LLNA chat perfumis Sfln11Jar to existing· LLNA methods. Tbk ~ mea­
sures the proliferalioo of anrlrular LNC!i during the dootlon pN!Se of 
s:kln seru:iclzacloo by determining me number of Jlrd -pai:[tlve LNC!l by 
fllow cytomelry. lb.! l.Ul,lk f!t'dU-F"C!."1 has been optlmlzed ltlld val i­
datoo ('Yang ei: al., 2'1J l 5; Kim er al.. 2□H,; Ahn ei: al., 2016). I.J.NA'. 

11'.fd -l'CM Cltll be mied rn e\'11.lultle· the skin sensrtfllatlon pot t!IICy of t es1: 

sub5tances Jn the same way as Ille. c:on~·entlonal i.J:4A, LLNA: BrdU­

EUSA, and IJ.Nk DA. Tbe Lt.~ f!t'dU-FCM bas several additional 
31d~ntages. FJ:i:!i t me proliferation of IM'.ng LNCs .Is qW1J1trt:s.tlvely 
meamred [n dte LLNk lirdU-Fo.t, whereB:!l celh :rre lnd:Ulectly 3leored 

Reoei,-.,d 21 Marcil 201 ll; llec<i...t. in =ised form 2:1 M"}' 20U; Accepted 28 May 2019 
AY111lable ooline 31 Mlay 201·9 
02r.l-2300/ (:) 2019 l!lsevi« tnr. All rigJ,.ls =ved. 

Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

3. Publication: Evaluation of skin sensitization potential of chemicals by local lymph node assay using 
5-bromo-2-deoxyuridine with flow cytometry 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

2 
Development of an alternative eye irritation test method adopted 
fourth in the OECD Test Guideline 492 

Supervising 
division 

Toxicological screening and testing division of NIFDS 

Project type Entrusted project (prof. Kyung-min Lim, Ewha Womans University) 

Title Validation study on the eye irritation test method using RhCE (16182MFDS522) 

□ Background for the study 

● Local toxicity tests are an integral part of cosmetics safety assessment. In particular, 

an eye irritation test requires use of animals (rabbits) and includes procedures causing 

pain to the animals, and thus should be replaced by an alternative method. 

● With the global ban in European countries on animal testing for cosmetics and their 

ingredients, Korea has revised the Cosmetics Act. In this sense, development of a new 

alternative test method that can be utilized by national industry and non-clinical test 

facilities was considered necessary. 

□ Study in brief 

● The study aimed to develop an in vitro eye irritation test method using RhCE (reconstructed 

human cornea-like epidermis), MCTT HCETM , as an alternative to Rabbit Eye Draize 

Test (OECD TG405) that uses rabbits. 

● An in vitro eye irritation test method using MCTT HCETM developed in Korea was studied 

further, and an international validation study was performed to verify the feasibility 

of the method as an internationally harmonized one accepted by the OECD. 

● MCTT HCETM is a 3D human cornea model that is manufactured with primary cultured 

cornea epithelium using residual skin tissues from cornea transplant. Since human 

primary cornea cells are used, its morphological microstructure and biomarker 

expressions are similar to those of human epithelium. 

● Principle of the method: This method evaluates an eye irritation potential of a test 

chemical by measuring reduction in cell viability of MCTT HCETM following local exposure 

to the test chemical using WST-1 assay. 

24 



            

            

            

            

              

           

           

     

            

             

         

                

 

             

         

       

             

               

    

             

                

              

     

 

            

         

    

           

           

            

          

Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

- Serious eye damage and (or) eye irritation (corneal opacity, iritis, conjunctival redness 

and/or conjunctical chemosis) are the results of the responses initiated by penetration 

of a test chemical through cornea and/or conjunctiva and following cell damage. 

● Development and validation of the test method: A validation study on the eye irritation 

test method using MCTT HCETM was conducted in accordance with OECD guidance. 

KoCVAM led the validation study in cooperation with the method developer. 

□ Overview of the study outcome 

● Major accomplishment: An eye irritation test method using the model developed in 

Korea, MCTT HCETM EIT, has become the fourth test method adopted in the OECD 

TG 492 as one of the internationally harmonized methods. 

* MCTT HCE™ is the only model in the world that is manufactured with human primary cultured 

epithelium. 

- Validation study: KoCVAM was in charge of assuring that the validation study fulfilled 

OECD guidance by cooperating with international partners including OECD 

Secretariat and operating a validation management team. 

- OECD recognition: The method was approved to be included in the OECD Test 

Guideline 492 at the WNT Meeting in April 2019 and the revised TG was officially 

issued in June 2019. 

* WNT: OECD Working Group of National Co-ordinators of the TGs programme who take 

decisions on TGs (approve and update of TGs) and decide on project proposals to include in 

the work plan. The group consists of representative from the member countries that adhere 

to MAD and meets annually. 

● Major accomplishment 

- Academic accomplishment: publication of 4 papers in SCI and non-SCI grade journals 

* Food and Chemical Toxicology, Toxicology in vitro and Toxicological Research 

□ Excellence and advantages 

● Excellence: Compared to the other OECD-adopted models that are manufactured with 

human keratinocytes (EpiOcularTM) or corneal epithelial cell line (SkinEthic HCE), MCTT 

HCETM used in this test method is manufactured with human primary cultured corneal 

cells and thus able to effectively mimic human corneal responses. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

● Advantages: Other methods using EpiOcularTM or SkinEthicTM HCE use separate protocols 

for liquids and solids and require a lot of models because each protocol requires inclusion 

of both positive and negative controls. In this regard, the test method using MCTT 

HCETM has advantages over the two methods. 

● Economic advantage: Foreign Models including EpiOcularTM and SkinEthicTM HCE are 

unlikely to be shipped directly to the Korean users. Further, shipment takes a long 

time due to shipping or customs process. Since MCTT HCETM is domestically-developed 

model, it does not require long shipment period and tends to cost less compared to 

the foreign models. 

□ Utilization of the outcome and its impact 

● The outcome has proven that KoCVAM plays a leading role in the field of alternative 

test methods in Korea. 

* Countries having test methods recognized in OECD TGs: the U.S., 5 European Countries 

(Germany, Italy, Netherlands, Belgium, and France), Japan, Canada and Korea. 

● Increasing export: MCTT HCETM is the first domestically-developed and manufactured 

ocular model that has been internationally recognized and can be exported to overseas 

test facilities conducting eye irritation testing. 

● Development of related industry: Eye irritation test was highly dependent on foreign 

models in the past. However, the development of MCTT HCETM), will help increase 

the sales of the domestic manufacturer. 

● Introduction and dissemination of the alternative test method helps train professional 

personnel and transfer necessary techniques and thus promote the related industry. 

- Following development of MCTT HCETM eye irritation test method, standard operating 

procedure and guideline have been prepared and the method have been transferred 

to the people at the national GLP test facilities and academia in education workshops, 

etc. 
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Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

□ Performance of the study 

Title 
MFDS performance evaluation standard 

type performance indicators 

1 

Presentation: Identification of ezrin 
expression as a possible biomarker of in-vitro 
eye irritation using a 3D reconstructed human 
corneal model MCTT HCE™ and immortalized 

human corneal cells 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
and publications in national 

workshops 

2 

Presentation at the industry, academia and 
government workshop for promotion of 

alternative test methods development and 
advancement of validation management: 

Global trends in development of alternative 
test methods and future demand 

Utilization and 
dissemination of research 

outcome 

Number of education or 
promotion materials about 

the outcome 

3 
Presentation at the 1st Cosmetics forum 

organized by Cosmetics ICC: Overview of 
current research on alternative test methods 

Utilization and 
dissemination of research 

outcome 

Number of education or 
promotion materials about 

the outcome 

4 
Intensive course in non-clinical education 

program hosted by KOHI: International 
validation study and global trends 

Utilization and 
dissemination of research 

outcome 

Number of education or 
promotion materials about 

the outcome 

5 

Presentation: A new 3D reconstructed human 
cornea-like epithelium, MCTT HCETM and its 
application for alternative to draize rabbit eye 

irritation test 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
and publications in national 

workshops 

6 

Presentation: Development of 3D 
reconstructed human cornea-like epithelium, 
MCTT HCETM from primary limbal cells, and 
its application for alternative to animal test 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
and publications in 

international workshops 

7 Producing specialists with a master’s degree 
Nurturing professional 

personnel 
Manpower training 

performance 

8 Producing specialists with a master’s degree 
Nurturing professional 

personnel 
Manpower training 

performance 

9 Producing specialists with a master’s degree 
Nurturing professional 

personnel 
Manpower training 

performance 

10 Digital PCR assay 
Improvement of ability in 

testing, research and 
experiment 

Number of test methods 
development 

11 
SOP: Ezrin reporter assay-based eye toxicity 
evaluation method using immortalized corneal 

cells 

Improvement of ability in 
testing, research and 

experiment 

Number of test methods 
development 

12 

Presentation: Assessment of the Availability 
of Ezrin Expression in 3D Reconstructed 
Human Cornea Models (MCTT HCE™)and 
Immortalized Human Corneal Cell Lines as 
Biomarkers of In Vitro Eye Stimulation Tests 

Building on expertise 
though academic 
accomplishment 

Number of presentations 
and publications in national 

workshops 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

Title 
MFDS performance evaluation standard 

type performance indicators 

13 
Presentation: An in-vitro test to indentify eye 

irritants using a stable human corneal 
epithelial-derived EZR reporter cell line 

Building on expertise 
though academic 
accomplishment 

Number of presentations 
and publications in national 

workshops 

14 
Presentation: Application of the EZR repoter 

assay as an in vitro test 

Building on expertise 
though academic 
accomplishment 

Number of presentations 
and publications in national 

workshops 

15 

Presentation: Investigation of ezrin 
expression as a potential biomarkers for 

in-vitro eye irritation using a 3D reconstructed 
human corneal model MCTT HCE™ and 

immortalized human corneal cells 

Building on expertise 
though academic 
accomplishment 

Number of presentations 
and publications in national 

workshops 

16 
Presentation: Development of the EZR luc 

assay as an in vitro test 

Building on expertise 
though academic 
accomplishment 

Number of presentations 
and publications in 

international workshops 

17 Press release: 2017 Rush Prize Awarded 
Utilization and 

dissemination of research 
outcome 

Number of education or 
promotion materials about 

the outcome 

18 

Publication: Evaluation of ocular irritancy of 
coal-tar dyes used in cosmetics employing 
reconstructed human cornea-like epithelium 

and short time exposure tests 

Building on expertise 
though academic 
accomplishment 

Number of papers 
published in SCI-grade 

journal 

19 

Publication: Nervonoylceramide (C24:1Cer), 
a lipid biomarker for ocular irritants released 
from the 3D reconstructed human cornea-like 

epithelium, MCTT HCE™ 

Building on expertise 
though academic 
accomplishment 

Number of papers 
published in SCI-grade 

journal 

20 

Publication: Prevalidation trial for a novel in 
vitro eye irritation test using the reconstructed 
human cornea-like epithelial model, MCTT 

HCE™ 

Building on expertise 
though academic 
accomplishment 

Number of papers 
published in SCI-grade 

journal 

21 

Publication: Alternatives to In Vivo Draize 
Rabbit Eye and Skin Irritation Tests with a 

Focus on 3D Reconstructed Human 
Cornea-Like Epithelium and Epidermis 

Models. 

Building on expertise 
though academic 
accomplishment 

Number of papers 
published in 

non-SCI-grade journal 

22 

Presentation: OECD TG492 Performance 
standard based multi-laboratory validation 
study for a new in vitro eye irritation test using 
the reconstructed human corneal epithelial 

model, MCTT HCE™. 

Building on expertise 
though academic 
accomplishment 

Number of presentations 
and publications in 

international workshops 

23 

Presentation: Validation study of alternative 
in vitro eye irritation test with 

3D-reconstructed human cornea epithelium, 
MCTT HCE™ for OECD Test guideline 

Building on expertise 
though academic 
accomplishment 

Number of presentations 
and publications in national 

workshops 
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Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

□ Major accomplishment 
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Coal-tar dyes in cosmetics may elicit adverse effects in the skin and eyes. Countries, like the US. have 
banned the use of coal-tar dyes in cosmetics fo r the eye area due to the potential fo r ocular irritation. We 
evaluated the eye irritation potential of 15 coal-tar dyes permitted as cosmetic ingredients in recon­
structed human cornea-like epitheli um (RhCEs [EpiOcular™ and MCTT HCfT" ]) tests and the short time 
exposure (STE ) test. Eosin YS, phloxine B, tetrach lorotetrabromofluorescein. and tetrabromofl uorescein 
were identi fi ed as irritants in RhCEs: dibromofluorescein and uranine yielded discrepant results. STE 
enabled further classi fica tion in accordance with the UN Globally Harmonized System of Classification 
and Labelling of Chemicals, as fo llows: eosin YS as Cat 2: phloxine B, Cat I : and tetra­
chlorotetrabromotluorescein and tetrabromofl uorescein , Cat I /2. STE indicated dibromofl uorescein 
(irritant in EpiOcular"') and uranine (irritant in MCTT HCETM) as No Cat, resulting in the classifi cation of 
"No prediction can be made." based on bottom-up approach with each model. These results demon­
strated that in vitro eye irritation tests can be util ized to evaluate the potential ocular irri ta ncy of 
cosmetic ingredients and provide significant evidence with which to determine whether precautions 
should be given for the use of coal -tar dyes in cosmetics or other substances applied to the eye area. 

t . Introduction 

Colorants or dyes are w idely used in foods , cosmetics, beauty 
supplies, and personal care products to increase the appeal of the 
product to consumers. Colorants are prepared from natural sources 
or are artificia lly synthesized. Coal-tar dyes, representative artificial 
colorants, are widely used as dye agents in colo r cosmetics and face 
pa ints, owing to their lasting, vivid, and appealing colors (Keck­
Wi lhelm et al., 201 5), intense hues, bright tints and relatively low 
cost (Kanekar and Kha le, 2014). Coal-tar dyes are chemically syn­
thesized utilizing various aromatic hydrocarbons, such as toluene, 

• Corresponding author. College of Phannacy. Ewha Womans University. 52 
Ewhayeodae-gil, Seodaemun-gu. Seoul 03760. Republic of Korea. 
" Corresponding author. College of Pharmacy. The catholic University of Korea, 
Bucheon 14662. Republic of Korea. 

£-mo il addresses: joolee@cathol ic.ac.kr U.Y. Lee). kmlim@ewha.ac.kr (K-M. Lim). 
1 These authors contributed equally to this work. 

http://dx.doi.org/ t0.l016/j .fcL2017.08.00t 
0278-6915/o 2017 Elsevier Ltd. All rights reseived. 

© 2017 Elsevier Ltd. All rights reserved. 

xylene, or benzene, chemicals that are acquired through the 
distillation of bituminous coal or petroleum (Harp and Barrows, 
2015; Perez-lbarbia et al. , 2016). Coal-tar dyes have hetero­
aromatic, azo, or aromatic amines in their chemical structures, 
w hich may be associated with a variety of adverse health effects, 
ranging from dermatitis (Bonamonte et al., 2014; Sugai et al., 1977) 
to carcinogenesis (Andrew et al., 2004; M0ller and Wallin, 2000). 
Accordingly, there are increas ing concerns rega rding the safety of 
cosmetics containing coal-tar dyes for human use. 

Case reports suggest that blindness can occur after the appli­
cation of color cosmetics for dyeing eyebrows and eyelashes. The 
color cosmetics therein were suspected of deriving thei r color from 
coal- tar dyes (Gettings et al., 1992). Chemical inj ury to the human 
eye, mainly manifesting as eye irritation, can also cause bl indness, 
and some visual loss might be attrib utable to use of products 
containing color derived from coal-tar dye (Wagoner, 1997). Some 
coal- tar dyes, such as phloxine B (Foster et al., 2004), and synthetic 
organic color additives (Burnett and Opdyke, 1971) have been 
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I. Introduction 

ABST R ACT 

Due to invasive and painful procedures during in vivo rabbit eye irritation test, in vitro alternative methods have 
been widely investigated. Recently, 3D reconstructed human cornea-like epitheliums (RhCEs) garner a huge 
attention. RhCEs employ the tissue viability as a primary endpoint to determine ocular irritancy but additional 
biomarkers may improve its predictive capacity. Here, we explored lipid biomarkers for ocular irritants in MCTf 
HCE™ RhCE model. Three irritants; sodium lauryl sulfate, benzalkonium chloride and tri ton X-100 were selected 
to represent anionic, cationic and non-ionic detergent respectively. After treating MCIT HCEn1 with irritants, the 
alteration of lipids in the treated tissues was examined with Nile Red staining, which revealed the depletion of 
corneal lipids. We further quantitated the release of ceramides and free fatty acids, major lipid components of 
cornea, into the medium during the post-treatment incubation, employing a sensitive UPLC-MS/ MS method. 
Among 44 lipid species, nervonoylceramide (C24:1Cer) was found to be released commonly by all three irritants 
in a concentration-dependent manner. Tests with 10 additional reference substances further supported that 
C24:1Cer release was significantly correlated with viability. Examination of the genes involved in the biosyn­
thetic pathway for C24:1Cer revealed that stearoylCoA desaturase (SCD) and elongasel (ELOVLI) were upre­
gulated, suggesting that lipids and related genes may be employed as biomarkers for ocular irritants. 

Cosmetics, contact lenses and personal care products are frequently 
being placed in direct contacts with human eyes during daily use. 
Accordingly the evaluation of eye irritation is mandated by regulation 
(Ng et al., 2012; Ng et al., 2015). Rabbit draize eye test has long been a 
gold standard method (Draize et al., 1944; OECD, 2002) but with the 
increasing awareness of animal welfare, demands for the establishment 
of non-animal-based alternative test methods are escalating. Especially, 
due to the painful and invasive test procedure, and long restraints of 
animals during in vivo eye irritation test, in vitro methods to replace the 
draize eye irritation test have been explored actively (Wilson et al. , 
2015; Lee et al. , 2017). 

There are several alternatives to the draize test: in vitro methods 
using rabbit cornea epithelial cells (Matsuda et al., 2009; OECD, 2015b; 
Takahashi et al., 2008), and organ culture methods such as bovine 
corneal opacity permeability (BCOP) and the isolated chicken eye test 
(ICE) (Gautheron et al., 1992; OECD, 2013a, 2013b; Prinsen, 1996). 
Another in vitro alternative test method using reconstructed human 
cornea-like epithelium (RhCE), has drawn increasing attention, which 
may resolve the issues of species difference and enable the identifica­
tion of weak or moderate irritants. At least four RhCE models have been 
reported; EpiOcularN (MatTeck, USA) (Kaluzhny et al. , 2015; OECD, 
2015c), SkinEthicN HCE (SkinEthic, France) (Alepee et al., 2010; 
Pfannenbecker et al. , 2013), MCIT HCE™ (Biosolution, Korea) (Jang 
et al., 2015; Jung et al., 2011) and Labcyte Cornea model (JTE, Japan) 

• Correspondence to: D.W. Choi, Korea University, 145 Anam-ro, Seongbuk-gu, Seoul 02841, Republic of Korea. 
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Here, we report the results of a prevalidation trial for an in vitro eye irritation test (Eff) using the reconstructed 
human cornea-like epithelium. Mm HCE™. The optimal cutoff to determine irritation in the prediction model 
was established at 35% with the receiver operation characteristics(ROC) curve for 126 substances. Within­
lab(WL) and between-lab(BL) reproducibility was tested for 20 reference substances by 3 participating laborato­
ries. Viability data described by mean ± SD or ± 1 /2 difference between duplicate wells. and scatter plots, dem­
onstrated the WI/BL consistency. WI/BL concordance with the binary decision. whether non-irritant or irritant 
was estimated to be 85-95% and 95%. respectively. WljBL reproducibility of viability data was further supported 
by a strong correlation( ICC. P 0.9). WI/BL agreement of binary decisions was also examined by Fleiss" Kappa sta­
tistics, which showed a strong level of agreement (> 0.78). nevertheless weaker than the reproducibility of the 
viability. The EIT with Mm HCE™ exhibited a sensitivity of 822% ( 60(73 ). a specificity of 81 .1 % ( 43/53 ). and 
an accuracy of81.8% ( 103/126) for 126 reference substances (for liquids: a sensitivity of 100% (47/47), a specific­
ity of 70.6% (24/34), and an accuracy of87.7% (71/81 ), and for solids, a sensi tivity of 50% (13/26). a specificity of 
100% ( 19/19) . and an accuracy of 71.1 % ( 32/45). suggesting that the accuracy is satisfactory but the sensitivity 
needs improvement which shall be addressed through correcting the poor sensitivi ty for solid substances in fu­
ture full validation trials. 

1. Introduction 

Animals have long been exploited to assess the effects of chemicals 
on human health, however, concerns regard ing animal welfare and spe­
cies differences are escalating. In particular, the Draize in vivo eye irrita­
tion test in rabbits (Draize et al. , 1944; OECD, 2002; Reshma et al., 2015) 
has been criticized by animal welfare activists due to its cruel proce­
dure. In addition, other problems have also been raised such as low 

Abbreviarions: EIT. eye irrita tion 1es:t; RhCE. reconstructed human cornea~like 
epithelium: OECD TC, OECD Test guidel ines: CHS. global harmonization system: W[JBL 
within-/between-Jaboratory; ROC. receiver operating characteristics: SD, standard 
deviation: AUC. area under curve; ICC. intra--class correlation: PS, performance standard 

• Corresponding authors at: College of Pharmacy, Ewha Womans University. 52 
Ewhayeodae-gil. Seodaemun-gu. Seoul 03760. Rep.iblic of Korea. 
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0887-2333/0 2016 Elsevier Ud. All rights reserved. 

© 2016 Elsevier Ltd. All rights reserved. 

reproducibility (Weil and Scala, 1971 ) and species differences 
(Roggeband et al. , 2000) with respect to identifying ocular irritants 
that conform to the UN global harmonization system (GHS) classifica­
tion, namely serious eye damage (UN GHS Category 1 ), eye irritation 
(UN GHS Categories 2A and 28 ), and non-classified (UN GHS No 
Category ). 

In view of a replacement, numerous alternative in vitro tests have 
been developed, including organ-culture methods using isolated animal 
eyes, in vitro cytotoxicity tests employing monolayer cell lines, and re• 
constructed human cornea-li ke epithelium (RhCE) (Wilson et al., 
2015). Of these, RhCEs such as EpiOcular™ (Kaluzhny et al. , 2015 ), 
SkinEthic™ HCE (Alepee et al., 2013; Alepee et al., 2016; Cotovio et al., 
2010), Mm HCE™ Uanget al., 201S ;Jung et al., 201 I ), and the Labcyte 
Cornea model (Katoh et al., 2013) have garnered tremendous interest, 
since they are expected to provide a high level of structura l and physio­
logical similarity to those of real human corneal epithelium (Choi et al., 
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Alternatives to In Vivo Draize Rabbit Eye and Skin Irritation Tests 
with a Focus on 3D Reconstructed Human Cornea-Like Epithelium 

and Epidermis Models 

Miri Leet, Jee-Hyun Hwangt and Kyung-Min Lim 

College of Pharmacy, Ewha Womans University, Seoul, Korea 

Human eyes and skin are frequently exposed to chemicals accidentally or on purpose due to their external 
location. Therefore, chemicals are required to undergo the evaluation of the ocular and dermal irritancy for 
their safe handling and use before re lease into the market. Draize rabbit eye and skin irritation test devel­
oped in 1944, has been a gold standard test which was enlisted as OECD TG 404 and OECD TG 405 but it 
has been criticized with respect to animal welfare due to invasive and cruel procedure. To replace it, 
diverse alternatives have been developed: (i) For Draize eye irritation test, organotypic assay, in vitro cyto­
toxicity-based method, in chemico tests, in silica prediction model, and 3D reconstructed human cornea­
like epithelium {RhCE); (ii) For Draize skin irritation test, in vitro cytotoxicity-based cell model, and 3D 
reconstructed human epidermis models (RhE). Of these, RhCE and RhE models are getting spotlight as a 
promising alternative with a wide applicabi lity domain covering cosmetics and personal care products. In 
this review, we overviewed the current alternatives to Draize test with a focus on 3D human epithelium 
models to provide an insight into advancing and widening their utility. 

Key words: Eye irritation, Skin irritation, Alternative to animal tests, 3D reconstructed hlunan cornea-like 
epithel iwn (RhCE) models, 3D reconstructed human epithel iwn (RhE) models 

INTRODUCTION 

Chemicals can be exposed to human accidentally or 
intentionally, and toxicity tests of chemicals are essential to 
ensure human safety against chemicals. Especially the re are 
high probabilities of ocular and dermal exposure to pharma­
ceuticals, cosmetics and personal care products. It is re­
quired therefore to test the ocular and demrnl irritancy of 
chemicals whereupon, the irritancy of chemicals are classi­
fied and labeled properly according to the severity. UN 
GI-IS categorization provides a universal standard for label­
ing the ocular irritancy of chemicals, which categorizes 
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Womans University, 52 Ewhayeodae-gil, Seodaemun-gu, Seoul 
03760, Korea 
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191 

chemicals into Category I, Category 2A/2B and No cate­
gory, and the dermal irritancy of chemicals are categorized 
into Category IA/IB/ IC, Category 2, Category 3, and o 
category according to the severity and irreversibili ty of irri­
tation (1). To obtain relevant information for labeling and 
classification, eye and skin irritation tests are mandatory. 
Before 2009, Draize in vivo rabbit irritation test developed 
in 1940, has been only officially accepted test method by 
OECD (2). Draize rabbit test procedure is composed of 
forced application of test substance to the eye or skin of a 
non-anesthetized rabbit in a restrainer and subsequent scor­
ing of signs of irritation including redness, swell ing, cloudi­
ness, edema, hemorrhage, and discharge (3) . Due to this 
cruel and invasive procedure, experimental animals are 
imposed severe pain and discomfort (4,5). As the concern 
for animal welfare increases throughout the world, the test­
ing of finished cosmetics on animals has been banned in EU 
since 2004 and it enters full into force in 2013. Here, we 
present an overview of several types of alternatives to 
Draize test, with a focus on 30 reconstructed human cor­
nea-like epithelium (RhCE) and 3D reconstructed human 
epithelium (RhE) models and suggest future direction for 

plSSN: 1976-8257 elSSN: 2234-2753 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

3 Development and OECD adoption of androgen disruptor screening assay 

Supervising 
division 

Food Safety Risk Assessment Division of NIFDS 

Project type Internal project 

Title 
Study I on development of internationally harmonized (OECD) estrogen/androgen receptor 
interaction test method using novel technique (18161MFDS108) 

□ Background for the study 

● With increasing development and use of chemicals, potential endocrine disruptor, also 

known as environmental hormone, has become a global issue. Therefore, it is necessary 

to develop an internationally harmonized test method (OECD Test Guideline) that can 

be used to screen existence of substances with potential endocrine disrupting effect 

that people consume or are exposed to in daily life. 

□ Study in brief 

● The study aimed to develop an alternative method to animal testing for evaluation 

of androgen interaction by endocrine disruptors. The method can reduce sacrifices 

of lab animals by screening and selecting test chemicals at the cell experiment stage. 

● Principle of the method: This assay can evaluate existence of endocrine disruptors 

relating to androgen hormone at a cell-level by qualitatively measuring the expression 

of the genes in a cell line that specifically interacts with androgen receptor - test 

chemical conjugate in the cell line. 

● Development and validation: The androgen disruptor screening assay was developed 

using a prostate cancer cell line, and validated in collaboration with KTR (Korea Testing 

& Research Institute) and Dongguk University. 

- In the study, the existing human prostate cancer cell line (22Rv1/MMTV)* was 

optimized by minimizing false positive responses by removing glucocorticoid 

receptors that have the same hormone response elements with androgen receptors. 

The assay was developed using the optimized cell line (22Rv1/MMTV-GR-KO)**. 

* Study on the development of endocrine disruptors screening assay – Androgen receptor and 

transcriptional activation assay (11162MFDS728, Prof. Mi-sook Dong, Korea University) 

** International validation study on development of standardized androgen screening assay using 

a cell line (for OECD recognition) (16161MFDS115, Food Safety Risk Assessment Divison) 
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Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

□ Overview of the study outcome 

● Major accomplishment: OECD Recognition of the androgen disruptor screening assay 

using human prostate cancer cell line (OECD TG 458). 

● Summary 

- OECD recognition: Approval of inclusion of the assay in the OECD TG 458 by the 

OECD WNT in April 2020, and the revised TG was officially issued in June 2020. 

□ Excellence and advantages 

● Excellence: An androgen transcriptional activation assay using a human prostate caner 

cell line for detection of androgen receptors. This is the first national and the second 

OECD adopted test method for evaluation of endocrine disruption activation. This 

shows that our domestic technology is recognized internationally as advanced technology. 

* Compared to the existing androgen screening test using the cell line that does not include 

activated androgen receptors (developed by Japan in 2016), the assay exhibits improved 

accuracy and sensitivity. 

● Advantages: This is an alternative method having improved accuracy and sensitivity 

for detection of androgenic substances. The method can address ethical issues relating 

to use of laboratory animals by reducing their sacrifices. The method brings economic 

benefit as well since it can detect a large number of substances with endocrine activation 

in a short period (4 days). 

* Comparison with the existing technology 

(cell line test) Androgen screening assay 
using a human prostate cancer cell line 

(animal test) Reproductive and developmental 
toxicity screening assay * 

Summary 

An assay for detection of endocrine active 
chemicals that can interact with androgen 
receptors using human prostate cancer cell 
line expressing androgen receptors 

A screening assay for determination of 
developmental and (or) reproductive toxic 
does. It aims to obtain initial information 
about the impact of test chemicals on 
reproduction and development. 

test chemical 
number/ 
repetition 

4 test chemicals/96-well plate 1 test chemical 

Test period 4 days at least 50 days 

Number of 
animals used 

-
at least 40 male mouse 
at least 48 female mouse (including at least 
40 pregnant mouse) 

Other 
experimental 

condition 

Should be performed in a laboratory with 
Bio safety level 2 (BL2) for 22R1V1 cell 
line experiment 

Should be performed in a GLP test facility 
for animal experiment 

* Chapter 5 of the Regulation on Testing of Chemicals: tests on health effects, paragraph 16: 

reproductive and developmental toxicity screening test 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

□ Utilization of the Outcome and Its Impact 

● The assay was developed to support the safety management of the chemicals with 

endocrine disrupting potential and has been recognized as an internationally harmonized 

method. This shows that MFDS plays a leading role in development of NAMs. 

● Support for industry, academia and research institute: The know-hows accumulated 

during the development of the first successful endocrine disruptor assay in Korea is 

expected to bring about a leap ahead in a follow-up study aiming international 

standardization. 

- 22Rv1/MMTV_GR-KO cell line developed with our own technology has been donated 

to the KCTC (Korean Collection for Type Cultures) for national and overseas 

researchers. The cell line can be obtained with no charge. This will contribute to 

utilization and development of the related technology and field. 

- Access to the information on the assay has been expanded. OECD TG 458 was 

translated in Korean and published in July 2020, uploaded on the NIFDS website 

and distributed to related organizations. Also, press release on the publication was sent. 

- Minimization of sacrifices of lab animals: Countries in the world have been focusing 

on developing alternatives to animal testing in order to reduce use of lab animals. 

The assay developed in this study is expected not only to reduce the cost for tests 

but also to address ethical issues relating to lab animals by minimizing their sacrifices. 

□ Performance of the study 

Title 
MFDS Performance Evaluation Standard 

type Performance Indicators 

1 Adoption in OECD Test Guideline 
(OECD TG 458) 

system improvement and 
utilization of policy 

Proposal and inclusion in 
OECD TG 

2 
(Establishment of standardized product) 

Development and donation of 
22Rv1/MMTV_GR-KO cell line 

Establishment of basis for 
standardization 

Number of development 
(donation) of standardized 

products 

3 Guideline on Endocrine disruptor screening 
assay (Korean translation of OECD TG 458) 

system improvement and 
utilization of policy 

Publication and revision of 
guidelines 

4 

Publication in academic journal: Assessment 
of androgen receptor agonistic antagonistic 

effects on 25 chemicals in household 
applicants by OECD in vitro stably transfected 

transcriptional activation assays 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journal 

5 

Publication in academic journal: Enhancement 
of androgen transcriptional activation assay 
based on genome edited glucocorticoid knock 

out human prostate cancer cell line 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journal 
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Test Guideline No. 458 
Stably T ransf ected Hu man Androgen 
Receptor Transcriptional Activation 

Assay for Detection of Androgenic 
Agonist and Antagonist Activity of 

Chemicals 

26 June 2020 

OEC,D Guidelines for the 
Testin~ or Chemicals 

. ·)) OECD 
E!Enm P'Olt:::11:S FOR BETTER L'1/ES 

1. Adoption in OECD Test Guideline 

Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

□ Major accomplishment 
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ABSTRACT 

The aim (I t his, stoo>y ls, ro ..ssess the aDd:rO!J!n "'cepto (AR) agool5.tlc/af1Ugonls,tll effects oo vario11S 
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most abu.ndant aerivat:iw s of alk11lp henol polyethoxylab! com­
pounds that mimics the b iological ac·tiv ity of estrogens by b incl ing 
to estrogen JKeplD r affec·ti n.g reproduction ( Brown and Rei nh.ard, 
2003)_ Alkyl phe;nol po lyethoxylate compounds are widely used as 
non-ionic surfactants in. deb!rgents, emulsifie15 and c.osmetics 
(Ccvdet I!!: al~ 2009 ~ EOO can be exposed ID human by o ral rnn.­
s um ptio n of food and water or by usi rig m smet:ics and various 
household applicants in.duding c leaning agents (Ciutivo et al~ 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

4. (Publication in academic journal) Assessment of androgen agonistic/antagonistic effect on 25 chemicals 
in household applicants by OECD in vitro stably transfected transcriptional activation assays 
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Enhancement of androgen. transcriptional activation assay based on genome 
edited glucocorticoid knock out human prostate cancer cell line 

Hee-Seo.k Lee"•1, Seok-Hee Leeb'1, Yo.oheo.n Parkb,. 

• ,y.,,,..,Jl\"lR!lr.UafFt"'1 ,.-,,""II~- °"''1128159, ~gni.'1>: of.<mn 

' ~mr of .l<>od· St1Er<< "-'>f llfNl!:!lrulllff, !Jwl&!!ll: lfrll>=tl}', ~oi lll320, ~~ of Korra 

AR TICLE [NPO l,llSTRACT 

~eywm!S: 
lillYt ot!'.I llll15 

"""""a"' lnmad:lmlo,n=y 

"""'~"'~·­GlucooxHmtd ra,,;tor 

E:ndocri.,.,,lisrupOCJE cbemicot. (IDCs} iotedier< ,.;a, tb.o biotog:icol octivil}' ofhortnanes. /un.<JRj; i;oc._ (,oo-J 
;m:lrogMi.c c,oonpoonds ~tiaIJy ause ~ ;:m.d~~i:I ~ disea2S.. To ,mp~ ULe accuracy of ;m :i11 

vitro tr.,ll3llcti,atioc '"""'f CTA) lio r detectian t>l (,oo-Jan.dro&en.ic am,poWlds. 
We ostahl1slu,d tbe sJ•coc«rticoi~ re:ept:or (GR) i:nocl:oot 22R,l/MM11V cell lioo b)• usiog oo RNA-guided 

<llj;ioeered ou:cl<= (RGE'.N}decind CJUSPivc.. sy,t«:n. Tho 2211,•I Gill(O a,[) lino W05 d=octeri=:I 
o<>:I nlidaled b)· aod:rag,,c recepl0< (AR)-m<di.ate:l TA osa)· aicnp,1tM lrilh tho All-TA '""'Y •sins 22Rv1/ 

M llV. [00lllcl11sion, lbe AA-TA o=ywi!h lho22Rvl,/MMIYGRl10cell li'no"'"rnco< ,cci=te,excl,diogfh.o 

mi"sli:.adicg ~nah deri-m.:1 frocn glucoc:articoids err o::iu.i'Rlen1 ch.em.icn~ ud m.ig.ct be iEI cffccti'P!!! rn~cxJ fo.r 
~ic.g poten;~l (nati-)zm.dmg,en.:ic compoll1lds. 

1. Introduction 

0\'1!1' ll!c:e□ l decades concrete :selentlfk ca□clusloM h.a\•e provided 
e,1denc:e lru!I ma□y l□dustr lal chemle.als, lndudlng agrtcul.bJral che­
micals [ncl\Jdl□g pestcctdes, ba,-e dlsrupllve effects cm l!lldocrl□e sys­
tems (Colborn et al, 1993; Jobtonska-Trypw! et al, 2017; Naz, 2004; 
Tyler et al. , 1998). In respo□se to the concerns -nf sooety, [n Jgga., the 
Oriµn!Z.Btllool for Eoooom!c Cooperation and Development (011(])) ln­
llle.ted an acll,[ty based. on the OEal c.oaeeptual framework to revise 
e:clsttng imd develop new test guldellnes ('!'Gs) for screl!lllng and testing 

potenlle] l!lldocrlne-dlsrupttng ch.emle.a!s. This oompnses fl\•e la1els, 
eocli le,-el oom,spondlng to • different level of b!ologteal comple:rlty 
(OECD, 2005, 2007). 

Toe lr!!nsa1ptlone.1 IICIIVBtlon (T assB}·, • lei•el 2 ·[n \'ltro essay 
provldll!!i: meclw!.Istk .Info:rmetlon', Is a rorutrueted stable eefl l[ne fnr 
the delect!o□ of 11.1i:001st/anlagonlst activities mediated lhrotl,ib l!lldo­
at□e recept~ TA as:53)·s shoold be validated by demnnstratlllg the 
relevance imd rellabUHy of the BSsa)' for Its Intended purpose.. I □ ,1tro 
TA e.ssays afe ba5ed □n btndtng of the candidate chem.Ic:al to !I speclfle 
receptor· du!t funct!o□s es a tnmscrlpllo□ faEtor that ~ulates expres­
s[on -of a reporter gene, the prod□et -of which can be re.sdlly quantltaled. 
1,"umerous In vllro TA ass.a)'S have been prop!lled to screen estrogenlclty 
as well as imdrogenl.elty ([CC\'A.\I, 2003; Jeffem>n et e.1., 2002: 

SoJlDl!\•eld et e.L, 2006). 
Androgenlclty 15 o□e of four tmportant endocrln.olqgcclll endpoints 

classlfle.d by O!lOD to dlsl!□gulsh [t from other endocrine dlsrupto:rs 
(ll])s). A 0011sldemble mrmber of chemle.al.s componentt, tnel□dlng 

pesticides (Koj ima et al., 2004), flame ~e.nts (HBmers et al ., 2006), 
pe.clcag[ng cbemlcals (Satoo et &L, 2004), and ll!dustrle:J du,mccels 
[Araki et al, 2005a, 2006b) have been ldenllfled as andootenCC or 
11J1tlandrogenlc. In terms of TA assa:,,s, oo!y ooe assay emplo)'lllg • 
stably tra□sfecled Heli.a c:ell llne for detecting estrogenlclty has be.en 
,.!!dated and adopted es Oil.CD TG45S In 2009. Other essays are cur­
rently □nd.er del'elopml!llt, rons!d=tton, and valldauoo [Aml:l et al, 
2005a; 5.etoh et al, 2004; .S.lDl et al, 2016). O□e of the pooposed TA 
assays, the Androgen Receptar (AR)-EroScreeri system, Is • CHO cell­
bllSl>d reporter assay [Satllh et al, 2004). CHO c"11s bave beer! stably 
transfe.ctecl Wllh h□ma11 androgen receptor (hAR) [Lee et e.L, 1981} as 
well as honnone response element (HllE) from the C3 gene of prostatle 
bI:ndlll!i: protein (KoJlma et al, 2003), wlllcli regulates the ~er tu­
clfemse. Anolh.er TA essay, the All-TA, wlllcli comprues the 22R,•l / 
MM'f\' c~l llne stably tre.mfected wllh a pGL4 ll!porter plasmid ron­
talnlng the Juclferase g:ene under the co□trol of mouse me.mmllJ'}' bJmor 
,1rus (MMn'l, has also been COl!Slllered. (SlDl et e.L, 2016). Amoog the 
,·artous prostate <211cer cell Jines, the 22ll,• I cells mlgbl be an ajll'fo­
pt1at.e mod.el cell line for the scfee□Ing of (antt-)81ldro&enCC l!lldocrtne 

• Corn5JIC!l1d•nce !cc Dopmmoot of Food &iooco ,n.d lliolecliool!JQ', Doagguk Unirmil)•, 32, Donsguk-,o, lt,aodlons-gu, Goyoos-.,i, Gi)·'""',W-<lo 10326, Rop~blic 
of ltoroo. 

ll-moi! ad'fr=: )1>11cl<@doa.gguk..e:l.o (Y. J>m-l<J. 
1 11,.,,. ,..lh<,,. conlriboled <q11.1llf lo th.is wodc. 

bltps://iloi."'X/'10. l Dl 6/j . ..,....._201 <:Ull .021 

Rocoive:l Z1 AuSU"l 2018; Roceind in ""-i=l lorn, ! k n"")' 2019; Aa:"!'ie:l 10 J:.nuacy 20! g 

AVilllablo oclin,, 11 January 201g 

0013-9351/ Q 2019 Elso•for lac. All rigoi,, .-...rvod. 

Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

5. (Publication in academic journal) Enhancement of androgen transcriptional activation assay based 
on genome edited glucocorticoid knock out human prostate cancer cell line 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

4 Development and OECD adoption of an alternative skin irritation test method 

Supervising 
division 

Toxicological screening and testing division of NIFDS 

Project type Entrusted project (prof. Kyung-min Lim, Ewha Womans University) 

Title 
Pre-validation of an alternative to skin irritation test using RhE tissue model developed 
in Korea (18182MFDS463) 

□ Background for the study 

● With enforcement of Cosmetics Act in Korea and global bans on animal testing for 

cosmetics and their ingredient including the EU and other countries, development of 

alternatives to animal testing that can be utilized in the national industry and GLP 

facilities considers necessary. 

● In particular, an in vitro test method that can replace in vivo Draize rabbit skin irritation 

test (OECD TG 404) is needed. 

□ Study in brief 

● A pre-validation study on KeraSkinTM SIT (skin irritation test), which closely mimics 

human skin and generates more precise results while reducing sacrifices of experimental 

rabbits, was conducted. 

- The pre-validation was performed in collaboration with KoCVAM 

● KeraSkinTM: KeraSkinTM is 3D reconstructed human epidermis (RhE) model manufactured 

with human-derived keratinocytes isolated from foreskin. It owns biochemically and 

morphologically similar features to human skin. 

- KeraSkinTM is produced by culturing it until it forms highly differentiated, 

multi-layered RhE. It consists of multi-layered stratum corneum composed of basal 

layer, spinous layer, and lamellar lipid layer representing main lipid classes analogous 

to those found in vivo. 

● Principle of the method: The method evaluates skin irritation potential of test 

chemical-induced cell viability of KeraSkinTM using MTT assay following local exposure 

of the chemical to the RhE model. 

- Skin irritants may damage the underlying layers of keratinocytes by penetrating 

through stratum corneum. The damaged cells may induce an inflammatory cascade 
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Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

which also acts on the cells in the dermis, particularly the stromal and endothelial 

cells of the blood vessels. 

● Development and validation: Validation study on KeraSkinTM SIT using the domestically 

developed RhE model, KeraSkinTM , was set up by KoCVAM and performed in collaboration 

with national researchers 

* Pre-validation study on KeraSkinTM SIT (18182MFDS463, Prof. Kyung-min Lim, Ewha Womans 

University) 

□ Major outcome 

● Summary: KeraSkinTM SIT using the domestically developed RhE model was approved 

and adopted in OECD Test Guideline (OECD TG 439) 

- KeraSkinTM is the world’s first and only model that is manufactured with residual 

foreskin separated after circumcision. 

● Overview of the outcome 

- Validation study: KoCVAM coordinated the validation study and ensured that it 

fulfilled the OECD guidance by operating a validation management team and 

cooperating with the OECD. 

- OECD approval: Inclusion of the method to OECD TG 439 was approved by the OECD 

WNT in April 2021 and the updated TG was officially issued in June 2021. 

* WNT: OECD Working Group of National Co-ordinators of the TGs programme who take 
decisions on TGs (approve and update of TGs) and decide on project proposals to include in 

the work plan. The group consists of representative from the member countries that adhere 
to MAD and meets annually. 

- Academic accomplishment: Publication of 2 papers in SCI-grade journal 

* Toxicology in vitro and Regulatory Toxicology and pharmacology 

□ Excellence and advantages 

● Excellence: An international peer-review panel consisting of experts from the U.S., 

Switzerland and Japan organized by KoCVAM concluded that KeraSkinTM SIT is 

scientifically valid “me-too” method to OECD TG 439. 

● Advantages: KeraSkinTM used in this test method is manufactured in Korea. With OECD 

recognition, the data generated using this domestic model can be accepted by regulatory 

bodies in the world. 

* The RhE-based assays in OECD TG 439 are the only alternatives to in vivo skin irritation test 
and are essential in cosmetic toxicity testing. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

□ Utilization of the outcome and its impact 

● The outcome has proven that KoCVAM plays a leading role in the field of alternative 

test methods in Korea. 

* Countries developed test methods recognized in OECD TGs: the U.S., 5 European Countries 
(Germany, Italy, Netherlands, Belgium, and France), Japan, Canada and Korea. 

● Increasing export: International recognition of the RhE model for evaluation of skin 

irritation that is developed and produced in Korea enables export of the model to 

foreign test facilities conducting skin irritation test. 

● Supporting the related industry: Utilization of domestically-developed RhE models in 

the skin irritation tests that highly depend on oversea models is expected to promote 

the sales of the manufacturer. 

● The related industry is expected to grow thanks to introduction and dissemination 

of a new alternative test method because it will help nurture professional personnel 

and support for new technique will be provided. 

- Training on the techniques needed to perform KeraSkinTM SIT has been provided 

to the people working in GLP test facilities and the related academic field by 

publishing and distributing the guideline on KeraSkinTM SIT; by organizing workshops; 

and by servicing the video demonstrating the method. 

□ Performance pf the study 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

1 Adoption in OECD Test Guideline 
Encouragement of 

practical use including 
policy improvement 

Number of TG proposals
approved 

2 
Preparation of the draft protocol for in vitro 
skin irritation test with a 3D-reconstructed 

human skin model, KeraSkin™. 

Improvement of ability in 
testing, research and 

experiment 

Number of test method 
development 

3 
Publication: Employment of cytology for in 
vitro skin irritation test using a reconstructed 

human epidermis model, Keraskin™. 

Encouragement of 
practical use including 

policy improvement 

Number of publication in 
SCI-grade journal 

4 

Publication: Me-too validation study for in vitro 
skin irritation test with a reconstructed human 
epidermis model, KeraSkin™ for OECD test 

guideline 439. 

Encouragement of 
practical use including 

policy improvement 

Number of publication in 
SCI-grade journal 

5 
Presentation: Employment of cytological 

evaluation of skin irritancy for Keraskin™, 3D 
reconstructed human epidermis model. 

Encouragement of 
practical use including 

policy improvement 

Number of presentations
(publications) in national 

workshops 

6 Presentation: Global trends in alternatives to 
animal tests and regulatory uptake. 

Encouragement of 
practical use including 

policy improvement 

Number of publications in 
national workshops 

7 Presentation: In vitro toxicity evaluation of 
biocide using RhE models 

Encouragement of 
practical use including 

policy improvement 

Number of publications in 
national workshops 
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H&affh effects 

Test Guideline No. 439 
In Vitro Skin lrritatio11: Reconstructed 

Human Epidermis Test Methods 

14 June 2021 

OECD Guidel inH for Uie 
Tl!'stimg 0f Chemicals 

OECD 
F..ETTFR FQt CIFS F0-1 EIE'Tfl;FI L '\IFS 

1-1. OECD Adoption in OECD Test Guideline (OECD TG 439) 

Ⅱ. Development and validation of internationally harmonized alternative test methods recognized by the OECD 

□ Major accomplishment 
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ANNEX 2 • TES METHODS NClUDED IN TH S TG 

Pre-validation, oplimisation and validation stud'iss llav bft@n complelttd far sev n comm :rcially 
available in vitro, test me~hads (10), (1 1) (12) (13) { 4) (15) (116,) (17) (18) (19) (20) (21) (22) ,(:23) 
(24) (25) (26) (27) {2.8) (43) (45) (50) (5 1) based on the RhE tes,t system with lhe following 
minimum of predrotive capacity: (80% sensitivity, 70% spedfioity, and 75% accuracy). T ese 
se\ilen tesl methods are Included in lhls TG and are listed below, together wll the type of 
validalion srudy used lo validate the respealve test methods. The VRMs thai have been used to 
develop 1he present TG and the PS {SJ are EpiSkjn ™ and EpiDerm TM SIT (EPl~200). 

Nr. T,E!1it mt1thotl 
name 
Ep iSkln ™ 
(VRM) 

2 Epi li'.lerrn 
SIT ,(EPl-200') 
tVRM) 

3 SklnEthlc'l!!J 
RHE 

4 LabCyte EPI­
MODEL2A 
SIT 

6 Skin ... e 

7 l<eraSi<!tn TM 

SIT 

\lalitfatlon s,rudy type 

Full prosp@ctive vardation study·(2003-2007). 
il\e test mt1th0d component:s o1 this methOd 
,,,.e;re used to defifle Ifie essentiEII test method 
components or Ifie orig[nal and updated 
ECV AM PS (39) (40) (21 )" . Moreover, tlhe 
melhod's data relating 10 ide tification of non­
ctassified vs classified su:bstaoces formed t 
mafn bas,is or defining ltle speci ity arid 
sansitivily valu 8S or th o lg1r1a I ps•. 
EpiDerm D., (o-rigin.il); Initially ll\le test methOd 
ul'lderwent full prospecliv,e validation togelfler 
wilh Nr. 1. from 2003-2007. The !est method 
components of lhls mt11hod wert1 used to 
define lhe essefltial tesl melhMs oo:mf)Ol!lenls 
of the original and upd!ated IECVAIM PS (39) 
(40) {21)'. 
E1>IDt1ffl'I™ SIT (EPl-200): A modlltcatlol'I of 
lhe original EpiDerm ™ was validated usillQ' 
lhe original ECVAM PS (21) il 2008• 
Validatlon study based on lhe original 
ECVAM Perl'olIDflJnce Standards (21 } in 
2005'. 
Validation study (2-011 -2012) based on tile 
Perlomlance Standards (PS) ol OEOD TG 
439 (S) wh iCli are tt.ased on ·tne- 1.Ypelaited 
ECVAM PS' (39) (40). 
Performance StandaK!s based Validatlol'I 
Study for SIT 
acoording lo O:ECD GD 220 (8) 
following ESAC ,o:p:inion in 2016 ( 5) , rn:I 
lndependtml 1pE!f!i' NWl!eiw In 2018 (43) 
PerkiITTI:ance Ba5ed Valiclatiol"l Sll,ldy for SIT 
acoo.rding lo O:ECD GD 220 (8) 
rol!owtn,g ECVAM o;pinion ifl 2016 (46) an.d 
lnd1ipend11nt poor l't!l'ilew In 2018 (43) 
Performance Sianoar~ bas.e<I Valida1ion. 
Slmly avcor ng to OECD GD 220 (8) 
followed by independfillt plll!r-fl!IViBw in 2020. 

{2) (10) (1 1) (14) 
{15) ( 18) (ii') 
{18) ( 19) (20) 
{21) (23) (32) 
(39) {40) 

{2) (10) (12) ( 13) 
(15,) (16) ("17} 
(18) (20) (21} 
t23) (33} (39) 
{40) 

{2) (21 ) (22) (23) 
(33-J 

{2) (21) (22) (23) 
(31) 

{24) (25) (26) 
(27) (28) (35) 
{39) (40) and F'S 
or this rn (8}" 
(1.) {8), (23) (39) 
{40) (44) (43) 
{4S) 

(1) (8), (23) (39) 
{40) (42) (43} 
{46) 

(48) (49) (50) 
(51 
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Employment of cytology for in vitro skin irritation test using a reconstructed 
human epidermis model, Keraskin™ 
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a College of Pharmacy, Ewha Womans University, Seoul 03760, Republic of Korea 
b College of Medicine, Yonsei University, Seoul 03722, Republic of Korea 

ARTICLE INFO ABSTRACT 

Keywords; 
Dermal toxicity 
Skin irritation 
Reconstructed human epidermis model 
Cytology 

Skin irritation tests using reconstructed human epidermis (RhE) employ viability as an endpoint, but color 
interference or borderline results are often problematic. We examined whether the cytology of cells from treated 
RhE could determine skin irritancy. Six chemicals (three irritants; DnP, 1-B, PH, three non-irritants; DP, APA, 
HS) were evaluated in a RhE, KeraskinN. DP, HS, and PH were clearly classified with viability, but DnP, 1-B, and 
APA were often falsely determined, due to borderline values falling near the cutoff, 50%. In histology, the tissues 
treated with DnP, 1-B, and PH showed erosion of the stratum comeum, vacuolization, and necrosis in the basal 
layer. DP- and HS-treated tissues showed relatively normal morphology but APA induced necrosis similar to 
irritants. Cytology revealed that DnP, 1-B or PH depleted cells and induced irregular and abnormal cell shapes. In 
contrast, relatively regular and normal shapes and clear distinction between the nucleus and cytoplasm was 
observed for DP, APA and HS. To further confirm it, additional 10 substances, including false positives from 
OECD TG 439, were tested. Overall (16 substances in total), cytology: total area predicted the skin irritancy of 
test chemicals with the highest accuracy (87.5%) followed by cytology: cell count (81.3%), histology (75%) and 
viability (68.8%), confirming the utility of cytology as an alternative endpoint in the skin irritation test using 
RhE. 

1. Introduction 

The Draize skin irritation test has been replaced by the in vitro skin 
irritation test (SIT) using reconstructed human epidermis (RhE) (Lee 
et al., 201 ?a; Lemper et al. , 2014). OECD Test Guideline (TG) 439 
(OECD, 2015b) is being widely used to determine the skin irritancy of 
chemicals either as a stand-alone test or in combination with other in 
vitro test methods within a frame of IATA - Integrated Approaches to 
Testing and Assessment (OECD, 2017; Tollefsen et al., 2014). TG 439 
addresses skin irritation by using RhE, which closely mimics the bio­
chemical and physiological properties of the human epidermis. Human 
derived non-transformed keratinocytes are cultured to form a multi­
layered, highly differentiated model, RhE. 

In most of tissue-based irritation test methods including RhE, irri­
tancy of a test chemical is determined by the viability of the treated 
tissues measured after the chemical application (Joo et al. , 2019; Jung 
et al., 2014; Lim et al., 2019). In SIT using RhE, viability is measured by 
the enzymatic conversion of a vital dye, 3-( 4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MIT) into a blue formazan salt 
(Mosmann, 1983). The optical density of formazan extracted from the 
treated tissues is then measured and calculated into % viabili ty relative 
to the negative control. Classification of skin irritancy is made using a 
prediction model based on a viability cutoff value (Alepee et al. , 2010). 

Incidentally, test chemicals with strong-color or MIT-reducing ac­
tivity may interfere with MIT assay, often leading to a false estimate of 
viability. To avoid color interference, OECD TG 439 advises that ad­
ditional controls should be used to correct the viability measurement. 
Alternatively, HPLC/ UPLC-spectrophotometry is being employed to 
measure reduced formazan directly, circumventing color interference 
(Alepee et al., 2015). But the cost for the instrumental analysis is often 
expensive and prohibitive. Furthermore, it is pre-requisite to con­
ducting independent analytical validation before doing an instrumental 
analysis in GLP tests. Histology has been explored to supplement via­
bility assays in tissue models (Hwang et al., 2018; Lee et al., 2017b; 
Park et al., 2018; Zanetti et al., 2016), which can examine the micro­
anatomy of cells, tissues, and organs under a microscope. Especially, 

Abbreviations: DP, diethyl phthalate; APA, ally! phenoxyacetate; HS, hexyl salicylate; DnP, di-n-propyldisulphide; 1-8, 1-bromohexane; PH, 5% potassium hy­
droxide 

• Corresponding author at: College of Pharmacy, Ewha Womans University, 52 Ewhayeodae-gil, Seodaemun-gu, Seoul 03760, Republic of Korea. 
E-mail address: kmlim@ewha.ac.kr (K.-M. Lim). 
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ARTICLE INFO 

Keywords: 
KeraSkin™ 
Reconstructed human epidermis 
OECD TG 439 
Reproducibility 
Predictive capacity 
Skin irritation 

1. Introduction 

ABSTRACT 

We conducted a me-too validation study to confirm the reproducibility, reliability, and predictive capacity of 
KeraSkinrn skin irritation test (SIT) as a me-too method of OECD TG 439. With 20 reference chemicals, within­
laboratory reproducibility (WLR) of KeraSkinnt SIT in the decision of irritant or non-irritant was 100%, 100%, 
and 95% while between-laboratory reproducibility (BLR) was 100%, which met the criteria of performance 
standard (PS, WLR:>90%, BLR:>80%). WLR and BLR were further confirmed with intra-class correlation (ICC, 
coefficients >0.950). WLR and BLR in raw data (viability) were also shown with a scatter plot and Bland-Altman 
plot. Comparison with existing VRMs with Bland-Altman plot, ICC and kappa statistics confirmed the compat­
ibility of KeraSkinrn SIT with OECD TG 439. The predictive capacity of KeraSkinrn SIT was estimated with 20 
reference chemicals (the sensitivity of 98.9%, the specificity of 70%, and the accuracy of 84.4%) and additional 
46 chemicals (for 66 chemicals [20 + 46 chemicals, the sensitivity, specificity and accuracy: 95.2%, 82.2% and 
86.4%]). The receiver operating characteristic (ROC) analysis suggested a potential improvement of the pre­
dictive capacity, especially sensitivity, when changing cut-off (50% ➔ 60--75%). Collectively, the me-too vali­
dation study demonstrated that KeraSkinT" SIT can be a new me-too method for OECD TG 439. 

The European Commission has prohibited animal experiments for 

cosmetics in 2013 and has been working on developing alternative test 
methods to replace animal testing based on the '3R's Principle' (Adler 

et al. , 201 1). Since the EU ban on animal testing for cosmetics, more 

than 37 countries worldwide have legally prohibited animal experi­
ments for the development of cosmetics (Akbarsha and Mascarenhas, 

2019). In addition, there is an increasing demand for new approach 
methodologies (NAMs) to evaluate the safety of numerous chemicals on 

human health in various sectors (Parish et al. , 2020). In vitro skin irri­

tation test, OECD TG 439, has been developed to replace OECD TG 404 
(OECD, 2002) in which rabbits are used as a test species to evaluate the 

skin irritancy of chemicals and cosmetic products (Kase et al., 2018; 

Park et al. , 2018). OECD TG 439 uses a reconstructed human epidermis 
(RhE) (OECD, 2015a) and can be used as a stand-alone to identify UN 

GHS No category chemical, Le., non-irritant or in combination with 
other replacement methods, such as OECD TG 435 "In Vitro Membrane 

Barrier Test Method for Skin Corrosion" (OECD, 2015b) to further 
classify the hazard on skin in the framework of Integrated Approach on 

Abbreviations: OECD, The Organisation for Economic Co-operation and Development; TG, Test guideline; PS, Performance Standards; VRM, Validated Reference 
Method; SIT, skin irritation test; WLR, Within-laboratory reproducibility; BLR, Between-laboratory reproducibility; RhE, Reconstructed human Epidermis; CV, cell 
viability; I, irritant; NI, non-irritant; GHS, Globally Harmonized System of Classification and Labelling of Chemicals. 
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** Corresponding author. 

E-mail addresses: sjbae@ewha.ac.kr (S. Bae), kmlim@ewha.ac.kr (K.-M. Lim). 
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Development and standardization of organoid platform for toxicity 
assessment 

Development of next-generation toxicity prediction and evaluation 
method 

Study on creation of basis for next-generation toxicologic pathology 
diagnosis 

, Survey on the latest technology trends of stem cells and organoid 

Study on next-generation safety pharmacology evaluation of cardiovascular 
effects 

• Study on next-generation neurotoxicity evaluation method 

Study on development of a method for evaluation of (new) narcotics 
pharmacology and toxicity in central nervous system 





        

        

             

            

      

             

      

        
       

   

     
    

    
   

              

              

             

   

            

           

           

           

  

           

         

         

           

          

           

      

Ⅲ. Development & validation of NAMs based on advanced technologies 

Development & validation of NAMs based on advanced 
Ⅲ technologies 

● Countries around the world have developed alternatives to animal testing or new approach 

methodologies (NAMs) in order to address various issues including ethical issues related 

to laboratory animals and interspecies differences. 

● The definition of NAMs has evolved from the methods reflecting the 3R principles 

to the methods based on advanced technologies. 

Comprehensive term embracing NAMs (New 
The methods replace and reduce the use of 

Aproach Methodologies) using innovative 
animals or refine the treatment of animals based → 

non-animal methods (approaches) which can 
on the 3R principles 

improve predictivity against human 

● The U.S. FDA enacted the FDA Modernization ACT 2.0 in December 2022 that allows 

the use of NAMs for new drug and biologic applications. The data generated with 

NAMs using advanced technologies including MPS and bioprinting are able to be submitted 

as non-clinical data. 

● Also, MFDS has made administrative notice on the revision of Regulations on 

pharmaceuticals approval, notification and review, and allows submission of the data 

generated with non-animal or human biology based methods (e.g. cell-based assays, 

MPS, bioprinting, computational model, etc.) that are conducted in accordance with 

the GLP. 

● MFDS and KoCVAM has focused on developing NAMs using advanced technologies 

in order to actively respond to such a global change. 

● Different government agencies have conducted research on advanced technologies 

including organoid in order to obtain source technology. However, regulatory acceptance 

of organoid requires validation of assays using the source technology. 

- MFDS, as a regulatory body, has focused on development and international harmonization 

of safety assessment methods using organoid. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

1 
Development and standardization of organoid platform for toxicity 
assessment 

Supervising 
division 

Toxicological Research Division of NIFDS 

Type Entrusted project 

Title 

Development of an organoid platform for toxicity assessment 
(22213MFDS386, Myung-Jin Son, KRIBB) 

Validation study on an organoid platform for toxicity assessment 
(23213MFDS489, Gun-Hwa Kim, NST) 

□ Background for the study 

● There has been an urgent need to develop an toxicity evaluation model able to make 

an accurate toxicity prediction and support rapid decision-making during new drug 

development that require enormous cost and time. 

- The toxicity evaluation model will help prevent waste of money incurred from 

withdrawal of drug candidates from the market by supporting rapid and accurate 

selection of the candidates passing non-clinical stage. 

● For the last decade, a lot of money has been invested into R&D led by different government 

agencies and some achievements have been made. However, none of them has feasibility 

in actual utilization for evaluation. 

● With development of advanced technologies, countries are competing harshly with 

each other to hold a lead in the competition concerning the technologies. However, 

such advanced technologies are rarely accepted by regulatory bodies. Stakeholders 

from industry, academia and research institutes have urged the regulatory authorities 

to accept the technologies. 

- Since it was demonstrated that Korea has technological prowess in organoid, MFDS 

has determined to take the lead to develop and propose an international standard 

for organoid. 

□ Study in brief 

● Development of organoid models (liver and intestine) for toxicity assessment and selection 

of test methods 

● Pre-validation and transfer of the organoid-based toxicity assessment methods 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

● Optimization of the toxicity assessment methods based on the organoids (liver and 

intestine) through pre-validation 

● Proposal of an international standardization through establishment of the 

organoid-based toxicity assessment method and a between-laboratory validation study 

(using liver organoid, proposal of an OECD SPSF) 

● Final goal: Development of a toxicity assessment method using the standardized organoid 

* Study on the development of an organoid platform for toxicity assessment (22213MFDS386, 

Myung-Jin Son, KRIBB) Validation study on an organoid platform for toxicity assessment 

(23213MFDS489, Gun-Hwa Kim, NST) 

□ Overview of the study outcome 

● Major accomplishment: Development of organoid models (liver and intestine) for toxicity 

assessment and standardized organoid through between-laboratory validation and 

establishment of assessment the method. 

● Main outcome 

- Development of organoid models for toxicity assessment using human-derived stem cells 

* A standard organoid pool categorized by races, genders and ages has been established. 

- Establishment of the organoid models for toxicity assessment: A Quality Control (QC) method 

for standard organoids have been established. Following selection of a toxicity assessment 

method (evaluation of within-laboratory reproducibility and accuracy) and reference 

substances, the method has been validated by confirming reproducibility and accuracy. 

- Standardization of the organoid model 

1) Reliability and relevance of the toxicity assessment method has been demonstrated 

by performing within-laboratory pre-validation and between-laboratory validation. 

The standardized method has been established by transferring it to other laboratories. 

2) Proposal of the standardized organoid model to the OECD for international 

standardization 

* MFDS presented the toxicity assessment method using the organoid model at the WNT 35 

(April 2023). Many countries made positive response and offered joint research. 

* MFDS presented the toxicity assessment method using the organoid model at the OECD ESCA 

meeting in June 2023 and received positive response. With guidance by the OECD secretariat, 

MFDS has been focusing on standardization of the method for international acceptance. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

□ Excellence and advantages 

● Excellence 

- The organoid-based toxicity assessment method has been developed with our own 

technology 

- The model owns various advantages* that can compensate some of the limitations 

of the existing models and able to produce more accurate results in a short period. 

* The model is able to be customized for each patient, passaged over 90 times, and be frozen 

and thawed repeatedly. Further, it enables toxicity evaluation based on mechanism and 

produces more accurate results compared to animal testing. 

- Drugs that passed non-clinical and clinical studies but were withdrawn from the 

market due to hepatotoxicity have been tested with our organoid model. The model 

exhibited over 80% of accuracy, which is higher than the accuracy from the 

non-clinical trials using animals. 

● Advantages 

- This toxicity assessment method is not a “me-too” method that is developed by 

modifying exiting method. Rather, it is developed using our original technology based 

on the organoid developed in Korea 

- Among many nations researching organoids, Korea is the first to announce 

international standardization of organoids and presented study outcome. Now, MFDS 

of Korea is leading the international standardization of organoid. 

* MFDS presented the toxicity assessment method using the organoid model at the WNT 35 

(April 2023). Many countries made positive response and offered joint research. 

* MFDS presented the toxicity assessment method using the organoid model at the OECD ESCA 

meeting in June 2023 and received positive response. With guidance by the OECD secretariat, 

MFDS has been focusing on standardization of the method for international acceptance. 

□ Utilization of the outcome and its impact 

● Development of national industry: Development of OECD Test Guideline for 

organoid-based toxicity assessment method accepted internationally is expected to 

help create a new bio-industry relating to organoid. 

● Contribution to new drugs development: With increased accuracy in replicating human 

response, the toxicity evaluation model is expected to reduce time and cost for drug 

development. 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

□ Performance of the research 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

1 
MFDS researching toxicity assessment 

method using organoid 

Promotion and 
dissemination of research 

outcome 

Number of evaluation and 
promotion materials about 

the outcome 

2 
Publication: Advances in liver organoids: Model 

systems for liver disease 
Academic outcome 

Number of papers 
published in SCI-grade 

journals 

3 

Publication: Limosilactobacillus reuteri 
DS0384 promotes intestinal epithelial 

maturation via the postbiotic effect in human 
intestinal organoids and infant mice 

Academic outcome 
Number of papers 

published in SCI-grade 
journals 

4 
Publication: Advanced human liver models for 

assessment of drug-induced liver injury 
Academic outcome 

Number of papers 
published in 

non-SCI-grade journals 

5 
Publication: Recent advancements of 

multicellular human liver models 
Academic outcome 

Number of papers 
published in 

non-SCI-grade journals 

6 
Presentation: 2022 International Conference: 
Korean Society for Molecular and Cellular 

Biology 
Academic outcome 

Number of presentations 
(publications) in 

workshops 

7 
Preparation of draft: Draft SOP on liver organoid 

passaging 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

8 
Preparation of draft: Draft SOP on liver organoid 
Indocyanine Green absoption and release test 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

9 
Preparation of draft: Draft SOP on liver organoid 

freezing 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

10 
Preparation of draft: Draft SOP on orgaonid 

differentiation induction 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

11 
Preparation of draft: Draft SOP on 

measurement of cell count on orgaonid 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

12 
Preparation of draft: Draft SOP on organoid 

thawing 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

13 
Preparation of draft: Draft SOP on 

measurement of organoid CYP3A4 activation 
level 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 
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Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

14 
Preparation of draft: Draft SOP on 

measurement of bile acid pool size on 
oraganoid 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

15 
Preparation of draft: Draft SOP on 

determination of liver function marker 
expression on organoid using IF staining 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

16 
Preparation of draft: Draft SOP on quantitative 
analysis of albumin secretion on organoid 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

17 
Preparation of draft: Draft SOP on quantitative 
analysis of alpha-1-antitrypsin on organoid 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

18 
Preparation of draft: Draft SOP on mycoplasma 

test method 

Encouragement of 
practical use by policy 

improvement, etc. 

Number of TG proposals 
submitted 

19 
Organization of industry, academia and 

research institutes meeting for standardization 
of organoid 

Promotion and 
dissemination of research 

outcome 

Number of education and 
promotion materials about 

the outcome 

20 
Attending and making presentation at the 

OECD WNT35 

Promotion and 
dissemination of research 

outcome 

Performance in 
international exchange 

21 
Attending and making presentation at the 

OECD ESCA 

Promotion and 
dissemination of research 

outcome 

Performance in 
international exchange 
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f, r dlrn dis ovc lopmc11l to red e th.-e p 

ies(ng. a11imnl 1, •· 
ing. illld h.uman ci •. 1mold models h..avc 

erner-~ .iii- IL ,,el icily 11.1:11 io11. H~ 
di - . rn deli11g, . • i \'er Of1;looid • c:tfl 
be gcru:ratcd lro□ . 11~sues or· pll!lripotenl 
stem ccll:11 aT1d c1m he 11p[1Hi::d 1 \•ari 11 liver dise;11c1,Bs. 

in ·l11ding m1:llib-olJ • illll><Ji;;i111ed fa LLy Ii er di .:<illsi::, iu t:i;­

lmui, Llv~r cliM:;il.-..e, gem::lic hver .lis~11se. lllml Lh• r c1111eer. 
Tin i~ review focu. u on. r-£ccl1t studic:1. on or-anoi.d lo 

11 cl.t:I limmm Ji,·i:r dill-I: 1: .-ml tli ·us • 1'1..: illlv,mLiJ.,b~S 
t111d limi rnticom of curre nl liver rg11T10.ids for trnnsl 1ion11I 
appl lea.I i1ms. 

Keywords l..i·..-or • OJllmwids • Dis~ mode-I • [)rug 
sere 0 11.ing 

In !lfl•d !ll ·,tin11 

n drug di overie:, lll1lll ue,•cl pmen!S W"C 111ple.J1. wilh 
hu~ f. ilurc r.111! ill Whic':h II IIB Fl) "'-'lp[lffl,'Cd d - C;IIJI . iarl 

wiLh IU,OOU candidlll~ ornllpoumh. a1nll take 0"'11:r IQ yi:.u-s 
1-l rrer □ t 111., lOJ 9). Th1s di~crqp:.inq• rif;C~ hmm lhc .i-:11p 

C!--0 Myufly: Ji11 :Smi 
111j;:,.m ~ l. t'i l:ti.t'l!.lcr 

St<en, elf Cnr>,~1u:-e ean:IJ en.1er, Kon:a lleseon:IJ 
lt'.1>d11m, ufBlv,;:~clX , :ul<l BJc,:ei.:lmolo!! ► 1KR!llBBt l:lj 
Owu~,ro.. '1'i.L<oo11g~ t1 . Dlc"joon 34141 , Rer11 i (I (}f'1i1, 

l}ef1w11rnem a( 't:mdin('l-1 ('""1i,.1rni , K~ lJi,i,...-•l1l 
tif' SL-i.;11ce &. l"ei:h.n,;lu,sy {IJs·n. :! 11' Ciajun •n>. Y1be1.rn~ ~i:l. 

IK]CO H 113. lk!M]bl ol . rtta 

~ Sprhlgtr 

b!:"1 1:-.:11 i, vilro i!Hd in. ,•iv<.> :l.lLtlg alld ll ll •· fl 

rc- ;pooscs. [ ra ,•ilro 1cs.1i11g caanol fully relkc1. lhi: complex 
r~. pm1;;.c l.o dru , :i,111!1 :i,11i rm11I Lc;,.t i11 ' i~ Jmt s11ffi ic 1n I.O 

replill 111 lnmm ~y 1em ing m f>Jlecies dllfe nces . 
Tbcrc- ore:. lhc!rc is aa urgcLJI need £ r mod.el systems llllat 

~ 11r:.ih,l reill1ac• hum.n re~r "115.e. 10 drugt,.. 111 th c:;i, 
nf lh1 m dW .. prim r ln1ma.11 l\"epi'lr<tCyte:i (PHI I - have 
b::cn lhe g.uld slandard for drug lcslmg illld tm.l.city prcd[c;.. 
Ii n; howeveir, the limitlld av:ii I ahil ity f .::1?l1111:u ~ Ll n::lls 

,utd lolill);-LC;rm maL1ih:im□ci:: h.rve been majw- <Jb~111di::~ fo 
llteii- me in ·rnriuu:. i11 vilru . ppllruti1 m,. includi11g llm:a~c: 
modc l"iT1g. \Vitll r«cnt :HI nc-c in. ste:m cell rcsc.:i.rcl, nd 

lh.re.:--0iua11:11si1.1ual OD) Lis~u11: 11:11gint<'l'LIJl;l, Ore lin1.il.ilit1t t>:f 
o□m-.cntiannl m dcl 'lil!IVC "r.u.du Uy bca1 resolved. In par­
Ii u1ar, h.um:m cc11-hs~cd or a1mii!I mode-I. arc expc-ctct!I ro 

:rubsliune ..-:onvemioilii1l in .,i Lr mt.: d 0 ls in 1errn , uf i»t.: • s.~i­
b:iliry ro cellular souroe:..!l a.nd imilwily m i □ '>'irn phy rolo;g;•. 

ThereJi L • receui prog ~ in 01g.11wid • oJogy i. in tb ' 
rligh; a~ a bri~e 1h:.11 rec. ituli)i 

ru:m-C'lmkal d:rn" dc'll~!opmcmt n:~c h a11d pro,•1des n::h­
::ihl hum[l'.fl 11-h.ised 11. , ·i m modelii (Pi , I , 

Ougiin<Jid:1- ifil' :scl.f-urgim.iwcl :m S-lrudw:i::~ UM rt~ilpilu­
late ~IJ\ of m1ti\·•~ LL,sl!le • Khll.coture 11d lu11c1i n i 11 ,,. i1r0 
(II.ta= c1 :ii.. l 21 ), lh.u~, tlhcy have att cicd 3!lcmimi a~ 

ltli;hly ll.d"illLi:"1:d 11wdeb 11.•itii Ju vivo-I ikc fi:ei.llllrc~ . Liver 
□I" :maid~ h11,,c c-mll]],OO 11.~ 11011Cl plllufonns foc dru" dmdnp­
mcnt. Tile liver i:-. lhc main oirgan fo~ dmz mc:tal o l i. rn. ru:l 

dn1g-i1idu~ Ii .:r iaj11ry i~ d1.e prim .. ry ..-:i.llls~ u <l:rug t ic­
ily and marh:t wilh.dmwal owillg lo t1m:xpcctcd side clfccl5.. 

Funhe:rmore. 11 proper □ ode:J Iel'li' •s m ii p,1Lie.ri • i.lCL1.1,d 
pi.uh I gy ffilu1.lllver dJs.e· ." 1 iver orgao "ds an be gen 
o.mled fmm pa tii:nt-d!:rivi:d Ii =bi□p:5,. i 

inclu • tJILiri p ten ~•em ell (if' d II \l gr 1 
11dv11n1ag.e iL1 111.at it i ·ibh: to impleumml pcr:sornalired 
d'.ru,g te~Li11~ pl 11tl!i.mm ml disease· mockJ~ w r«!apitulaLe u,~ 

Ⅲ. Development & validation of NAMs based on advanced technologies 

□ Major accomplishment 

2. Publication: Advances in liver organoids: Model systems for liver disease 
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Limosiloctobadlfus reuteri DS0384 pr1omo,tes intestinal epithelial maturation via 
the po.stbiotic effect in huma1n intesdna1I organoids and 'nfaint mice 
Hana Lee \ Kw,mg Bo J1Jng •J, Ohman l<w011 \ Ye Seul Son , Eunho Clhoi ._ , Won D01119 Yu J, ,, 
Naeun Son .1>, Jun Hyoung Jr!on ', Han.a Jo ' , Haneol Yang .. , Y,eong Rak Son •, Chan-Seok Yun ', Hyun-
Soo Cho "~. Sang Kyl.l Ki111 •. Dae--Soo Kim "-•, C>Qo-Sang Park , and Mi-Young Son •.b 

-Siem Cell Researoh C□nvergenc.e Cerller, l<mea Res.earcn In.sit te ol llio:sde11ce and Blorech11ol'ogy ◄ l< RIBBl , Oae,Je,oo, Rep bile of Kore • "KRCIW 
SchOQI of 81fl.$CI n(e. l.lllea Unlo'l!fSII)' of SQ .~ ~nd T llmoiog"!f (US.n ~ ]fWn, Iii: of Kc a; •l(Ql~n Col (lll)n for T~ Cu~. 
liiolog' I AeloUrtt C nm, KRIBS, Jeon() up. Republic cf t'.cre~ • . bor~tiol) of ffic~ )' Re ~rch, 1(0~~ iM~ng Cot , Lilk'' • ~epu ic cf 
l(l)ri:a; sDi[lital BiQ(ed1 Innovation Ctnu:r, I.RIBB, Diill!Jeon, R~public of Kot'eil 

ilHTAACT" 
little? is own 'bout the modulam,y acltyofthe mkrobiota ln,earfy nte-.stln::il dC?,;elopm,mt. We 

;,; n ined v tiOus inte1i.nal rnodels th t re~pond to gut inic,roof I , ei bo ites bM4!-d on hum n 
piu:ripoteri.t stem celkleri~ecl human inleslinal organoids (hlOsJ: pilysiologicall~ rele....-ant in ~itro 
re1al- l1ke mtestine, intesli11,al stem eel I, and i ntes;ti nal disease models. We found that a newly 
lso toed LJmosJl!1<"tobo,ilfu~ 1TI1r Wi! !'I DS.03 • • ac,,;elerat~d m.itu ri!tt.on of he r till ntest n.e 
l:lSing lD hl0 with lmm::iwre fet I dmacterlslia. Compi1r,ui\le metabolomlc proflling Mlill).'s s 
,-eve re.rJ that tl\e secreted met bolii.-e N rbamyl glutamic a id !.NCGl is inrolved in th~ ~nefK:i I 
elfec.t of DS0384 cetl-free supemata.nts 0111 the in.tl!!ilfnal maturation or hlOs. Ex;petiimmls ·n an 
in1e.:sti111a stem cell sphl!'loid model and hlO-ba.:sed intestinal inflamed model revealed t hauhe cell­
rre 5Ul)emtll<1nt from DS.0384 romprljirig NCG prc:imc:it d lnte-~ln,i!I tem c II proll • i!tlon,and Wi!IS 
Import , t for ·ni.estl I protection a~iMt ()'1!oklnC?-induoecl lntC?s.tll'Mll eplthel l I Injury. e pmblo­
tie pr'op rlie~ of OS0-384 v;e,1 also eval 1-ed\ including a,::id and bi e tolerance and bili i:,, lO adhere 
lCl human [ntestin..a I ce~s. ~en-cfa~- oral administration of Ds.0184 and cell-i1ree supernatant 
promoted lhe ir~testrnal development of n,e,wborn mice. "'°reo..,er, NCG e'.!Certed a protective eff'ect 
on e-xpe m ntal "olltl5 In ml . Thei:e resulb ~uggiest mat DSW84 l-s u-sef\11 i!t.J m for problotl 
ap,p ianlons an.d 1her,1peu.tlc trnaunent for lsordNs ot early gut dtvelopi"'l!,mt and for prn..,e ti g 
inles\i , b-arrii!I' d~sftunction. 

~.fl'l'ICLE tilSfOIIY 
I~ d l Feb i'1' 2(122 

~51C!:l 11 AugU51 .022 
/1,c: tell 30 ,!,u9 2022 

~ffWOli!P5 
Hunr,,m testiral orgaool 
Int sll~I dev lcpment 

ellal mamra.lloo; 9111 
ll'liUobh:,ta; p1obi01 • 
po1tbio11c; 
Uf110dikx. robltci1!1.1i ~ it:~ 
N-t11tb8ifl)1 !Jlul•rr'lic 8 

h1trs0<ducti on 

Postnatal inlestinal mahll'Jition play"S an. important 
n-.lc ·n tile ri_rmal d n . m nt and ph s.l lo Ti I 
fimction of the :ime~tine, in.duding establishment of 
l:h.e epil:hdial barrier and immwr system as wdl as 
c o ization a d _t bil:iz· rio 1 the mi robl t dur­
ing the firs.t n.,ro years of life. 1 A lcey as.pea of 
intestinal maturation j~ the development of b,mier 
int •grity wlli h • rit ' ·ll n t nly for m tricnt 
abso1ptil:m but also for prieventing the entry of 
pathogenic. bac:teria and toxic .i.ubstance~:~ The 
initial ol -nization of gut mi ro iota .d dleir inter­
actions i;,.ritlh the host can influence in~tlnal de\i-el­
opment and epitheUai 1natwatio11 by prnrnoting the 
prolifer lion ml ifI renrar n , ·ot!:,61.illal 

epithelial cells, v:isrnlariiation, ro<luction of 

m11c:1.1s, and mamtcnanoe of epithelial juncti-0ns.3'4 

Fai.lun: oftbe jntc line to 1natun: 11on:n: ,lly h • been 
impliCilltcd -n the pathi:_ g n st of n onatal int " lin.d 
diseases, ~uch as necroti:zin:g euteroooliti~ an.d early­
om t inflammatory bowd disease (]BD). Very e-m:ly 
onset um ( EO-HID) is c ara terizcd by n t only 
the conunon symptoms. of adult IBD, ~uch as. rectal 
bJeedin.g , nd di rchea due to ilnfl mm, tion and 
int ".Stina.1 pith Li, I di ruption, b l al · growt . 
fa:i!lu re.. 5 - 7 

One &trateg:y for reinforcing i111.k..stinaJ epithelial 
fi.mcti.on:s is administration o pr biotics, ~ hkh arc 
defined a. 'live microorg: 11i~1'i'Js that, wh.e:n adni.in.L~­
t,eroo rn. adeqmt amounts, rnrufer a health. benefit on 

COHiTJlrCiT Mi-Y~ .mg ~-" S ITT)'•~ riblil•~- Q, $1= ul ~eard , Con•~f¥<:ni:rt' C-. KRIBS. C>!!~n.. 341~ 1. R~puJ;,li~ r;/f lll"11ill~ -S!lng I' rk 
C!!)i,d,p,,r "ilb.re.kr '4!:l.._~Koiull Cdl r:iion ID"Typt C:ul1111.._ Biol .ital Re>ouraeCni l er, lilil lBB, 1,,ongO<Jp. 56212, l!epul:ili< ul t.u.e•; Dao-Soc liim 
@I• l il!2465iikrrbb.rcl•e lligi ~I 8illl«h lr<n~on ~nl~r, 1(41188. 0"4ljcon. ~ 141, blc cil r,c;i 

h,e,;se a/Jloor:s rnnt ·l!d equal!)' o ti!~ wool 
0 SupcJlffll!!ntil dirt.ll for t artlci <:ill be iK< d 1J11 ll roe at ~tlJ!~Jldl!l,llf!J/lG.108011 097~.2022.2121580 
o 2fil2 The A11lho<(>). f'ubll,iiodl w~h lic...e ~ rOJlar & r,_,, Gl"OOI>, W:. 
This ;, onOpm ""•= 11tld• dntnbhd und<r ~ l onm ofa.. ~all>-. C.,mm""' .\1 .itlm I.Joow.e ~ /crn ln-. tooV110n1.o,9 omi<SJb,il~-M . whxh pemil!. unr:<,frililod ""'' 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

3. Publication: Limosilactobacillus reuteri DS0384 promotes intestinal epithelial maturation via the 
postbiotic effect in human intestinal organoids and infant mice 
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O rganoid 
Advanced human liver models for the assessment of drug;. 
induced liver injury 
Seem Ju Mun1.1,Jaes.eo Lee11 Yongbo hin 1 '1 MyungJi n Sonu 
1Stu n Cdl Corr.--cq;..cncc Rl:s=cn rnrer, Korea Rc'S.:'arrn Iru:titu:c ofiliascocru;~ ma iot£clmology (KRI.Il ), D~joon, Ko:rca 
'n-•part m .. nl a(Fu, lum:ol r,.,.,,N,.ii:;s, l<:ure,o l)ni ._,,.,,;;y,,fS l!IOCl:&T.,d,nl! ' '!:y(1JST), Da,:jl!lm, I(""'" 

RcCJ:Md: Mart:h 11, 2022 

Aca:pl~; J1,m:= 20, 2022 

Com:.sp,ondi:noc to: 

M·1\m9 S.Ori, PhD 
S!Ml Cell Coovcrg~cc Rc:scimh 

C-cntcr:. Korea Ri:!e3rtn I ' tuti: of 
Bio,ci ~ ~nd Biotechno \I jKRIBB), 
125 Gwahak-ro, Y=n9...gu, Dacjcon 

J414 l , Korea 
IE-mail: mjSllll!Jlllai 

Drug ~;;ifi:ly I u~:; 011tin ui: too ur c,.·::n 'llith d1r1,1~ t ;i ;ir~ ap01r0Yccl a r the (;Ompl~tkm 
of clin ical ~tudies. Druq-i1lduced li~er i jur,; (Dllfl is a major obstatle to drug de ... elopment, 
because the i'll'er is the pri .i ry site of drug rnet111Jolism, a~d injuries caused during this pro• 
(:~ ~re scvc~r.::. Com1cntiona ifl vitro human lfvn modci:s, such l!S 2-dimcnsfon8l hC"~lk crl l 
Ii , l;;:-k in wvti phy iol(>!Jiral r;;I v;;nt:r;, and ;i11 im~ I tudies h.a1v l lmit;i ia~ 'n lh form of 
species differe,11c.-es ~ nd regu latorv reslrictions. o resol~e lhis iss.u.e, an i11creasi ng nu ber of 
3-dimensional hu 11un liv-er S''(Stems, ind ud ing a ga~oids, are being d seloped. In ttlis re,,,ie,,,., 
we providr.:: .; n O\l(:Nic::w of rw:nt aSS(:ssmcnlS of DIU p·rroidion, aF)prwcllts for 'n vitro h~,p-
3to~o;,:ici l·, eva luation, nd ~a iefy Mad~· rm:d hu1n i'I liY~r moo~ls.-Wc dis u~ the advan­
tages, limitations. and future persp tivcs ,of current human liver odels for accurate drug 
safrti;• e\lal uations. 

ICe'f'words: Li-.,er; 0 9ar1oids; C err ical and drug i ndu liver injury; Toxicify 

h1troduction 

D rug dcvdopmcnt r~qaia:s compkx st eps, inclu.ding drug 

dis.cover:,, in l'ilro :ind ifl Ll'a> oJ nonclinical trlal.s, clinical trials, 

;;md the nitM St,,1t~ Food and Drng Admin~t:mt:ion (f:DA) 

app:rov.al. l'he e11tire process typic;irly t.1 ke5 ore than 10 years 

and CQ5 SJ billion [ I]- Additio~lly, the s1,m;ess ~ of tini-
;}] 1ri,1h is l.:n,:er rh~n IO%, m,i ,ir(J :ir , .. i1hdnwn fm m the 

market o l11g, to safety Ism •evtll after tlt ap-p oval. Drug-In• 
duced Hve Li.jury (DJLI), one ofthe leading c:1. s.es of drug 

ti.;"doimnmt f;ufoI'I.:, .,oo.iw1l~ fur 18% of all tlrng M tlwr;1wi1~ 

from ilic- marh.-t b ,'fem 1953. ,md 20l3 [:'.]. St t~stm:illy, only 

approxunarelr 5(1 o( c=powids exhibiting Live r toxidty m hu­

mam hav~ l:•i:en icl1mtiti~-tl th.rough animal tudies, whlc:h ha.·:.:­

:rca.·nd)' bL'1.'U rL-irtrictcd d:111: w ~thiail ru11a.-rra [ j ]. ThL·n:forc, 

COfl'r ghl te,l 2112:2 The Organald So et•1 

mo~I? ;ic:cun,te modd S}Stcms arc mgent , requil"li!d to reduce 

th.es..: disc:rep.anci£~ and coiKcrns, .a.~ wi::11 a.s to oc:curately p-rr:dict 

human responsi:s. 

[n this reg:m:I, prim:it")' hmllhlfl hep:itocytes (PHH s) o-btained 

fmm hum;1, 11 liver tissue ,1•re conMde1-ed the gold i;t~11darJ fD:r the 

ell;\ LL, t icm of iiep.itotmricity. 1:-lowe'\·er, che fon,;,tio1 i;>f PHH~ 

i'1 1J'l!1t1 rn~idly de P a~ in .;o!IVC'.ntio11.s1l 2-diroensional (lD 
11lt u re torm· Ls; rl1erel~u-e, 3 :lim~nslonal (3D. 11l taur ~ t li~m. 

h \'e been e te11 ively tudJeJ too er o e thl~ IJmlt.'ttlon. 
PHHs lR 3-D ~ul,llr- =inta '!heir function b1 t'1f1"0 fot o,ver l 
Ml~:ls .u 11 ~ml.bit ,~ ·11r~Le to¥JcllJ' pi:~lli;cioo f~ull~ 1.1 mp,~r~l 

to those in 2D iJ JTI: [ 4 , 5 ], Furt-ln:,more, 3D Oig_il llOJdr. have 

ri::oently t.'merged ol'5 a nov-d altcrnaf e ~mi.roe for human lhl:'r 

modds witb aclvan1."Cd native ti.s:l'ue arrhik,lun:- and func-tlooi 

[6-il , A~ a mcdiani~lt, undL"IFl.!ndi;og of Dill-IT.fated .W\'C'™!' 

Th.s is B(1 Optn Acl!'Cl5 anidc tr'b~ t~ under the l( r tt Clte11~·e Cllmmans A u'iion a rr-tfl:ial License l'1t tp 1'/trte1i~,:commons.o rnscs/b•1-
n,:ltiil) .-h,r:,, pW'iil~unrL'Slr lek,tl ll(lfi-001 'nm:· , ,.,._ t1islr11lu!I lid f.!!Jl ~u~illrl ·1 ary r; ,elliu,n, µNl,• itl• tl l i,e rl · ml""" isp1oµe1 i'j•ot.& 

j-or,q noid.011J 
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Recent advances in mul.ticellular human liver models 
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Introduction 

Th, Ii" r i~ e- mllit impo r,it m•f bolic g rin in · body. Moij ,;vsti:m th.it n::ca'1itu 

tile= oompl~or!l• stn.ic:,turc and ci=II oompasit i □n □ the h.urrum liv.:=r ,a .:= insuffi • t"to stuliy 

ll\ltr biol~'i' and to tesl toxicity and e ,caty d ring m:w dr11g dcllCl<lfll1"ltn1. RCC:c1H lv • mh-
lllStii:d 3-d, mcnsional liver sph~r□icl1 ;.nd r • ' s, r,garu,-an-a1- ip, bia-

pri , and the decelrula ariiatlon techni~ pr!)\( ,d platJfofms. that 
ir es lictural and .ict!!rlstics of the li....er be ter tba !lon..-en-

;ar-

1:h· ixtur 1100 I;! II i:om~a i ion~ af liiuman I" r t imi~. fiii:tJ~ny an rtotfl t dit5- of multi­

cell li!rr humi!rn l i•iEr mo ~ t rc:rapitulak 111 -t'.-o-ltk~ pti~•sialogics with m□rpholoyical and 
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pui.li II with 2 ime[]llioni!I ~ ;;11 l1i1t m<:1del Prlumry 
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5. Publication: Recent advancements of multicellular human liver models 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

2 Development of next-generation toxicity prediction and evaluation method 

Supervising 
division 

Toxicological Research Division of NIFDS 

Type Entrusted project 

Title 
Study on the development of next-generation toxicity prediction and evaluation method 
using advanced technologies 

□ Background for the study 

● Every year, thousands of new chemicals are introduced and used as ingredients in 

foods and drugs, cosmetics, medical devices, etc. Humans are exposed many new alien 

chemicals as well as known existing chemicals that are flown into air and water. 

● It is a universal task for countries around the world to evaluate the effects of the 

chemicals on humans, diagnose their risks and introduce necessary regulations. However, 

the current approaches (or methodologies) are unlikely to rapidly investigate their 

mechanism and their interaction with humans or environment. 

● In particular, the existing toxicity test methods relied on laboratory animals tend to 

have issues concerning energy consumption and environmental pollution. Also, the 

existing methods have limitations including differences incurring during interspecies 

extrapolation and dose extrapolation that evaluates biological toxicity of chemicals 

based on the results following high-volume exposure of the chemicals to parenchyma 

cells in a single organ. 

● This increases the need for use of laboratory animals. Further, for lots of chemicals 

that are used nowadays, it is difficult to obtain their safety data in a rapid and efficient 

manner. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

□ Study in brief 

● Goal: Development of an intelligent toxicity prediction and evaluation model based 

on Industry 4.0. technologies 

● Big data were collected to support the development of a toxicity prediction model 

● A plan for development and utilization of an intelligent toxicity prediction model was proposed 

● Hepatotoxicity prediction system was developed based on deep-learning technique 

with the big data related to toxicology 

● A two-stage* deep learning model for toxicity prediction was built based on the big data 

* Deep learning algorithm for toxicity prediction based on chemical structure, physical and 

chemical properties, and atomic information 

* Deep learning algorithm for toxicity network prediction based on integrated data of 

transcriptome and bionetwork. 

● Confirming and validating feasibility of the toxicity prediction model 

□ Overview of the study outcome 

● Major accomplishment: Development of a hepatotoxicity prediction system using a 

deep learning technique by creating hepatotoxicity big data. 

● Main outcome 

(1) Collecting data on compounds and creating big data related to hepatotoxicity 

- Data on compounds including their hepatotoxicity potential were collected from 

Tox-21 (EPA), LTKB (FDA) and LiverTox 

- Structure and physical and chemical property of the compounds were collected from 

PubChem, ChEMBL and ZINC, and atomic information from RDKit. 

- Information on the transcriptome before and after application of the compounds 

were collected from cMAP, LINCS (Human) and Drug Matrix (Mouse/Rat). 

(2) Development of a deep learning model for the big data 

- A positive and negative compound set for heapatotoxicity was defined. 

- A positive and negative compound set was defined using compound structure, 

physical and chemical properties and atomic information 

- A deep learning model for toxicity prediction was created based on transcriptome 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

(3) Validation of the performance of the deep learning model for hepatotoxicity prediction 

- The deep learning model was applied to the compounds with no toxicity information 

to identify the compounds with hepatotoxic potential. 

- A toxicity evaluation platform applied with the toxicity prediction model was 

established and 17 reference substances were evaluated with the platform. 

- Producing real cases of toxicity prediction based on the developed model: The 

toxicity prediction model was validated with substances selected specifically for the 

validation using in vivo and in vitro toxicity test platform. 

□ Excellence and Advantages 

● Excellence 

- Development of AI-based deep learning algorithm for toxicity prediction using our 

own technology 

- Laying the foundation for the development of an alternative to animal testing by 

building a database containing information on over 5000 chemicals and developing 

a hepatotoxicity prediction model 

* An evidence-based hepatotoxicity prediction model developed based on the database applied 

with AI technology 

- The AI-based toxicity prediction model is able to identify chemicals with hepatotoxic 

potential, which is expected to help reduce time and cost of drug development. 

- With the development of the toxicity prediction model, hepatotoxicity prediction 

of newly developed chemicals* used in consumer chemical products is possible, and 

base technology for risk and toxicity prediction of chemicals that humans are exposed 

to is obtained. 

* Perfluorinated compounds (e.g. PFOS, PFAS, PFOA, F53B, etc.) and Bisphenol are reported 

to induce hepatotoxicity 

● Advantages 

- Development of the nation’s first AI-based toxicity prediction model and chemical 

database 

- Risk and (or) toxicity information on over 5000 chemicals scattered across various 

national or foreign databases have been collected and standardized to create big 

data for development of a two-stage toxicity prediction model. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

- The database* has been developed based on the standardized big data and the 

two-stage prediction model, which is expected to support the new drug development 

and (or) chemical developers by providing information on toxicity prediction. 

* HepatoToxicity portal based on AI and applied with hepatotoxicity prediction technology 

□ Utilization of the outcome and its impact 

● Safety assessment: In the non-clinical study of compounds, the model can be utilized 

as a hepatotoxicity screening system before performing animal experiment 

- The model can provide basis for a next-generation safety assessment technology 

adhering to the 3R principles 

● Mechanism prediction: toxicity mechanism can be predicted by generating transcriptome 

data on compounds 

□ Performance of the Study 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

1 
Publication: A review on compound-protein 
interaction prediction methods: Data, format, 

representation and model 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

2 
Publication: On modeling and utilizing chemical 
compound information with deep learning 
technologies; A task-oriented approach 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

3 
Publication: Drug-likeness scoring based on 

unsupervised learning 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

4 

Publication: Subnetwork representation 
learning for discovering network biomarkers 
in predicting lymph node metastasis in early 

oral cancer 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

5 

Publication: Risk stratification for breast cancer 
patient by simultaneous learning of molecular 
subtype and survival outcome using genetic 

algorithm-based gene set selection 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

6 
Publication: Improved drug response 

prediction by drug target data integration via 
network-based profiling 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

7 
Publication: Supervised chemical graph mining 
improves drug-induced liver injury prediction 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

8 

Publication: DRPreter: interpretable anticancer 
drug response prediction using 

knowledge-guided graph neural networks and 
transformer 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

9 

Presentation: A Supervised Markovian 
Random Walk Model for Investigating 

Hepatotoxicity Signatures of Chemical Drugs 
with Structural Alerts 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
(publications) in national 

workshops 

10 
Presentation: Identification of toxic signature 

in transcriptomic space 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
(publications) in national 

workshops 

11 
Presentation: Integrating Drug Target 

Information via Network Propagation for Drug 
Response Prediction 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
(publications) in national 

workshops 

12 

Presentation: Leveraging biological 
knowledge as guide for random walk on 

biomedical heterogeneous network for drug 
repurposing 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
(publications) in national 

workshops 

13 
Presentation: Leveraging hierarchical tree data 
as guide for random walk on heterogeneous 

network for drug repurposing 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
(publications) in national 

workshops 

14 

Presentation: 1H NMR-based metabolomics 
of brain, urine and serum in rat model of 

valproic acid-induced autism spectrum 
disorders (ASD) 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
(publications) in national 

workshops 

15 
DB creation: HepatoToxicity Portal 

https://www.kobic.re.kr/htp/ 
Creation of website 

(database) 
Number of DB creation or 

updates 
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□ Major outcome 

1. Publication: A review on compound-protein interaction prediction methods: Data, format, representation 
and model 
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ABSTRA C T 

A large m1mberofchemlc.al mmpou~ a.n! .iv.all.able In d.i!tab.aSi!!Huch as JJl.lbthem md ZINC. Jiowe~i; 
cur-"! 11tly koown ~undls,. t holJ!ITI Jai&e. rep.resent only .i fraction ct _poss le ampoimd:s. wllld! ls 
.koown as chemkal s~. M.i.ny of these ~~ 11 the d.i! tllb.ases an! anootated w Ith pID"pe.rtles 
a.lid assay d.i!ta ihat can IISed for drug dlsawe!y effo.ris.. For tills gQ.ll, a nu n"be r of clilne .learning 
.i lgo:rltllms haw been d!!wloped a.lid -"!cent dA!ep .learning techoo~ can be effectively IISed to n.ivJ­
gate chemic.a l sp.aoe. ~peclal.ly for unkoown cliemlcal oompoundls,. In term; ct· d:rug,rel tedi tasks.. .In t his 
.irtlcle. wHunoe biJ.y deep le=l11gtedl.oolog.tescan .irurlelanilutl~ze cllemlc.al oompound lmoimat lon 
J11 a task-oriented way by eic.ploici11g anootated properties and assay dlita In the chemic.a l mmpouoos 
d.atab.as,es.. we fi15,t amp le what kl nd of tasks a H! t!yl 11g to be llCOOmpUshe;:I by ~I ne .learn Ing meih­
Oils.. Then, we survey deep .learning t echool les to s.oow their m.ooellng power and current .ipplk.atlons 
fur aoco~Jhhlng drug .ll!I ted tasks.. Nex;t. we suivey deep learning tech11lqlll!S to addres.s the nsu -
cl ency ]:!;!;I.II! d' a 11001.atedi data fur lllim! efli!ctlw n.ivlg.atlon ofcliemlcal space. Chemical oom.,pauoo lnhr­
mat Ion lo-ne may oot be j)ll'Werflll eoo~ for drug f"Elated us tll11S we :IUfVt.'Y what kind ct 
.lnfocmat on. slJCh as assay and !J!Ae exp.H!:5;5;Joo data. can be us,ed to lmp11M! the p.n!dlctl0'11 JlOW!!r ct 
d!!ep learning models.. f1n.i1 Jy, we cooclooe this sufVt.'Y" th four Jmpoitant OON]y devel<pedi tectmolo­
gles chat are yet to be fllUy lr,ornporatecl J nto OOfll'Ut.ltlo-.naJ anal~s a clie mlc.al lnfo:imatlon. 
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Drug- likeness sco:ring based on unsupervised 
learningt 

Kyunghoon Lee,r Jinho Jang,t Seonghwan Seo,G ;· Jaechang Lim G -tb 
and Woo Youn KimO .... bc: 

Drug- ness predic.tJ011 JS jmportantforthe wtua screen,r,g of drug candidates. It ischal _ngir,g because 

the drug-Ii ness is pres\Jma bty assoc. je(j with the whole set of necess.a.JY properties to pass th rough 

dm t Is, and thus no de nite data for regression JS .wai tie. Recently, binary c ss t10n models 

based on graph neur net\\or:ks h- been prQpased wt wrth strong dependency of their performances 

on the choice al the negat set br tram ng. Here we propose oove1 unsuperirised 1_-rnng med 

DOI: 1fil039J.ru.dl S241l.; 

that equires only kna.,,rn drugs for tra1rnng. V!le arlopted a. laiguage med based on a recurrent ne1JJa 

nerwo for unsuperirJSed ming. It shO'I~ i w e consl!.tent per1orma:oce a:.ross cflfferent datasets, 

uriil::e such das:srficat10n models. In addltlon. the unsupervised amng mod prO'Vides diug -U ness 

scores that \~I separate cfistnwt10ns wJth increasing mean es m the order of data.sets composed of 

m sat a ter step m a. diug de~ pment process. whereas the c\3!SS tJOn model predJC.ted 

a pola.n.ed distnbut10n wJth hl.O extreme \G es for datasets pre!lllrrabty due t o the ~rconfident 

pred ct10n for u nseen data.. Thus. thi!. new concept offeis a pragm~ c: t for drug- ness scor,r,g and 

fur.he r ca, be aJlJl led to other b NXhem ~ pl ,tlOlls. 

1 Introduction 
Prediction of the btochemim l propc:rtlc.s or molecules is 
l:'s.scntial for cffidmt drug development. Sim ulations based on 

pflys icochcmk-al principles m n bl' used fo r th is purpose. 
HOWC1Cr, tl:il:'51:' mctoods arc o~cn not practical, C5pcl'ially if 
ci thcr tar~t properties arc associa!IOO wtth a number or 
different biological mu.,;cs o r toosc ml'l'hantmL1 a rc unck-a r. 
Data-<lriven approochl:'_s !:'an be applied to such CISl:'-5 thanks to 

t hei r ronvcntcnl'l' of making predictions from data alone 
wttl:iou t el'forts to kncr.v tl:ic u nderlylng bio!ogil"al ml'l:'oani.sms, 
as have been s oown by =.s.sfu[ cramplcs or dcl:'p learn ing 
metl:iod:s for al'C'l?.lcratrd drug d~lopments . '"1 

0 oc l:Xllmplc of :slll'h biOl'he mi:cal properties is drug• 
I tkcncss . Tt !:'an be used to rc- compounds in adva lll'C that 
areltl«:ly tofail indlnimltrials,wnich is importanttocnoanl'I:' 
t oc sucrc:s.s rare and reduce t oc cconom i:c roses of drug devel­
opment •~ Jt is presu mably as.soci-11tcd \\~t h tl:ie woole !ll".t of 

"ftp,ut,,,..,t ,if Chcnmt.ry, KAIS T, 291 a,,-h,I,ro, I'll~ I>DqlDn 34 141, 

Rcp,,bh"c,if Xi>r<" P.-'ll.,i!• -~"-"" 1~ 
'HrTh" lraorp,,m,;,», , 124 n,h,:nv,sro, Ci:ll!flW11'.f', ,';nm! D623 -', ~p,,bli< efXD.rm 

11-mcl, j,,llh,,l)jq;i,it~ai 

"KI ftr Amfrial I>lr.ll'if..,~. = •~T. 291 D<><lw.l· ro, I'll~ D<><j,,m 34 141, 

REp,,b!fr,if Xbn"a 

l!IM111nio ,tq>]>lem..,_t>Jy in.inm>.ticm (l!:SI) o,..j\o]>Je, Th• ..i_..,rmhm ~ 
;.mpJomeimtin.J, d . ...;ls d '"11 the moo.els u...t in di.e aper~ s.e .om 
llLIONfdl -= 
) 11=.e auth,n emtribu.ted. equolly to thi, war:!:. 

554 I a.em£,. · 22. u , s~ -565 

essential cflaractrri.stics to pass t hrougf-1 din i:cal trials such as 
bioal'tivity, ml'ta bolil' stability, toxidty, and :so on. As tl:iosl:' 
numerous facto rs !:'an afkrt drugeli krnl'ss I it l:'annot be dirretly 
mcamrcd as a single-valued quantrty. Therefore, various d rug­
likcncs:s cxprcssiorL~ have been :sugge"stcd using data-drtvcn 
approiacflcs a1 a re.suit or s tudies for more toan two dccaclc.s .'" 

Tn t flc beginning, the d rug-lnkcnc.ss flas bccn defined based 
on the rertai n physioocfll'm ical p roperties of t flc known d rug 
moll'l'Ull'.s." Tn ~rn:ral, human opcrts sdret tho.,;c physico-
1:'hemim [ proper ties that :sttm to be doscly as!lllciatcd \\1th the 
drug-I ikcnc.1s and oavc bccn a naly,,cd thdr dL~tri l:mti.on from 
d rugdata005l'.s . Areordingtothe rl'!>u lt, a rerta ln d rug-[ikcnl:'.ss 
mcttiod is dcrerminoo and used in a v[rtua[ .,;crccn lng :srenario. 
l,fo.st method.~ dl'~lopcd nn toc l'arly days \\'!!'re a dassincr iypc 

00500 on toc rules dcri ~d from the p roperty dl.11:ribution 
ana lys LI .... ., It LI dl:'.s ~ncd to dctcrm inc whctl:icr a query 
molecu le flas drugpo!i::ntial or not. 'lfhe rl'prc.51:'ntativc ~mplc 
is tl:ic rules of five (Ro5) p roposed by Lipinski rt m., which 
introd.ured t he eritcrta of tl:ie num bcr or h}rl rogl'n bond donors, 
the number of fl)tlrogm bond a1reptors, tl:ic mol=la r weight, 
and tl:il:' Ol'taool-watcr partition rocfficicn t for being d rug­
lilre_.,.,_. Toougf-1 thCSl' rull'-bascd filters tia~ bccn "1ddy U-500 
thanks to tl:ic l'OO~n iclll.'C, tflclr ln flcxibilrty p r(Jl{okr.~ 
a su hstantial poss ibtlity of Sl'rccn ing out good drug !:'and ml.l's. 
For instanre, 16% of tl:ie o ral drugs violate at ll'all. one of t flc 
R.o5 , and 6% of them violate more tflan two.',... 'Uius, tl:icsl:' 
rules have been used to p rcd ic t the bioavaila bilt1Y of moll'rulcs. 

ti i022 he Autttai(S). bltshed DY the Roy.ii Socety of Chem t ;y 

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

3. Publication: Drug-likeness scoring based on unsupervised learning 
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OPE Subnetwork representation 
learning for discovering network 
bioma rkers in predicting lymph 
node metastasis in early orall cancer 
M insu Kim~, Sang.seam Lee , 5an9s:oo liim~, IDoh Yourng lee • & 5un Kiim!l\!!;1\-', • -

c&lli'ca'l l ymph node metas>tal5is is th;e leading c::a11se of poor prow-,osis in ora lto□gwe S[llJil:lllAl'US a! I 
carcinoma :and alsio ocrur.s in the•-ei111)' stages. ihe current d inica'I dliagnosis depends on .a physica'I 
exam·nat fon thet is not: e□oughto detenni11e whet er miaornetaistarsis remains. i he tran-sm ptom;e, 
profiling tech11i:que has shown, great potential for predicting mi.aornetastasis by capturing the 
dynemk activ.ilio111 state ofge11es. !However, there are selleral tedhnical d1:a e□ges in usii□g 
t ranscri'ptome dlata t.o model patient wmditions:: (1) An lnsuflicient nurnbe.of samp s ,compared ro 
t he nurnberof gen;es., (:2} complex dependence lbetwe,en genes that govemthe ca11.cer 11111!11otype;. 
and (3') IHeternge11eity between, patients between rnhorts that d'iffer g:eog,ra 'hie.ally and racra ly. We 
deveilopedl a 'cOITiputationa:I frarnewonc t o lea:m th;e•subnetwwk re11rese11tation oft he transmptome 
t o disw11er netwoit bio1marlcers .and detenni11e th;e pot-ent ial of rnetastacsis in ,early ora'I to11gue, 
sqwamo1Us ceill c:arcinorna. ow·rn;ethod .achieved high .iKCUJ"a;ey in predicting -~he 11otentia'I of rnetais:tasis 
in two geograplliica'lly and ra-cia'l lydi:fferent 9,oups ,of pa,t ie11ts. ihe rob11smess of ~he model a11d t he 
re11roducibiliity oft e disaiYer-i!d networt: biomeiters s'how grea t pote11tial as a tool to dl ia!ij □Dse lym 'h 
11;ode metastasiis: in eady or:al cancer. 

Oral ID□gue •qua.moos aeU =in.om;,. {OTSCC} is oo:ueofth,, most comm<JC rn.ili191illlt I.um.ors ia ~o.ralc"'•i!y' . 
Cemcal lymp& m,de llldast.uis is a maji,r bet"" ill ~ Po"' prosn.o,sis foa OTilOC am! ab, o,ocuJ"5 .,..,,, ia =rly 
otiae•' -Ou.rre-nily, cfiaka.l di-,g_nam ,dies □□ phJ,,..,,.J aarniaatia□• ,och •• p;ilpa.tion, al!r.13□1toaraphi,, com· 
paled. lDllllJgraph:r (CT-scm), aail =gal!l:ic r,,oon'1.llc<e im,giag "tRI}. Unfortualll.t'r, !hm, pb)'Dc.J. 92Jl!lm.>• 

lilllll• a.n, cot =m ..,,,._,gb to ~ ice if cn.icromecistui:s rem;u11• ia the le,;ic,n, Miaomet2sta.si• indicates 
!hat ii. sm.J.l 11i.,cnbcrof = cd!s tfiat h,..., 'i'"'ail from lhe prilllM)' tuJl>oir tooth...-~ of tfie l,,:,dy an, loo few 
la be d.d.ec eil b:r m,,,,.,;ag a r phpic.J. =i:mm.,:lion,. Far this .-.,,:son,, di:niici.i:ru re<:ammend ll""'.r'a.d,e;n.ectomy 
fo-r pati,,,,ts ,.-h.o d,, cot r"'laire resocti□□ '- Lpapb.ikn.ectnm:r ,.,£,,n; to smgerJ 1D n,mo-,., Jymp& nDileo, whid\ 
C"-" ca:use <eri.ou, sidi. .,tfect,,_ Therelc,,.,_ l,ei,,I! able to ~ micromet.uw,,s ,.,;th aidiea:ilar-~·.el d"-'3 rnllld 
b,. of •igDiliGII! 'b..neli.t la pa.tieats with OTilOC. 

Tnas;:ripmme data a.r.e whole sen,oone--K.JI,, molec..br profiles g,e:n=ted by h:igf,-tl:,rougbput R 'A profilias 
liecbaiqa.es rucb "" microo.rr>.Jl' a;n,d. RNA ""'l'-'eacilig {RN.A-""!). wEiich are Liaw:n to h.-t,-., great po<t=ml 1D 
iile,ntifi• micromet.utaJis in c;:mcu pati,,,,ts' •-'Then, a:re ,.,,.,,..._] cJ.,llenl!"'-" i11 moddiag patieat caailiti<la, anag 
1r.tnxripw.m• d:i!a F..-.1, d...spru, aid.,,,,,.,.,, in !iigb-iliro-uahpot IL"IA prdi&g tochoolog}\ ti... castcif prod,actil'.la 
I'"' """ _ e is ,till at a. =-ajig;l,le le...-.1,, mil th,, number of gec,e• !a comidce-r is ....Lm,.-,ily b'E" comp..-ed.1o 
l!u, n_umkr □f .,,;mples. ,.-kid, is ~ d,a.111..nae fo-r rnaoy -~•-This p rcihkm is also rde~ to ~ the "law 
sampli, hisl, d;m.ems:i,m pn:4,lbc' . In add.itio:n. , cdlulor proteili• r.udy il.d iaili-r:id..,..1.ly aail gen.er.i.l':,- CO<lf"'"'-~ 
la peo-form specilic fun.clions aail ""I""'" a ~c pbe□ot}'f'e"- Therdo:r.e, !lie complb: depead,eaDe bet..,,.,a 
genes due to prat.fuJ iateracti.oa• .boulil ilia be coarid...r,ed. Fi:nali},, h.em-oge-I1""1.}' bet-w""a pa.l!i=l sampli,,, is 

'Computer Scienc,2 and Ma'!hematicsDivi500fl, oat • • -,.0 31e: • g~,,N rnn1, USA. 'Jn;m1t1Jte 
• • • 'nfooratic.; INMe, se,:iul oonal 

umr~ u ine, 5e<iul 03011D, K.ora3. 'Dep ent 
S<ien • 6, Korea. trerdiscipli all)' l'T'Ogram • 

s cs, • I ina Program al ll"ltflligeoce, 
s al u 6, Kcre· seoti l,. . : gedDOll ' 
na-rer.com; 5lJ • adr 

n~ : r 
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4. Publication: Subnetwork representation learning for discovering network biomarkers in predicting 
lymph node metastasis in early oral cancer 
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Risk Stratification for Breast Cancer Patient by SimuHaneous 
Learning of Molecular Subtype and Survival Outcom e Using 
Genetic Algorithm-Based Gene Set Selectiont 
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t this P'P"' i5 am exllende:I vemcm o4 cw,- pa.per pul>fuh,d in [C[BM 2(122. 

Simple Summa.q-: Palie-n1· '3lralifu:ati,:,,1 • d!in.calfy impoil.lnl IJ.;ca~ i i a..Uuw!l ~ lo u.nde~t.a.nd fu.-, 

duu re.ruli and e,ita.b.lish trea,tall!'t1 t war..~ for II sroup. T!anscr,p10.11tic data, pl!ay an impottanl 

r.:,r., in d,.-,to:.'l'mn1ing i)tule.:ulai ~uh po,~ attd p:red;~ !lwVival. In lhe .:a,;,;, of ~as.I can.:ei; al thousJi 

!he c.rder 12\f ~'liQ,ii,i, 111:00.rding ro moboula;- orub!yJJ't'."3 L!l wdl kfto,,n, !ht,,,.-, i;; ht,t;,~,~ty ;,ven 

w-i lhin a !lubtyp;,. 'Ilw,:n;.fu,.-,_ pali.;nt s tratihca.tic,,~ oorui~ oolh mailt;.cuJa, subtypes a,.i,d .!lw.rvival 

o ut.:io.a-.,.,i is n,.quiioo. In thi • sh.ui,; a ,:roe!hodology to rumdle lhi9 probJ.,m ii p,.-senr..d A 19',iel.c 

algorilhi:n is uS«!'d t<> ,,.;1,;ct !iel of ~. and a ruk ;,cr,,c.-, i,i, <t,.-oed !i:. ~ch. p.a.tienl u!lSing t~ 

.-,,._p:n;,ision l<!Vel Aocw:tii:riS to lhe ruk ,iooix,, pafu:-n!:!l a;-.-, ooie«-d and s tralif.ied oo,'&derini, moleeular 

ublyp,, and ~ivi,.""al o utroo.--..;i. Co~...-,•~ll'y, <,'lfocma!jye ~.-s foll" pa!ie:flt lralif:ic.a.ti.:tn wilh 

,esp;,,ct to bodl could Ix, oominated, aru'I. !lloe ..sd'uine... ru lhe ,isk &Oare wB.!l shc,.,,n throu~ 

oompa;-is,o,~ wi!h eithelf" indi..:ato-r;i. 

Abstr~ct: Pafu;:nt s tra!ilicat-i.o,~ i,i, a clirucalfy impo-rtan.t ta;;k beca.us.e it allow;; us to ;,..ilablish and 

d.-,vdflf' effici:.enl trea tnll!!snl s tr 1t;gie;; fo,r par!ic..Ja, 1,roups o.f patia11s_ fo1J,-,,culu ,iubt p;,,i h.s.w ·,.;r1 

uooe...foJly dd'inoo. using Lransmptorn.i.: p:rof.ilt, and Ibey an:, '-"'lt>d ;,if-ectiw.ly in cli.n.icaJ practice, 

" -15-, PM subtyp;,~ of bi\;a!l.t canc,;i-_ Survival predic6on a,ntribu!i!-d to undeBtanding d~-,i 

and af.'IO ,denlifyi:n;g 1,'<-'fl!!'.!I n,lared ID prog:n.osis . It i.,i d"'3irabl.-, to sb'alil'y pa,!i;,:n_t;; oo,'!!!lid<!rul8 th.!st, 

two a~ Is Mlullatl;o!(lw[y. Huw""' e!; fuo;,n, an:, RL> ,n.,choo;; for pa!i£-t1t !l- tr-ati£i.,:alion lhat oot1Sider 

moil,;.oular ,ruh!yJJ't'."3 1100. u11vival oulooa1.s a t ono;,_ Ht,n:,, we pmpo,.;, methodology to dlelll. wilh 

!he p mbi.-,m_ A ~ tee alf,--OCi tlun is uS«!'d to ;i,,1.-,ct S""'fi" ,i.-.t .frn.m trat1S>Criplrn,--.,. data, 8t1d Lh,;;J­

.-,,.pix, ioo quan!ilie;; air;, u tili:2.ed !u ti9fb>t~ a ruk ~ooix, ro ;,aeh pa!i;,:nt TI-oe pa!i;,,-it;; a,.-, oc&r..d a.nd 

.!ltrat-i.fi<!d =rd~ to tho, soor;,_ A b.,;,,..-, Jii,I w~ &>l..ered try· ow- n-.,!hod Oi"L a br.:.-ast eane.:"1" ooho.r1· 

(TCGA-BRCA), and we .-,.x.ami:tl<!d i lB clinical ul:ili!y wing an ind.-,pendent oo.ooct A 8}. In lhi.,i 

.-,,.f""rim;,n~ our l!l-oetlwd wli ~uin;..,,ful in s,tralifying palie-nb w-i.th ~,ct· ro oolh ,n~ular !l-ub'ly p,, 

and .oiuiviv 1 o ul=:i....,_ •~ d.-,mo,'1£traled that !he ,Md;,.r:s of p11rtu;nls ,..,..-,il'e oofl!!lisrent acro..is ix,p,,a~ 

e ~fl and j>£~1ic i;.,;nes ....-en, · .. ~ully =rnin11rtoo. Addilionally, i t wa.;i ,:ib,;.,ive,d Iha! 

lhe r k 5>llO:re can be .ised tu e,;, a,fua.1,.-, Ll-oe miYle,c:ular a&:,re- ,.;v- ru iooi,•idu.al p.a.t~ts. 

l<eywu~d;;: pa.Li,;,nt ;ib"atif:icati!XI; mcl~-cul r sublyp;,; !l-u!N ival oul:oome; b,eo.-, tic ¼,urill-un; 1,...,;r,e 

Jii,I ,id,;.clion 
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Abstrart 

orue response pTedLct:1011 {DRP) ls lmporta.ntror predslon rnl!!'.lk:tne top:r,l!!'.l !k:t oo .. , ~ p aneru:v.mlll reoct to a llrnf IH!fore ~mln!lst:rll.Uon. 
:ExlSllll!!; 5tllille5 tall! Ule Cl!ll lln.e tra=rlplllrne data, 3ncl tll!! ctlem.lC3l structure Of a rugs 3S. bliput 3rul. prelllct llruil! response 5 ICSO or 
AIIJC wl.JJ.es. tlltultwely, use or 11.rup; tl1Ee£ lnlEractlon (D'TI) 1nrormll!ID11 cl!ll be useM ror DRP. H0..'1!,'i'er, !Jlie o rDTI Is 11.lmrull: becilase 
&i!itlll!! ilrul!; response ilal.3JJ35<! ~ulll as CCU: :mil GDSC Ill> 11ot tlave 111.focman.an m ut. transalpt:ome sne-r llnl2 treatme-nt. Alttloul!h 
tramcrt.J;tome after daia treatment Is. not B'ra!Llbl.e. tr •..e C9Jl cnrnpute ltll! p17turllll!lllll e_ue:ts tTJ Ute ~ rmllllloglt mlllltila1!oll of tar]!el 
g!lle, ;,•.e cm utlllz:e tne- DTI 1oro:rrnatlD11 In CCI.E sad GD5C. tn thls.1itully, we propose![ :ii tmmewotle umt can lrnpr,cri'e- alst!□I! lleep 
leamlae-basl!!'.l DJ!!' rnod.elli-tly errect:l'l'l!'ly uUl!lzlng llrug tai-get lruorrnatla□. Our fmme-;,•otl:: lndulll!s NetGP, a, rn.oill!l!le I.a compute ee□e 
pemi:rl:<i!ll.on srores by U!e nel' tl: propi!gatlaa teclmlque a□ :ii net11,ork.. NetGJ> 11rooaces ~es-la II ra□il:1!!'.1 ttst la terms □r ee□e 
pemrrbat1on scnres a□d ttle mlll:l"lll ~ are ln!]llll: l:a a 1□ 11ltHayer pe-rceptm□ ID generate a. flied dlmf!ll51a□ vector ror tl"le lrltegraHon 
W11]] alstlrl.1! DRP rnooelS. Ttl!IS tntep;rauon IS llDlll! l.n 8 IIIOO.E!l -i!f!OOS C W:llj' sothat :myeX15tlll~ Dl!Jl'IDO! Cll□ Ile lnCD!pOTatecl. As a r!!5lJJI., 
oor mrne• rl'. IIOost;; l]]e :pe-rronmmc:e Of eIIStlnEJ DRP rnooels, ln 64 of n CD□l])ill15Dns. Tite perfDrmilru:e gllll1r5 :ll[I! la~r especl3lly 
ror 1.1!5tsc:enan.01i ·•RWL sam~s 1.iltn lJJl"Se-en drugs tlj' lllfEE! rnargtns up to 34'1. Ill l'ea:rron·s cor:relatlon {«!trident. 

Keyword!..: arug response. mi;: tare.et. nel' rl: prop:i,g:i,n.o□, deep l.eam.lf!E! 

Intmduotiion 
Thi! wr.o.:i!' premise □f prl!Cisioo. medicine is tll prim 11 individrl ­
a!irei treatme!',t for µ;iti;mts. A :recmt 50Jdy reportl!d tilat mly 
about 511. □f thi!' µiti.er,ts are a.ctuall}• b!!neiiti.r-2. from prl!ci3:oo 
me:lici:r..e j l).1his is J"2el}' di:e to the l:::k of data ~tis re:imre:i 
to aruil;1:e- ,wtims in re-s!X'J'-S.eS of indi·ridual JX,t:i.eJlts to the 
s.ar:r.l! tl"eal:ma',t [2, .3i si:J,,:e clinkal lilt.SJ are often !!Dt publ[dy 
11111:i'. a.ble du.e to priwq and ethical lssues., mmt studie; fur CTUB 
re-spor.s.e rely oo. pre--clinical data 5llch :;s cell li:f'.ei;, patiElli.· 
d.elived :rer.c-.:ra f'.s (PDX) or W2J1.1!.alds. 1he-re are 5e\1£!-lll larze 
,:oosortilrr:rs fr.i!t pro•iiile l:iJEE! pre-di:rjc:;,J dllta. s.lCh as ccu [~I, 
GDSC [SI and CTH.P· [61. N□w trot 5llch fa[Ee amD"Jr.ts □f male:ulilr 
profiles af ce:D liner; 3J1.il d:\'l!JSe drug screeni112 d.:lta are 3'1lli ble, 
deve-.cp-meru: af c:omi:,Jtati.cml mfdl :ids for indi.i.du:ilize rlruB 
re-spor.:s.e pn!d~:tiar, (DH.P) is ~tine ll'me im~rtaJ\t. 

Related work 
Recent 511:~e!i shaw tirat it. is JXISSl"ble to ~re:ikl [1.!f: rei;pcme 
Vlith cr..eITjcaJ :;true11J.re 3Ild cell in.e 116'.e expre;:;icn da :a. Pl 
~ •re.:cq:e:l an int.e-ipretal!.i!' DRP fmi:r..e!llll~. DEERS. timt u:x;:; two 
autaeJ1,::ooers. or.I! for enco:tinR c:e1l ,in.e data anc ancther fur 
rlruE d:its .. TI.I!' ater,t •rectara pmducrrl "!!,; ea.ch a 1~i; coo­
lllin interpretable inform:atian timt represent. bialoe[cal processes 
asscciate!l 1.vith tJ,.e dru& IBS]XlD~. SH.DFM is :i DRl' fr.;mework 
ile•re.:cq:e:l by 18]. ~lillFM 1:tiliz.es a ,i::.mese r..e~wrk: to predict 
relative drug re5JXlnse sa that th!! macel ,:.in recmnma'rl l!est­
suit.ed drul!:S fur :a cell .ine. Or.e of tJ,.e main ccmp:m.er,ts of 
Sll.DFM is:;. mo le ail]ed rl!!ip:ms.e unit, 'i'hidt adaplii"i!ly 'i'o!!i£1'.ts 
impo..-t:rnt Rfl',1!5 base:! on d1U2. r,Jper-tie-s. IleepTIA preSfllte:i 
l:!J [91 pre:Ects ilr,.lf: ~onse tJID1,g :i trnm.facmi;r-1:.Jsed ~el 
[10) for erm:,:lir,11; S!.1ll.IS ~resent:itiar, □f a drug ~s well ~s a 
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a,:aph-,,lllxl'"Jmd d.ai. and =lc-0m.ic d;rui. 
IC1jllll'1H sung is a r'.hJl. slWUlnt a.t 1n; ll::':anm::iplir..,y ~am ii> Eicinfmma'!ic, s.u.:l NaliJin.il Univa:,zj, Sha~ a Ms.~"' in tha l);pal"m.r. of 
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a:na.,)rine wh,,:01 !£'1,-a:a. 
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multi..amics aed ~dism,a:y. 
Sun >iml =iwd. Iha E'hD ~"'-in irrnputa: :sci,,.,,. from 11--"·Unim:.il)• cflcr• in 19!17. HII"' ru:ra:n~~ a Jllllf<2a -.r.<.lt tha SCJ ,nJ c{Clln!ft'..11r sei,;ra, ar:d 
F.l!;::naar::n._ ail"GC'..cr cf ei=li!rm.atb !l'-"tbit.o, -,d o:n afF.lru.,;:J fa.cull Mir iha lnt.adisciJl!inaJJ ~.:min Bi!Ellfomrnk:s alSIKl:!l tfaticr.;J Ur-~ 3,;fir~ 
}:i,iine.~ , ha'""-" emir cf~ Div'_,..., Q diroc:'.:,r r:l C"anm, for :::i:iJifurm.ae3 RIISm..'01, an a.12>CUa i;,:llfz,rr ::n !i:hoal <i 1cfmmric,; a.n:! C"nnt;rJ~ 
lrniiar,;; Urlv~ (JU} lll=ringb!c.. Price II> ji.iiiiq: IU, in Y.l:lt, ~ .... via:Dlli at D.:Rmt C"Rntral &..asa.xn fr:m, l99S 11> llll. a:n~ rlh. tlia ur..=-n.l!ii!y <i illicli,; at 
Urm=-ChamfQi;:n ,c,,m 19!17 !D IS!IS. His ''"""'rd, inlaz!z1" ,ndi.rl, b~lixmao::s, C:lf1.Jl'll.lti::l!T C1DD1!1 mzl,ina arnine, ar:d data. l?linin&- ~;,. a,±;n,ly 
amtr.' ,1:n~ ID tho bi:ir..5:n-mamc:rnlllur-'ty, ,.rv.n;: oo tho ..!ilcri.il bmnl fa: journal, ittludiq,;Oif'mrs fer tr.,; Mmil'.lOS)<r.Irnal .,,~ II-a lr.""1!alinnal 
_b"Jm cf O..a Minin11o:ntl Ei:x:n:erm.ata, "'2>:tia'..11 odila.u, .d1iai fer !I-.,; ACMll!IE. -n.ir..sa.cti:lr,; oo Cllmpi::.iticr..al Bmh,gJ and Bi:Jinli:umii::s, ~ "'rm 
m '.b:i b:&Jd. of dirada:s £a: A.CM SIC Ei:ir.!erm.ali3 and fcrodn::aliD "'' 1h11 IEEE CmnJl=So:imoi "l11cn!li-i::.J Ctanm.'ttlaa oo Ei::iJ:Jarman 
llllmir<d- KC?lmnbar !!I , 21122. l1Ni9od!: J;cr.J ;iry j,, 2m3. llixllJllll<i )a!Ura)' IA, 21m 
olba lwlhu(S) 211:a ru'!!lislwd b}• OJfan:l ~• l'llm. All r'i.ehti !mln,-.d.. Ft< l'<rn:lm<m\ pl= an:..il: jcum.ls.~p.cca, 
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Superv ised che,mkal graph min'i'ng improves 
drug- induced l,ver injury prediction 

e' CelPress 
OPE ACCESS 

S-an ggoo Lim,1 You ng u Kim,2 Je ngl-rye n Gu .-3 Sun ho Lee,4 Wonse Shin.2 and Sun Kiml.3,C,s.• 

SUMMARY 
D.rug-nd1.111ed [ive:r i.njLry [DIU) i.s the main ca11s.e ,of drLl!I fal11ra in dn.ii:all trials. 
lihe ,dtill!arte:rizationoftc,xiHompourul.s rntl!'ffll:S of chemical strurturei.s impDlf­
tant be=e compounds can be metabc, ized to toxic: suMtan.R-S in t'h:e liv!!sr. 
liraditicmaJ 1madlin:e lleamin:g appr,oac:nl!'.s nave had limited SUC:lil!'.SS 1in JJH!ffiding 
DIU and ,emerging deep grapll reural nei-,rtc tGIIINl models ar,e yet p-erful 
en:mrgh to pre;did DIL . n this s udy. we deveiloped a com,iiletely diffe~ent 
app1oad,, supeNi.s.l!'d subgraph mii:in.g 155Ml, a strategy to min.e e"J)hil sub­
gra,11 featu:r•e.s by ite<ra,tively u,pdatin.9 iHlividual gra?'fi trauitions to mall.i:nize 
OIL fidellity. OJ:r method outperformed previo~ metnods incklding state-.of• 
t11E,.,a.rt G,NN tools n 111a.s.sifyin.g D LI on two diffe:nmt datasets: CILfst and TDC­
bemhmark. We also mmbine<d the subgraph featu:r,,u by 1us.ing .SM.AJlT5-based 
fre-querl: strurtwal pattem matchin.garula.!»SOciate-d ' emwil!h drugs' ATC ,cnde. 

I NfA.:l DUC110N 

iS6oi!ol21i. 11J5!,17, :.:, 20. =cs=Tho 
cc ~ -NC-ND Cm "1"'- 1.-.wui , .,.,.,.../ '<-J= .....V JJI). 
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DRPreter: Interpretable Anticancer Drug Response Prediction 
Using Knowledge-Guided Graph eural etworks 
and Transformer 
Jihye bin i ,t (!I, Yin h.ua. Piao 2.t , Dongimin Bang i,3 • , Su111 Kim 1,2,A50) andl K yu ri Jo, V 

•~ '-'~~ f~r 
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Cil>ti<uk 51-w.-., J.; p-., .. Y: ; !!o,_-.;. D.; 

Kin.\, 5.; Jo, K rn!J' 

lnbo,pr.oub Ju.,-r Dru~ 
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K,,.,,.lo,j Gu.!W GJ'-f>h "' 
t-.1"twum w.u ,..,,,J,,..,,.._ Ii':!!. ~ 
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A.......i..n.,EJ,tur.: E'..blo M' 
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"-"""f' JI: f';'a,.,..,ll,,,,o!U22 

ru!,J..t,;,J:t!N.,,,= 21iZ! 

!Put!Ei"1iH" .11, Nllllii: MDPJ ~lit 1"lh.:lt:1.il 

-ilh"'jj»< L:,~i;,,,,.il-;., 

pu J D'l>l'" onJ. ino.1Jl-uli""'11 uf!;I,. 

~ iUOiL 

Copyril!lhlc e 2(!22 ~ ll>o ou.'th<,r,. 

Li MD PI,. 1!w.i1.. S..; r.wd 

Thu;.rticl,;,,.,.,~ ""1i · 

.:li,;trcihcl,d""'1la, lh:t 1= ...! 

== "' lh.t G,,,uJ,,,. c"""""". 
Attr;b,,llul {CC UY) Ii= ttp,,: /1 

"""'1..,_,..,,....""""-"'lll'l"""'"""l~ I 
4.0/~ 

l Inii,n!isci,pli=ry Program in Eli.oonfo=tics, Soo.i.l N.>tio JUI Unive~ S.,c,al 118826, Ka.,;, 
t O.p,rtment of Coml"'1ter Scie""" o.n<l Enair-ring, lrai:itute cf llm~<in15 Rese.rui. Seoul • atioru.J 

Un'ive~ S.au• CSS-16, Ko.,;, 
~ AJGEJ: RUG Co... Ltd,. Seoul O!!Kl6. L,,.,. 

~ Inii,mi5ciplinary Program in A:rtiii<ial &.telliij!,na,., S.,aul Natioa.>l Um..-si!y, Seoul 08826, L,,., . 
_; MOGA_M lnstitu fu r Hiomedi.c.3.1 F.e5eo'.!.:rc'h, Y~ i 69~ K.o2a 

• O.p,rtment of Computer· fnai"""rin,g, Otwiat,w:. .>l'ia nal Un'ivem , Choonllii" 28644, a.,;, 
:a- Co:~ spc.m:~ n~ : ~ urijdilchungbu i!i:.b 

t , 1:,o,,. ;:,.ulh.:,os a:mtn"buted eqi=lfy to ttw; wod,:. 

Ab~ua.ce Soo-., of 1]-11'., £;,cent olitu.di . .s = dru6 ;i,,,rui1w,1y pmdic!ion hav;, appli~-d graph =ral 
11.,;,lworb !o ]..w,lf¥ priuf h 1.0wb ,:Js,, un Ilk'> drug .!l!lu . lu..x, o,r i,..-,ne 1-.,!worl, aru:I o tho'>I" '3!:ud~ have 

foc~ oo thi, i:t1.w-pret.rbili uf !he moo.;! to d,;!5ne.a1,; I.ho; 11-.:,,cha,"l.t!l.m sov«rting the dluf; ~rue 

Howev.,i;. it is crucial !o mah, a f!'l\'<foJtioo mod,;,! lhat is bo th k:n,:,wbdg,;,-suiibi :nd it1.~pn; ta.bl\e; &i 

Iha t lhe p:n;dic6on ai:t:uni.cy ~ i,npru,,d and practical w,; of !he moo.;! .:a:n ii.; ;,nharu:,;d 1,',1-, pro~ 

an it~rerp:a,1able ,11.odd ealkd DRPn-,lr.f (drug lf~ruo; piediclo.r and ir.~terpn,r.,£} that p iooict,i tho, 

llit:l.licancer drus reipoo,;,,. DRPre~ llearos o..-.Jl ~ 1111d drug iJ,,forma lio:n wilh gr-aph neulfal netwod,:,i; 

the c,;:n-1.ine graph ~ fufthH divid;,.d. i:rt!ro m ultiple .!lubgraphs wilh dt:>m a,n lmowledg., on bi,ological 

palhw~ "· A iype--awirn, llrat,sfomi.;r i:rt DRPree lf hdp; d,;t;,ct a,ia!ic,'!Sh,p;; be!w<!.:,n pathways :nd a 

d i-US, highlighti:rtg impoJ.tanl pa lhw&ys lhat are i:nvol.ed in Uu, dru • «..!lJ?OtlSae. Ede11sivee..,~ri.J1x.-nt!i 
i::m I.ho; G DGC (G,nomi~ of lliU!', Si,n.,i;1wi ty and Cano,lf d atas.;1t. dei,1C>J"!Stfil. le that !he p:rop-o,ie,d 

m..thoo o..1p;,.rfom1£ slate-of:- lhe--acl graph-~-d ,11cdets folf dru6 I\'.>'.!lf'OM" piooiclion. In addili:on, 

DRPrer.,.cd~ put.i tiYekey g;,ni:~ 1111d pafuw; sf rspt!ciliic dn.~11-litl.epail!.wifu ~,.ppocting 

evidence in the l!i.terahctre, implyi<tlg 1turt ou,r m od,;I can help interplfet !he m,;cli,anism of action of lhe 
,dlfu g . 

Keyworos: lrnnscrip!omic..; artificial in1,;l1~; pliatmaroge:fl.Omic.,; human h.!allh; cano,r; dl'U!', 

s.:~livity; gr aph ne-ural n,; t~ E.::pfaitllable AI; pn;cisi,on medicin.,; dn.J:. ,:!is,(lc,.,el)' 

L lntrod'uction 

The advances tn technology and scien tific cap ability e nable the acquisition of la rge 
amounts of personal o mics data at a rec:lm :ecl cost [1]. Co n quentfy, theR! is a growing 
inteiest in using individualized health d ata fo r p R!cis:i:on medicine, leading to a number of 
d.ata-,d riven health.mR! models [2]. Pharmacogenomia;, one of the b ranches of p!Ecis:i:on 
medicine, i the study of hov.· a per n's genetic p rofile influences lhei:r response to meclica­
ion.,; [3,4 ]. P reclict:icm of d rug rnsp oruie or e fficacy usmg the omics data o f pa ienis befo R! 

the actua l treatment is crucia l becau it can lheliP i.naease dinical success a nd m:i.nimize 
adverse cl.rug effects by modifyirn d os;a~s o r selecting al.lErnal:we m ech cations based 
on p R!dlid e d value for personalized cli.em.olhernpy. Howevei; obtainin patien ts' t umor 
issues , •ia surgical p rocedure or b iopsy involves safety issues l.5], and pe rfo rming animal 

experiments for d illli.cal trials to infer human drug efficacy leads to eth ica.] and financia l 
oonce ms [ 61. In. addition, even thou h ool!Tl!lati:ng lhe dru IESflOl15e and om ics data GLn 
help improve u nder.s.taru:l in;g the d ru.g:s:' mechanisms o f ac ion 171 many cand id alE dru 

J It. f. M& Sl'i 11!22,. 23, 139Jq https://cloioc;g/ D.-/ij0152Jll:l »1~ ltttps:/ / www.:mdpicom/journ.>l/ij= 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

3 Study on creation of basis for next-generation toxicologic pathology diagnosis 

Supervising 
division 

Toxicological Research Division of NIFDS 

Type Entrusted project lead by Jae-Wooo Cho, KIT 

Title Creation of basis for next-generation toxicologic pathology diagnosis (20183MFDS411) 

□ Background for the study 

● As new types of cancers are introduced to human body, AI-based pathology system 

that can rapidly and accurately diagnoses cancers have emerged. 

- With adoption of a digital pathology software, rapid and accurate diagnosis of human 

pathology data become possible. 

● In toxicologic pathology that is used to make comprehensive toxicological decision 

in the non-clinical safety assessment, a standardized program for toxicologic pathology 

diagnosis using big data and AI is necessary. 

- With the emergence of the Industry 4.0, demand from research institute and industry for 

digital pathology technologies in non-clincal safety assessment has increased, and the need 

to build a digital system for pathology diagnosis led by the government has been increasing. 

□ Study in brief 

● Collecting toxicologic pathology data relating to a digital pathology technology and 

creating big data 

● Standardizing toxicologic pathology diagnosis on main organs 

- Diagnostic terminology of lesions in main organs (standardization of INHAND-based 

diagnostic terminologies and KNTP toxicologic pathology terminologies) were 

standardized. 

- Intensity of toxicologic pathology diagnosis was standardized. 

● Developing and validating toxicologic pathology diagnosis technology based on digital 

pathology technology 

- Database for learning lesions in main organs was created and learning algorithm was created. 

- Learning algorithm for intensity of lesions was generated using AI: Toxicologic 

pathology diagnosis technology was developed. 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

● Final Goal 

□ Overview of the study outcome 

● Major accomplishment: Establishment of basis for next-generation toxicologic pathology 

diagnosis by converging big data containing large image files of toxicologic pathology 

slides and AI. 

● Summary of the outcome 

(1) Creation of toxicologic pathology big data for digital pathology technology 

- Existing pathology diagnosis models and technologies in Korea and in the world were 

investigated. 

- Toxicologic pathology data were obtained and WSI (Whole Slide Image) archive was 

constructed. 

· data includes multi-site slides. The WSI archive is accessible on-line and utilized as 

education material for researchers in the related field. 

- Data set for AI diagnosis was created. 

· Images of over 20 multi-site lesions in liver, kidney and lung have been obtained and 

over 10,000 data set has been created for each organ. 

(2) Standardization of terminologies and intensity of toxicologic pathology diagnosis 

- Terminologies for toxicologic pathology diagnosis were standardized. 

73 



       

            

           

          

          

            

           

  

      

              

               

       

           

            

          

   

           

  

            

    

                

            

   

 

       

             

          

              

       

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

· Terminologies for diagnosing lesions in main organs has been standardized based on 

INHAND 

· Consultation group consisting of pathologists from GLP facilities was organized to 

create the system for validation of standard terminologies for diagnosis 

· The standard terms has been disseminated and an education system created. 

· The terms are available on KNTP as standard terminologies for toxicologic pathology 

· Standardized terminologies for AI-based diagnosis system and the guideline for reading 

were provided. 

(3) Development of toxicologic pathology diagnosis program 

- Based on the database for learning lesions in liver, kidney and lung, the algorithms 

for learning the lesions and the intensity of the lesions by using AI were created 

and toxicologic pathology diagnosis program was developed. 

- Toxicologic pathology viewer was developed: The viewer that supports management of 

tissue reading history was created and linked to auto-documentation of reading results 

and diagnosis standardization files. All these greatly enhance convenience of pathologists 

□ Excellence and advantage 

● Excellence 

- The AI-based system and toxicologic pathology diagnosis has been developed with 

our own technology. 

- The AI model selected is appropriate for toxicologic pathology and exhibits over 

90% of average accuracy. 

* Digital slide images can be analyzed by developing a program viewer equipped with AI technology 

- Time and accuracy of diagnosis by pathologists have greatly improved thanks to 

automation using AI 

● Advantages 

- The nation’s first AI-based toxicologic diagnosis (reading) program 

- By upgrading the learning contents on the program format, the program can be 

expanded and customized program for individual research can be supplied. 

- AI accuracy is expected to be improved by giving access of the toxicologic pathology 

data sets to the AI model researchers 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

□ Utilization of the outcome and its impact 

● Development of the nation’s first AI-based toxicologic pathology diagnosis program 

will lead to development of the overall domestic industry. 

● Enhanced diagnostic speed and accuracy of toxicologic pathology, an essential part 

of non-clinical study, will eventually improve the speed and accuracy of drug 

development. 

□ Performance of the study 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

1 
Participated in 2023 KALAS winter symposium 

as an exhibitor 

Promotion and 
dissemination of research 

outcome 

Number of education and 
promotion materials about 

the outcome 

2 
Presentation: Possibility and reality of 

toxicologic pathology evaluation through AI 
model 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

3 
Toxicologic pathology diagnosis terminology 

explanation program 
Intellectual property 

Number of patent 
applications(In Korea) 

4 Authomatic pathology screening program Intellectual property 
Number of patent 

applications(In Korea) 

5 
Region extraction method of medical image 

data 
Intellectual property 

Number of patent 
applications(In Korea) 

6 
Meeting to report research the outcome of 
the project on establishing basis for next 
generation toxicologic pathology diagnosis 

Promotion and 
dissemination of research 

outcome 

Number of education and 
promotion materials about 

the outcome 

7 
Publication: A comparative study for the 

implementation of deep learning algorithms 
to analyze hepatic necrosis in toxicity studies. 

Academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

8 
Presentation: A comparative study of artificial 
intelligence analysis for diagnosis of liver 

fibrosis in rats 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

9 

Presentation: Artificial 
Intelligence(AI)-assisted Histopathology 

Analysis of Acetaminophen-induced Rat Liver 
Injury in Preclinical Study 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

10 
Publication: Artificial intelligence-assisted 
image analysis of acetaminophen-induced 
acute hepatic injury in Sprague-Dawley rats 

Academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

11 
Presentation: Evaluation on seatosis using AI 
model learning steatosis in digital slide image 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 
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Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

12 
Presentation: Hepatic steatosis screening 

analysis study applying artificial intelligence 
to rats 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

13 
Publication: Image analysis for acetaminophen 
(APAP)-induced liver necrosis in SD rat using 

classification algorithm 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

14 
Publication: Preparing pathological data to 

develop an artificial intelligence model in the 
nonclinical study 

Academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

15 
Presentation: Segmentation algorithm can be 
used for detecting hepatic fibrosis in SD rat 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

16 
Presentation: Study on effect of staining 

condition in H&E slide on prediction 
performance of AI model 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

17 
Presentation: How to create lesion image data 

set for AI-based tissue slide reading 
Academic 

accomplishment 

Number of presentations 
(publications) in national 

symposium 

18 
Database for toxicologic pathology diagnosis 

terminology 
Creation and utilization of 

DB 
Creation of information 
basis (e.g. database) 

19 
Patent application: 

10-2021-0072051_extraction method of 
medical image data 

Intellectual property 
Number of patent 

applications(In Korea) 

20 
Patent application: 10-2022-0049876_ 

region extraction method of medical image 
data 

Intellectual property 
Number of patent 

applications(In Korea) 

21 
Patent registration: 10-2383495_ extraction 

method of medical image data 
Intellectual property 

Number of patent 
applications(In Korea) 

22 TPX 2022 Series EP2 
Promotion and 

dissemination of research 
outcome 

Number of education and 
promotion materials about 

the outcome 

23 

Publication: Implementation and Practice of 
Deep Learning-Based Instance Segmentation 
Algorithm for Quantification of Hepatic Fibrosis 
at Whole Slide Level in Sprague-Dawley Rats 

Academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

24 

Presentation: Application of object detection 
deep learning algorithms for automated 

detection of infiltration of mononuclear cell in 
SD rat liver 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

25 
Presentation: Artificial intelligence-assisted 
histopathology analysis of APAP-induced rat 

liver injury in preclinical study 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

26 
Presentation: Automated detection using the 
deep-learning method of liver lesions induced 
by acetaminophen in Sprague-Dawley rats 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

27 
Presentation: Preliminary study for developing 
renal injury diagnosis system in SD rat using 

deep learning method 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

28 

Presentation: Quantification of hepatic fibrosis 
in SD rats using deep learning instance 

segmentation focused on H&E staining whole 
slide level 

Academic 
accomplishment 

Number of presentations 
(publications) in 

international symposium 

29 
Presentation: Segmentation of histology 

images of mononuclear cell infiltration in liver 
of SD rat through deep learning algorithms 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

30 
Presentation: Segmentation of histology 

images of the portal triad in liver of SD rat 
through deep learning algorithms 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

31 
Presentation: Deep Learning and the 

Application Trend in Veterinary Medicine 
Research 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

32 
Patent application: 

10-2021-0072051_extraction method of 
medical image data 

Academic 
accomplishment 

Number of patent 
applications(In Korea) 

33 
Press release: Developing AI-based toxicity 

prediction technology 

Promotion and 
dissemination of research 

outcome 

Number of education and 
promotion materials about 

the outcome 

34 
Presentation: Current status and practice of 
toxicologic pathology evaluation using and 

artificial intelligence model. 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 

35 
Presentation: Pixel level detection of rat liver 

fibrosis using Mask R-CNN 
Academic 

accomplishment 

Number of presentations 
(publications) in national 

symposium 

36 
Presentation: Research on a Proper Deep 
Learning Algorithm for Automated Detection 

of Coagulative Necrosis in SD Rat 

Academic 
accomplishment 

Number of presentations 
(publications) in national 

symposium 
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□ Major outcome 

7. Publication: A comparative study for the implementation of deep learning algorithms to analyze 
hepatic necrosis in toxicity studies. 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

10. Publication: Artificial intelligence-assisted image analysis of acetaminophen-induced acute hepatic 
injury in Sprague-Dawley rats 

79 



       

             

:if1ic reports 

OPEN Pre,par1ng pathological data 
to develop ,an a1rtific'ia,I 11ntel I igenc,e 
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14. Publication: Preparing pathological data to develop an artificial intelligence model in the nonclinical 
study 
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Implementation and Practice of Deep 
Learnin,g .. Based Instance Segmentation 
A lgorithm for Quanrt ificadon of Hepatic 
Fibrosis at W hole Slide Level 

l02l, VDl ~ !16-l'lt 
~ D o Auioor{I) ID:l l 
_...,.,,pn,1......­
~ -.. 
DO: I n.I 177.!l li2!.2:1321I(67i l8 

f,Uml!IU~,ma,,-.itp< 

t).sAGE 

in Sprague-Dawley Rats 

Ji-Hee Hwa.ng1 • , Hyum-Ji !Kim 1,1, HeeJin P·atk1, Byo111:ng~Seol< Lee 1,. 

IHwa:-Yo111:11rg S0 111 Yo:mg~B111m !Kim\ Samg-Y@opjun\Jong-Hy111:n Park4 

Jaeku .Lee"4, and Jae-Woo Cho 1 

Am,trart: 
Expooentlal de'i'elopment Ill ar1:InoIal el]lgl!ll,Cl! or deep leami:ng technolozy has res red Ill mCll'e trlaf3 to ~,nematlcallly 
dA:!tenmlne the [lliatholo,glcal dl'ag00se5 usI112 whole ,l\l lde .es ('NSls) cl l eaf and 0011cl1n1cal rtudles: . In th srud:,, we app[Jed 
t1:a!lk Regions: with Con11:olut100 Nern-al N'.et.work {HaSik R-CNN), .a deep, learn1n,g model tmt uses lns:tance segme111 atlon; to 
d~tect hepatrc flbrmls 1ndu.c.ed b:, N-nltrooodlmetl1¥Iamme (NDM!A) ln Sp~ue-0:E!wley ~~- Fram 5 I WSl.s., we collie,::ted 10 11 
cropped 1ma~s: with hepatic fl!Jro s: ls i1J1110t:E!tlcms:. T ralillln,g and detection o · ~patlc flbros'ls: <t i~ ,artJflclail 1nte□lge1I1:ee methods was 
p,A:!l'formed u,l ni!! Tet1t!l1Clrilow 2. 1.0, powered by a:n NVIDIA 2080 Tl GPU From the test p rocess: w:ing tl le lmil:Ees:, 95% of model 
accu~cy wa:s: verlfted. In ad!dltloo. we 'talldated the model to• determLne. whether the predl\::tl cm:s: b:, the tl'il!lled model can rellect: 
t h!! S>!lorlng ~tem by the palhlllD,!!I5ts: at t he WSI le\l!!I. The, vafldil.tJClll WaS condl!lcted by companng the model prcedlctkim:!l ln 

18 WSls .at '20X a:nd I OX ma.gnlflcatlam wit h ground truth moo atlons: and ooa:rdl-certllled pathologtru_ Predictions: at 2.0:x 
showed a hl,&h com!fsa:tlcm with frD11111d tmth {il1 = 0. 9660) and .a l!!OOd correlatk!n wnh the :avera;;:e f lbro:s:11: rank by patllologtru 
{R1 = 0-8887).. TIM!re o:re. the Mask R-CNN al~rttlum IS: a, useful t,ool for- de:tectlln;;] and qmnt p,:E!tooln,p;lcal lll\dlr,~;: In 
llCllll.d nca l s:ruril le5, 

Ke:prro:rdse 
deep lea.min&, M'a3k R-CNN; I er flbrosls. NASH, steatohepatl tls:; N DMIA. clrrho:stls: 

llntrodu:etion 
W i1h lhe deo;·e~pmmt of iru!Clical imagi□g lttbaiqae.!ii o.·er me 
pa!l! few decadi!s, resea.reh has bei!a acfr,ely oo□dac:md on 
dia~asig a□d pri!diction in lhe clinical field, D!l i□g lhe dar.a. 
derr.ed from ima;ging. 1 Artificial in1Bll ige□ce {A I) rne1hods, 
inclucling trad.inanal machine l e:arnmg and deep le,-.aming_, ba,,-e 
oifmd appmta□ iti.e!l to app ly medical i rnagin;g data, such 
as rad'ialagical a:oo bis10:pa11tologiGS.I d3l!i, in clinical :pradiic.lioa 
rto redl!.oe lbs human elfOlt in dJir.goostics. 2 Silloe Iha am·e□I of 
deep le;aming, whicb mes rom,olutional new-al neiwO"Jts 
(CNNs), oompel:e:r ,,. isian teclmiques lm'a enab.h,d break-
111roagb de,;-elopment!i i□ 1UJC.urac:y whicJi oou!d not be acoom-­
plished by lraclitioru.l machine learning. l,4 

There are 2 main ta.s.:kg in 'i:m.age !11131)"& is wit.ire de,ep l ,aam­
in,g can bi! used. One iii ima~e c!=ification, whrc,h lrl!\!l.ls. 
each ime.gl! as 1111 identical category. The other i& obje,ct di!l.ec.­
aon, w bi ch l"elfers to obj BCt focal i:za:tian 11.11d ·reoognit ioa_ na 
additio□ to obj,acl di!l.ectioa, segJTientatian c.lau:i fies lhe 

categories of images w;in;g pixeJ-!e,;-el prediction. 5 Image 
seg;m.'!ntanon bas be,en widely used i□ th!! rnedii,al fie!d, SIie□ 
boi!f□re me aci.-ent of de,ep, leami□g, asi□g marihine leami□~ 

methods lo di!ll!ci and tradl:: medical ins"lrurmmt!i in :rucgjcal 
opera.lions,'-' la ane.l}'2:-e brains a□ d lheir tumors ftom ma~etic 
rl!mlli3J1.C8 imaging (MRI} and to " 'isWll~e •C'6hm crypts.. 1 

A fl.er frl~ i□uooact ion of dNp lea-min,g, the iDipl e1rumJatien of 

1 Tm:krl. P:nholi;,er ll=t:h Gn:>Jp,, 0..pmrn<rn d Ad,arn,od 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

23. Publication: Implementation and Practice of Deep Learning-Based Instance Segmentation 
Algorithm for Quantification of Hepatic Fibrosis at Whole Slide Level in Sprague-Dawley Rats 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

4 Survey on the latest technology trends of stem cells and organoid 

Supervising 
division 

Clinical Research Division of NIFDS 

Type Entrusted project (led by Prof. Si-woon Kim, Konkuk University) 

Title 
Study on utilization of stem cell-based translational medicine – focusing on stem cells 
and organoid (21182MFDS293) 

□ Background for the study 

● Research on translational technology has been actively performed globally in order 

to better predict the reactions of human body to drugs in the process of drug development. 

- In order to address limitations of in vivo animal models and ethical issues related 

to animal experiment, many are attempt to assess pharmaceuticals’s efficacy and 

safety using induced pluripotent stem cells (iPSCs) or organoid including 3D culture 

mimicking the structure and function of human organs and tissues. 

□ Study in brief 

● ○ Survey and analysis of research trends of pharmaceutical evaluation using stem 

cells and organoid (translational technology) 

- Changes in national and international environment and megatrend (of R&D and 

industry) were analyzed. 

- Studies published in national and international academic journals were surveyed. 

● Mid to long-term study plan on pharmaceutical evaluation technology using stem cells 

and organoid (translational technology) was established. 

- Based on analysis of SWOT and GAP, key strategies, mid to long-term research 

road-map and new projects were proposed. 

□ Overview of the study outcome 

● Major accomplishment: Providing information on the most updated technology trends 

on the use of stem cells and organoid 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

● Main outcome 

- Publication: Providing the most updated information on the market trend of the 

advanced assessment technology including organoid, research and development, and 

related patent status in collaboration with KRIBB. 

- Publication and promotion of casebook: Providing the most updated information 

including the cases creating organoid specific to an organ/cancer type and and 

efficacy evaluation models using the organoid. 

- Presentation in workshops: Promoting and disseminating the research outcome by 

presenting in professional workshops. 

□ Excellence and advantage 

● Excellence: Establishment of mid to long term research plan on pharmaceuticals efficacy 

and safety evaluation technology using advanced technologies. 

● Advantage: Providing R&D strategy of an assessment system using organoid and the direction 

for future research (multi-site validation, need for establishment of technology infra 

structure including exper training, etc.)from the perspective of regulatory organization 

□ Utilization of the outcome and its impact 

● The publications prepared in the study can be referred by drug developers and researchers 

when establishing a research plan and strategy for safety and efficacy evaluation of drugs. 

● Also, it provides basis for developing and utilizing NAMs using iPSCs and organoid. 

□ Performance of the study 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

1 BioINdustry No. 160(2021-06) 
- Global market status and prospect of organoids 

Promotion and dissemination 
of research outcome publications 

2 
Publication of casebook of creation and 

utilization of organ-specific organoids and 
upload on the official website 

Promotion and dissemination 
of research outcome publications 

3 
Presentation: Establishment of advanced 
multi-organoid model based on functional 

characteristics 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
(publications) in national 

workshops 

4 
Presentation: Generation of Human iPSCs 
Derived Heart Organoids Structurally and 

Functionally Similar to Heart 

Building on expertise 
through academic 
accomplishment 

Number of presentations 
(publications) in national 

workshops 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

5 
Study on next-generation safety pharmacology evaluation of cardiovascular 
effects 

Supervising 
division 

Pharmacological Research Division of NIFDS 

Type Internal project 

Title 
Study on next-generation safety pharmacology evaluation of cardiovascular effects 
(21181MFDS276) 

□ Background for the study 

● The paradigm of regulatory science of safety pharmacology evaluation has shifted to 

development of human-relevant models and the ICH (International Council for 

Harmonisation of Technical Requirements for Pharmaceuticals for Human Use) also 

is adapting to the shift. 

● Since inclusion of a new test method using a stem cell line in ICH S7B, a guideline 

for cardicovascular safety pharmacology, is currently being discussed, it is necessary 

to establish in Korea a next generation safety pharmacology technology for evaluation 

of cardiovascular effects. 

● Therefore, the goal of this study was to establish next generation safety pharmacology 

technology for evaluation of cardiovascular effects using human hiPSC and to understand 

electrophygiology of cardiotoxicity. 

□ Study in brief 

● Development of cardiotoxicity evaluation models for drugs causing deep vein thrombosis 

- Drugs causing deep vein thrombosis (high/intermediate/low risk) were selected. 

- Sensitivity of each drug in cells with cardiac ion channel expression and hiPSC-CMs 

ion channels was compared. 

● Mechanism study on cardiotoxicity induction of durgs (test drugs) causing cardiotoxicity 

- Mechanism inhibiting cardiac ion channel was investigated. 

- Pathway effects related to cardiovascular system caused by test drugs were compared 

and analyzed. 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

□ Overview of the study outcome 

● In vitro safety pharmacology test methods for high/intermediate/low TdP-risk drugs 

on cardiovascular system 

- Development of a multiple cardiac ion channel test method using CiPA-based cell line 

- Development of a test method for repolarization delay using CiPA-based hiPSC-CMs 

- Development of a test method for cardiac action potential measurement using stem cells 

● Study on a next-generation multiple cardiac ion channel test method using 

commercialized national hiPSC-CMs 

- Development of test methods for cardiac action potential and multiple cardiac ion 

channel using hiPSC-CMs 

- Similarity was observed from the test results using cell lines and hiPSC-CMs 

● Cardiovascular safety pharmacology assay 

- Development of a test method for prediction of TdP risks based on the results from 

the test method for cardiac repolization delay 

□ Excellence and advantage 

● Overcoming current limitations of cardiovascular safety pharmacology methods 

- It was demonstrated that the existing methods have limitations of low specificity in 

prediction of TdP induction risks due to their dependency on hERG channel. 

- In this study, a cardiovascular safety pharmacology method for high/intermediate/low 

TbP risk drugs was developed, which would help overcome some of the limitations 

of the existing methods with higher accuracy and reliability. 

● Proposal of the need for multiple cardiac ion channel evaluation 

- This study has proposed the need for novel methods for multiple cardiac ion channel 

evaluation to assess the effects of drugs. 

● Utilization of an hiPSC-CMs model 

- This study demonstrated the possibility of various applications of hiPSC-CMs as 

human-relevant models and reliability and accuracy compared to existing in vitro 

cell culture models 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

□ Utilization of the outcome and its impact 

● Responding to the updated ICH (S7B) that can replace hERG assay and telemetry 

- This study has contributed to the revision of ICH (S7B) by developing and proposing 

novel methods for cardiovascular safety pharmacology that are able to replace hERG 

assay and telemetry. 

● Inclusion of various ion channel evaluation 

- While the existing method rely on hERG channel, the methods developed in this study 

are able to conduct more sophisticated evaluation by including various ion channels 

including action potential measurement of calcium and sodium channel as well as 

potassium channel (hERG). 

● Utilization of hiPSC-derived cardiomyocytes 

- This study demonstrated the reliability and usefulness of the new method by 

developing human-relevant cardiovascular model using hiPSC-derived cardiomyocyte 

models 

● Provision of scientific basis for prediction of adverse drug reaction 

- This study has contributed to pharmaceutical development and safety evaluation by 

providing scientific basis for prediction of adverse drug reaction using a new 

cardiovascular safety pharmacology method. 

□ Performance of the research 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

1 

New in vitro multiple cardiac ion channel 
screening system for preclinical Torsades de 

Pointes risk prediction under the 
Comprehensive in vitro Proarrhythmia Assay 

concepta 

academic outcome 
Number of papers 

published in SCI-grade 
journals 

2 
In vitro cardiac safety and pharmacology 

assessment of the 3 drugs categorized as TdP 
low risk, intermediate risk and high risk 

academic outcome 
Number of papers 

published in 
non-SCI-grade journals 

3 

Assessment of Drug Proarrhythmic Potential 
in Human iPSC-Dereived Cardiomyocytes 

using Microelectrode Arrays (Korean Society 
for Stem Cell Research) 

academic outcome 
Number of publications 

and presentations in 
national workshops 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

4 

In vitro cardiac safety and pharmacology 
assessment of the 3 drugs categorized as TdP 
low risk, intermediate risk and high risk (Korean 

Society for Stem Cell Research) 

academic outcome 
Number of publications 

and presentations in 
national workshops 

5 
In vitro electrophysiological assessment for 

proarrhythmia risk prediction under CiPA 
initiative (Korean Physiological Society) 

academic outcome 
Number of publications 

and presentations in 
national workshops 

6 

Cardiotoxicity Screening for Proarrhythmic 
Potential of Drugs in Human iPSC-Dereived 
Cardiomyocytes using Microelectrode Arrays 

(Korea Society of Toxicology) 

academic outcome 
Number of publications 

and presentations in 
national workshops 

7 
A Novel Approach in the Area of Preclinical 
Cardiac Safety Testing via the CiPA Concept( 

Korea Society of Toxicology) 
academic outcome 

Number of publications 
and presentations in 
national workshops 

8 

Outstanding poster award: A Novel Approach 
in the Area of Preclinical Cardiac Safety Testing 
via the CiPA Concept (awarded by Korea 

Society of Toxicology) 

social assessment 

Number of educational 
and promotion materials 
about the study outcome 
(e.g. social assessment, 

rewards, etc.) 

9 
Guidance on cardiovascular safety 

pharmacology assessment methods 

Promotion and 
dissemination of the study 

outcome 

Number of educational 
and promotion materials 
about the study outcome 

10 
Q&A book on comprehensive deep vein 

thrombosis evaluation 

Promotion and 
dissemination of the study 

outcome 

Number of educational 
and promotion materials 
about the study outcome 
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New in vitro multiple card1iac ion channel screening syst,em 
for precliinicalTorsades de Pointes risk pr:edictio·n under the 
Comprehensive in vitro Proarrhythmia Assay concepta 
Jin Ryeol An 1, Seo•Yeong Mun1

, hn Kye Jung 1 , Kwan SooKim',Chan Hyeai,; Kwon;,Sl!ln Ok Choi 1
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INTRODUCTION 

ABSfRACT Cardlotrncf;cl t'I. particular ly drug-lnduc:e-d TorsadM de Pllllntes [TdP), ,~ 
w ,101:rn 111 drug i-llf·ty i'.!IJ:iehnwnt. The ·nt ~~l~bliJhm1:nl 01' 1,1 - 11 i!'Kl d 

pluripotent stem cell deri\led ca:rdiorrryocytes !human ii'5C•CM:s) has bec:om.e an at• 
lractlve human-ba5ed plat·orm for predicting card1oto:.:1c:1ty. Moreover, electrophysl­
olQgic"I l\~.e:!$Mi?l'lt of i'l'IUlttjjle cal'(!l tat IM c:l'l.!ll'li\e-1 b lo,ck~ I$ en,~li\i:I M .en U'l\jl r­
til nt p;uamctcr to rcc.ipitulate proorr ythmk cardiotoxi;city. rdore, v.·11 ilimed 
to e~ta llsh a novel fo vlrro multiple cardiac ion channel screen ln,g-ba s:e,d melt,od 
llsang numan IFSC-C~ IO pre-d1A;I the drug,--lndut;ed a1Ih'{thmogenk rl~k. To ei,pt.,ln 
th!! c.e1h.1lar m(.-ch,,mi~m'!> und rlying th,c- ur iofu~ii;:.it)• of lhil! • rcepre11mt~live 1dP 
nig h- [;sotalol], i 111 termediate- (ch.Jorpromazme), ~ lov.·- risk tmexiletine) drugs, ami 
their effects oo the cardiac action potenl,al (Af'j wavefa.rm and voltage-gated km 
Ch.'il'I ~ w.ett pl\t,r cl ii ngi li!um,n iPSC-CM . In ~ j)rOO~of-t:NlnCipl •Qt-rh'f'llf!n't., 
we invenigilted llhe effe-cti rA" card10active cha;nnel inhibito s on the electrop~i 
ological proRle of llurnan lPSC-CMs before evalua ng lhe cardlotoii:ldty of the-se 
druci . I.fl hunn;rn iPS - PM, i;ot~ldl prolonged the AP dur,mon d r due d lhe IOt I 
ampli cude (TAI viiJ selective i hibition □f I_ and I,, current!,, which are ar.~cialed 
with an increased ri5k of vernrirular tachycardia TdP. In c:or1Ua!il, chlorpr□mazine did 
not affect lhe TA; oowe~. ll st ghtl)' lrw;rea!,eCI AP dur.;itlon vb b<!! lanced Inhibition 
Gf I nd 1 ... cum."f!U. Mo~'t:. ffl l!')(ilti:in did bl ~« ct thl! TA, )'!!t sl htl:t r1! ut:td 
the AP durat ion via dominant inh1bitio:n of 1.:-, currents, which are associilt!:'d with a 
decrease,a rl~k of ...enlr;cular lafliy(:ardla TdP. 8a5ed on lhese - Its, we ~ugge!il tha.t 
hiirn Ji iPS,C-CM~ .~n b ~•te'tu:!ed to thet pre,:;l tni -,1 protocol 11nd n upplemettt 
drug Silfoty a!lSeSsment ~ 
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n,t., Is.., Open "'°'"" air.let, dl>1nbua:d ndor llu ti!!m> 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

□ Major accomplishment 

1. Publication: New in vitro multiple cardiac ion channel screening system for preclinical Torsades 
de Pointes risk prediction under the Comprehensive in vitro Proarrhythmia Assay concepta 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

2. Publication: In vitro cardiac safety and pharmacology assessment of the 3 drugs categorized as 
TdP low risk, intermediate risk and high risk 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

6 Study on next-generation neurotoxicity evaluation method 

Supervising 
division 

Pharmacology Research Divison of NIFDS 

Type Entrusted project 

Title Study on next-generation neurotixicity evaluation method (Ι) (19182MFDS408) 

□ Background for the study 

● Recently, drug abuse cases are increasing and drug users are becoming younger and 

more diverse, which become a serious social issue. 

- In addition, drug abuse cases are expected to increase since new narcotics are 

continuously introduced and the society is becoming more complex and diverse. 

● There is no neurotoxicity test method for neuroterapeutic drugs targeting adult nervous 

system instead of developmental stage in the world. 

- Although a safety pharmacology test of the central nervous system do exist, it remains 

at the level of behavioral evaluation analysis using rodents (Functional Observation 

Battery: FOD, Modified Irwin’s) 

□ Study in brief 

● Establishment of human-mimicking neuron test system* using hiPSC 

* neurons, astrocytes, and microglia 

● Development and validation of neurotoxicity test method using the established 

neurotoxicity test system. 

<Concept mapping of the study on development of next-generation neurotoxicity test method based 
on iPSC-derived neurons> 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

- Establishment of neurotoxicity analysis method based on morphology, electrophysiology, 

nerve function and apoptosis. 

- Development of drug abuse test method for mid to long term exposure to drugs 

* 30 substances including reference drugs and narcotics were evaluated for toxicity 

● Establishment of a platform system that can be used to encourage practical use of 

stem cell-based toxicity evalaution methods. 

□ Overview of the study outcome 

● Establishment of hiPSCs derived from human fibroblast 

- A differentiation method for stable and homogenous neuronal system has been established. 

* neural progenitor cells, glutamatergic neurons, GABAergic neurons, motor, dopaminergic 
neurons, and astrocytes 

- Development of drug abuse evaluation method for middle to long term exposure to drugs 

* Development and validation of a cell line using for drug evaluation using a multi-electrode assay 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

● Establishment of neurotoxicity analysis method for toxicity evaluation based on 

morphology, reactive oxygen, apoptosis, and electrophysiology 

- 30 substances including reference drugs and narcotics were evaluated for toxicity 

* Preparation of SOP for toxicity evaluation on central nervous system 

□ Excellence and advantage 

● Utilization of human-mimicking neuron test system established using iSPC-derived stem cells 

- The differentiation method for iSPC-derived neurons that is highly functional and 

efficient can be utilized as efficacy evaluation method in drug envelopment. 

- The 3D cell culture plaform can be utilized as a new cell culture technology, and 

in production of medical devices. 

□ Utilization of the outcome and its impact 

● Publication of guidance on neurotoxicity test method using stem cells 

- Accurate prediction of human body response to drugs can reduce failure of new drug 

development caused by toxicity, and can be used in central nervous system safety 

pharmacology which is an integral part in a non-clinical study. 

* While existing methods eevaluate toxicity inducing neuronal cell apoptosis, this method 
evaluates electrophysiological changes and receptor abnormality of neurons that will be followed 

by real neurological symptom. 

● Provision of scientific basis for regulation and safety management policy of substances 

of abuse risk including narcotic drugs 

- While there is no reliable evaluation method for drug abuse, this study proposes a 

standard for abuse evaluation based on human-mimicking neurons. 

□ Performance of the study 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicator 

1 
Publication: BAPTA, a calcium chelator, neuroprotects 
injured neurons in vitro and promotes motor recovery 

after spinal cord transection in vivo 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in 

SCI-grade journal 

2 

Publication: Development and validation of 
dual-cardiotoxicity evaluation method based on analysis 
of field potential and contractile force of human iPSC-derived 

cardiomyocytes/multielectrode assay platform 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in 

SCI-grade journal 
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Injury, sever ~tudJes. conducted in the p,ast found c clum block.Eide ineffectl,;e. 

HiOWeYer. those studies In.doted oral 01 ~renter.el admln[s.tratioo of Ca..+ ag,o­

nlst:s. We hypothesized that Ca-+-., N ocbde might be effecb"ve wllh local/lmmedfate 

applkatloo [LIA~ at t he time ol ne,ural fnjt.lry. 

M edwds: 111 th[,; study, we assessed the effects of LIA of MPTA 11,2-b s 

(o-arn flQPheno1<v] etltlane-N. N. N', N'-tet1a,acelk acfd), a cel l,-permeable h 'gt, s.el'ec­

tlve Ca+-t mela.tor. after spJnal c.'Ol'd transec.tloo (SCT) n mice fll,/e,r weeb. Effects 

of BAPTA Wl!\lle assessed behallloralt'y and with fmmuoohlstochemlst1:y Concul'l'entfy. 

BAPTA was submitted rot the first tlme to mu!tlmodallr-'I' a!lSessment 111 an in 11ltro 

model of neu~al damage as a poss Ible s , nal neurop,r,otec.tant. 

R:est1ft:ss: We demonstr.a.te that· BAPTA al!ll!!.'lates neuronal a,popt:oslis. caused by j:4ly5'­

c damage by [mi1bltfon of neu on a~OfitO!;Js and reactive ~ygen Spi!f.li!.~ (llOS) 

genera~ on. lbls tlrillll5'ates to enhanced pres,etr11alion flt eleclroplilyslolbgf function 

and ~tor behSJ or~ re«Ne,Y. 

Condusloo: Thls studj, shows for the first time tlilat. local/fmrned1ate applicatloo of 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

□ Major accomplishment 

1. Publication: BAPTA, a calcium chelator, neuroprotects injured neurons in vitro and promotes motor 
recovery after spinal cord transection in vivo 

93 



       

             
           

l!iQpb 'iiol11t-.i:-.11m olc.lllu,,. ;.s5 ' 2021167 J3 

Conl,em,,; lists ;svait,,ble .al Sc nCl!Direct 

Biochemica] and Biophysi,c:a] Research Communications 

journ.al hcmep211gl!i: www .1:!ls~vier .com/loc~te ,'vbbrc 

Dev,e[opment and va]idation of dua:1-card i.-otoxidty eva:luation method 
based ,(Jn analysis ,of Held potenti.al and rontrarti1e force of human 
iPSC-derived cardtomyocyt,es / mu tiel,ectmde assay platform 

Seul-Gi. L.ee ,1, 1. Jin Kim b, I. M iri~Seok Oh .. , BO'kyeong Ryu b' lfyu~Ree Kamig ... Jieun Baek .... 
Jiri~Moo L.ee d_, :Sun-Ok Choi d_ C~Yoon Kim c, • • Myung Miri Cl:11u1g ~. •• 

• ~r llJ 5- C1111' lllill',W-, Si:mtll 11{"1'11111- ~tlil crnt;mil!;, l.10 M,'l.111Jd llll, 0.. 1.aGu, , M:3-ro: ~c llJ Xlfi1I 
• ~[ of Lll>wr"'l' -· .Lltili.i'M, a,n, 11{~ ,- .. ~-,\ \JI ihl~ 5'l>tiJ, ~ -, llJ Xlfill 
' '°"'tlUy\ lJ' ~~. t LwfWrnl)', Still.ii,-, R bl!!: l( «i:il'tll 
• l'l'l~J t.-<...,rdl llfl.l,:J :r.uv..i:;J".,111 n ollil R'i!:a...,rdl DqHwn•m, ,\lmffl!IIJIIOIIIIRl(f""'1 IJJ1J,!!So/k,1'8'dl1>1rfM, ,IU,~11{ 
fil,,l' !!nJ.8 SL\~ ~ fll'c ti/ KM"II 

AllTICLE I FD 

ARlr• liimlly. 
llhrlwd 22 Ffflllacy 21'.(l 'I 
.i\a:.,1111,<1 & Mm:h 211M 
.i\Nllablt OOllllll 'I .iljK1I 21)2 '1 

Jr~ 
emu,..,.,,..,,.-,,, 
R p:<ffllial 
i:: ..... ra<lili!V 
~11il~flta:mdl-~ 
{.m!IUl:utkliy 

1. Ir i'Oillitciillll 

lll!ST5lll.CT 

A =m m uJr:11 ardOO'I'~ .s~i-eiy ~Dll!1!Y tfft ~es ardmm~ d!mled, f= 111:rmm 
indu~ pluripat.mt s~ oells (bii'Ses) m awmicne 1iv,. 1:imituioos of 1iv,. cLusk.al tesl systM!i, som as 
"11"°"" diffi,ci,"""'• aorl bxal uhanm,l aroafysi,, be, ('ooiprd,enmie in e1iTI> IPm=eythmia l'l:i.s.,,, (Ci fl:,\ j i,; 
a """' "1"'i111Thytihmia sattoing parnfi,11m propos«l by~ GiJiA scecrir,g e,;pect :!l'""P, w'.hiuh ,e,si,o~ 
"'quire, il'SCs rlMM,d ardi.mnyo<yt:,,-1,;m,d electm,ph.:,mlogi:,:al e~ation lirltndl11,11y. ~. lhe 
meas~m of ih.e amlract it,e f1>:rce- is ~so ~ng as ;an impoo,m.t Jl'l<ame,ter ta ~ituliafe non 
pro,arr~hrnil: c.anlici:o•ii:icy. 'lllecefo~ . ..,,, ran'11nx!ed an mdltiele,ri~ ~ (MEI!.) ""allli>tioo 
method 1bit can m&Swre die electmph.:,mlop:.al dwn.g8 will'.h ll ref= d11J!s, in llil'SC-d.mwd 
c:ardfD:myo,:ytei. Sabsi:qul:!lllly, it wz. confirmed dwl tlv,- ekctoopl'i)'J;iob,p'al ~ dwn.ged, rn = 
d.:u11:t- w:ill'.h the· ltl\!l!hanimn cl a;:tion of l!hiedru.ss, furtihermore, ~ed on Ifie multi -pcooe 'mpedaone, we 
ooofirmed tiv,. d«m:liSe in mntr;i..ttile filcoe Ell.Ii!' ta lre:111:meot wil!h ,drugs. and d~ped. a platfllffll ta 
e.,-alll.l1e canliotmirity ar.ronling todni,g, alll<II! with lield potl:!lltial diang= Our eI!ci,mn-,ranfrxtion 
rnDJl lic.s ~mlilli:oxil:ity a=me'Jlt m; oonmdrl"Od ta bie mare mpporllive in r.mli~ safiety s!IIJdJ,e,; oo 
phmnamb,gic 2mitiwy by oomplrcnemin,g ~ ao,m'Jl:nerit p,aram..tu. 

O 2021 ~er Inc:. All ri;!:!,ts reseriad. 

liot 11ie developmem cl new li 1:11gs.11ie p~ocei;,i or itle.m:i iii;!! 

2013 W!Ji!' ttl.jlflf'liitlle !fl Sl!t\imJS .lJ itifl\[.lSOl!lJt Side ef't'l!t:l.li jl ]. If'! 
[Uflillll] ,11, n.ot llnly fl Ji:Uli!' ell'eei: Ill.Ir l.:o :l Cht.011i !:flea with 
lil!byed oose1 rnJy ,omi, in 11'.lil! f.1S ot .!i'dio-1ollicil)'. llie elett, 

,e't't□ et p.isli □,g IJiJ;(>IJ;!: li p!'edir1ical s,:re,e□ in:i:, 1o1i "ty m:iy be 
,00i\fur1il!d in. ptiase 2 •i'lfl phMi!' 3 ~oiGl'I tfi jlS or .1JUt' IX!m 
~e• i!tl LI ID IM i'li M l [3 ~ llitei't!!(o,-e. i!"I/JluMJi□,g poterui.111 ~Mt1i3C 
tc«i~"ty is an iil]pui'tll□ t jM!J1iit!tet ifl the ii.rug ~rker. 

Jtl'olerse llrug, reJ liOJ'JS (AIJlls ) ~ l?.S!lelllia l, rldl f'l riy potel'lli 1 
CJMill.!:re ilru~ it.lil tie .!.~f; ot IMit ~ide !!eli'em. CMdifltol' "ty i!l 
(l1ioe cl !Lil!' lll,lJjO C.lu~ 0 . drug Wiltiflt.lWJI l'Js(l1i1 tlif! I] M l JM 

1lii:IN! tlu□ 2000 p(l5J-Jtl rke;1 dru;g,!:. i1]cl111t in .11 □ 1i Jilter ii.rugs Jail 
anliliio-Lii:s. o□ the m.itt:l!f, Wl!i'I!! fo111ntl 10 Ii.We- .lldiJ ~ [ I ~ 14~ 
,(l't 11'.lil! 462 drugs: Willitlt.l!Wn {i'OO'J tlii!' i'O~l'\[i!f llo!!tWet!n 1951 jt\11 

• Coo',f'.po~ •u,hur. 

•• o:.mp,md111$ auihur. 
E-m ~ •-"" .. ...,.,, nuil.a.m jC'.-Y. Kim\ ITmdiun ~.l.l 

/H.~1. 
1 Tho<t au1hu,uonn:I fd ,oquaur •• lh!; ...,11;,.. 1113[ and ••rreip,na!llljl au,. 

lhiil~ r~tWtf)'. 

h1tp,;.,.'dl IG.IOIE;'j.blln;.2021.03-039 
-2~1 2021 ER'<1Kllli:. 1181TIH,3j!l'ffll. 

rn, lli.is ,01111texr, !lie 11 i:e,n 1111 I C.tmfei'e.!Kl!! rct 11 i'fiiooi.z.111ioo 
([GI.) j}Fes.ef'Jletl ~htelli'ieel S7B 1ia :E!4 ill 2005. IOI: S7B., ;i 

g11idelitioe fut i!"I/Jrul'ILin;i: ,OOi'iElif'li • I MIi • lfIXi(ity, is liMed flf'l 

11e1mi ub .repol.1ri2.1.tim1 (Qr iJri:e.rv.ll pi'(lli::u acioo) i□ cell I i □ es 
1ra1 te,:ml Willi. 11.u□\ll□ Edie.r-J o-go,-lle.lal!'!dl Ge11e (lliERGJ iii' if'l 

c.iftliui't,yocyti!'.! ( Chts.) iSl!Wlted ~om .li if'l'i.11.Sor hlit'i M .. Jrn HT, .11 
,cli11iCJI ltiJI ~idelif'li!', .ilf'l .lly.11!'.! tlil! Oioo:ltugll Q;[ R SIM)' III 
,~u.1re che :11:tny"tlirn" -iooudng et:l'e!cr.s ot noo-.1i11Ja , iych□\ic 
ltrug:s.14]. By j)~Mi:t'ee□i~ tb1'01lgll tlite .!pflliCJ.r"IOfl. or tlif! lxll,,e 

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

2. Publication: Development and validation of dual-cardiotoxicity evaluation method based on analysis 
of field potential and contractile force of human iPSC-derived cardiomyocytes/multielectrode assay 
platform 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

7 
Study on development of a method for evaluation of (new) narcotics 
pharmacology and toxicity in central nervous system 

Supervising 
division 

Pharmacological Research Division of NIFDS 

Type Entrusted project 

Title 
Study on development of a method for evaluation of (new) narcotics pharmacology 
and toxicity in central nervous system (20182MFDS423) 

□ Background for the study 

● As the number of new narcotics introduced into Korea is increasing, a regular system 

for hazard evaluation should be established in Korea. Further, the evaluation system should 

meet the national regulations (three years of designation period as) temporary narcotics) 

and the requirements by the UN and other advanced countries for designation of narcotics. 

● Neurotoxicity or dependency evaluation performed on animals has a limitation of 

requiring a lot of samples, and thus a new assay for evaluation of toxicity and 

pharmacological mechanism should be developed to overcome the limitation. 

□ Study in brief 

● Establishment of a new assay for evaluation of new narcotics of central nervous system 

actions and dependency/abuse potential 

- An electrophysiological measurement method using mouse tissues and neurons 

derived from human stem cells, and a method for analyzing binding force and 

function of mitochondria to narcotic receptors have been developed. 

● Establishment of new dependency test methods by utilizing various electrical 

measurement methods on the existing neural cells and circuits 

- An electrical measurement method using rat-derived primitive neurons has been established. 

- An electrical measurement method using hippocampal slices and nucleus accumbens 

slices has been established. 

● Establishment of stem cell-derived neurons for evaluation central nervous system 

reactions to narcotics. 

- Human stem cell-based cell lines for evaluation narcotics on central nervous system 

actions have been established. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

- Human stem cell-based cell lines for evaluation of neurotoxicity/ dependency have 

been established. 

● Establishment of methods for prediction of narcotic receptor binding affinity 

- Non-radioactive receptor binding assay using Surface Plasmon Resonance (SPR) has 

been established. 

- Narcotic receptor binding affinity is evaluated using SPR. 

● Development of new test methods using analysis of mitochondria function 

- The effect of narcotics on central nervous system is evaluated by analyzing 

mitochondria function. 

- Neurotoixicity and (or) dependency of narcotics are evaluated by analyzing 

mitochondria function. 

□ Overview of the study outcome 

● The following pharmacology and toxicity test method of new narcotics on central nervous 

system using neurons have been established: a new narcotics central neurotoxicity 

and dependency test method using synapse; a novel test method based on mitochondria 

function; and a novel SPR-based test method. 

- SPR (surface plasmon resonance) evaluation method for measurement of new narcotics 

receptor binding affinity 

· The method evaluates hazard of new narcotics by assessing their binding affinity to 

receptors using SPR. 

- Mitochondria function test method neurons derived from human pluripotent stem cells 

· The method evaluates safety on new narcotics on neurons by assessing their effect 

on the function of mitochondria in neurons derived from human pluripotent stem cells 

(Glycolytic ATP production and Mitochondrial ATP production). 

- Neuron activation level measurement method 

· The method analyzes activation level of nuerons by confirming neuron excitation based on 

the action potential measured by changes in membrane potential of Na+ and K+ ion channels. 

- Method for measuring neurotransmitter release 

· The method measures neurotransmitter glutamate release by analyzing membrane 

potential changes of neuron synapse channels (NMDAR, AMPAR, and GABAR) 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

- Method for measuring disruption of dopamine receptor 

· A sensor (GFAP104-GRABda2m) for measuring dopamine has been introduced to 

investigate changes in GFP (green fluorescent protein) that incur during interaction 

between dopamine and dopamin receptor. 

- Method for evaluating presynapse release using paired pulsed ratio 

· The method confirms inhibition of neurotransmitter release by new narcotics by 

analyzing paired pulsed ratio 

- In vitro dependency test method 

· Dependency of new narcotics is evaluated by observing LTP (long term potentiation) 

that regulates memory and learning. In addition, existence of dependency is determined 

by observing increase in synapse AMPA receptor expression, a major mechanism of LTP. 

- New narcotics test method using a synapse channel 

· The method evaluates the effect of new narcotics on neurons by analyzing disruption 

level of synapse channel based on glutamate release measurement. 

□ Excellence and advantage 

● Academic accomplishment: publication of papaers with 90% mrnIF 

- The study provides the scientific basis and objectivity of MFDS safety management 

skills and standard specifications by publishing high quality papers (2 papers with 

94% and 80% mrnIF each) 

* Digital selective transformation and patterning of highly conductive hydrogel bioelectronics by 

laser-induced phase separation. SCIENCE ADVANCES. 2022. 8(23). 

* An Octopus-derived pepetide with antidiuretic activity in rats. Marine drugs. 2022. 20. 

● SOP: While there is lack of research on neurotoxicity test methods for new narcotics 

and narcotics, this study provides research basis to research institutes or laboratories 

that newly perform neurotoxicity studies by establishing related test methods and 

preparing SOPs. 

● Action mechanism: This study has become the first in the world to reveal the action 

mechanism by which four temporary narcotics (4-EA-NBOMe, LY-2183240, DCMP, 

AB-CHGFUPYCA) induce neurotoxicity. 

● For the temporary narcotics that cannot be designated as narcotics based the the results 

from the existing test method (rodent behavioral test), their neurotoxicity test results 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

obtained in this study has been utilized to prepare technical report that provides scientific 

basis for revision of Narcotics Control Act. 

- This study provides a neuron-based test method for temporary narcotics that are 

difficult to be tested by the traditional dependency test methods focused on 

behavioral test including 4-EA-NBOMe, and LY-2183240 

□ Utilization of the outcome and its impact 

● Utilization of the outcome 

- The data generated in this study is utilized as scientific basis for hazard evaluation 

of new narcotics for designation of them as (temporary) narcotics. 

- The basis that can be used in preparation of technical report for designation of 

temporary narcotics (amendment to the enforcement decree of the Narcotics Control 

Act) has been obtained. 

● Impact of the outcome 

- The data generated in this study are utilized as raw data for evaluation of 

neurotoxicity and dependency of narcotics. It is used as base data for the Narcotics 

Control Act and contributes to public safety management. 

- The SOPs on neuron-based toxicity test methods prepared in this study would help 

research institutes or laboratories that newly adopt narcotics neurotoxicity test 

methods. 

● Demonstration of excellence and reliability of MFDSs safety assessment methods 

- The influx of new narcotics into Korea has emerged as a serious social problem, 

amplifying public anxiety. Against this backdrop, this study provides preemptive 

measures to safely and scientifically evaluate the new narcotics, which would respond 

to the needs of the people and increase the public trust to the government agency. 

- Since the 2000s, stem cells have been constantly attracting public attention with new 

science and technology. Announcement of practical research using stem cells is 

expected to contribute to increasing public trust to the MFDS while promoting the 

excellence of the Ministry’s research capabilities. 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

□ Performance of the study 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

1 
Digital selective transformation and patterning of 

highly conductive hydrogel bioelectronics by 
laser-induced phase separation. 

Building on expertise 
through academic 
accomplishment 

Number of papered 
published in SCI-grade 

journal 

2 

Establishment of Neurotoxicity Assessment Using 
Microelectrode Array (MEA) with hiPSC-Derived 
Neurons and Evaluation of New Psychoactive 

Substances (NPS). 

Building on expertise 
through academic 
accomplishment 

Number of papered 
published in SCI-grade 

journal 

3 
Acute effects of 4-EA-NBOMe, 3, 4-DCMP, 

LY-2183240 and AB-CHFUPYCA on the 
excitability of rat cortical primary cultured neurons. 

Building on expertise 
through academic 
accomplishment 

Number of papered 
published in SCI-grade 

journal 

4 
An Octopus-derived pepetide with antidiuretic 

activity in rats 

Building on expertise 
through academic 
accomplishment 

Number of papered 
published in SCI-grade 

journal 

5 Anti-stress effects of octopus cephalotocin in rats. 
Building on expertise 

through academic 
accomplishment 

Number of papered 
published in SCI-grade 

journal 

6 
Classifcation of advanced methods for evaluating 

neurotoxicity 

Building on expertise 
through academic 
accomplishment 

Number of papered 
published in SCI-grade 

journal 

7 
BAPTA, a calcium chelator, neuroprotects injured 
neurons in vitro and promotes motor recovery after 

spinal cord transection in vivo 

Building on expertise 
through academic 
accomplishment 

Number of papered 
published in SCI-grade 

journal 

8 

Development and validation of dual-cardiotoxicity 
evaluation method based on analysis of field 

potential and contractile force of human 
iPSC-derived cardiomyocytes / multielectrode 

assay platform 

Building on expertise 
through academic 
accomplishment 

Number of papered 
published in SCI-grade 

journal 

9 

4-EA-NBOMe, an amphetamine derivative, alters 
glutamatergic synaptic transmission through 5-HT 

receptors on both C57BL/6 mouse and 
Sprague-Dawley (SD) rats (The Korea Society of 

Toxicogenomics and Toxicoproteomics) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

10 
In vitro evaluation of new psychoactive substances 
(NPS) by using synaptic channels (Korea Society 

of Toxicogenomics and Toxicoproteomics) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

11 
In vitro evaluation of new psychoactive substances 
(NPS) by using synaptic channels (Korean Society 

of Toxicology) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

12 
Establishment of Advanced Multi-organoid Model 
Based on Functional Characteristics (Korea Tissue 
Engineering and Regenerative Medicine Society) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

13 
Establishment of advanced multi-organoid model 
based on functional characteristics (Korean Society 

for Stem Cell Research) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

14 

Establishment of next-generation 
pharmacotocixity using iPS- derived neuron and 
cardiomyocyte (Korean Society of Toxicologic 

Pathology) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

15 
Establishment of next-generation 

pharmacotocixity using iPS- derived neuron and 
cardiomyocyte (The Organoid Society) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

16 

Evaluation of neurotoxicity and efficacy using in 
vitro alternative model: hiPSC-derived mini brain 
with multi-electrode array(Korean Society for 

Alternative to Animal Experiments) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

17 
Generation of Human iPSCs Derived Heart 

Organoids Structurally and Functionally Similar to 
Heart (The Organoid Society) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

18 

Novel reversible effect of 
N-(ortho-methoxybenzyl)-4-Ethylamphetamine 
(4-EA-NBOMe) on the frequency of excitatory 
postsynaptic currents from rat primary cortical 

neurons and mouse medial prefrontal 
cortex(Korean Society of Toxicology/Korean 

Environmental Mutagen Society) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

19 

Reversible effect of 
N-(ortho-methoxybenzyl)-4-Ethylamphetamine 
(4-EA-NBOMe) on the frequency of excitatory 
postsynaptic currents in vitro and ex vivo (Korea 
Society of Toxicogenomics and Toxicoproteomics) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

20 

Special features of 
N-(ortho-methoxybenzyl)-4-Ethylamphetamine 
(4-EA-NBOMe) on excitatory postsynaptic current 
from rat primary cortical neurons (Korean Society 

for Brain and Neural Sciences) 

Building on expertise 
through academic 
accomplishment 

Number of publications 
or presentations in 
national workshops 

21 
SPR (surface plasmon resonance) evaluation 

method for measuring new narcotics receptor 
binding affinity 

Improving testing, 
investigation and 

research capabilities 

Number of test method 
development 

22 
iPSC-based method for measuring mitochondria 

function 

Improving testing, 
investigation and 

research capabilities 

Number of test method 
development 

23 Method for measuring neuron activation 
Improving testing, 
investigation and 

research capabilities 

Number of test method 
development 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

Title 
MFDS Performance Evaluation Standard 

Type Performance Indicators 

24 Method for measuring Neurotransmitter release 
Improving testing, 
investigation and 

research capabilities 

Number of test method 
development 

25 
Dopamin receptor disruption level measurement 

method 

Improving testing, 
investigation and 

research capabilities 

Number of test method 
development 

26 
Pre-synapse release evaluation method using 

paired pulsed ratio 

Improving testing, 
investigation and 

research capabilities 

Number of test method 
development 

27 In vitro dependency test method 
Improving testing, 
investigation and 

research capabilities 

Number of test method 
development 

28 New narcotics test method using synapse channel 
Improving testing, 
investigation and 

research capabilities 

Number of test method 
development 
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IENC E ADVANC ES I RESEARCH ARTI CLE 

APPILIED SC IIENCES AIND ENGINEERI NG ,copyngllt il 211.ll 

Digital selective transformatiion and pattern ing 
of highly conductive hydrogel bioelectronics by 
laser-induced phase separation 

11,e Authm,. some 
rlght:snaseNe<!, 
.. c1us:,.e11ce,_ 
Amencan A<50ilalllln 
!or the Advancement 
o!Scleoce. No dalm to 
Ol'.l;jtla U.S.G<P.ermlSll 

WDl1<s. Dl5tJ1lruted 

1111dera cre~tN-e 
commoo,Altlt,ullllrl 
Lke,...4.0[CCBY). 

Da@y@on Won'•2t, Jin Kim1•4t, Joollhwa Ohoi'.l, Hy@ongJ1rn Kim 5, S@ongg,Hm Hall ,,.2, lnl,o, Ha , .2, 

Junhyuk 1Bang1.i, ;Kyun Kyu Kim ,,.2, YoungSl!ok l@e1.2, Taek-Soo 1Kim 5, Ja~Hak Park3, 

C-Yoon Kim4't, Seung Hwan Ko ' ,1,,;.,. 

The pattern111g of po ly(3,4-'1thylcmooJoxythtapllen.e)ipoly(styrHe sulfonateJ (PEDOT/PSS) hydrogel:s wltli excelle-nt 
~lectl1cal property and spatla I resolut1o n Is a dial lenge for btoelectron le ap plicatlons. However, most PEDOT:PSS 
hyd10g@lls a re, fabr1catl!d b.y convenrtona'I manufactur111g proce~ses such as photollthography, l11kjet pr111tfng, and 
screen prlnt111g wtlh complex fab11cat1an steps or klwspallal 1eso111t1on. Moreovl!f', the,adcll'IIV@s used forrabrtc:atlng 
PEDOT:PSS hydrogels ar@ mostly cytotoxic, thus requtring daysof d@toxtflcatfon. f-lere, we develop@d a p1evlously 
un explo11!d ultrafastand blocompatl ble dlgi:tal patterning p1ocess for PEDOT,PSS hyd10g@I via pha,e separation 
Induced by a laser. We e-nha11cl!d the electrical properttes a11d aqueous stability of PEDOT,PSS by selective la.se,r 
scanning, which allowed the transformation of PEIDOT:PSS Into water-stable ilydrogels. PEDOT :l'SS hydrogels 
showed htgh electrical conductivity of 670 Si em with 6-pm resolution In, water. Furthermore, @lectrochemlcal 
p ro;pertres were mal nta1111!d even after 6 months In a physlolog ical environment. We fultll@1 demo11strated stable 
neura l signal recording and stlmulatlon wltil hyd10g@I eilectrode.s rabrlcatoo by1laser. 

INliRODUCllON 
Engineerin& conducth~ hydrogds wi,th e.xcdlent dectrkal properties 
and aqueous stabiUty i, irnportani for devdopin& electrode materials 
that are of broad interest to research field, such as biodectronks 
(!). ~•kin (2), and enC'rB)' devices (3}. In biodectronics, achieving 
tisme-like mechanical properties and retaining the-ir dectrkal con­
ductivity under strain in physiological rnvironments are crucial for 
electrodelllilterfalsto interface, with dastic soft tissue ins long-t~m 
operation (4, 5). 

Hydro~, fabricated by concluctin& polymers [ e,g. , pofypyi-role, 
po lyanilin e, an.cl pol)·(3,4-ethylenedio.xythioph.,neJ:polystyrene 
sulfonate (PEOOT:PSS}I are promising; clcctrode materials (1) owing 
to superior softness, stretchability, and dectrochemical stal>iltty to 
mctal (Au and Pt) (6, 7) ancl oxide materials (lrOx and RuO) (6} in 
physiological em1ron ments. !11 particular, conducti,;e hrdrogd s 
comi•tiri& of PEDOT:PSS ha,;e attracted the most attention due 
to thdr unique dectrical and ionic dual conductiv:itr and ea,oellent 
biocompaubiliny. How<:'Ver, PEDOT:PSS is disadvanlllgeous fur Ions­
term operation in contact with biolog;kal tissues as it suff<ers from • 
rdati:vdy hii;h Young'• modulus ( I to l GPa), low strekhabil.ity 
(~.- % s~roin) (8) du~ to th~ brittl~ PEDO'f-rich domain, and water 
instability clue lo the hydrophil.ic PSS-rid, domain. To iramform 
PEDOT:PSS in to water-stable soft hydrogds, pha.•~ •eparation 

'Soft lloboti.cs lle<ean:h Cl!<lteT, SeoLII l'atiooal Umr.'l!r<ity, l Gwamak-ro, Gwanak-go, 
!ieoul08816, ~public of Korea, 'Appied Naoo ar>dTherrnal Scil!<lce Lab. Department 
of Mechaniral Engimeenng1 Seolll National Universil}', l Gwanak-ro, Gwana\-gu, 
SeolJI C082f, ~llblic d Koo!a. ' L,,bofatory ARimal Medicine, College o€V.terilary 
Median.,. Sew Natiooal University, I, G-.ai~ Gw.ma'k-g;,, Seoul OSB26, Rl>publ ic 
of Korea. ~College of Veterinary Medicine, Konlrul llni'lefSily, l 2D, umg,:loog-11>, 
Gwaagjim-gu, Seoul 05029. lleJl',lbllc of Ko/ea. 'Department of Mechanical Engi­
neNing,, Korea Ad-,rnced lrnstituteofSciMcemd Technology !KAISD, Oaejeon 
34141, Rl!'j)Ublic of Kone a. 'tr,,lirute of Ad'laJICl!dl Machi mes and Oesignllmtitut• of 
Engiroeering Research, Seoul at ior,a1 Umivmity, Seotal 088~6, Q~ublic of Korea. 
'Corresp<>ndimg autfuor. &nail: mia.,kr:\llisruac.!. (5.lfcK_\: ,.;...,...tt]:tookulcac.h [C.-Y.K.) 
t Thes.e authors contri1"buted equal.If t □ this w□rk. 
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methods that prope-rly redi,tribuk the netwo~ks between the con- { 
ductiv<e ond hydrophobic PE.DOT-rich domain and th~ soft and ?' 
hyd.rophilic PSS-rkh domain hn~ been de,,dope<I (4, 9-1 ). For ~ 

phas,, separation, sulfuric acid or ionic liqujds with stronB ionic 
strrngt.h were usually introduced io break the ionic bond betwttn 1-
positlvdy charged PEDOT (PEDOT') ond n~ativd1• charged PSS 8 
(PSS ancl r<earransethe nrtworb bm,-=i l!iem (4, 9-14}. Sul>sc:quent ~ 
drr ann~aling; wu ab!~ lo ph)'sicalll;· inl~connect the PEDOT-ridi ll 

domain that macle the PEDOT:PSS hydrogd stab!e in aqueous en­
~ 
;;. vironments. However, th~ additives w<ere hormful lo living tfasues, 

thus requiring posttre.atm.,nt of washing with wakr for sev.,ral doys 
kfore usage ( 4, 9, 1 /-14). For ph=: separation, a strong electric field 1 
was a!so applied witih several hours of thermal annealing in a stat~ i;. 
where the ionic bond beiw«n PIEDO-r> and PSS- was weakened by ·~ 
additiv.,, ( / 5-/ . Even after tedious and le,nglby postproc.,sses, the l 
hydro!J"ls in previous studies had a low dectrksl conductivify of ,;, 
less than 200 Siem when fully swollen in the dectrolyte. j.,' 

Despite the promising prop<erties of PEDOT:l'SS hydro&ds, ~ 
pe.trteming th~m with a high spe.tiol resolution is another major t 
challenge for biodectron tc applications. V oriou.s prinilns methods _i;t 
[e.g., inkje,t printing,, scrttn printing, and thrtt-dimensiona.l (3D} 0 
pr in tin&] ( B , 14, 18, 19) were devdop<:d by mi:.<ing additives inio .., 
PEDO'f:PSS oquN>us sol ution that can induce phase separation 
for transformation into hydrogds. Ho"~v.,r, most of the studies 
showed low spa.tlal resolutions of o,;er 100 µm ancl required a long 
deto.xification process to remove cytotoxic addiiive.s. Proce&ses to 
diang;e the ph)"'kal properties of PEDOT: PSS by irradiating a light 
source have also been otkmptod (4, 20, 21). The incorporation of a 
photo-cross-linkable monomer has bttn tried, but a nonconductjv~ 
monom~r could reduce the conductivity of PEDOT:PSS h)·drogd 
(4, 20). Supplying infr ..-~ photons to sdmivdy remove PSS shdl 
for conductivity enhancement h .. ken introduced (11); how<:'V.,r, 
ii could not induce physical aggregation of PEDOT-rich domain, 
which cannot a:«ur~ aqueous ,!.ability in ph)"'iologicol en,1ronments. 
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Bao:poimd 11:11.d Obj~ C=o.t1y, ~ty ph,anu.arolo1fc:al resm fur the centtal nervous eystem depend= animal 
behavio.ral malym. ~ , due to the rubjectivity of behavioral anafyci~ ud dilferencf'l ~twee-a specie there h 

a limit to a_pp.ropri:ite :lilffVOl.13 S},--.,tem roxi.city assf!lffllf'.nt, therefore a new :oeuroroxi.city :ra;iessmem tllllt am W!lulate 
the llllm.:!:n centraJ llef\!0113 ~ -:m,m fa required. 

M2dlodl· and RRulb: In ow: srudy, = dE'l'Eloped :in in 'IJiuo neuroro.'licity assEfilllllellt fucuci.:lil!!; on nemoo:i.1 functi.oo .. 
To minimize tt.e dilfere,mre.s between :ipeciB;, a:lild .fl.rt screemog, :tr.iPSC-derio.ed :lill!ll00Jl3 and a mkroe!ectrode array 
(ME, tlJ.a could :l1lmlltam;,;m3ly mea= the arti.O:lil pa.tenti:i.1,s of the :lill!lli'OO:i.1 netwock:l were 11:ied. After 3!1lll.1}'"i:i:og 

the molKular :J.11.d elec:trophysiologi.cal dJ.ciU':J.rters of our neuronal net'lrorlk., ,.,,,e coruhJ.CtEd a :lill!lli'otmticiJ:y aa;iellSfllE1Jt 
oo. oeurottansmine.rn, :oeuroro::-:ic-ants, illicit ctmgs, a:lild :lilEW p1,yCho:irtive w bzt:J..ll.Ce3 (NPS). We found tb:i,t .lll.00 rolr 
smnc~ ullEd .in our e:perime,nt3 respo.nded llJ.(ll'e, ~cSitivety to 00:r 11,IE.!l-bll:ied nenrotaxicity a:l!l!e=en: than t o 1:1!:e 
oom-e:liltional :lill!urot:micity OOJ>e3S!Dl!:lilt_ Also, thh h e ftret paper tlLilt ev.i.luate2 v.iriol!l;S illicit dru!!;'S u.1 NP8 ucing 
A'IEA-b:ic!ied nell!OOtooicily :i~mt uwig l!.iPSC-dE'rived neuron<S.. 

~ a: Our study e..'-..'P:lilld.ed the iiCope of application of nelli"otmti - _ allSl!=em uwig hil'8C-deri\"ed neuron,s 
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Acute effects of +EA-N BO Me, 3, 4-=[) CM P, l Y-21832 40 
and AB-CHFUPYCA on the excitability of rat cortical primary cultured 
neurons 

Hy1m -A oti•. Jong-Hwa, Lee 1 • Dong Ho 'Woo 1 IJ 

Aci:epted: M Ja:mmy 2'1122 
Olbe Al!ltlh.ol(s) an!ler ei;olu~IV!! 11.:Ern:et o The Korea11 Society ofTo;®og-erriom115 af1111Tw;1coJJCDleomlcs lOll 

Abstract 
lladkg111mml Various lilld.hods to evaluate lhe cfloot of new psycl1.mu::etivc wbstan= NPSs cm the ccntrnl. ncr.•0115 :system 
(C S a-re a.,.ail 111::ilc, but they a.re not suffrei.cnt. T here is an urgent lilC0d or a method to mca.~urc and llTlaly:z.c the clroct o 
'PS on the CNS or scientilic i=ll.lcli. 

Objective~ ''ilk 'i.nvcstigat::d whclhcr SC'iC!l ps;ychoactivc substances (P&) .aflo::uhe C!cilabil. ity of rat cortical oulture neuron~ 
~ cou111i11g the number of action potenlials (APs) in ruricnl damp modes. 
Rewlts lnoubntionwitb Mctb THC, I...Yl 183240 and AB-CHFUPYCA foc2 min incre=:d the number or APi;.; in conlra5t, 
iacubation with 4-E.A- BO Mc lllild CMP reduced lhc nmnbcr of APs" Coc.ai.nc did not show any c cts on t~ num~ o APs. 
{oncluslo:n Acute ~atmcnt with P changed neural cxciLabi I ity as ev id.enccd try the number o A Ps. Our daLll proyicl,c 
sciicntillc c\·idcnc:c that aouk PS cxposu1c c-,11.11 aflcot the C S. 

Keywords bv psyd1.oactivc ~ubsta11cc - Moth- 4-!l.A- 'BOMc - l. 4-0CMP -THC -lY-2183240 -AB--ClfHIP YCA -
Coc.u:inc -.Rnt prilTulll)' cortical neurons 

Abbrevlatlo:11s 
~cth ( ctlmmphotaminc (R~N-mcthy i~l-pbc1.1y lpro-

4-E.A-NBOMc (N-(ortho­
lilld.ho:cy1Jcm.yl)-4-
cthy larnphd11.minc) 

1. 4-0CMP 0, 4-
di.chlo.romctbylphcnide:tr.) 

T HC (A l­
tr.tra.hydrocannnbino! 

ll:.<l Dllrig Ho Woo 

p11:na2-nminc 

l-(4-Eithylphcnyl}-J\l[ 2-
mcthm:)'phen)•l)mcthyl] 
propnn-2-aminc 

Methyl (2R}-2-(3,4-clichlor 
opbcny iJ -2-[(lR)-pipcr.idin-
2-yl]arotatc 

(6AR 10:lR)-,fl,6 9-trimc­
Lhyl-3-pcnlyl-ba, 7 ,B. I Oa­
l.clrafuiyd.ro-6H-bcm.o[ c] 
chrornen-1-ol 
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1 Dapwtmeat of dvanood Tai; i.oolagy, R.eooarch Car11er 
fOf ~ rg;a.11re T ioo'lagy, KOli!a l llSti.1lll:E! a Tm ioolagy, 
Oiajj,li)[], Sm.rtb Koraa 

l'ublisbcd onlinc-: 22 M rcll 2022 

l Y-21 3240 _S-( 4-
bip~ nylylmcthyl)-N ,f,.l 
dimct011·l• IH-tr.tmm!c-
1-c=bo.nrnldc) 

AB-CHI-UP YCA 

Coc-m:nc 

NN-Dimcth)·l-5-[ 4-
biphcnyl mctey l] 
·tctra.mflc- 1-camoxamidc 
J\L( I-Amino-3-1rethyl­
l-o~obuten-'2.cy i. )-
1-kydohc:tylmcthyl)-3-( 4-
lluorophcnyl I H-pyra:z;olc-
5-cm'boxamidc 
Met~ l ( 1 R,2R,3S,5S • 
3-(bemioy i.O.'C)' 8-mc­
thyl-8-az11bicyclo[32. 1] 
,octe.~ 2-carbo:cy :I atr. 
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An Octopus,-Derived Pep tide with Antidiuretic Activity in Rats 
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Seonmi Jo 3.~0) and Dong Ho Woo 1-2.~0) 
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1 &,..,,m:b C.,nb,r fu. Co nve'8"""" Toxi=Logy, Ko..... lnstitube c Tmda>logy, O,,tjocn 34.114, □"'a,; 

}"'ji.~kib:m,:_re_k, (Y..-JJ::.); cdJromlP.k.itox.re..k.r ~-H.C) 
? Hum,m .md Environment.I Toxi=Logy, Uni""ni • of Sci.en= ond 'Cechn□l"5l', ""jo0<1 3411 4, Ko..... 
$ O.p.:"tm,,nt of Ge=l:ic R=o.i.Tee; l oti.=I M.,i:in.<, E»odiver.sil:y b.ritute of Ko.,.,., S.ccheon 33U2, o"'o,; 

joih~obil<.n,_J« (j.H.L); zel>.roj~bik.""- k.r (S. 0 H.J.); tjckkh.iiln.ov,,wm, (K.K ) 
• Com,sp□nclen,,,,: j~b11:.re.kr (5.J.); cb:m5bo..w□<>lilh:itm:. n,.kr t · H. W ); '!el: 82-411-~.:ilHl!JOO (5..J-1; 

~42-61D-824.3 (0Ji.W.) 
t 'Chose oulho,s a:mtnbuted eq=llly to !his wo,i<. 

Abstract D:i,ioow,ring·a,;,,,, drugcri:ndi,fall;s""lh h.ighefficrscy a:nd fie,.., 'd;,d"feeBi~amajocehaJJ,-,.:nf,"' 

it~ f'll!'w dru6 &velopm..nt Tho, two evo!utioo,uily relat..d po;ptidt;;; w.y !ocin (OXT) and arb,i,i.:no, 

va!l<)preBi:ri (A VP} are kt1.:iw:n ro b;, a~at..d with a vari;,-ty or phye.i.ologiical 111t1d M'dlolOf,,ical 
f H'.UC.S • v ia u.., ~!:ion Olf UXT Wl 1h du<i!! iyp,,,;, or AVP ,:i;a,.pw~. "'~ ... ,na.oy nthoilic: 
anlllogs af lh,;.,1e po;plid,-,_g h;We J:;e.,11 dt,s,go;,d and L<.-si.ood fr, , thern:p,:,ul.ic applicatim'1£; how&' er, 

oruy 111 !'.,w ~tudi.'.-s of t~ :natural analog,i have ~ po;rfurn:.;J. 111 11w ~tudy, we inv;stil>ar.;d 
!he bi. activ ,ty and ....:,fo.lne,;,,i f two :natural OXT / AVP analog lhat Ol'igitla~ from !he mari:n;, 

,m'er!dlrat.; OdapJis mlgirris, tllllff~d oct.:ipr~ (OTP} and eephalotocin (CPT}. Ely ff~lll!iut""8 !he 
itttraQ:ellular Ca2'- or cydic:A JI.fl' i:nca,a,i;, itt ;,am OXT / AVP r.-,c:.,pror suhiyp,-,--ov,;,x,.-'lf'n:,;;sinS O!II, we 

found Iha! CPT', but not OTP, act,i • a ,i,,t.,etiw, agotti»t of hum11111 AVP type l b and 2 ~p!01 Thi.9 

b.:,havi01 is remi.:ni,,""'11 <>f dec•<t pr.,,,.;n, U,e mc,st widely p"""'1ibed 111t1 ti.diurebJ d<ug in th,, world 

Similar ro U.., ca,,;, for d.-,,;,<t10j)'re.,git1, a si.:n&)e inttav,;,oou,s bil it~tioo <>f CYT it~to Sprague-Dawl;,y 

ra.Js reduQ:ed urine ourtp,ut a:nd ittc:~til!d uriroiy osm.olal!i ty. l:n oo,'1.clu!3ion, ""'~u~ irult CPT h~ a 
siytificanl anlic!iuretic e£l',;ct at1.d that CPT Diiglll be b;,:ne,/icial for m;ating un>logical (lOO.ditioru uch 

as :nocturi.l, o,tt~is, a:nd diabt,11,• iruip<dus. 

L lntroduction 

y!:ocln {OXT), and a:r inine vasopr6sin (AVP) are nc:mapepiides. ~h.rt are well knmi.,n 
as a ute r ine-contracting honnone and an antidi1:ue,tic hormone, !Espectirvel)'· The genes 
e naxling these two peptides mre usually locall!d doSll! to eadh otheT on the same chromo­
some and aJE thou ht to have arisen tl'irough lhe dup lication of an anms ral gene, named 
vaso dn [1]. Consequentlly, the two actirve nonapeptides aJE rvery simillar in structure 
in terms of inll!mal di.sulfide bonds and amu:btec:1 C-hmn.ini [2, 3-]; only two ami.no acids, 
at positions 3 and .S, dis.ti:ngu:i.sh a<T a:nd AVP Once secreted from the pos rior pitu­
itary into the bloodstream, these peptide honnone,; exert their adions vi!a orua rn,:ytocin 
receptor (OXTR) and tlhree vasopressin receptors (V1aR, V1bR, and V2R), whidt a:re d iffer­
entially expressed in various tissues [ 4l Jn addiiion to their eml!·rgjng roles in socialily and 
emo ion [5], the honnones have physiological consequences, inducling uh!rine co~ 
tradion and bmast milk ejection via a<TR [61 v asoconstriction andl pbfE let aggiegatinn 
viaVl aR (also called VlR), pituil:aiy adrenocortkotropic honnone cretion 'in response 
to str-ess via VlbR (also calle d V3R}, a:nd antldiuretic ;valET reabsorption in the kidney 
via V2R [7]. l:nap pmpria receptor adivalion leads to diseases and medical conditions 
a.ssoc:iall!d with the various phy:siological proces!iE!s described above !6, 7]. 

M m-. DnlR5 2002, W. 328. bttp.s: / /doi.org/10..Jl00/md20051l3:!8 hl±ps:/ /www.m.dpi""""/jj:,u=l/morinedruv 
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Anti-stress Effect of Octopus Cephalotodn in Rats 

Ye-Ji Kim1•2, Seonmi Jo3,Seung-Hyun Jung3 aDd Dong Ho Woo'> 
1 Research Center for Convergenre Toxirology, KoTM Instiruu of Toximlogy, Daejerm 34114. 

i-Depmtm,mt of H1-111um a.nd Envira.nme.ntaJ Thxicoletgy, U1ti1-1ersiry of Sc:i1.ma and Tochnology, Daejron 34114, 
l Dep.artrm:nt of Getteti, Resourr,a, Nat icmal Marine Biodil-'ers lty In.stirute of Korf.a, Seo.chron 33661, Koma 

Ccphaleiloci□ is a Eiioacti,ity-rcgwating pg:(idc crp~ in OC1q!t!s (Or1up.rs~.ms-).1hc-pqilide- sequence of cq:,halotoci.n iii \l!I"}' similar lo 

lh.c pg:Cidc-s.cql.11!11CC ol mam=lia□ = prcs:sin.and cephalo"Loci□ has been pll:1J)Cl5.cd to mainly a.clivat.e arginine vasopressi□ lb n:ccplor (A~pr lb) 

in the- brnn. Howc-m; the dfcct.s of cephaldocin on mammalian bcha.'iior ha~c- □ot been .studied. I □ Lhc-cum□L study,cepha.ldocin significamlly ~ 
dm.-d both lhdrequcncy and ampliludc-af.spoobnt.'OOH:ccilatoryposls.fnaplic cur:Knl5 (sEl'SO) rccordc-cl from □a l only cultured □cmonal o:fu 

from postnatal Spraguc-- lbwley (SO) rats but also hippocampal slice;; f ram 4-'i\m-cld male C571lli 6 rnice. ln!mperno.neal O Pl injcdion did oot 
a!Tect the-ope-□ field bchariars of C571ll.,/6 mice. C'..cpluloiacin ~'li diiecLI )' i □fuill.'d inl.o the- hippocampm becauSE: I.hi: narm:di:i.ro Mpr lb staining 
i□L cns;i ty dlvickd by the DAI'[ sb.i□lng int.ensny indicated IM A'iJ1rlb e:qiresoon lc□ d.cd 1D be hisb in tbc-hlppocampus.11 h.ippocampal infusion 
cl I mg/kg o:phalat.ocin via a□ implanted cannula cxrrtc-d an anti-stress: dfl!d. significanLI}' ocducina the immobility Lime in the- !ail Sllspc□ sion 

l.c5L (TST1. The pru;ic□L ro.ults provide e'lidcoce lhal lhc dfoct.s of cephalotocin on th!!' adivilJ af hipp:lcamp!l 11111 rnns arc rwl.cd lo amcli.orati□g 

st:res;s, Slljj8C5lingirut c:cprulotocin ma}' be dCTclop.cd as an anli--strcss biomodu LOI' wt functions hy illecting1.hc brain. 

Ke}' words, Ccphaloioci□.SD rat. T:!il saspcnsion tcst.sE:E'SCs., l □Lrahippocamr] infusion 

I NTIWOUCTION 

Argi nine ,·a.sopressin (Avp is an important rq;ula1.or af tress. 

Vasopressin-dctociml llra!i.leboro rats 6.a, been. shown lo exhibit 

lowCT stress !L"'.·d.s than wikl-l)ilc rats in a 5 min forced swim lest 

but nol aftcr a 15 min Li!'sf. , um,'CS1.ing that A'i<}' is sil.rongly cor­

rela!C'd with stress regulalioo I J 1-The Avp .I a receplor {A\''"" I a) is 

relatei:l lo vascular mod1J1lai!ion 12. 3 ]. !he 1hp 2 rccl!'.p!.or (Avpr 

i rda1ad lo rcrLiU dud waler rt·ahsorplion 14], i!illd I.he vp I b 

rece-p-tor {Avprl b or V Jlt.) is rclaieJ lo sil.ress regulation_ Avpr I b 

plays kr· roles in social mcmor:,·. asgrcssi.·e b.i.-hl!'i·ior and s.trcss 

rc;;pcmses [ 51- An acute 3St lrt'SlmC'n L increases the blood A,·p 

levels and decreases Avpr l b protein expression, Sl!liggi:sting lhal 

Submi.!tc-d Maim 5.202:2, Revi5"£d [uly 111.2021. 
A=pted July 31, 2.022 

" To ,,,,-hom ~nee moold be addn:s:scd 
TEL: 82-42-610-3243. FAX: 112-42-610-1!252 
€-mail: doogf:m.woo@laiox.re.h 

A,·prlb is strongly relatc-d loslr=TC"J;"uls.\ion [61.fositu h}·br:ii:fo·.a­

lion histocru:mistry { ISi [H) 311d IH-PCR na.vl!' provided L"'.idmcc 

suggcstcng I.hat A"pr I b transci:ipts an: c-xpre=.J in the hippornm­

pn'I CA3.CA2 ani:I CAI rcgOC1ns [ 1-

'Thc sc.:iuc-ncc of an odopus-origina1ed ~tide, ccpl,alotocin 

{QTI" • is simi:lar to th.al of Avp ilillcl OX)"Locin_ c 1rr has lhe pol.en -

lial to i nierad wilh I.he buman oxyiocin receptor an.d I.he \'llso­

pressin receptor. ·11,c 39 amino acid sequence of the n'Ce'ptor o[ 

CPT sh.ares dose homology with the rca:plor af ,asoprcssrn anti 
is a potl!'.nLial. Gq prnlein-rnuplC'd receptor that acliva!e:; Cal' -

activatod ct· currents in the-Xcnorus 0091.c cxpn-ssiim !,)'~Cm [8 I. 
Thus. a~r is a po1mtial lll,'Ontsl of OX)1ocin i!illd ,aSOprcssin re­

ceptors. :PT has I.he potential Lo ink racl with lhC' ,·a-sop=in re­

ceptor fut- two rcasons. l' '.rsl, CPT varies from A,"p only in lhC' 4.tl, 

anti 91.h amino ac-ids and e.d rihits 78/};i sc-qucnre homofogy wilh 

o_'(}tocin ilillcl \'IISOp;ressin 191- S«orul. A.vp Lrcalment in= the 

numhcr of aclion potentials from CA J pyramidal nel!llrons in hip­

poaunpal slices by blocking the G pro1C'.in-J¥1.00 inwardly rectify­

ing potassium (CIRK cha.rmd ililli:I inrrcascs glulamak release in 

Co]>}Tighl il Experimental Neurobiology 2022. 

www.enjoomal.or~ 
rhts 1s :a.11 Op;n .A.ccass • dtstrlbutM ~ r thii t1m11li cf 1ml Cnumlt"!l'CommD11s .Attrlbult41 
(http,rttroall....,omll:IO!lls.oJ~-nctµ,I whld! ~1111111u lll1rmr1ttod non-co 
ropmductm •"fmodlrn\.J<D'<ldod 1ho 1111gi"'I WDlk1s ('f"f"rt/ cttod. 

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

5. Publication: Anti-stress effects of octopus cephalotocin in rats. 
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REVIEW 

( la s·siification otf adva need methods for evalluat1ing neuroto~idt.y 

IK)'llng-Sedk Han 1 • Dong Ho Woo2 

llr,:,epted: :S Au51",t 2011 
C;, The Authu(,,) lOl 1 

Ab.s,trad 
!Purpose of l'ell' lew s fi Id ueh , lilrotoo:il::ity <?Valll!!l tio.n and uro-m 100 drug r 
lh;era i a demand for tl~ o.i:.p :111 ioo of n;;;11rotoo:idty Nls,::jil'Ch. Curro:n tly. nc:l!ITlfjMi i1 _ 
in \\<eight and khavior_ 1-!CJWi!'l,'i!I', l)l!lti'l.!Jfilllll:lli of h change, d nl.11 :i.llo thcd~ioll .::if l!b1fc· s:nd inOt:Jll p' ilOO. 
111rnroto:1ki1y. In 1hi rc'i'iew. n 1hod. for ad~:meing netr1rmoo:idty re,~rch m di\'idtld. inrn moloouilc-. rell-., dr,c,ui1-. and 

ninl81 mock:1-based method . . and the- rc:Wtlt~ of pI.ivioos wdii!. -· ~i1ig nc:1.1rmo~icir,• prmr.idc:d aDd dis,:,11 d_ 
lllecenUindings In coming dceades. ooo,pmuicm bctw n LI il i rai1i,:,,. Datiooal re arch .im1it1.1oos. indL1strial ro:scarcb iru 1i>­
wtl! , 80\<l!TTlmc:ms., s:nd lhe printc , to will become OOL ,. ar _ w-hen. idrntifyrn_g ltem:li.i'i m, thoo. for 11 L1ro1oxicit_ 
e lioo . .,,.,1i· b • .CIIIJJCllt I ool:rtcd to .impm-'l'lri,goo1.1 rox-ci,y a.~scs. 1nc111 :u,d. n approfll'OO:te ap, ch.m llll: M Lt_ 
pI.cdiction. Mfill)' mll:thods. for 1ne -llll.lM':ilJ01m:ic-i1_ .in the fielld of11c:uro ckllro ha>,--,::: reeemly bl!l!n. r,cpor1-cd. Thi:s. p~ 
da.~. ifi . 1!oo YiP,Pk10011iar_ and C0111pkmcni:i.r)' upttitoo11ial rooasiwi for e,,•alt:rating 11clJJ'-oia.:ti iiy. 

ll<eywmds N~mic.il)' • S)•nari- - [on cha1mcl • S_ naptic plas.i-ciry - El11C11ropll)' iology • Imaging 

llnttoduc:tion 

Acc.:irning to rudy. from 1990 ca 
20 1.6., 1btlrc a29.9'% . raa; (i>,-cd 11.•itlld' hil-
.i1y (YLD,) for :s.uh1i::el5l 1!1i1b hi dl?T ( [mm '.l76_4, to 
89. I YLDs in tboasaDd! • a asie r • • 

( rrom JGCU! co 5\l7 .6 YLD:s. i:n , 11. 
·fi li:ohol-rnlared d' (f m 611.9' YI..Ds. ill 
lihot.l ). :a J • . . roo i [from 500.3 
LO 685..2 YLD. ill ii )1 rca. e fur ,opioid 

di. o . m 12562 to I 631U YLD. in. 1hoo . .mm). 

:30.S'!i i:n:c anx.kty rom 134,1.110 1755_0 
LD. i11 llds).. a 27., c for migraine (from 

15ml.3 10 20 LO. I YLD in Ii :alld a 21.0~ inc,r 
·fi major deprcssi\ disordc . 26.2 10 2. 191.0 YLD. 
ill tll-01.1 and:s.) 1Colla.bora10f ..o.D. Cl al. 20 I ) -

K~•mg-Secik J.121> 
ksbau,, lild:loos.gult..oo:.h 

b. Dong Ho W <10 

dot>;slm-11'1>!1 it.tu: .re.kr 

1 Dq, nment <1f Mi,ilic Bicte::bno6:Jgy, D,ongpik Ullivi,1.1ity• 
G~11, l'.!J Doogd m, Gyeoosj11, S'<iulli Kon,a 

R=e=b c,,..,.. foe Com1er~ Tm:iooloigy, II{,,.,,,, !nstilui!, 
<1fToxi.:o]ogy_ llicj,m,, South Kone.o 

, curomodL1la1ion i.eebnologitl re rll'l!ILlirc-d for 1lhc 
mi?'llt o [ I il:rll ll 11d drug :idmin' IMiCd fur v:11' 0 

• 

di i!'a e;i_ S h le !11'.oo gii;;s :JR 11:s.c.d to imp,-o CC!g;JllOOO 
i:n ~t:ro.ke or oomcmi.a paiiillll . . aid r>eN:r,--i:::ry from mcmal in-
n a1id rapjdl)' a ss 111£ eft1 t of drug . 

C11r1"CJ1I mc:tbod! LI oo 10 m LINl neu.r,0irix.icil}' im•oh·e 
' I'.:: ~ng thtl elfac1. of dr1.1_g oo d1oe Oilflll'lll lli:::rvoo, y 1-em 

(CNS) by eva]1Jating behir\'iors.. Ho1,,,.~. . btl:ha\'io ·. pm-
1!111 many pit_ iologi I flmmio:n:s. :rnd tbi!ttfore e;1111n011 be 

LI. c:d 10 a l!:5_ pccitk lll!Llrotm ic l!ffi::e1. _ mwy wd­
ics i11 11c1.1roodc-n,c~ m being pc:rlorm d. \mi.::iLI mc1hods 
for m1?.as1uillg 1iC'Ul',0t.::i • ii)' a:rc- bdng devd d_ S.y. 11?.m:s. 
biology. bloiDforma,i<=!l. and r11pi d. ~· ooclmologies ma_ 
be allM11ali, to h c~· iillg beliavi al mm (.Gibb 2 .). 
Mc1hods fo 0 1?.s~ng 1118 ,· • of11ll:1JJroti»:.' it)' am shifting 
rrom llradi1lonal llimal to:tb i i) ' ti!;! ID VMiDl!J. Ill ba.ni,1ic 
ffllrlie di!;lignoo to ctmry 1he co:x.icity rnll:dia.ni. m .m!I ide11-
tif'.!' trolm' ill\lS for ooping 11.•itb tbtl ad\ rs;:; dJ,wu ofloxic 
s-1.1'bsi.:811e£ ( KmwsLi £t aL 2-00'il'). fo th' papc.r. ,...'<!" prn~ll:lti. a 
cfa • fic:a.1ioll }'S,lll:m for varioo, toc1bod. tllai mil)' be 1.1. ed 
to as.s,tS OOLIID11~i.ci1y_ 

fo lli!1fl'll.. cii?:nce. 1he moohani m. l11ldl!'Ifyi11g ~ C!Dll llCC­
timt!. oot\l,"ClC'Jl v:i.rio1.1 dreui1. "' re ~r:aNi. bi!'d thffillgh. the 
ruid)' .::ir . ynap. F aampl . lhe mcmor)' and l arnin.g 

procr sll: can bo c,xplaiMd. b;• long-1erm and . oort-!t?1'm 

Ⅲ. Development & validation of NAMs based on advanced technologies 

6. Publication: Classifcation of advanced methods for evaluating neurotoxicity 
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ORIGINAL A~ le.LE 

BAPTA, a calcium chelator, neuroprotects injured neurons 
in vitro and promotes motor f'ecovery after spinal cord 
transection in viv,o, 

K:vu-ree Kang1 I Jin Klm2 I Dokyeong Ryu2 I Seul'"GI 1Lee1 I Mll'l,·Seok O'h1 

Jieu11 Baek1 I Xia.opilng RenM I Sergi10 Caaven;,4·s- I C-Yoon Kim1•4.•t. I 
Hyung Min Chung1 

111 ·~ m 1111 t ~I SI y, ~, li,;,QI 

ot M lrw,, Kookuk L.111 t.-.:nltv, 5.,,,ul, 
Ki,...., 

' Llbur [(lfy "'ri ...... M i<iM, Collelt­
caf Vetcrlmu 't M~d d ne, !:iec11.i'l N.:a Uoiul 

Univ"' ·1,f , Seoul KorN 

~~artrnent of Orthopedic" Rui n1 
H pi~ii l, ::afW'l if'i , 4;itli n.J 

"GIICUP-Glabal ln ll l.>1,s e ro Cn e Plf'al~<d, 

Columbu.._ 0 . USA 

5t1U,VEJN/GEM ..,l<'rnalian.,I 

(;ol~or,l i O:.•QW•, l YITfl , l~lp' 

•~tm•nt of Ph'/ lo ins.~, 0,11,ar ol 
\/e,,erl11<1r~ Me d n<", l<o.-..,k n1..,,..;1.,,, 
S,e,lul. KureJ 

C...arriesponden.c~ 

C-Yoor, Kim, PIIID. Dcpart111ffl! or 
l'h•;..,>1<,a~ Colle8" o l v .-erlna"' 
M.-dkino. Kc>nkuk ll~l,_.r, lty, ~ I. 
~ 

[ mall. • ••1:t~ma1L:"'" 

HY\lf18 ·n 01 , Phl;I, DllJ»rtmijn ,;II 
Su,m Cd B11,i:1i\', :1<:hool ol ' dloa,c, 

Ko,,,kuk i,·mity, 120 Nell'1sd""B"f!,:, 
(; ,..?• Sil <:;i,, $ ,;,al i~;HIJl, K<.U¥~, 
[ mall: l,md,u ' kku.ad,r 

Fi<Jndlng lntimn>tt,or, 

Mm15t,v o t Faoo rl [)ruE S•~l'. Go-ant/ 
tw,,r,I N.....tw,r; l'/'1;621.1 ~OIi nd 
l-l)l,e 21\1F~2'.3 

Aki~r.id 
Alm: Despite ,mlm;i.l Ylclen,,; of a rol of .:.:1 ·um In the pathogen l~ of sp n~I cord 

lnJ ury, 5~~1 ~udle (.Ol'Jdu<=t d 111 lhe p;ist f und taltlu m bloc:k, de l~lf tl 11 , 

However, tno,;,e st1,1dl~ involved ornl or ~ nteul ,,dmlnls;tratlon of Ca+-+ ~nt~go­

nl5,t5,. We Pry,p t"'esl~d Lh.)t C:) bloc:k."(le might be effec: ·ve wfth lot:~I/ lmmedl(lte 

11ppllu,tla11 [LIAI :rtthe Im of n!l\lrlll I1'1\lury. 

Medlod$! In thi5 studv. we ;issessed the en ects t;1f LIA c;if B.APTA (1,.2-bis 

(o-.lllll1nophenol!!yj erh.ane- , , N', '-retriaai;etlc ~dell, a cell-perme,1ble hl&hly -.elec­

fare C:1•..;. (.hel tor, ;ifle r ~pin,;il c.Qrd tr;in5ecti n (SC:TI in mi,e over weelo:5,. EUe1;t~ 

o-f8A!PTA were :rssessed behavlornllv and with lmmi.r1'Ghls;tochemlstry_ Cona.ir,I!ntly, 

BAPTA w, s ~ubmltted f,or tlie rlr~t tim ~o multi!ll<O~ llt r ,154ess111ent In .:i In 11i t10 

model of neural d.arnage ilS a ~!SSlble !.pln:rl neumprotect.:mt . 

l~esu1t5: We demonw.rte th;at BA.PTA. I "' tes. n ron I ;ip,opto.sls u used by phys.i­

caal dalllilge by inh.l lll'I o:f neuror1al .ipoprosis i!l'ld reacthre rncygen spedes (ROS] 

&1111er.i tron, H us tr.Jnsl.Jie to, enh; n,;:ed pres "'-'U0-1'1 of el , r _ ~~IQl;;,,gl fum; fi;m 

.and :!.UJ)erlor· beh.avfon1I recover~. 

Conc:ltt.Sloll! Thl5 5,tudy ihov f r the fi rst time ltl~t looVlmmedi;ite ;ipplil;Jt l n of 

Ca-o chefator BAPTA is sllron~ neuroprotei::t i...-e after se-,,.ere s il'lill oord injury. 

KEYWO RD'S 
-..! l~iwrn, iot;QlllQtQr r('C Q"'<''"I' , f'lllffQll;_,I i llQi;ilQi; i Q:• id;ii:N• ~l ~ l'I. ,ipil'J.-1 ~Qrd irtj l!fY 

5 • r ti(l t '-'"° r lt,ij Ol l'hll C<$i<I (;Offiljll)ll ~ AJ;t rHiij IQ<l ~ r<Sij , """ltl'J l)')f m ii ~ "~ ' !N!ri !l\,1100 .>ml •~P Ooi!u, t ;ix, i " " ¥ lli i <f;,,m, 

wcri: I• prop,,rl~ d ie<I. 

Cl 2001 Th• Autho , CN5 Nruroooima- & Timuprut ic,, Pub h•d 17r John Wil• y & Son• L d, 

wlevuri lncl ,....,..cmv):,urnarl,/cn,; !119 

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

7. Publication: BAPTA, a calcium chelator, neuroprotects injured neurons in vitro and promotes motor 
recovery after spinal cord transection in vivo 
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Development and vaUdation of dual-cardiotoxkity evaluation method 
S· d on n y is o ti ld pot ti I and contra ti.I for of human c:r--

iPSC-derived cardiornyocytes / multielectrnde assay platforrn 

Seul-Ci Lee ·'· 1. Jin J(im b. 1. Mi 11-Seolc Oh •1, Bokyeong R~'l.l 1,, Kyu-Ree Kang ~. Jieun Baelc' , 
Jiin-Moo Lee .,, Sun-Ok Choi t1 , ( -Yoon Kim ' · •. Hyunr,g 1in Chung .,, ·· 
• D,J,ortmm, Oil cYalo,t'f, S'rhotll <1f M'<'Gl!:nr, Kon lmhmilY, IZQ Hnin.i;dmx- GWIID,Qu G"u, 5, J,fJ-11l~ ¾1.,,.6F1r afK<m> 

AR11Cl!; I NFO 

Afrir/1! ft l>fll f}'.' 
~ .;.,,~ 12 J ~02 1 
A«,pt.d S P r 021 
J\Y1jli~e oo11ne L /lpdl Z!Jll 

xi,,,,,«ds: 
CilUIKimyocyre 
Rd4 pore~ 
conu 

itt l!!'<~lr .,_-g_y 
1.,anlK!tD,itlly 

.ll f ~ ffllhll')' IMr. HA!l,-j UOl,,,..,,11)11 S.OOt 11'-,..tl/l«f 111lr•~ 
~~"~ r ,1... , ,JI !lj'lll'\. .~tfliI~fic •f 

ro..100 Yol ,111~ Ill II' 'ill Dq)l]rmti' N 00!!1 film •·r Off(HJa ll!'ll! ('.l'bl!I Mftt'"[,Y(I/ ,.., 

A.11 5 111'1.(T 

t'i. =r m "'!70 ,•.Jd111,;,il'('l1!ar <.;Jfrty p'h~rm•ooiol!Y ~it n•r• G1 rdiorn~•t<'< ilcrwr<I frol11 hu'11"111 
IMuct>:1 p,lwlpom1t ,c~m (ell~ (nlJ'5n)to oo•rn.•ot~ IDf IJml( OOIH ot till!' da !K.U [Cs.t ~:,'S[Clll 51.JCIU~ 
,i,eae, ddlie, em:,,_; a,id local d iarmel .,,..iy,;~ Tt.. Cualjlf"Jueu,i"" j ~ vj r~u F, =rllyllu11i• &wy (Cil'I!) i, 
a new llfllil1Th:,1'1mil , cremill:!i p, , ,.,r m prup.,.ed by ~ ( iPA , Leeril,g .,..~t 8'°"P• "'110"11 essev,tiJl ly 
•~uim iP C! ll~riv~i, ~""'r .lfll'J'<_,g,t~-b, • I C'l•~I f'\1Jlhymkiyi;;,,J ,;.,,,r,1ati1m l<:d111 I~, M="'•~r. Ill 
rn.e.l:5Ull!m£11t of ibe oo□trmll~ {OIW ts ;ilso rnK'llllllil: ;ii ~n irn~ommt 1mamclt!r to fffi!Dlrnl~tl:' OO{l ­

proarrtiytlmilc <-.anuoroo:lcll;y. Tocrcr;Qff,. w~ co1UffiKftCI a~ m11lt1etcmodc as.say O.,EA) C'1'<1luatlon 
m"'liu,d 1'1ot t.;_11 nu,,iolurc I.ii,,, ..:lectrupl-Jyll<li'o,sir,11 t h•"l,1"5 ,ml'1 ..,,r...,,R dru,p i,, hi f!S[-d.-ri,;f,(J 
can:lio111yOC)11,•. S:Ub:,.,q,..,nlly, ,jt w .. mnli rmed d!at 11,., e lecln,pl,r5i11l~oail ......, clwi:!;d in .u:oo.-. 
danri: -..ilh 1'1~ m.ed,oniam or action nf l'I"' ,!rugs. Furt11Bmn~, i,..s...i nn th,,, multi -pm!:<: i1np~d•n«.""' 
mndlllllCII Ill~ dcm<l5c la OOlllirilccll fl)fce due m tlNimellt willi dl'l:lll5.. .rnd lle\Jclopcd ~ pimorm to 
en1uate c.rdl1Mn!clc1' .i.coordln11 ro dr~ ~1ooi Ill 11'111d f)Ocemial d1an.lli!S" Oilr o!l!dl.i.lioll- amrrmhm 
cooi; lill~ ~ror,o rol<iCit}I ~5:@'.§5mem iS Cllruillerelll ro lie mOO"e ~IIP'IIOHi•~ 111 .:arlli~c 9~1'@ ~cooie~ oo 
c,t.,mrrn.1."1ll~ic 'Y' r11tit ivit)' h.!f m mplffilr ntin,g iei;,cil1 il J ';;Bmle'n't p;, r,unrh!'T. 

~021 f.l"'""'"" 1,., __ ,.,IJ risJ,t• .-,,,..,,.....11. 

For I~ dl''l'~lopmcnl of ll.l!W ti.rugs, Uil' proc: l'S5 O:I idenlif)' iJqi: 
advus.c: d. ~a.ctiom (ADRs) is l'.'ssicnti~I. and many tc·nti~I 
can□irlate drngs fail becaus~ of th~ir s id.e fifem. Cardialllxicil}• is 
one of the rna,or c.ause.s of drng ~'filhdrawal from the market and 
r11ore 1h.111 WOO IJOSHTI, r~eir (!r,ig;~. 1mc!ud Ing .1110<c~1'«f C!'Ug! Mid 
,llllib i □li on lllll' ,n orkiel. Wll'•·~ ll'rutid "' 11.we c!Kl,,l .... DJ($ 111. 141 
or me 462 <lru wi-11 r 'Ml rmm 111 • m~rk~r b,e1wetn l S3 11 

i m 3 were re~pon~lhl for !il:1'1 e,11,,;Jlov u~r ~!d\;: et I l ], In 
p,urieulot. mer 011Ly 11n ~ru~ drN:c bur ~, o 11 chmtli . e-l'iti!i:r \<lien 
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Ⅲ. Development & validation of NAMs based on advanced technologies 

8. Publication: Development and validation of dual-cardiotoxicity evaluation method based on analysis 
of field potential and contractile force of human iPSC-derived cardiomyocytes / multielectrode assay 
platform 
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Study on development of OECD skin sensitization test method using 
nanomaterial 

Development of mitochondria-targeted toxicity evaluation method 

Development of alternative developmental neurotoxicity evaluation 
technology using stem cells 

, Study on evaluation of drug interaction using big data and machine 
learning 

Study on establishment of big data-based model for prediction of drug 
cardiovascular safety 





       

       

              

             

          

            

            

             

            

        

             

     

             

              

             

Ⅳ. Latest studies on NAMs and their regulatory acceptance 

Ⅳ Latest studies on NAMs and their regulatory acceptance 

● The Ministry of Food and Drug Safety (MFDS) has put effort into regulatory acceptance 

of NAMs by participating in the development of OECD Test Guidelines and working 

groups including OECD Expert Groups, Working Party on Manufactured Nanomaterials 

(WPMN) and Advisory Group on Emerging Science in Chemical Assessment (AG ESCA). 

● In particular, as the use of nanomaterials with advancement of nanotechnology as 

well as the used of chemicals including cosmetic ingredients and medical devices have 

been increasing, MFDS has been working with overseas organizations to perform joint 

study on nanomaterials and to revise related test guidelines. 

● MFDS has developed NAMs applicable to medical devices as well as conducted studies 

on new methods for regulatory implantation. 

● MFDS has been committed to reducing the use of laboratory animals and increasing 

predictivity by, for example, building a system for prediction of the results of drug 

interaction using bid data in order to reduce adverse effect caused by pharmaceuticals. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

1 
Study on development of OECD skin sensitization test method using 
nanomaterials 

Supervising 
division 

Toxicological Research Division of NIFDS 

Type Internal Project 

Title 
Study on enhancing international cooperation and infrastructure for development of toxicity 
test methods 

□ Background for the study 

● The OECD constantly publishes and revises Test Guidelines and Guidance Documents 

that reflect advanced technologies and animal welfare to support the mutual acceptance 

of data (MAD). Korea has participated in the meetings of OECD expert groups and 

WNT to provide inputs for publication and revision of the documents. 

● As the use of nanomaterials is increasing with the development of nanotechnology, a study 

that informs the revision of toxicity test methods for evaluation of nanomaterials is necessary. 

● MFDS has performed research on safety assessment of nanomaterials since the late 

1990s and produced sufficient toxicity data on nanomaterials by performing target 

organ toxicity tests. The paradigm of nanotoxicity research has shifted to development 

of evaluation method using nanomaterials since the mid 2010s, and research keeping 

pace with the change is necessary. 

● MFDS has conducted a joint study with the Swiss Federal Office of Public Health (FOPH) 

on the properties of nanomaterials in order to revise Test guideline 442D (in vitro 

skin sensitization test). The SPSF (Standard Project Submission Form) on the revision 

was adopted by the OECD in April, 2019. 

● International joint study on incorporation of nanomaterials properties to skin 

sensitization test methods was conducted and the draft updated Test Guideline was 

prepared to include considerations for toxicity test methods using nanomaterials based 

on the study outcome. 

□ Study in brief 

● Demonstration of scientific basis to update OECD Test Guideline to incorporate testing 

of nanomaterials. 
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Ⅳ. Latest studies on NAMs and their regulatory acceptance 

- The draft OECD Test Report (project number 4.133 led by Switzerland) was accepted 

by the OECD WNT in April 2023. 

- The results we presented was accepted as the scientific basis for the OECD Study Report. 

□ Overview of the study outcome 

● Major accomplishment: Presenting scientific basis to incorporate testing of manufactured 

nanomaterials into OECD Test Guideline and enhancing Korea’s profile in the world 

by carrying out international joint study. 

● Main outcome 

- OECD acceptance: OECD WNT acceptance of the OECD Test Report in April 2023. 

- Scientific outcome: Publication of 7 papers in SCI-grade journals and presentations 

of 5 posters (awarded as outstanding poster) 

- Social outcome: Participation in various international conference including OECD 

WNT, WPMN, etc. 

- Technocal outcome: Monitoring of the skin sensitization tests (OECD TG 442) using 

nanomaterials 

□ Excellence and Advantage 

● Exellcence: Establishment of skin sensitization test method for nanomateiral skin 

exposure 

- Risk assessment tests have been conducted using the clinical route of nanomaterial 

exposure, but few research has addressed toxicity caused by nanomaterial skin 

exposure. 

- The international joint study with Swiss FOPH helped establish scientific basis for 

the revision of OECD TG to incorporate nanomaterials properties to the skin 

sensitization test methods in the TG and risk assessment methods for nanomaterial 

skin exposure. 

● Advantage: Establishment of scientific basis for acceptance of OECD Test Report 

- Since the mid 2010s, global paradigm of nanotoxicity research has moved towards 

development of nanomaterial assessment methods and many related studies have 

been performed. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

- In particular, various studies to develop or revise test methods for nanomaterials 

that can by accepted in globally harmonized test guidelines have performed. We 

carries out an international joint study with Swiss FOPH to update OECD TG to extend 

the applicability of the skin sensitization test methods to nanomaterials. 

- The data generated in this study has provided the scientific basis for the approval 

of OECD Test Report. 

□ Utilization of the outcome and its impact 

● Establishment of the major scientific basis for preparation of the Test Report for OECD 

skin sensitization test methods incorporating nanomaterials properties. 

- The international joint study produced scientific and professional data to support 

nanomaterials toxicity (skin sensitization) assessment. Based on the data, Test Report 

of OECD skin sensitization test methods extending the applicability to nanomaterials 

has been prepared. The study outcome is expected to enhance practical use of the 

methods and have influence related national and global industry and academia. 

● Improvement of the national profile through international cooperation and 

reinforcement of the infrastructure for toxicity tests 

- Exchange of regulations and research trend related to safety of nanomaterials, etc. 

at international meetings including OECD WNT and WPMN strengthened national 

competitiveness in development of nanomaterials safety evaluation methods and 

international standards and improved national profile. 
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Ⅳ. Latest studies on NAMs and their regulatory acceptance 

□ Performance of the study 

Title 
MFDS Performance Evaluation Standards 

Type Performance Indicators 

1 Draft updated TG442D-KeratinoSensTM 
Encouragement of 

practical use by policy 
improvement, etc. 

TG proposal 

2 Draft updated TG442Eh-cLAT 
Encouragement of 

practical use by policy 
improvement, etc. 

TG proposal 

3 
Draft updated TG442B-LLNA:BrdU-FCM 

(skin sensitisation testing of nanomaterials) 

Encouragement of 
practical use by policy 

improvement, etc. 
TG proposal 

4 
35th Annual Meeting of KSOP/KEMS best 

workshop poster 

Promotion and 
dissemination of research 

outcome 

Education and promotion 
of research outcome 

5 2020 MFDS best R&D project-1st prize winner 
Promotion and 

dissemination of research 
outcome 

Education and promotion 
of research outcome 

6 KSOP best workshop poster 
Promotion and 

dissemination of research 
outcome 

Education and promotion 
of research outcome 

7 
KSTP best workshop poster-The research of 

toxicity and sensitization potential of 
PEGylated Silver and Gold Nanomaterials 

Promotion and 
dissemination of research 

outcome 

Education and promotion 
of research outcome 

8 KSTP best workshop poster 
Promotion and 

dissemination of research 
outcome 

Education and promotion 
of research outcome 

9 2021 MFDS best R&D project-1st prize winner 
Promotion and 

dissemination of research 
outcome 

Education and promotion 
of research outcome 

10 
Skin sensitisation testing of metal 

nanoparticles (3 test areas, 7 items, and 21 
cases) 

Building on expertise in 
testing, research and 

investigation 
Monitoring 

11 
Skin sensitisation testing of nanomaterials (2 

test areas, 6 items and 19 cases) 

Building on expertise in 
testing, research and 

investigation 
Monitoring 

12 
Skin sensitisation testing of nanomaterials 

(OECD TG442D)(1 test areas, 13 
items and 13 cases) 

Building on expertise in 
testing, research and 

investigation 
Monitoring 

13 
Skin sensitisation testing of nanomaterials 

(OECD TG442E)(1 test areas, 5 
items and 5 cases) 

Building on expertise in 
testing, research and 

investigation 
Monitoring 

14 
Skin sensitisation testing of nanomaterials 

(OECD TG442B)(1 test areas, 10 
items and 10 cases) 

Building on expertise in 
testing, research and 

investigation 
Monitoring 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

Title 
MFDS Performance Evaluation Standards 

Type Performance Indicators 

15 
Participation in the 11th OECD EAGMST 

Meeting 

Improvement of 
international 

competitiveness 

International exchange 
and cooperation (e.g. 
signing of MOU, etc.) 

16 
Participation in the 18th OECD WPMN Meeting 

and Seminar 

Improvement of 
international 

competitiveness 

International exchange 
and cooperation (e.g. 
signing of MOU, etc.) 

17 
Participation in the OECD WNT30 and review 

of draft TGs 

Improvement of 
international 

competitiveness 

International exchange 
and cooperation (e.g. 
signing of MOU, etc.) 

18 
Participation in the 14th OECD EAGMST 

Meeting 

Improvement of 
international 

competitiveness 

International exchange 
and cooperation (e.g. 
signing of MOU, etc.) 

19 Participation in the 21st OECD WPMN 
Improvement of 

international 
competitiveness 

International exchange 
and cooperation (e.g. 
signing of MOU, etc.) 

20 
Participation in the OECD WNT33 and review 

of draft TGs 

Improvement of 
international 

competitiveness 

International exchange 
and cooperation (e.g. 
signing of MOU, etc.) 

21 
Copper and Cobalt Ions Released from Metal 
Oxide Nanoparticles Trigger Skin Sensitization 

Building on expertise 
through academic 
accomplishment 

Publication of papers in 
SCO-grade journals 

22 
Effect of Pulmonary Inflammation by Surface 
Functionalization of Zinc Oxide Nanoparticles 

Building on expertise 
through academic 
accomplishment 

Publication of papers in 
SCO-grade journals 

23 
Evaluation of the Skin Sensitization Potential 
of Carbon Nanotubes Using Alternative In Vitro 

and In Vivo Assays 

Building on expertise 
through academic 
accomplishment 

Publication of papers in 
SCO-grade journals 

24 
Evaluation of the skin sensitization potential 

of metal oxide nanoparticles using the 
ARE-Nrf2 Luciferase KeratinoSensTM assay 

Building on expertise 
through academic 
accomplishment 

Publication of papers in 
SCO-grade journals 

25 
Flow cytometric evaluation of the potential of 
metal oxide nanoparticles for skin sensitization 

using 5-Bromo-2-deoxyuridine 

Building on expertise 
through academic 
accomplishment 

Publication of papers in 
SCO-grade journals 

26 
Colony-Forming Efficiency Assay to Assess 

Nanotoxicity of Graphene Nanomaterials 

Building on expertise 
through academic 
accomplishment 

Publication of papers in 
SCO-grade journals 

27 
Skin Sensitization Evaluation of 

Carbon­Based Graphene Nanoplatelets 

Building on expertise 
through academic 
accomplishment 

Publication of papers in 
SCO-grade journals 

28 
Six-well plate-based colony-forming efficacy 
assay and Co-Culture application to assess 

toxicity of metal oxide nanoparticles 

Building on expertise 
through academic 
accomplishment 

Publication of papers in 
SCO-grade journals 
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Ⅳ. Latest studies on NAMs and their regulatory acceptance 

Title 
MFDS Performance Evaluation Standards 

Type Performance Indicators 

29 
Skin Sensitization Potential and Cellular 

ROS-Induced Cytotoxicity of Silica 
Nanoparticles 

Building on expertise 
through academic 
accomplishment 

Publication of papers in 
SCO-grade journals 

30 
The Research of Toxicity and Sensitization 

Potential of PEGylated Silver and Gold 
Nanomaterials 

Building on expertise 
through academic 
accomplishment 

Publication of papers in 
SCO-grade journals 

31 
Evaluation of metal nanoparticles on skin 

sensitization using OECD TG442B 

Building on expertise 
through academic 
accomplishment 

Publication or 
presentation in national 

workshops 

32 
Evaluation of the skin sensitisation potential 
of TiO2 and ZnO nanoparticles using the OECD 

skin sensitization test guideline 

Building on expertise 
through academic 
accomplishment 

Publication or 
presentation in national 

workshops 

33 
Evaluation of nanomaterials by shape 

difference on skin sensitization using OECD 
TG 442B 

Building on expertise 
through academic 
accomplishment 

Publication or 
presentation in national 

workshops 

34 
Evaluation of the skin sensitization & 

histopathological analysis by titanium oxide 
nanoparticles 

Building on expertise 
through academic 
accomplishment 

Publication or 
presentation in national 

workshops 

35 
Evaluation of the skin sensitization potential 

of Carbon Nanotubes using alternative 
methods 

Building on expertise 
through academic 
accomplishment 

Publication or 
presentation in national 

workshops 

36 
Overview of skin sensitization AOP for titanium 

oxide (TiO2) nanoparticles 

Building on expertise 
through academic 
accomplishment 

Publication or 
presentation in national 

workshops 

37 
Comparison of skin sensitization potential of 
metal nanoparticles and metal ions using 

OECD TG442B (LLNA: BrdU-FCM) 

Building on expertise 
through academic 
accomplishment 

Publication or 
presentation in national 

workshops 

38 
Copper and Cobalt Ions Released from Metal 
Oxide Nanoparticles Trigger Skin Sensitization 

Building on expertise 
through academic 
accomplishment 

Publication or 
presentation in national 

workshops 

39 
Evaluation of the Skin Sensitization Potential 
of Silica nanoparticles using in vitro and in vivo 

assay 

Building on expertise 
through academic 
accomplishment 

Publication or 
presentation in 

international workshops 

40 
Skin Sensitization Potential and Cellular 

ROS-Induced Cytotoxicity of Silica 
Nanoparticles 

Building on expertise 
through academic 
accomplishment 

Publication or 
presentation in national 

workshops 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

□ Major accomplishment 

21. Publication: Copper and Cobalt Ions Released from Metal Oxide Nanoparticles Trigger Skin Sensitization 
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A!! lri'!::m thm ~ B'tl li1,u~ (]11tpcJ f 

L'U'illi~i'l.~rKiH';!i7 iilt.,U!l:M /f,a:!f 

U/l. 

DI"""'" of l'ru:lool,:,,i;le.>I ~.:m:.h. Nablnn.ol r..s1l1ut ,:J F,:,nd ond Drup; Safety E.-a.lu.i!l.:m., Mlr>l.t:r:, a f F<ioo arid 
Dr1>i; S<lfoty, °""'11'1· CJ,eoomµ 1Jlt§9, K<ire,: krltp2002ft,,n,a.la •AJ.); ljdflll~""'•-lcr (: U. ); 
y•l1),jy6i:i:m,a.ka-{ll, .Y.); )'6h,........J:r (f.J.:i; ~ lee,;tQl=,_...,.l:r Q.KL~ chinplrm!iiiilkcire.1.l:r IJ•I' LO.! 
• Cnm,,if',:md elKIY. lnd~.ka-; c .: -.R2 71~10!,.; Fa.: ?l .SI 
-t Tl><s;e • ·1111,nr,; mnl rlb11100 <>-l"'"IIJI l<l lhls wcrrk:. 

Abslra,d: z;nc o:xi<:li: naru'l'arlic:lc, (ZnO NI"') o,n: " ""d in v.irio,_.. indu,lci"" ...do a!> fo,,d addit ives, 

e<""1:1L"iia, ancl bimneclic.,I a;pplic:i, li ms . In ih;, st1Jdy, '"'" L'"\'a, lu atL-d luni; dama • o.-., r liml!' by blu-,,., 

lyjpt,• r, ZnO NI'!, (L-se,rime, c itr,,le,. and p·rimm,, f.,Jlowin.g th" ri,gubti1Jn oHunctiocu,l •ru ups "''"" 

a scn.gl.e inl:ra.tradw.,1 i:n&till..tim:, I , rals . -Un., lhrot! iyl""-" .,J .ZnO I' .• ., hm.-ed an acute infhm.nn:>btu • 

n.Sldi ,n wcbl-o im:maJOCd I.DH and i,tilommaiury cL-11 infiltra.ti□n in ilhe .al,,..,.,I; 2JI h a!bcr a,dmini,tra.l:iiJn. 

Especiall in iru.itm=I wci!h L--,,erint!, ciirnii, a,,U N I._ ,.i,.,.., .,J hii;hcr M llil!' • m,n 1Jl.:,:ytic inn..rnma ­

tirm " nd bt,t,,l p r<lil!in iru11Jd i.un than thi, pl!:istine ZnO Nt-'!-; .. t .2.<I h. "f'l,i, ac1Jhe intllammafo.- re.1cti<m 

o1 t,I.., lllngs rec,....-ered o n da, 30 -.,;1h br-<1<1.ch<,..111.,.,hr fib.-..l!<ll. Thi, e<1<1.cerrtni.ti1Jn• llf IL-,1, fi, TNE'-oc, 

" " d L"t:1im:in in th,, bmnch,,,,.(.,.,1Jla, r 1,.,,alii-" fluid (IIALf) d.,creascd ov,cr lim e,. ancl ti.. lc..,d, ll f ih= 

in lhmma:ti,m enclicatL1r.< a.re nmsi>l:ea t wiib lh.e f,,lluwia • ,n ll.imma,tmy ""II d,. t,, one! a.cuil! Lun • 

inl1amrnali,m ZnO N I~ 111<i s st1Jdy ,ru_ggesk ibt sins-Ii, inha, la> tilln ""'P'"'u ro, lu (undionalizd Zn<) 

NI . ''"")' cau. aaJ1l:e luns injur •,vilh .gr..nulL,cytic inl'l:.mrnaiitm. ALlhllug_h it""" '" .,.,,.r 31l da .ll 

.,fler ""'P'"'u:re. a.cuii, p u lJTL<mory ia.fl.urun.i lim, in " ur """ {unct i., na.li:arli.<m m"""-" ihl>I a.ddliti1Jn,r l 

"1udics er rexpc:,,ure lim it,, " ne nL..,ded ill p ml:eci il:ie wcr,lot,.,. that prriducl!' ii. 

"-"r wuni ,r-: na rmP"'rt icl,,,._, zunc mrid,e; inlra:1:rn.chL..,I in..t:i lbti.<>n; bF<mchr1<>h•,eL1br l,, .,a..g,,; :,,cu te 

in:f1la_mmati ,n 

'l. JntroduEtion 

111 mcerit yeal':!I, lhe rmmbeT of cases of apply ing nanomateri.a.1;. in varim.1~ ind11;,.11i11l 

field h!l!I it:1<:reased, it h11!1 become II critic;i! i!i!llle to identify the toxicity of 1:1ano 1:11,Merial 
accur,n ly. P ,·tmarily. zinc oxide nanoparli le9 (ZnO NP ) are used in many co.mm erda.l 
product,;,, i11cludi110 food a-d-ditive;., oo;.m dics., textiles , pain ts, a;11.d pet'!:,"00:!il '11)•g,ieti.e pmd­
U<:I:, [ 11. In dditioo. ZnO NP;; are widely LL"led a;. u ing_radient of paint;,. a;1:1.d 0011ing a;11.d 
fini . h ing m a le.Tia l;. in p . dud!:! and build:in£:!I b ca.use 1:her provide long-term pmtedfo:n 
from ultraviolet lig.hl l2.31-

The incre.asing us o:f ZuO NF':!! ha!!! raised oonce.m allmit their pote111ial toxi.d1y 
lo human;;. and the en...-imnment. Zn NP;;. might enter the hmnan. h ody hy va.riO'l.l!i. 
roure!i-, inciud.lt'l.8 oul ing lion, nas11l innalati()Jl, inl:ravenou;;. injection. 11nd tra t't! derma l 
d! Li...- ry l'1- ]. TI1 ref re, lhe toxkologica 1 pro N i.es of Z110 NP_ liav been _ llldied 
&:cording to th., d:i Fferenl 'I- u t:es of exp ure. Naooparlkle;i .:an tran,.J.ocatc inl.o the llk:ioo 

.d variou s organ,; from the re,;piralo Li-act and fur tner i.11.d-uce le.ions l9 ]. M1my s tudies 
have e...-a]ua.ted the tm,:idly of ZnO NPs in cell lines and animal inodel:;.1 10----131. The 
inh a:J,,tion of low level of ZnO NP. cau!!le!I ma.rked ch.;in ge;i and d!amage kl pulmonary 
function in guinea pigs 11-4 ]. and ZnO inha:la ti.o-n cause;;. p-ulmmmry impa:it'.ment and 
_ystem:i efte • l!i- 1.1rn a metal fume feve: in n1.1man ;. I b J. 

Recently, due to lhe deve-lopmenl of biom edkal app-lica li()Jls , ;;. tudie!I for the appli­
cation of nan m-111erial;;. are 'in pm . ;;.;., and ;;u rface m,1>dincati.tm of ua:rtomaterial,;, :is. 

~.,. iun, 9,331, . hli1pr.//dnL,nlji1il.139fl/tru:1"'912013r; h!tps: / /W'i>"IV.n>rqHi.a:<m/1 um,11/looxs 
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Abstract: Ca.rbon nanotubes (C.Nl's) are one of lhe mapr types o f nanomaiter i.als lha.t have various 
irnd!ustrial and biomedical appbcations. However, there is a risl: of acddenta] exiPosuJE to CNTs i.n 

individuals involved in their large-scale prod ucl:ion and in individuals who u products containing 
CNTs. This srudly aimed toevalua the skin sensitization induced by CNTs using two arlEma ilve 

sts. We selec,ted single-wa.U carbon nanorubes and multi-wa ll&!dl carbon nanotubes for this study. 
First, th.e physiochemica] properties of the CNTs were measured, tnduding th.e morpholOID~ s:iize, 
and zeta potentia], under v<lllious oond!it io11JS. Thereafitei; we asaessm the sensitization potentiaJ of 
th.e CNTs using tlie ARE-N rf2 Luci fe-rase KeratinoSens"" assay,; an in vitro al mative st method 
In add ition, the CNTs ¾-ere evalual'l!d for their skin sensitization potential using the LLNA: Brd!U-FCM 
in vr.a altEmatn•e i:est metliod. In this study, we 11!!part fo r the firs t time lhe nsitization resu.lti; o f 
CNT.,; using the KeratindSe115n1 and L • A: BrdU-PCM: !Est metfiods in this study. This study found 
tha both CNTs do 110 induoe skin nsitization. Th 11!!suUs sugges hat the Kerati.naSe:ns™ and 
LL.NA : BroU-FCM assay m ay be useful as alte rnative assays fo r evaluating lhe potentia I of some 
nanomalEri.als that can induce skin se11sili:zatio11. 

Ke:irwords: skin sensitization; altematn'E! to arnimal testing; KeratinoSens""; LI..NA; nanomatEria'I; 
CNT 

1.. lntroduction 

Catbon nanotm:ies (CNTs) are a major type of nanomaterial that is used! for var ious industrial and 
biomedical applications [.1,2l [n recent yeans, with lhe grmvi.ng nU1mber and proouctia n volume of 
CNTs, concerns about their t:m:icil:y ha\•e also tncreasm exponentially. Generally, nanomaterial,; me 
defined as particles le s than 100 run in. at least one d'imen.,;ion [3J, whiche:.:hibi various phrskochemical 
properties associatEd . vi.th a nanosb-ucture (4]. 

The various p hysicochemical characteristics of a nanornaterial are th.e major de!Erminanb; of its 
ta:,:k po ntial [5,6l In nonna.1 em•ilmnmen:tal oond itions, nanomaterials al1!! mo lly p oor'Dr soluble; 
hmve\'E!r, some na.nomatertals have shown to be soluble 'in llysosomal ii.lU1idl or gastric fluid [7, l 
Dissolubon of nanornaterials can cause taxici clue to the releas of ions r9]. 

The major exposure patir,,,mys of nanomaterials are inhalation, ingestion, and absmption into the 
skin. Absorption patm\• ay within the skin can cause lesions, such a local inflammation, contact allerg}', 
and skin sensitization [lU,11]. l~amtly, with an exponential increa in the c.asmef:icc.ommei;ci.alizatl.on 

'l'lirirs 20211, 8, 22; doi: IJ.~ta< ii:s80{(]122 
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Evaluat ion of the skin sensitization potential of met.al oxide 
nanopairtid e-s using the ARE~Nlrf2 Luciferase KeratinoS,ens ™ assaiy 

Su11g..Hyun Klm1 • DongHan lee1 , JlnHoo 11,001 , Ju~Y:oung Yang1 , JtHyun S@ok1 • l<ilkyung Jung1 , Jo111gl!Cwon L.e2 1 

Piecell'l!d: 5 Jl!lfl.e 21120 r Re.'IISed: 28 Septi!mbef 20~0 I A«eytedt 8 October 211211 
c Kruean Soclet)• aflmlDolc,gy 2021 

Abn rilict 
' umerou:s studies tiave reported the potcnlinl o chern:i.c.e.l.s or in.due i.ng i.kin s;cnsiti:zntion; ha,,,,revcr. h studies have ctnrn­

ined ·in s;cmtitization induced by nlllilomnteriak T lti.~ !itudy aimed lo eYaluare skin sensiti:znticm induced y melal mide 

nanopnrlicles (NPs using t~ A.RE- ' lif2 .l ucifcra.,ie K.erlllinoSelli!i™ ass;ny. Seven diff=nt metal mi.de NPs. includin'"'oopper 
m "i 1r. cobalt o.liir. nidkel oxide, titaniwn oxide. cerium oxide, iron Cl.l iir, 11.nd :zia <0.l: i.de. were asliCSsed on KeratiaoSeras ™ 
ceU.s" We s;cloctro an appropriate \-chide amoag three vchi.cl.cs (DMSO, IJW. and cul~ medium) by assessing tl:-c hydro&y­
anmic size at ve!tide selection proces;s_ Sevca motal oxide Ps were 11.naly:zed, aad their p!tysicochemical properties. i.nclud­
iag hydrodynamic size polydli spcrs;ity, nnd :zeta poieati al, weic deiemn.ined in tite s:elocted ·vchide. T hereafler, we assessed 
the seasimalion poieatinl o • the ii?s usiag the ARE- ri2 l uei rnse KerlllinoSemi1:MI ass;ey. Copper m ·i er; NPs ind.uood a 

posifo-e icspOTJse. whercns cc0balt oxide. a:icl.el oxide. titanium oxide. cerium O.l ide.. i.roa at ide., and zililc o~ide NPs induced 
oo icspoos;c. Thes;c rewlls WgfFsl thnt the ARB-Nrfl Liiciferase KeratinoSen~™ assay may be us;cful fureva.lualililg lite 
poieat i al or skin =s:itwition iaduced by meta.I m ide NPs. 

Keywords. Sl ilil sen:sitiz.ation -AllcrnntiYe to animal lesting - KeratinoSems™ - nomalerial • Naaopnrticlc 

I ntrodu ct Ion, 

There are numerous icpoliils regarmng tre potential of iaduc­
iag in s;cnsilization using chemicals [ I]; ha.vever. whether 
s in can be sensitized using nanoparllides (NPs , rema ins 
undear. 

It is weU-1known that NP.s relea<ied into the eaviroa:ment 
c.an enier the human body and potentially c.aus;c damage lO 

o:rgaa:s [2. 3]. Mellll mi:ide NPs ha\-e been used in various 
awlica:tions indudiag the imlustria l. electtkal, pha.rJi1ihllCCU­
tiC'.al aad biomediC'al lields because o t l:-cir unique physico­
chemical properties compared to bulk ehern:i.ealli [ 4]. T hese 
pby!i.icoc'hemi.enl propeniies iad11de a s:mall size, easy di:sso­
lut i.olil, 11.nd 11. surfilcc charge. W hi l.e desirable, (hes;c proper­
ties c-11r1 also lead to various advc:rne dTi:>cts ·in hurnaru;. Their 

Yel)' small 1>i.ze. which is characteri:.ti.c: o • NPs, int'= the 
surface 11.rea to volume ratio shewing higher to,licity than 

cgi JoogKwooLoo 
jtims1@torna.J.T 
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r ublisbcd ooli.m:·: O I J:rnoory 2fil I 

ll!J]Fr particle~ of tite sar:re compositioa with a l=r surfuce 
11.rea to ·'llol.ume ratio [5]. Thu:s il is importaat lo anal)= tite 
phy sicoohemic-11 1. properties of NPs bec-11.u~ tltcy can persist 
in Yivo [~ ]. 

T he c urrent knowledge on the diemical and b:i ol.ogical 
mechanisms associated w ith d::i n s;cnsitizntion has been 
summarized in the orm of an adv= outcome pathway. 

s tartiag w i th the mol.ecular initiat ing e\-ent through inier­
rn:,dinte evcats to the ad\-erse effect, namely allergic: coaLD.cl 
derrnalillis [Q]. Th:: li1o1 licey event is thnt e le.ctrophi he cremi­
eafa in the irritaal iailially covalently react wilh nucleophil·· . 

tbiol and primal)' amines bi skin proieins. T ite seocmd key 
event ooC'urs within the keratinocy te~ nnd "i a.dudes inllam­

mato.-y respDlil!iCS, as well as chaag,cs in g:ne expressioa 
associ11rod with speci fl c cell s:i.gnalin,. pathways sucl:i ns the 

nntim:idantlel.eotrophi le FCSl)O□SC element (A.RE)-dependenl 
padiway~ [ lO]. T he A.RE- .-£1 lucifi:srase KerntinoSens ™ 

test repic!ieat i□." the second b:ey eVC!Jll, can be used to dir 
c,ri.rniante between ski.n sen1>iti:zers alild non-s;casiti:reiE ia 
11.crordnnce with the United Nations Glo'ball)· Harmonized 

Systera of Cl=ilkalioa and .l abel l.ing of Cltemicals [9]. 
Park et 111. [ 1 1. ] icporled th11t t illlaium oxide M's do 

lilOt i.ndu.ce skin s;casili:zat ion ia mice aecordi.a ,. to 11. loC'.al 
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ffo.w cytom,etnic ,ev.aluation of~h@1Potei11tfa1I of metal oxide 
nanopa1rtides ·for skin sensitization using1 5-IBr,omo-2-,deoxyuiridine 

IDo:1111J IHa:n Lee 1 

• Sung-!H~•1m lK[m1 ,J[n ll'fee 1Lee1 , Jun,.YoungYang1 •Ji~Hyu:n:Se,ok1

, Kikyu1111J Ju1111J 1

, 

Jong !Kwon 1Lee1B 

Receli'ed: 5 Aplll .1D20 I~: l Octllb:ir.211<10 / Meer,(edl: 4 Nb'i'ell'ber ImO 
I) K.lllre.11 SOCl:!I)' ofR!IJrobg; .2021 

Ab.nriid: 
Allh.o□g;h :dri11 :5Cfl&[tW!lion potential or ,· ar:io□s cbemicals Ila~ been extensi~dy studied, ~ = 0111 } ' .a few ~ports. on 
llllll.Oparticlbi irui□acrll skin sc:mil:izstooa_ Aiming to liU I.his Jac□11a, :in I.his s:t udy we c,,•al'ulltc:tl !he pdr.amial of mci.11.1 m.ide 
na:oopgrtides (NP:.) to iadocc sLn SOTi!.itiz.a.lioo. with flow cytor:netl)'- Sc,,-ea di!fcr01lt mcl.al .:i.i.ide Ps including coppu 
oxide c.:malt oxide n ilcld a.i.:ide, lilallium m. ide., c«ium oxiir :iron oxide and Zci.nc oxide w~ apph~ ki Ralit\l'c mice.. 
Aflcr selb'.:liag tbe protM:n-ebicle., lhe NPs were applN, and tbe skin :sc=flsinatioo potonti.al ~ 85=~ w.:ing 5-brom.o-
2-ik,m.y□ridine with How cytomcl:I)' .. :Phys:iod:~mkal propmici. s:ocb a.~ hydrndynmuc sirze pcilydispuslty, dUla. pokati.al 
W0re melllSl.lrcd for ~he .NPs prior tn• 111.e ~sts.. All i.he s:c.-e□ mcial m.id.e Ni's studi.cd &:hawed nogBli~-e ·ro;poasci;. fur skin 

sc:mifu.Rtioa pol:C1rlti.at Tbci;e resnlts s~ttbat lhc OIECD 'CG 441:B using 5-ibroroo--2-.:box,·uridine w.ith II™' C)'l.oma:ry 
can be applied lo e~·aluate Ire potential of NIP'-.. for- s-'.kin smi.iliz.at ion. 

IKeywoms N11!1.om~ri.alf8 • Nimo~arucks. - Skin = iliz.Rtioo -Loe.a.I lymph node 8581l'J .. 5-bromo-2-.lb)xyuridiae 

lntl"odudio:n, 

Tbc Gwnca pig_ M11:timisati.o□ 1bit (GIJ>Mr) □aB l:cc.f1. i=d 
worldw:ide to c,;•alW!le the din semitiz.e.tioo poo:.ntial of s:ulr 
stances [ I].. TIie :U.NA, an llltcrnam-e tn lhc o□m-eali oo.a.l 

mctb□d diat uses g_wic11 pigs, W.aB ad□p:r.d BIS OE-CD ro 429 

(Sida oomitizstioa; Local L}·mph .ode A NSll'J in :!J02 [21-
Tbe U-NA i!l II skin sc:miJiz. -oo trsl in whil::b i.he prnlirra-
1:i.oa -ofmuriae □cal. anricufar lympb node cclfa (lNCs) is 
mcas.umd aftcrCli.p□sure of mice to test sa:ibstances_ How­
c,,N., ~he 01.rmsi~-e ui;e of l.LNA ih11S l:cc11 ~1,oj bccaui;e 
it imoh"C!l Ille w.:c .of radi.oiisotope--labe.bd. ~H~mc,thyl tbymi­

dine., mainly due ro cfifficult ~ s in Lhe disposal of mdi.o!I.Cti~-e 
wiu.te ia :same, couni.rics. A flow cytom::try ba50d :u .. NA 

usini; 5-bromo--2-ck-o.xyuridine (I_;lN1A: HrdU:-f'CM W.11.!l 

oo.-el~ a.s a no,.-c1 n□n-- r.adioac!Ne model oflhe U .NA 
with II p::.furmll!lcc &:imilar fn, lhat of the coo:.-omioo U .NA 

i9l Ja"i Kwo:n,L~<1 
jilmm·GlhJ1D.I..-

DM D0111 o f'fmi~ic orcli. M"mutry orf<D<Jd 
ao:'I Drng Simty, atio: l n cfl¼oo aoo Dm11 S..1'!!1), 
BnluoliiJa, 187. o,,:m,11 iim}'!:tllli 2-m, O~up,, 
C""""1;&jll-,i, Ch.uni an~do 2111.59, Ko:"""' 

.I\Jbli;;hed anlilx:: 04 JenllM}' 2.(111 

r:nethad_ Tihis ·~·wriemt of l ,l ,NA w i. ad□ptod .11.!l o :ECn 

TG442B ia 1018 (3].. 
While the<R: = many re,poru: ,□f skin 5Cll!.it i:zatioa p.otoo­

tial. ind'uccd try· eshemicals (4). ,□Illy few ~tudie!l dut immi­

:;are th.e sk ill :sc=.ns:it iz.llt ioa pol'r-'alial o f rraaoparucl~ (NPs) 
are a~·eile:bk, Since aaoopartidci. ·re~ :into m .~·iro:mnc:lll!l 

ma}' carer tbe ih □nran body and cim caui;e pok.nti d~ 
t□ ~llDB (5 ,6), :it i!l pettinrnt to sllldy fbe s - ·in 50TIBitizatioa 

potential of di!fc«;al Ps lo e=s !he risks I.bey pose to 
public bea.11.h.. 

Bcc11us:c o f !heir unique phyBicocbomical properties 
oom;pwrcd to bul d1.omicll!ls metal oxide ti',,[Ps iha,;-e 11:tt,a 
use:~ fo r ·~·ari.olll'l appl:ic.ati □ns in s:e~-c;ral fic lchl iaclnding 

eleclri.cwl, phwrmace11 tic.a.l s, .and biomc,d ical f"ic lds- Fl­
Wh.ile I.heir pbysk.ocbcrnic 1 propcrlie.B i.ucb ~ s:ma.11 
l.liz.e., al tm:,d :solubility, 81ld hi_g_hN swface chwrge, l bese 
pl'"Of'C'rties c,1111 l'ee.d to , ·arioui. ad~-eri;e efbcti. 011 ihuma.a 

bod~f- c ry small siz.e w biC:b is di.aracteris tiic of aanopar­
ticb reslrlls i'a an .i~= in !he surface are111 wad o□mc,­
ijll.altl~,-, ihi!l.h t□1t:ic-i ly . Thus, s:mal 1 , Pi; are ~aerall~t moo: 
toxic th.an l 11rgc particle!I of the :;,a.me com;p□sition [Bl 
Since NPs teadl to, l"ffllllin in I.be body unirr ph)·1,iologkal 
Cllfld iti□ll!i, it is essenlial to anBfyi.e ~r pbysicochcm:ical 
propcrlie!I that influonec th.e ir i □ , ·irn pc<Thisl:cocc [9'- 11]_ 

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

25. Publication: Flow cytometric evaluation of the potential of metal oxide nanoparticles for skin sensitization 
using 5-Bromo-2-deoxyuridine 
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Colony-Forming Effidency Assay to Assess Nan.otoxidty of 
Graphene Nan.omaterials 
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an,d Dn,~ Safety, 11!7, 0...1>/i.We"l'ln>scooi; 2<R<I. 0, ni;Ju 2Sl~~, Kci""', h•r,;; l=<-.i.tr (H.W.k 
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eh"'l'lnr,S(t,lo:,m,J,r O.-H.O.) 
' C""r,,;p:m,:ler,,:; loo9H lonn,a.kr; 'kl.: ·•ll?-H-71'.l-.!: li'.lb, P~x- -71~-!100 
t Tho ' alllbor:r. onllil rlbu11"1 ,qua□y bn 1111• wnd:. 

Ali,h.ad: n,., nono-ma:rk,,t 1,.,. !I"''"" rapid ly □'>'L.,. the p<>SI <kcadcs ~nd .. .,,,,icl~ v..rietr o f pmduci!< 

an, oow being monubctur<!d, ind uding ti.,,..., fm bi.om<!dic,i .appli,c.-, tin11.s . De.<piie flw, w:id""Pnsad 

use o f n"'1<mla>teriab in vari<IIJ."> industric:s, ,.,.feiy .and lu."iilltn dfL-ct• □n hurnans .an, s till C<Kllm.-.: r-­

sia,~ .and !L'St ing m etlmd-. far mmc,tm:irity i,,,,,., nai yei been d""rf eslllbli.mecl. N.anam.at.,ri..:ls h aw 

be..,, repc,r1ed ta inrer/en, with conv.,nliorui l c to-ln:cirity rem dne ta thL-i r uniqu~ p""f""rl res, such 

a.-. li5hJ obs□rpti1.m or Lisht SG'ltlerins . In ihis "'5"r<l the ro.l □n ·-form ins; 1,-Hicacy (CFE) ""soy hM 

bL-.,., s ustl"sted .as " suit.able t<!st rnetha d for !"'tin , """'" no111.<1111oteri.al'< wilihmlt thes~ color -inte r-­

fo,.,nct.'S. ln lhis "'"d , wi, !IL-ct<!d n.,., types 6' GNI'~ (GraphL'<l.e na""l'lo1"1L'I<) .as rest n anmnatL'J i• 

ol, ond L-..alu .. i:ecl O'E ..... . ta ,OS, lhe cyt<lla,icily af GNl':s. Mo TL'tJ'OL'J, far (urihL .. im·esti3"iia n, 

inci11ding e,;p ansi<1<1 i nt□ o1!1-oer c,,l l iyf"",- GNf's WL.,.., ~,-,,1.""t<!d by the cnnv=oonal c tola:<iciiy 

terl. including t,Jw, ]..{4,.5-dirneth ·Ltniozal-2-yl)-.5-(}-c., rba <ymL'lim:cyphenyl)-2-(4-sulfop hL'<l}'l}-2H• 

l:eir£.aii um (hITT), C L-II Caunlins Kit,.B (CCK-BJ. a nd N<!Lltra,I n,d uptili (NRU) """">" usins; MOCK, 

ASQ.g and HL-pG2 a ils. The n.'Su ll:s oi Cr[ ,i«ay SU!:',(IL"'t bhat thi.ao i...t rnc,thml for fftrei, a'IL Jin.es c an 

be i,ppli"'1 for GNI'"- [n additiom,. 1hi, CFE assay w as a,bli, to "''"iua te cyl□t<»:icit • TL'Sa,dk,,.. rn<>r~ 

.iccur.i L-i o f oolar i'11errercnce cau.SL-d b • residu al nancm,a,1:erials. 

Kc,~•wErch: g.mpiu,.w,; q talm:ici t ; O CJr; in t.,,i'e:rL'flce 

·t lntrod!u.:Lion 

[n recent ye.i· ..., due lo llie r~ d growth o f r,ane>lechnology, varl.ow mam.1fedlu t\g 

nanam11Lerials are being produced, ~nd natm rnale:rfaL are used in v.i rious 1r,duslrle!l such 
ba1Ie1 e!edrodeJ, oosmellcs, d play_ and bEomedlca,l eT1gineer ng ll-3]. The growlh 

or !he natm-indu try affects ou li\'l!S in ~ more prosperous 111,lTll\ef and oonLrlbuLes Lo iL 
by provid.lng various benefils., however lllke a ' double-edged sword' i! has !he potenl.lal 
Lo 1ndu,:-e human ln:ddly, bolh large and smaU w l1en exposed lo lhe body. The efore, I.I is 
{-ruds.l lo cle~elop an accurs.Le tla.not.o,i:i 1y evalua! on method IO unde 111nd the Lox1city 
or the..e nanomlllel'1als. 

Tiie Organlzal1on for Eron.oink Coop rall,m and Development (OECD), Eu.rope.m 
Un on (EU) a.nd oLher organiZllllons stlpulale Lhe fo llowing fo:r rruinufaclured nanomaleri-
111. • 'Ma!erl~I,; willi a slze I. Lltan 100 nrn made fo:r IMs purp,o!!e' [4, 5]. A u,:t., 11:1110-
rnal.erial. ~re n,rnos.:opk ln ~ize, at\d Lhe rH: of n,momalerla I. product.! !em. from H..! ITulll 

_ lze-a1u:l Lhe m11que physicochem ,cal J>m perlte! of the nanomaLerfal . Talking !he pl1yskal 
' :;.Jiape' a~ ilit1. e~s.tnp!e, ca bon naoo!ulM! (CNT) nanomil Lefia wlth a1..: eular ~!rudlu e~ 

u.d-i as a~best-ru or :gl s fiber. ha\•e r ks ~uch ca,11cer-ca,u_ In pol.el'II al [6 71. [11 addi­
tion. I gh _ urface reaction. power and suri,ic:e rnarge, due !o their very _ lful 11 17..e, n 

T,u-m 2012, ltl, 231, ht!p;;,//d,:, l."'leflft.:llill\fm•los1 tltl~ ,....,.,._rudpl.mrl\']oom,l/look• 

Ⅳ. Latest studies on NAMs and their regulatory acceptance 

26. Publication: Colony-Forming Efficiency Assay to Assess Nanotoxicity of Graphene Nanomaterials 
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t'.li.-isionoiT<B:k~logial R=.,m:b, ~tio=lfusti.1:u.11, cf~ .>ml Drug:5•'- l!,,alu•rioc\. Mini.say cf~ .>ad 

□rusS..6,ty,O,,,.,s; ~u2ll 39: Ko,.,•;~kco,.1l<r (S--flK );siihoct~"'"-1<, (S.-HJ{.); 
tcd98ili._,,,,.._.,,. (JJlL); d=gi,., \;xm,o.b (11 flL); l<iky,:i.nae1<oseo.kr J.); yangiy®J<c.,.._l<r (J.- 'I'..\'..); 
•q~,.,._ k6 (It- ); ori"'°neiii<o<e.1kr (). L); i<o<e.1kr ().J.) 
• Cc,~ao,: mfd=&\ko,.,.11,:r; 'G,1.: +82-4.3-7 9-5102 

Ab!>tf,Uit: Graph,;,-.-, nanopfat,;[\ell,; (GNl'5'} ace <)_fie o.f th., major types of CMOOt~ b~d RIHlOJ)'la!eriali 

!hat hav., djffeR!'flt indu»trial at1d bi.o.rno!<iical app!Lcati.on;;. Th,;n, ~ ll f'i c,f e,. p,:,gu1e ro GNP 

m "'rial in ittdividual;;; ittvomd i,:1 !hei:r Lu~- = le p-:rodu.:lion a.t1d in ifid.\.vid.uali who u,i., rrod!u.:ts 

=-ilalfliing G!NPs. t,,rmittin1:, lh,; exa,ct to.xicii,, of GNP nat1;c111tuiteria!;i ill a very impor!at~t ag;,tlda. 

ThiJl re,iea,reh aint~-.:1 la eva.luat,, 11M; kin ~Lizalicnt pot.;nlfa • ,rululhl b GNPs using two type of 

alremalive to animal testing. We analy zoo !h.. phy!<ioodl.;;nical char!ICkri,ibc;; c,f th.; Fegl 0U1terial 

by ~ lecling ll g,aph.;n;; nano.o1att,rial wi!h a naoo-;,i.z;, on oo,;; f<ide_ Tii..=a~ we .,,.aluat,;d 1k 

s ltin !it'.,11,s;i tization effect using 11:fl ii~ vitro atld an in vivo alternative r.;: t m,;,th_c,d, r;sp;,cl,~"ely. A;; a 

resul t, we fow'l<i lhat GNl's de, not ind..c., skin ,i,;ruiti:zaliDn. In additio.t'l, i t w.li oibgerved that the 

admini.lralioo o.f GNPs did ,w! indut:r cyto!c..:ici.ty and skin lo .• icity. TI'ti~ i;; 1k 6!'!1t rep,:,11 of ,ikin 

,i,;n,;1tt2.alioo a r,:,,i.,,1!· o.f GNP,i obtai,tu,d uM~ alWtialive re,.1 melhoo . TI-., reg..J is. su~t lha1· 

GNP mare<is.ls do not ca111£e sl.in ;,,;n,iiliz.a lioo, a.nd lll-&e assa • may bi, usdul in eval..ating Ire ,Jlci.n 

~ ,tizalioo of ;;ome nanootaoc-rial;;;. 

Keywoi1b: s~~ ~'11!1ilizatioo; altemalive to n itt1al ~; K.!<rali-ru:&;ru Thi; local ly ,nph nc,d;, !lilaY 

(LLNA}; natwrnaterial; 1,raph,;,.'le 

!I.. [ntrod uction 

Grap hene nanoplatelets (GN PS:), a two-,dimensional monocrystalline layer form of 
carbon, aie a major type of c.rrbon-based nanomateri.al which are used for various industrial 
and biomedical applications. Grap hene has dra ... 'D a hmtion across a vast field, such as in 
diver devices or applied in bat!Eries [I, 2]. In Iecent years, as the !ype.s and production o f 
GNP!; have increased, concerns about toxicity caused bj• human exp osuie have increased 
exponentially. The major routes of exposuie fo r n.an.oma!Erials aie ingestion, inhalation and 
sbn penetrahan in the ,;.\•orkpla<E . Skin penetration of nanom.aterials can induce lesions, 
conitad allergy, local inflammation, and skin sell.5itiz.ation [3,4). Ha,;.vevei;. there aie no 
studies on the toxicological database for G P in skin sensitiz ation which is the most easy 
e::.:pasuie roulE! in the workplace. 

l.n ad di hon, w i'lh the re<Ent exponential im:Iease tn -commercialization of nanomate-­
rials for use in the cosme ic industry, ek., and the safety concerns associated with these, 

ano safety evalu.a ion has gained imp ortance [5]. The focus o n alEmative methods tn 
-cosmetic testiing is also increasing due to coru:Ems regarding anitmal welfare and the 3Rs 
princip le of ieplacement, reduction, and refinement [6,7]. Ho.vevei; as the guidelines 
are based on chemical substances, theie is a need to develop altema ive IE!st methods that 
refllec the properties of nanamaterials. 

The Organization for Economic Cooperation and Development (OECD) has suggested 
an adverse outcome patl'w.•ay {AOP) leading to alle rgic contac derrnati is (ACD), starting 

Torir.5 202ll, ~. 62. ht!ps / /docmv10..l1!11l/tm:i..:3'90J006:l. https://wv.-w.mdpi.com/ joum•l/1:oo:ic, 

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

27. Publication: Skin Sensitization Evaluation of Carbon­Based Graphene Nanoplatelets 
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Ab llt'af:l: owadays,. v • ou,- indu.qtries lL Ing nanome:teriaLq are gm,...ing rapidly, and in pal'l.t.:u!ar, 

as the oornmerc ] 17'.alion and use of n.anomateri.a],- inae.ase in IJ1e oo,;metk field. -the _png,;.lblllty of 

exposure of nanom.a terials to the kin of pmdu.ct producers and oon,;umers. i,- .increaqing. Due to {he 
unique pmpemes of nanomateria!.q with a vel'}' mail _ql:ze. they can ad a~ hapLen and ioou.i:e im­
mune re,;,pon,;e.q ~nd ,;kin .!lel1s.J.ti7'.alfon. ,-;) .a.ocurate idenlifk.a tlon of Loxidty i,- required . Th erefo11e, 

we ,;e ected siUca ri.anomaleri.al,- used in variolt! fi efd'..'l wch a<; oo,;melics. .and bloma:teriat<l and evaD­

uaLed IJ1e ,;,kin se.l:lSI Liz.a.lion pOllenlial ,;,tep-by-slefl ooco ing lo itH~tro and .In -vivo alternative t I 

method KeralinoSem"" cells of modified keralinocyte and THP-1 cells mimicking deodri!lc-cell.q 

were h'eated wilh Ritka nanopartide,i, and lhel r p:i11.eo1ial for n semit:12ation .and cyLolm:lclly 
were l!'ll'alu.aledl, re,;.pectiveJy .. We aLqo con.lifflled the sen,;llizing abl!ity Oil _qillca naru,p.a.rl.ide5. .in the 

auricle-lymph nooe5. of BAUI/C mooe by in"VIV<> an.a.lys . k . a re.qui~ ,-ii can.mo rtkle5. <ihowed 
high pl'o-tein binding aoo re-activ;e oxygen specie!> (R05) med i led cytoLo;:[dty, bu.L no .'lignHlcant 

ob.!lervatlon of ,-kin sengj ti.zalii:m fndic.a tors wa obsero;•ed. Allhough more ,;,\u.die.q e needed -to 

elu ldale ll1e meehanfsm of k n .,;en.~Jl:izalio:n by nano ma Lerial..'\. t he regultq of ll1iq ,-Ludy eihowed 

tha:L smca nanopal'l.lclell did 11,;i\ indu..i:e Rlcin seml!itzatl,m. 

Keyword!>: .smca; nanopal'licie..; ,;kin sensi!itza Lion; KeraLiino.Sen,-1""; h-UAT; 1.UJA; ]ramatl,ie !est 

1. In:l:rndu,otion 

Manufactured nannmaterials refer to material~ that are cr,eated to haeve at least one 
cm~ -seotion o f a size of 100 nm ar les!i.. The uniq_u.e properties at namm1aterials are in­
cr,easing their U!ie value in varfous indl!l::;tries, including food and biomedical .!.dern:ie 
fields. Silica nanomaterials ar,e one o f l:he major typE!S o f nanamaterials which are p artic­
ularly u5ed in lhe indl!lstrial a11d cosmetics fields [ll Therefor-e., it is p ivotal for the man­
ufacturer.; and mn~umers wna ron urne these subsbmie. ID identify the silica nanatmd­
city clue it,; potential fo r human expo. l!lre th rough varial!ls rou.les. 

[n lll!cent years, to evaluate substances u.'>E!Jd in CQSrnetics_, animal sub!>litution test 
methods have been applied by r,efled:in£ the lR (Replacement, Redudinn and Refine­
ment) p rinciples for animals P ]. S~ fica 11 y, l:he dtemical and biQ]ogical mechanisms 
ielal:eil tQ skin sensitization such as allergic onntact dennatitLs ha\11e been summarized a.-.; 

lhe ad\11E!rse outcome pathway (AOP) of skin sensilizal:i.Qn [4]. The Orga11izatinn for Eco-
11amic Cooperation a11d D ,-elopment (0 CD) skin sensiti7.alion guidelines d a:s. ify four 

Nol'l!>r=t<rials 202.1, 1 l. 1140. h ttp,,:/'/-dai.o:rgfl0.3J'l0Jn,m ll l l (l321 www..mdpi.cam.ij,au:rn;:il/Iia'nam.J.teri.als 
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The Research of Toxicity and Sensitization Potential of 
PEGylated Silver and Gold Nanomaterial 

Dong-Han Lee t a, Seo-Yoon Ch.oi t , Ki- Kyun g funs, Jun-:'\'oung Ya:n;g, Ja,-young Jeon& Jae-Ho O h, 
Sung-!Hyun Kim • • an.d j in-,Kee Lee " 
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L'uulil:KIL'"l:iii a f th . Gsh...1iw: Gxn.muna. 

Atltlbu!S<u> (CC llY) li00< (hllf"'// 
-"'1!~11:,yl 
4.U/ 

Oiv-isicx1 ol Ta,;irologio• I Re.. ->tt:h, N o.tian.:,L ln,,t ifube cf ll<xKI .,:nd nus Soii:, l!volu,irux,, fini5hy cf llood ->nd 
Oru5, S.,,f,, ty, Chocnegu 28159, Kao,,., ; d0<15,~koz ,1kr ( -1-lLj; SUJ5"'1l,!1911i1,o,.,._i.,- l,S-Y.C.); 
kiqungji'i:o,.,o..l<r ( -K.J.j; ,;,n~ "'"'·k:r (J.- Y.. Y..j; Of ~ km=.kr Q.--y.J.); d!cpin~ a. lc,- (T.-H.O.) 
~ Cor~n= ijclg=l~koz,1kr (S.- l-lK.); too.980.iooo=.b-{L-HL); Tel: +82cd.3--7 9-51 a (S.-KK.); 

+a:lc43--719-5lo6 (J.-KL); F...: ~ 9-5100 (S.-HK. & J.-1-lL) 
t Tb.eoe ,>ut:bc;,s have a:m tn"bui.,d eqlWLlly !!his w ,orl::. 

Ab~tir~. t: l'olyeit.hy !..-no, gly,iol (PEG) i;; poly me.: ~d f;n- ;;urfao;, modi fie.a Lion of ;mp,:,irlat1! s ub-

8lances in 1M Ol<>dern phamlareuli l indll!l'li)' l>rui biapham>llreuliml &, da. D,,,sp;r., the many 
b;,,,.,fi t.s t:>£ PEGyla!i.0:: .. 1, !ht;,~ is aw L)-.., p,i,is,llili thal ~ &pj)ii.:alio:n afld ap,:,suo; o.f lh,;, ~ ... 'bslil:nc., 

may eaus,;, a.dv- .-,JI~-cis ii:t th.-, body, !i..dt as ai, u:rut\·ufii, "'sp,:,,,s.-,. 'lb,-,~foire; w;, a.i.i:o.o;d to ;,,;,alua t;, 

!ht, 5'1!:fl!<iliza.ti.on re,,pons,e;; fual rould bi; indLJ.Oi!<l !hmush dlle inte.roomparisoo aif nanomal..ria 
aif the PE:G-,iooto;d gmup wilh IIM> ori!,i,-.al group . \\',; re~lliod ~old/ silive;" natliOmafi;rials (NM;;) 

fr original group and PiEGylared sil!voeir/go!d NM.i in IJli:g tu.dy. Fi1,.t, we ~d Ibo, phy,i;~ 
och.o,;niml pro~.!! cl Irie fow N~ ;,u.ch as ,;iA, and ;r.-,la poleJ,tial 1.Jil&:,,r ,' ariow oon ;i;!i.oo,­

Addi tionally, w;, p;,rfo,meJ the ~""- of tho:, Nrv~'.!I !ll>.nsilaa.tioo P°"'nlilll using Lt,.-, KeratinoSefl3n< 
a.!!Say for ;,-. vilro leltmdl:1':!d andl L)-,.; LLNA 5--b,ro.mo--2-00uxyuirid:int, {El.rd FOYi fu.,r in vivo r.,s1· 

m,,Lhoo. 1'h,, lfdu.l t£! shuw-ed !hal PiEGylat..d-NMs did ru:,t lead ro skin ~ .ti.za.ti.ui~ aoct)J'din& to 

OECD TG 442 (al reroati,;•., fl>.!!! for sLn ~.zatio.n). In addiliMI, 1,.-old nanoma1t,tilll hawo:,,d Iha! 

~ rotuxici!y of PEGylatrolA u 1,; ~ k.w<!1' than A ulNM,i,. ~ ~sulll!i s u&t'!il thi, p,i ibiliily that 

PE:G cr,,ating ,:le., :ite<t induce an immun., ru,spon;,;, in Lt,.-, sk:i,1. ti£.!!...., a,'ld mn 1,.,,,.,..-,.r !h,; C)' tCt!D...ici!y 

of 11.aJ1oi:nafl>riak 

K.eywu~B i:n ,i;,ruilizaliu:n; immufu)gt,nicity; alfl> irtiativ., !ell; na,~omafl>.-ia.]£; poly..th.ylit;;-,;, 

g¾y,iol_; PEGylati.oo 

l. introduction 

Polyethylene glycol {PEG) is compo d of repeatin e thylene lycol units and, when 
it is atlaciruad to a polypeptide or anothe r m olecule, the phenomenon is referred to as 

·~PEGylation" [ll PEGylation technique is commonly ll din iPharmaceutica.ls, performing 
an important role in nanoparticle P }stab ili.zatia n 12). NP is used to transp ort g,;-nes and 
drugs to taig?t cells .and t issues, and PEG p ievents the NPs from opsonization, aggregation, 
and phagocytosis. by a ltering NP' s size aru:I solubility [2]. There fore, PEGy la ion p rotects. 
the content o f ihe delivery car rier from bein degraded by proteolytic enzymes and S¼'i.~ly 
e liminated by the kidneys, a nd up regulates the circul ation time to hnoease the deli.very 
efficiency 11, 2). Wi.tih iegard o the abcwementioned bellll!fi ts w hich overcome the biological 
limitations, POCy lated NPs. \have been app lied to treatment o f v a ri.ous d i..sl8ases such as 
cancer, pulmonary disea s, a.n d hepa tocellular carcinoma [3-o]. 

Subsl:an.tiilly, PECylation o f NIPs. is u tilllized for messenger ribonudei.c acid (mRN A) 
vaccines ofCoronavirus disease 2019,(CDVID- 19) [7]. The COVID-19vaoci.ne man1Jfactu.recl 
by Pfizer .and Bi:oN Tech de bvers. m RNA, packaged. w ith a PE:G)'la d lip id nan.opartid e 
{l P) to imp rove the effectiven,ess of a ve.ccine [7]. A nap hylaxis has ra rely be.en reporled 
a:fter vaccination, h owever mRNA v accirnes. containing PEG an! kno.vn to sornietimes. 

Torir,; .20'1 1!.. 9, 355. h~/ /doi.or5/l [LlJOO/to>:ics!1l IDJ55 https://w ww.mdpi.com/jo<t:rna!/toxic, 

Ⅳ. Latest studies on NAMs and their regulatory acceptance 

30. Publication: The Research of Toxicity and Sensitization Potential of PEGylated Silver and Gold 
Nanomaterials 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

2 Development of mitochondria-targeted toxicity evaluation method 

Supervising 
division 

Toxicological Screening and Testing Division of NIFDS 

Type Entrusted project (led by Prof. Kyung-cheol Choi, Chungbuk National University) 

Title Development of mitochondria-targeted toxicity evaluation method (20183MFDS525) 

□ Background for the study 

● Mitochondrial damage causes damages to tissues including cardiac and (or) muscle 

tissues that consume a lot of energy or liver tissues that are often exposed to 

pharmaceuticals. In fact, several drugs have been reported to cause adverse effects 

on liver, heart and muscle due to mitochondrial toxicity. In this sense, it is necessary 

to perform mitochondrial toxicity assay as a screening method in order to assure the 

safety of drugs. 

□ Study in brief 

● Usefulness of mitochondria in development of an alternative model to animal toxicity 

testing 

- Mitochondria are organelles surrounded by double membrane that contain different 

kinds of protein and mitochondrial DNA (mtDNA) and play critical role in life and 

death of cells. 

● Development of mitochondria-targeted toxicity assay using cardiac muscle cell line, 

mouse embryonic stem cells and kidney cell line 

- Test substances that affect cardiac muscle cells, liver and mitochondria were selected. 

Then, the substances were applied on cardiac muscle cell line and kidney cell line 

to determine mitochondrial toxicity potential by evaluating cell proliferation, active 

oxygen generation rate, mitochondrial toxicity and oxygen consumption rate. 

- MitoSOXTM dye that enables analysis of mitochondrial peroxide volume and oxidative 

stress in cardiac muscle cell line was used to develop and evaluate reproducibility 

of the assay. 

- Test substances were applied on mouse kidney stem cells and changes in 

mitochondrial DNA copy number was measured. 
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Ⅳ. Latest studies on NAMs and their regulatory acceptance 

● Study on mitochondrial-targeted toxicity evaluation method using liver cells and animal 

models 

- Following application of toxic substances on liver cell line, protein expression of 

mitochondrial electron transport chain and oxidative stress were evaluated. The 

model cells for evaluation of mitochondrial reactive oxygen species were established 

using the cell line showing high reproducibility. 

- Toxic substances were applied to mouse and liver toxicity index, mitochondrial 

membrane potential, reactive oxygen species, protein expression of electron 

transport chain and oxidative stress were evaluated. 

● Study on mitochondrial toxicity evaluation using clinical specimen 

- Non-invasive biomarker for determination of mitochondrial toxicity was identified 

using clinical specimen of 17 patients with mitochondrial disease. 

- When normal control group and non-alcoholic fatty liver disease patients were 

divided by simple steatosis and NASH and compared, reduction in mtDNA copy 

number based on occurrence of ALT and diabetes was confirmed. 

□ Overview of study outcome 

● Major accomplishment: Five mitochondrial toxicity assays for prediction of adverse 

effects by chemicals or drugs have been developed, and the study results were published 

and (or) presented in 5 SCI-grade journals and national international workshops. 

● Main outcome 

- Academic outcome: publication of 5 papers in SCI-grade journals 

* 「Toxicology in vitro」, 「Toxicologycal Research」, 「Life Sciences」, 「BBA-Molecular Basis of 」

및 「Frantiers in Endocrinology」 

□ Excellence and advantage 

● Excellence: Oxygen consumption rate analysis method was established by evaluating 

reactive oxygen generation rate based on mitochondrial activation in target organ cells, 

and high reproducibility of the method was confirmed. Correlation between application 

of chemicals and anticancer drugs and mitochondrial toxicity reaction was identified 

in in vivo animal models and clinical models. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

- There has been no other study that established a Developmental neurotoxicity study 

method using embryonic body and analyzed accuracy and transferability of the 

method with varioud neurotoxic substances. 

● Advantage: Biomarker was identified from clinical specimen of the patients with 

mitochondrial diseases 

□ Utilization of the outcome and its impact 

● Technical: The study help improve public health by evaluating mitochondrial toxicity 

in chronic disease related to kidney using mouse embryonic stem cell-induced kidney 

cells, and by establishing mitochondrial-targeted toxicity assay and its scientific basis. 

● Economic and industrial: It is assumed that diabetes and cardiovascular diseases are 

induced by mitochondrial damage. Introduction of mitochondrial toxicity assay in drug 

development will help reduce social and economic loss. 
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Ⅳ. Latest studies on NAMs and their regulatory acceptance 

□ Performance of the study 

Title 
MFDS Performance Evaluation Standards 

Type Performance Indicators 

1 
Publication: Peripheral blood mononuclear cell 
mitochondrial copy number and adenosine 

triphosphate inhibition test in NAFLD 
Acamedic accomplisment 

Number of papers 
published in SCI-grade 

journal 

2 

Presentation: Peripheral blood mononuclear 
cells mitochondrial copy number and 

adenosine triphosphate inhibition test in 
non-alcoholic fatty liver disease 

Building on expertise 
through academic 
accomplishment 

Publication and 
presentation in 

international workshop 

3 

Presentation: Peripheral blood mononuclear 
cells mitochondrial copy number and 

adenosine triphosphate inhibition test in 
non-alcoholic fatty liver disease 

Building on expertise 
through academic 
accomplishment 

Publication and 
presentation in national 

workshop 

4 
Mitochondrial DNA copy number 

measurement method 
Establishment of scientific 

basis for regulation 
Number of test method 

development 

5 

Publication: Mitoregulin controls 
mitochondrial function and stress-adaptation 
response during early phase of endoplasmic 

reticulum stress in breast cancer cells 

Acamedic accomplisment 
Number of papers 

published in SCI-grade 
journal 

6 
Presentation: Monocarboxylate transporter 1 
targeting strategy in tamoxifen-resistant 

breast cancer cells 

Building on expertise 
through academic 
accomplishment 

Publication and 
presentation in national 

workshop 

7 
Mitochondrial membrane potential 

measurement method using human liver 
cancer cell line 

Establishment of scientific 
basis for regulation 

Number of test method 
development 

8 
Draft Guideline on mitochondrial-targeted 

toxicity assay 
Improvement of regulation 
and utilization in policy 

Number of TG proposals 

9 

Publication: Effects of anticancer drugs on 
the cardiac mitochondrial toxicity and their 
underlying mechanisms for novel cardiac 

protective strategies 

Acamedic accomplisment 
Number of papers 

published in SCI-grade 
journal 

10 

Publication: Establishment of a platform for 
measuring mitochondrial oxygen 

consumption rate for cardiac mitochondrial 
toxicity 

Acamedic accomplisment 
Number of papers 

published in SCI-grade 
journal 

11 

Publication: Evaluation of mitochondrial 
oxidative toxicity in mammalian 

cardiomyocytes by determining the highly 
reproducible and reliable increase in 

mitochondrial superoxides after exposure to 
therapeutic durgs 

Acamedic accomplisment 
Number of papers 

published in SCI-grade 
journal 

12 

Presentation: An increase in MitoSOX by 
therapeutic drugs was highly reproducible and 
reliable to measure mitochondrial toxicity in 

mammalian cardiomyocytes 

Utilization and 
dissemination of the study 

outcome 

Level of mutual 
information exchange for 
technology dissemination 

133 



       

    

 

      
       

   

   
  

  
   

    
     
    

   
  

  
   

    
      

     

   
  

  
   

    
     

    
  

   
  

  
   

     
       

  

   
  

  
   

     
      

     

   
  

  
   

    
       

  

   
  

  
   

    
     

   

   
   

    

    
     

 

   
   

    

    
     

  

   
   

    

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

Title 
MFDS Performance Evaluation Standards 

Type Performance Indicators 

13 
Presentation: Analytical method to assess the 
oxidative stress in mouse renal stem cell 

mitochondria by anticancer chemicals 

Building on expertise 
through academic 
accomplishment 

Publication and 
presentation in national 

workshop 

14 
Presentation: Establishment of evaluation 
platform for cardiac mitochondrial toxicity 

using three cardiomyocyte cell lines 

Building on expertise 
through academic 
accomplishment 

Publication and 
presentation in national 

workshop 

15 

Presentation: Establishment of oxygen 
consumption rate as an evaluation platform 

for mitochondrial toxicity in diverse 
cardiomyocytes 

Building on expertise 
through academic 
accomplishment 

Publication and 
presentation in national 

workshop 

16 

Presentation: In vitro oxidative stress 
measuring methods to investigate the 

relationship between mitochondrial toxicity 
and kidney injury 

Building on expertise 
through academic 
accomplishment 

Publication and 
presentation in national 

workshop 

17 
Presentation: Methods to measure the 

oxidative stress in mouse kidney stem cell 
mitochondria by toxicant 

Building on expertise 
through academic 
accomplishment 

Publication and 
presentation in national 

workshop 

18 
Presentation: Novel toxicological method to 
investigate the increased ROS in mouse 

kidney stem cell mitochondria by doxorubicin 

Building on expertise 
through academic 
accomplishment 

Publication and 
presentation in national 

workshop 

19 
Presentation: Screening for mitochondrial 

toxicity in mouse kidney stem cell by 
measuring oxidative stress 

Building on expertise 
through academic 
accomplishment 

Publication and 
presentation in national 

workshop 

20 
Mitochondrial reactive oxygen species 

measurement method using human cardiac 
muscle cell line 

Establishment of scientific 
basis for regulation 

Number of test method 
development 

21 
Mitochondrial reactive oxygen species 

measurement method using mouse kidney 
cell line 

Establishment of scientific 
basis for regulation 

Number of test method 
development 

22 
Mitochondrial oxygen consumption rate 

measurement method using human cardiac 
muscle cell line 

Establishment of scientific 
basis for regulation 

Number of test method 
development 
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Peripheral blood mononuclear 
cell mitochondrial copy number 
and adenosine triphosphate 
inhibition test in NAFLD 

A-Hyeon Lee 11, Ju Hee Oh 1'. Hyun Sung Kim 2, 

Jeong- Hun Shtn~. Eileen L. Yoon ... • and Dae Won Jun 1·,,..• 

1 Dt:p.:1rtn·c:nL of Trdn:-a,d~ion.:1l Med...:.mit: tfar1y.:!a1 Univt:n 'i Gr.!P:.2u.::1Loe Schoct of B.,orned1t::dl Sc,er ce­
drid tngiric::t:• r1g, Seoul So:.ith Kon:'d o~pdrtmeri~ or P.!ithoiog-y ,:my~-,g- Uni\•~r5i,y School of 
Mt::dkine Seou'.,. South Kae,3,. Intern Medicine!:, Htiny~ Uni,,.t:-r:..ty 5(:.hc:d of 1',,',edic::1ne, 
5':ouL So.JI.ti Kori=d 

B.Kekgrou mid and aim : Non -alcoholic: fatty liY!!r disease (NAFLO) is a.ssociatoo wilh 
mitochondrial dystun:::lion. This study aims to cr.e ... -elop biomarkers for asseSSlflg 
mit.ochondl'lal (tysfunction in paliento; wilh NAFLD. 

Methods: Mitoc:hondrion-assoc:iat@d trans.c:riptom@ analysis was perform@d. 
P,mpher-al blood mononucl!!ar c!!lls obtainoo from patients with NAFLD (69) an::! 
healthy conlrols (19) 't.'J«@ U:,,,00 to d@t@rmine th@ mitochondrial DNA (mlDNA) copy 
number. A mitochondrial inhibition substrate t@st (ATP assay) wao; p@rfom-.e,d wi 
H@pG2 cells tm.ing th@ pati@nt $@rum. 

Rl!!Sult$: Hepatic: mRNA transc:riptome analysis sho.ved lhat th!! gene expression 
related to fl'litOChondrlal functions (mitochondrial fUS,ion, apoptotlc: signal and 
mitochondrial envelop@) 1ncrea~ WI pati@nts with steatohepatitis. but not in 
lhos.e wilh NAFL Gen!! set enrichment analysis re ... ealed that !he upregula.te.d 
!!l(presslon of genes Is related to th@ palhways. of the tric-arbaxytic (TCA) cycle and 

dl!Oxyribonud.elc aod (DNA) replication WI patients with steatoh@palitis. b t not WI 
h8althy control!.. The mtDNA copy numb@r in th!! peripheral blood mononuc:l!!.!lr 
c:ells was 128- fold lower in pati@nts with NAFLD than !hit in healthy controls 
(P ,dXJOlJ. The mitochondl'lal inhibition subs.trat@ t@St showed that the c@llll!ar 
adenosine triphosphate (ATP) c.oncenlr.ltion wa& 1.2 -fold tim@s less in NAFLD 
patients than that In heallhy controls (P <.0001). Th@ mtDNA copy nurrllber and 

mitochondrial ATP Wlhibilion substral.@ tes.t d@rn:::mstral.@d negawe correlations with 
!he degre!! of hepatic steatosis.. oM'lll:!re:ts Ille ATP c:onc:@ntration show'!!d a positiYf! 
c:o!T@la.tlon wilh the mtDNA. copy numbet'. 

Conclu!!clon: The mitochondrial copy number at perlph@ral blood mononuc:l!!ar 
c:@!ls and mitochondrial ATP lnhibilion substrat@ can b@ usoo as, biomarkers tor 

ass.es.sing th@ mitochondrial dysfunc:tlon in patients "Mlh NAFLD. 
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Mitoregulin controls mitochondrial function and stress-adaptation response 
during early phase of endoplasmic reticulum stress in breast cancer cells 

Munkyung Choi, Keon Wook Kang • 
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ARTICLE INFO ABSTRACT 

KeyworcL,: 
Mitoregulin 
Mitochondrial qual ity comrol 
Mitochondria-associated ER membrane 
ER stress 

The proper regulation of mitochondrial function is important for cellular homeostasis. Especially, in cancer cells, 
dysregulation of mitochondria is associated with diverse cellular events such as metabolism, redox status, and 
stress responses. Mitoregulin (MTLN), a micro protein encoded by LlNCOOlI 6, recently has been reported to 
control mitochondrial functions in skeletal muscle cells and adipocytes. However, the role of MTLN in cancer 
cells remains unclear. In the present study, we found that MTLN regulates membrane potential and reactive 
oxygen species (ROS) generation of mitochondria in breast cancer cells. Moreover, MTLN deficiency resulted in 
abnormal mitochondria-associated ER membranes (MAMs) fonnation, which is crucial for stress adaptation. 
Indeed, the MTLN-deficient breast cancer cells failed to successfully resolve ER (endoplasmic reticulum) stress, 
and cell vulnerability to ER-stress inducers was significantly enhanced by the downregulation of MTLN. In 
conclusion, MTLN controls stress-adaptation responses in breast cancer cells as a key regulator of mitochondria­
ER harmonization, and thereby its expression level may serve as an indicator of the responsiveness of cancer ce.lls 
to proteasome inhibitors. 

1. Introduction 

Long non-coding RNAs (lncRNAs) are a group of RNA transcripts 
longer tha n 200 bp which do not encode proteins. Although lncRNAs do 
not encode proteins, they do have pleiotropic functions in mammalian 
cells, as reported in recent studies [1] . Several other studies have 
revealed that some lncRNAs, despite the.ir name, encode small proteins 
shorter than 100 amino acids encoded from short open reading frames 
(sORFs). Those microproteins have been spotlighted as important me­
diators regulating diverse cellular processes [2]. Stein et aL recently 
demonstrated that LJNC00116 enriched in muscle-type cells encodes a 
56-amino-acid microprotein named mitoregulin (MTLN) (3). Subse­
quent studies further revealed that Lipid metabolism and respirat ion in 
mitochondria can be controlled by MTLN in several cell types, including 
adipocytes and skeletal muscle cells [4-6). 

Changes in mitochondrial function have been attracting attention as 
an important topic in cancer biology. Metabolic shifts in cancer cells, 
includ ing the Warburg effect, are well-established phenomena [7]. 

However, mitochondrial dysfunction affects not only the characteristics 
of energy metabolism but also the various intracellular stress responses. 
Several studies have reported that dysregulation of mitochondrial 
function ca uses an imbalance in redox status, endoplasmic reticulum 
(ER) stress, and autophagy (8- 10) . Thus, mitochondrial dysfunction 
may affect overall cellular status as well as energy metabolism. The 
influence of mitochondrial dysfunction on cellular stress responses could 
be explained by the active interaction between mitochondria and other 
intracellular organelles. Mitochondria are not solely-acting organelles 
but communicate with other intracellular organelles directly or indi­
rectly. Among them, ER is one of the major interaction partners of 
mitochondria. The interaction between these two organelles is ma inly 
through what are called mitochondria-associated ER membranes 
(MAMs), which enable direct membrane contact without fusion [ll ]. 
MAMs are involved in several intracellular processes such as calcium 
transfer from ER to mitochondria and maintenance of mitochondrial 
membrane potential (MMP) (12,13). Moreover, MAMs affect the 
morphological control mechanisms of two organelles, including 

Abbreviations: ARE, antioxidant response element; ATF4, activating transcription factor 4; CRE, cAMP response element; DRPl, dynamin-related protein 1; ER, 
endoplasmic reticulum; ETC, electron transport chain; GRP78, glucose regulatory protein 78; LncRNAs, long non-coding RNAs; MAMs, mitochondria-associated ER 
membranes; M.MP, mitochondrial membrane potential; MTLN, mitoregulin; OMM, outer mitochondrial membrane; sORFs, short open reading frames; ROS, reactive 
oxygen species; TNBC, triple negative breast cancer; OXPHOS, oxidative phosphorylation: UPR, unfolded protein response. 
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Effects of anticancer drugs on the cardiac mitochondrial toxicity and their 
underlying mechanisms for novel cardiac protective strategies 
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ARTICLE I NFO ABSTRACT 

Keywords: 
Atlticancer drugs 
Mitochondrial loxicity 
Cardiomyocytes 
Reactive oxygen species 

Mitochondria are organelles that play a pivotal role in the production of energy in cells, and vital 
maintenance of cellular homeostasis due to the regulation of many biochemical processes. The heart co 
lot of mitochondria because those muscles require a lot of energy to keep supplying blood through the circ 
system, implying that the energy generated from mitochondria is highly dependent. Thus, cardiomyoc 
sensitive to mitochondrial dysfunction and are likely to be targeted by mitochondrial toxic drugs. It h 
reported that some anticancer drugs caused unwanted toxicity to mitochondria. Mitochondrial dysfun 
rela ted to aging and the onset of many diseases, such as obesity, diabetes, cancer, cardiovascular and 
degenerative diseases. Mitochondrial toxic mechanisms can be mainly explained concerning reactive 
species (ROS)/redox status, calcium homeostasis, and endoplasmic reticulum stress (ER) stress signal· 
toxic mechanisms of many anticancer drugs have been revealed, but more studying and understanding 
mechanisms of drug-induced mitochondrial toxicity is required to develop mitochondrial toxicity s 
system as well as novel cardioprotective strategies for the prevention of cardiac disorders of drugs. This 
focuses on the cardiac mitochondrial toxicity of commonly used anticancer drugs, i.e., doxorubicin, m 
trone, cisplatin, arsenic trioxide, and cyclophosphamide, and their possible chemopreventive agents 
prevent or alleviate cardiac mitochondrial toxicity. 

1. Introduction 

In the cell, there is a power plant that turns nutrients supplied from 
the outside into energy that can be used, which is the mitochondria 
[1 ,2]. Mitochondria are double membrane-bound organelles of a 
eukaryote cell containing mitochondrial DNA (mtDNA) [3,41, which is 
the circular chromosome found inside mitochondria [SJ, and play an 
important role in energy generation through a breakdown of energy 
sources such as pyruvate, fatty acids and amino acids and oxidative 
phosphorylation [6,7]. They are vital to the maintenance of cellular 
homeostasis due to the regulation of many biochemical processes [8]. 
The most important function of mitochondria is the synthesis of aden­
osine triphosphate (ATP), an energy source directly used by cells [9]. 
They produce most of the supply of ATP (10], and consume about 98% 
of the total 0 2 we breathe [11]. In the mitochondria, the glucose 
metabolism is completed, then pyruvate enters the mitochondria and is 
oxidized by 0 2 to CO2 and H2O. This allows 15 times more ATP to be 
made than that produced by glycolysis alone although glycolysis occurs 

at a rate approximately 100 times faster [12- 14]. In addition 
plying cellular energy, mitochondria are involved in a variety o 
processes, such as mitochondrial regulation of intracellular c 
concentration and signal transduction, cell differentiation, cell 
cell division, and cell growth [8,10,15,16]. 

Cells are exposed to free radicals by respiration or from an 
environment, which causes damage to the DNA base. In par 
mitochondria produce various types of reactive oxygen species 
and reactive nitrogen species (RNS) as by-products such as supe 
hydrogen peroxide, nitric oxide, peroxynitrite, hypochlorous 
singlet oxygen, and hydroxyl radical through the process of respi 
Mitochondrial ROS mainly is generated at the electron transpo 
located on the inner mitochondrial membrane during the pro 
oxidative phosphorylation (1 7] . Low levels of ROS play a major 
metabolic adaptation [1 81, stimulated by signals such as lysoph 
tidykholine and Toll-like receptor 4, and are involved in the re 
of the inflammatory responses [1 9,20]. However, high levels o 
chondrial ROS activate apoptosis or autophagy pathways th 

• Corresponding author at: Laboratory of Biochemistry and Immunology, College of Veterinary Medicine, Chungbuk National University, Cheongju, Ch 
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Abstract 
The heart has an abundance of mitochondria since cardiac muscles require copious amounts of energy for prov iding con­
tinuous blood through the circulatory system, thereby implying that myocardial function is largely reliant on mitochondrial 
energy. Thus, cardiomyocytes are susceptible to mitochondrial dysfunct ion and are likely targets of mi tochondrial toxic 
drugs. Various methods have been developed to evaluate mitochondrial toxicity by evaluating toxicological mechanisms, 
but an optimized and standardized assay for cardiomyocytes remains unmet. We have therefore attempted to standardize 
the evaluation system for determining cardiac mitochondrial toxici ty, us ing AC 16 human and H9C2 rat cardiomyocytes. 
Three cLinicaUy administered drugs (acetaminophen, amiodarone, and valproic acid) and two anticancer drugs (doxorubicin 
and tamoxifen) which are reported to have mitochondrial effects, were applied in this study. The oxygen consumption rate 
(OCR), which directly reflects mitochondrial function, and changes in mRNA levels of mitochondriaJ respiratory complex I 
to complex V, were anaJyzed. Our results reveal that exposure to all five drugs results in a concentration-dependent decrease 
in the basal and maximal levels of OCR in AC 16 cells and H9C2 cells. In particular, marked reduction in the OCR was 
observed after treatment with doxorubicin. The reduction in OCR after exposure to mitochondrial toxic drugs was found 
to be associated with reduced mRNA expression in the mitochondrial respiratory complexes, suggesting that the cardiac 
mitochondrial toxicity of drugs is majorly due to dysfunction of mitochondrial respiration. Based on the results of this study, 
we established and standardized a protocol to measure OCR in cardiomyocytes. We expect that th is standardized evalua­
tion system for mitochondrial toxici ty can be applied as basic data for establishing a screening platform to evaluate cardiac 
mitochondrial toxicity of drugs, during the developmental stage of new drug discovery. 

Keywords Mitochondrial toxicity - Mitochondrial dysfunction -Oxygen consumption rate -Cardiomyocytes 

Introduction 

Mitochondria are multifunctional organelles in eukaryotic 
cells that provide energy in the form of adenosine triphos­
phate (ATP), largely via the process of oxidative phospho­
rylation (OXPHOS) in which electrons generated by the ci t­
ric acid cycle translocate to the mitochondrial respiratory 
complexes ( 1- 3]. The heart is constantly pumping blood to 
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supply oxygen and nutrients to organs in the body, and the 
energy requi red for this is mainly provided by mi tochondria 
(4]. Similar to other muscle cells, particularly the cardio­
myocytes are mainly powered by mitochondria. However, 
increased mitochondrial density at times results in skyrock­
eting of energy output [5, 6]. Cons idering the above indi­
cates that the heart is sensitive to mitochondrial-targeted 
drugs and is vulnerable to mi tochondrial dysfunction (7). 

Mitochondrial dysfunc tion is now widely implicated 
in the etiology of medication-induced toxicities, and has 
become the primary cause of compound attrition and post­
market drug withdrawals due to safety concerns (8, 9]. 
However, most assays currently used for mitochondrial 
toxic ity provide limited mechanistic information. Besides, 
although clinical testing and ge netic analys is are bei ng 
achieved th ro ugh various biochemical assays to con­
firm the diagnosis of mitochondrial diseases , there is no 
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1. In troduction 

ABSTRACT 

Mitochondria are important cytoplasmic elements pre ent in eukaryoric cells, and are involved in con 
energy ro ATP through oxidarive phosph01ylarion. Mirochondria are vulnerable ro reactive oxygen species 
thereby making ir imperative to evaluate the roxicity. However, existing methods that evaluate mitoch 
toxicity in cardiomyocyres are limited. In rhe ctuTent study, we aimed ro determine a mitochondrial bio 
that measures the toxicity of mirochond1ia, and subsequently suggest an effi cient evaluation system for 
ating mirochondrial-specific oxidative toxicity. To achieve dtis, AC1 6 human cardiomyocytes, H9C2 r 
diomyocytes were exposed to acetaminophen (AP), amiodarone hydrochloride (AMD), doxo 
hydro hloride (Dox), valproic acid odium salr (Val), and (Z)-4-hydroxyramoxifen (4-OHT). Miroch 
oxidative sa-ess was d tenuined by staining the dn,g-rreated cells with MiroSOX"' red fluorescence dye, fo 
by imaging with a fl uorescence microscope. All working concenn·ations of Dox showed increased levels 
fluorescence in A 16 and H9C2 cells, whereas expo me to Val did nor alter the red fluorescence level 
cells. Considering our results, increased MitoSOXTM subsequent to dmg exposure is a highly reproduci 
reliable merhod ro measure the mitochond1ial-specific oxidative toxicity. These resulrs indicate r.har a scr 
sysrem using MiroSOX™ has the porenrial ro be applied as a reliable biomarker for derermining mitoch 
oxidative roxiciry in new drug developmenr. 

Enkaryoric mitochondria are important organelles thar convert en­
ergy in the body into ATP, via the TCA cycle. Thus, organs having a high 
density of mitochondria require voluminous energy, such as the heart, 
li ver, and brain. It is well validated that mitochondrial dysfunction is 
trongly associated with heart di ea e , uch a heart failure (Zhou and 

currently no standardized method capable of asses ing the toxi 
mitochondria. Ir i ther fo r nece sary to d velop a new ra 
method rhat evaluHtes mitochondrial toxicity in cardiomyocytes. 

Oxidative stress is one of the causes of mitochondrial dysfun 
Mitochondria are the organelles that mainly generate reactive o 
species (ROS) in cells, and the abnormally high ra te of ROS prod 

re ult in apopro i and ca11 e pathological problem . Mi tocho 
oxidarive damage may cause mitochondrial outer membran 
meabili zarion (MOMPJ-induced rransmembrane space prorein r 
accelerating mechanisms that promote cell apoptosis. In ad 
occurrence of i chemia or reperfu ion injury may progre s ro p 
ability transition pore (PTP), in which the inner membrane be 
permeable to small molecules (Murphy, 2009). Superoxide (02 
droxyl radical (·OH), and hydrogen peroxide (H2O2) are variou 
generated in the re pirarory pro e , utilizing oxygen in live cell . 

Tian, 2018). This is because cardiomyocyte functions are mitochondria­
dependenr, and the cells are ex tremely s11scepri ble to mitochondrial 
dysfunction. Furthermore, cardiomyocytes are vulnerable to cardiotox­
icities, uch a cardiomyopathy and heart fail ure cau ed by adver e ide 
effects when using anticancer drngs (Upadhyay et al., 2021 ). Mito­
chondrial dysfunction is associated with the mechanism of various dis­
eases caused by toxicity attributed to drngs (Chistiakov et al., 2018; 
Forbe and Thorburn, 2018; Johnson et al., 2021). However, there ar 

• 01Tesponding aurhor ar: Laborarory of Biochemisuy and Immunology, College of Vererina,y Medicine, hungbuk arional University, heongju, Clu 
28644, Republic of Korea. 
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3 
Development of alternative developmental neurotoxicity evaluation technology 
using stem cells 

Supervising 
division 

Toxicological Testing and Screening Division of NIFDS 

Type Entrusted Project (led by Prof. Ui-Bae Jung, Chungbuk National University) 

Title 
Development of alternative developmental neurotoxicity evaluation technology using 
stem cells (20183MFDS522) 

□ Background for the study 

● With increasing global interest in animal welfare including OECD, Europe, the U.S., 

etc., test methods that are able to rapidly evaluate toxicity using stem cell gene expression 

based on key events of adverse outcome pathway (AOP) have been developed as 

alternatives to animal testing. 

● In order to replace OECD TG426 that requires many laboratory animals, time and 

cost alternatives that are based on the AOP have been developed and it is considered 

necessary to establish technological basis for safety evaluation of developmental 

neurotoxicity in Korea. 

□ Study in brief 

● In this study, an alternative method to animal testing was proposed by investigating 

and developing developmental neurotoxicity alternative test method using stem cells 

(Sox1-GFP) for safety evaluation of pharmaceuticals. 

● Usefulness of stem cells in development of alternatives to animal testing for toxicity 

evaluation 

- Using totipotency stem cells, unlimited number of cells with the identical genetic 

background can be obtained, and thus toxicity comparison between similar drugs 

or cell reaction comparison under the identical condition and development of highly 

efficient screening method are possible. 

● Sox1-GFP stem cell: Sox1 is a gene that plays a critical role in development of central 

nerveous system. When Sox1 is expressed, embryonic stem cells are induced to 

neuroectoderm. Sox1 was used as a marker of neural precursor cell. 

- Sox1-GFP stem cells have been derived from Sox1-GFP knock-in reporter mouse 
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in which Sox1 genes were replaced by enhanced green fluorescent protein (EGFP). 

The cells are characterized by their self-expression of GFP only in the neuroglial 

stage. 

● Principle of the method: Developmental neurotoxicity potential is evaluated by measuring 

inhibition of differentiation to nerve cells and cell viability following application of 

test substances to Sox1-GFP stem cells. 

□ Overview of the study outcome 

● Major accomplishment: This study produced social and scientific accomplishment. 

Development of developmental neurotoxicity assay using stem cells was selected as 

one of the best MFDSR&D projects and multiple papers based on the study were published 

in SCI-grade journals. 

● Main outcome 

- Academic outcome: Publication of 3 papers in SCI-grade journals 

* 「International Journal of Molecular Sciences」, 「Reproductive Toxicology」, and 「Food and 

Chemical Toxicology」 

- Award 

· 2021 MFDS best R&D project 

· 2020 KSVS Autumn Workshop – best poster award 

· 2021 KALAS Winter Symposium – best poster award 

- Development of developmental neurotoxicity assay using Sox1-GFP stem cells 

□ Excellence and advantage 

● Excellence: Development of a method for screening developmental neurotoxic substances 

using Sox1-GFP cells that were established by promoting differentiation of mouse 

embryonic stem cells into neurons 

- There has been no other study that established developmental neurotoxicity study 

method using embryonic body and used difference neurotoxic substances to confirm 

accuracy and transferability of the method. 

● Advantage: Developmental neurotoxicity assay using Sox1-GFP can be used to 

simultaneously evaluate both neurotoxicity and developmental toxicity. 
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- Developmental toxicity alternative method in other countries: Embryonic Stem Cell 

Test of EURLECVAM and Hand1-Luc EST of JaCVAM 

- Neurotoxicity alternative methods in other countries: Neurotoxicity assay using 

ReNCell CX of EPA 

● Public interest: Reduction in use of laboratory animal leads to improvement in animal 

welfare 

- The existing developmental neurotoxicity assay (OECD TG 426) is a large scale animal 

experiment that requires use of many laboratory animals. However, developmental 

neurotoxicity assay using Sox1-GFP does not use laboratory animals nor involve in 

bioethical issues. 

● Utilization of the outcome and its impact: Development of developmental neurotoxicity 

assay that can replace animal testing 

- To keep pace with the international changes that pose ban on animal testing, an 

alternative developmental neurotoxicity assay that uses stem cells instead of 

laboratory animals has been developed. 

- The developed assay can be used in safety evaluation of the pharmaceuticals that 

have been unclassified yet. 
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□ Performance of the study 

Title 
MFDS Performance Evaluation Standards 

Type Performance Indicators 

1 
Presentation: Alternative Developmental 

neurotoxicity test Based on Sox1-GFP mouse 
embryonic stem cells 

Building on expertise 
through academic 
accomplishment 

Number of publication and 
presentation in national 

workshop 

2 
Presentation: Establishment of a 

developmental neurotoxicant screening using 
Sox1-GFP mouse embyronic stem cells 

Building on expertise 
through academic 
accomplishment 

Number of publication and 
presentation in national 

workshop 

3 
Presentation: Establishment of a 

developmental neurotoxicity test (DNT) using 
Sox1-GFP mouse embryonic stem cells 

Building on expertise 
through academic 
accomplishment 

Number of publication and 
presentation in national 

workshop 

4 
Presentation: Establishment of a 

developmental neurotoxicity test using 46C 
cells 

Building on expertise 
through academic 
accomplishment 

Number of publication and 
presentation in national 

workshop 

5 
Presentation: Screening for developmental 

neurotoxicity test using 46C cells 

Building on expertise 
through academic 
accomplishment 

Number of publication and 
presentation in 

international workshop 

6 
urturing professional personnel with master’s 

degree 
Human resource training Human resource training 

7 
Nurturing professional personnel with 

master’s degree 
Human resource training Human resource training 

8 
Nurturing professional personnel with 

master’s degree 
Human resource training Human resource training 

9 
Nurturing professional personnel with 

master’s degree 
Human resource training Human resource training 

10 MFDS best R&D award social evaluation 
Education and promotion 
material about the study 

outcome 

11 

Publication: Combined Exposure to Diazinon 
and Nicotine Exerts a Synergistic Adverse 
Effect In Vitro and Disrupts Brain Development 

and Behaviors In Vivo 

Academic 
accomplishment 

Number of papers 
published in SCI-grade 

journal 

12 
Publication: Establishment of a developmental 

neurotoxicity test by Sox1-GFP mouse 
embryonic stem cells 

Academic 
accomplishment 

Number of papers 
published in SCI-grade 

journal 

13 
Publication: Pre-validation of an alternative 
test method for prediction of developmental 

neurotoxicity 

Academic 
accomplishment 

Number of papers 
published in SCI-grade 

journal 
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Title 
MFDS Performance Evaluation Standards 

Type Performance Indicators 

14 
Presentation: Development neurotoxicant test 

in mouse Sox1-GFP cell 
Academic 

accomplishment 

Number of publication and 
presentation in national 

workshop 

15 
Presentation: Establishment of a 

developmental neurotoxicant screening using 
SOX1-GFP mouse embryonic stem cells 

Academic 
accomplishment 

Number of publication and 
presentation in 

international workshop 

16 
Presentation: Establishment of a 

developmental neurotoxicant screening using 
46C cells 

Academic 
accomplishment 

Number of publication and 
presentation in national 

workshop 

17 

Presentation: Perinatal 
Octamethylcyclotetrasiloxane exposure to 

maternal mice disrupts brain development and 
behavior in offspring mice 

Academic 
accomplishment 

Number of publication and 
presentation in national 

workshop 

18 
Presentation: Pre-validation study of 

alternative developmental neurotoxicity test 
using Sox1-GFP cell. 

Academic 
accomplishment 

Number of publication and 
presentation in 

international workshop 

19 
Presentation: Study for the pre-validation of 
alternative development neurotoxicity test 

using Sox1-GFP cell 

Academic 
accomplishment 

Number of publication and 
presentation in national 

workshop 

20 
Presentation: Study for the pre-validation of 
alternative developmental neurotoxicity test 

using Sox1-GFP mouse stem cell 

Academic 
accomplishment 

Number of publication and 
presentation in national 

workshop 

21 

2020 KSVS Autumn Workshop – best 
workshop poster-Establishment of a 

developmental neurotoxicant screening using 
Sox1-GFP mouse embryonic stem cells 

social evaluation 
Education and promotion 
material about the study 

outcome 

22 
2021 KALAS Winter Symposium best poster 
award-Establishment of a developmental 
neurotoxicant screening using 46C cells 

social evaluation 
Education and promotion 
material about the study 

outcome 

23 
Preparation of the draft DNT test method using 

Sox1-GFP stem cells 

Establishment of 
scientific basis for 

regulation 

Number of TG 
development 
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Abslracl; A ro.al-lifo env ironment during prognan,cy involves multiple and simultaneous exposur,.,s 
to toxic clwmicak Perinatal ex_posuros to toxic chemicals have bc@n reported to exert an inhibitory 

effect on mous n.eu ra.1 development and behaviors. However; the effect of combined e:i1posul't.>s 
of organophosphate and nicotine has not been previously reported. In this study, we investiga ted 
wheth"' a combined exposure of dia2.inon and nicotine can have a synergistic effc,ct_ n,e effecis of 
"he combined chemical exp~un, on cell viability and neuronal differentiation were examined using 

mouse So><l -GFP cell$. Addi!iot1ally. mice were maternally adrninistered 0.18 mg/ kg diazinot1, a no 
adverse effect level (NOA L) dose, combined with 0.4, 1, and 2 mg/kg nicotine. Mici, offspring 
underwent behavior tests to assess locomotor, depressive, cognitivi,, and social behaviors. Morpho­

logical change in the brain was investigated with immunolocali:zation. We revealed that the comb,iru,d 
exposure to diazinon and nicotine can have a synergistic adverse effect in vitro. In addition, the 
chemi.ca.1-trea ted mouse offspri.ng showed abnor.maliHes in motor learning, compulsive-like behav­
iors,. pa tial learning, and social inti,raction patterns. Moreover, 0.18 mg / kg diazinon and 2 mg / kg 

nicotine co-expos ure resulted in an increase in iyrosine hydroxylase (TH)-positive dopaminerg.ic 
neurons. Thus, the findings suggest that pt?rin.aial co-expos11re to nicotine and diazinon can result in 
abnormal ne11rodevelopment atld behavior, even at low-leve.1 administration. 

Keywords, organophosphate; combined exposun>; diazinon; nicotine; dopaminergic neuron 

1. Introduction 

During pregnancy, m aternal exposure to a specific chem i.cal compo und may result 
in abnormal brain development and behavior in h umans an d animals, and the real-life 
environm ent during p regnancy can in volve multiple a nd simultaneous exposures. lo toxic 
chemicals, such as pesticides and cigarette sm oke. In this regard, syn ergistic adverse 
effects genera ted by co-exposure of toxican ts have a ttrac ted contempora ry resea rchers. 
For example, even at an environmental-level exposure, a mixture of pesticides (varying 
from 0.001 lo 0.004 ppm ) can generate an inhibitory effect on aqua tic ecosystems v ia 
oxidative stress o.r cholinergic inhibition [1). Likewise, a combination of benz.opyrene 
a nd lead (Pb) can produce a syn ergistic a d verse effect on spatial learning an d m e mo ry 
impairmenb by exacerbating oxidative stres [2). ln ad dition , co-exposu re of dichlorvos 
and monocrolophoshas re:.-uhed in more severe damage lo neurons than from ind ividu a.1-
exposures by depleting neurotransmitter levels (3). Indeed, combined exposure lo m u ltiple 
substances may enhan ce or counterbalance the toxicity of chemicals, leading to unknown 
risks to anim al health. 

Diazinon is one of the m ost extensive ly used o rganophosphate pesticides for house­
hold or agriculture p urposes (4). Additionall y, cigarettes. represent one of the globally 

fol./. Mal. Sd. 2021, 22, 7742. https: //doi.org/l0a339D/qm.s22147i'42 http.s: / / www.mdpi.mm/joumal/ijms 
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Establishment of a developmental neurotoxicity test by Soxl-GFP mouse 
embryonic stem cells 

Sean Mi Park ", Na Rae Jo 1>, Bonn le.e 8 , Eui-Man J ung •,, Sung Duck Lee h, Eui-Bae Jeung "•• 
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Karm 
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ARTICLE INFO AIIST r1ACT 

Jl;mdliDJi Edilcr: 8.11,Pricc: A.miil: 

K<_)'1Wntl: 
DNT 
mEliC. 

~6C '"'"' 
S...l,GPP 

CclJ diffumliati(Jfl 

De•elopmeatal tOJ<ldty tests hRve been genera.led by •pplj•lng the embryonic stem cell test; at the European 
Cmtre fo, the Validation. of Altemative Method.,, or Dy u.,b,g the embl}·old l>ody t·est in our laboratory. This study 
was undertaken to explo,e novel developmental nenroto.dcity (Dm') assaj•, using a Soll-GFP cell lin.e (moose 
emmyonic ,tern cells with an endogenom Sod-Gl'P reporter). 1be upre<s!mi of Sod, a markl!I' for neuro­
eplthe!W cells, is detected by green flnorescence, and the lloorescence lnlen.sity Is a mtlcal factor for achleYlag 
nei,rnnal <lll[erenrladon. Sod-Gl'P cells ,cultUJBd for 24 h were exposed to eleven meumroxicanrs and fnu.r noa­
nei,rotoockimts. CCK-ll assays were perfomied to determine IC511 va!Ul!5 lifter 48 h of chemiCII! trBR1ment. The 
fl1101es,,enei, buen<lty of GFI' was me8'lured 4 days ofter treotlng rhe cells, 1111d it was observed ro decrBRSe ofter 
uposure ta neurotoxiMDts al high.er ooneent,atlons, thereby lndicat!ng that the neuronal dlfferea.tlJatl.on of Sad­
Gl'P cells is lllhiblred by the chemlw. Taken together, the results obtained !n thls study pro,!de a model for 
DNT u<lng l!!Dbryonle stem ei,ils, wh.kh JJ111Y be applied to evaluate the todcity ol new chemicals or new drug 

candld•t"'-

l. lntrcoducd11n 

the nervou$ system is $timulatcd and giv,; re$p<>nd$ to the :rur­
roundlng cnvironmcnL The aer.•ous system originate$ from the ecto­
denn of the thrte germ layers of lhe (!.,.eloping; embryo [1]. Ill the tarly 
stages of gestation, neuroepithclial celll: divide •)'Illmetrically or un­

symrn.-.trically when the neuroepithclial ools produce apica.l radial gUal 
ools [2]. Any anomalies durint; thi$ proctsS rt:rult in aeuro­
de,clopmtnta.l disorder$_ Abo11110~15% a<.-wbom diild has this dlsea.se 
[3]. Morrover, neurodl..,elopmcntal disorders 1-..ch as at1:cn1ion deficit 
hyperacti,t disorder and autism, arc rising: sharply [ 4]. This alanning 
number of newborn children with ncurudevdoprnental cli;a;asc; is now 
currt!Dtl)' drawing attention. In this paper, we suggest the test m;,thod 

for developmental n;,urotoxicity (DNT). facn though this rnpic has 
dr~ml much attention, however, the ta.1.15e of thc,;e global alhlrO­
devclopmtnta.l rlirordcr,; is only partially UI1dcr!tood . .It is well docu­
mented in the paper 1vritten by Gr.inc!ljtan and Landrigan [5]. Netdham 
et al. illl8!lestecl ihat 30- 40 % of all atun:,de,,,clopmtntal dlsortltr cases 

= du@ to genetic factoB. In same cases, nonagmttic environmental 
txpa:rure is caused by an.omalies .intera.cting 1vlth geru::iically inherited 
tertdcndcs. Fetuses a.rt implanti.-d on placenta, however, the placenta is 
unablt to block all trespassing of varieties of em·Jronmtnta.lly harmful 
substan.t.s, ,.,ltlch will con:t<:quently ll<! transft:md to the baby. Alw, 
after born, the hamtlul chemio::als tan .lie transfemd from rn.Ol:l1er 10 

baby during lactation [fl ). The d~-vclaping human brain is also vulner­
able to hat111ful dltrnlcal$ rlu.-i.Jl8 fota! and early dnldhood [7]. The 

brain of the baby is very vulnerable, and the amount of harmful chem­
icals affecting the fetus is a significantly .smaller amount than lha1 for i!n 
adult; this means that negligible am.ount of chemical c:ould cauk per­

mantnt brain damage$ to th.c baby and children during th.e devclop­

mcntill st1gc. Llboril tl'.11y studies have rtpnrted more than limo 
substant.s 10 be ncurolo.dc to arumals [SJ. In the United Stares, Canada 

am! Europe, m.ore lhan :J0,000 of the rommimly u;ed industrial chem­
icals h,M, biten exhibit rlcvelopmtntal neuroto,icity (8). 

Growing tanccms on neurotoxicants lead 10 an incnasc in identi­

fying de,·clopm.cnta! neuro1oxkants, new g:u.idelin.c,; ha.st been 

• Cm-responding aLllhor ot Laboratory of Veterlnary lliochemlstry and Molecuu!I B.lology, Veteri!UIJ)' Medk,il Center and College of Veterinal)' Medldne, 
Chungbuk National University, Cheongju, Chw,~bu~, 28644, Republic of Karell. 

E-mail 11Diinss.· e!tjeung@cltungbuk.ac.l<r (E.-B. Jeung]. 

hllps: / ldol.org. J 0.l0I b,'j.rep;ro!ox.2021.07 .004 
Received 24 March 2021; Receieed in revised fona 7 June 2021 ; Accepted 12 July 2021 
AvaWlble onllne 14 July 2021 
0890-623!1/I;) 2021 Elsevier lne. All rigllts reserved.. 
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Pre-validation of an alternative test method for prediction of 
developmental neurntoxicity 

..... .,. --

SunHwa Jeong ", Seen-Mi Park a, a Rea Jo b• Jin-Sook Kwon ", J imin Lee a, KangMin Kim ", 
Seem Myeong ,Go a, Lian Cai C, Dohee Ahn d' Sung Duck. Lee b' Sang-Hwan Hyun C, 
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Al!TICLE I NFO 

I litndlit18 [dilcr: Dr. JI!&!: WR Domingo 

Key,wni,: 
Villid111fon 
Deve.lopmenlaiJ 111!!lD'o1:o:ririty 

41iC 
l!nobryollic ,11,m a,11 

L ln,trlidudfon 

A8ST!\ACT 

E.<posure to neurodevelopmentlll toxkants can call5e penrument bra[n lnjnry. Hance, deferm[nlng the neuro­
to,riclry or ll!ll:nown suh<IAAces is """"tlal for the SJ!feiy or substance. As an alternatl1•e method to anlmAI 
studies, developmental neurotoidcity test (DN'11 and the first dlsulminanl flllletion {DI') were establl,hed in 
p""'1oos study. This study aimi!d to increa<e the predictability of the Dlff method RJld perform a mobility test. 
Two endpoints of 2'l newly lnveslig;lled suh<IBJ1ces were ltled to esl:ltbll<h a <eeead-generadon DI' (2nd GDF). A!< 
two endpolnl5, the half-lnhlbitory oanoentllltlon of the cell viat>ility [!Csol .,._, determlni!d ll5ing a cefil counting 
kit-!! RSsay. The hRlf-lnblbitory mi,eenmttlln of differentiation (ID511) was determined by meRSming the green 
nuore.<eent protein (GFl'J intensity In 46C cell'l. n... w b,rances were rreati!d do.<e-dependenrly ro mBR<me IC.., 
and !Dso. The 2nd GDF dassilled 29 ehem[cal'l aoc1m1tely "" toidc and aon-tmk. Four "'3rtlciplmts of three 
indeperui,ent laboratories .,,.... enrolli!d to test the mobility. The results af the test <l!i were highly aocurate [a 
repraduclblllty (100% af aoc111'8cy, sensitivity, and spedlldry) M d mobilit}• [aoruracy 9.3.33%, sensitMty 
90:91 %, and specllidty 100%1. In oondusloa, the 11rotocol ls transferable, reproducitile, and 11Cc:urate. Therefore, 
this cou!d be• standardizing method for determining a neurotoxicant •• an altl!ffllltive for animal experiments. 

Devdopmenral neurntoxiciiy is one of the mil st important endpoints 
fot the toxicity of !llllistanros (Ll el al., 2019). Nrnnxlcvcloprncnral 
til:ricani,: impair brain dcvdapmenl, and their uquclac usually clo nil!: 
rec,;,;.,- and piei:sil:t for life. This study rclerrrd to Organization for 

Economic C.C,-operation and Dcvcl0pment (OECD) H!S t guiddiru; 'TG 
426 ·, the LIS EnvirnnmM,tal Pmlecti.an Agc,ncy (El' A) Offk@ of Chemiral 

Sllfrty and Pollution Ptt'ventitm (OCSl'P) guiclcli.nt (C!IR Titl.c 40, 
Chapt...,-1, Subchapter R), ancl 'Toxic Substaru:es ContrOI Acf to cstabl.i$h 
the develDpmcnral neumtaxicity rest. fhe~ protocols were approved 

using a ~andanlizcd approach to determine de\·clopmental neurotox­
icity, but this method requires !he sacrifice of large numlxr of lab 

animals. Morro,·cr, the use llf arumals is a tirne-<:on:1Uming process lhat 
is neStricLold litcall!it of ethical BSui:$ (Fritsche et al., 20!8). Several 

a1tcmati."' methods for a laboratory animal study have bttr1 ~ug:gmold 
10 settle these is:sues. In hurnarts and animals, !lllch as rodtnts, embryonic. 
stem cells (de Lle<!uw .,, al, 2020), Inducible progenitor stem cells 
(Hofrichtcr et al., 2017a), neural progr,nilOr (hlasjosthusmann ct al, 
201 <J), and primary neural .:clls (Hofrichlcr rt al., 2Dl 7a) ncurutoxic­
itic~ wtre invcstiga1ed by measwing the cell viability (Mi!.sjosthu,;mann 
cl al., 2019) and ncu,"1 ccll diffett'ntfation (de IEcuw cl al, 20"l0; 
Hofrichtcr et at., 2017a). In addition, th@ U!le ,of mous@ embryonit srr,rn 

cclls genetically modified with the Sari (SRY-box 1ranseription factorl) 

gene reporting system marked green l'luott'somt pmtcin (OFP) gene was 
also rccOlllmtndoo (Pack cl al., 2021 ). Th.Ek wtri! visualrar,c!I as grttn 

• Corresponding author. Laboratory ofVeterlllllJ}' Blochemistry on<I Molecular BJology, Veterlnory Medi<:al Center and Coll~g• ofVelerlnary Medldne, Chun;gbuk 
National Uni,erslty Chl!<lllgjU, Chungbuk, 28644, Republie of Ko,..._ 

E-mail oUldt= ebjeung~dmngbuk.11<:.kr (E.-B. Jeungl. 

brlps:, 1dal.arg. IO. tolf,/ j.fct2022.1l 3070 
Re,,eived 17 January 2022; Received In revised form 15 Aprll 2022: Ae1'epted 20 April 2022 
A""illlble anline 25 April 2022 
0278-69! 5/C 2022 Elsevier Ltd. All rigtits reserved. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

4 Study on evaluation of drug interaction using big data and machine learning 

Supervising 
Division 

Pharmacological Research Division of NIFDS 

Type Entrusted project 

Title 
Study on evaluation of drug interaction using big data and machine learning 
(19182MFDS407) 

□ Background for the study 

● Drug interaction can be the cause of negative clinical outcome including increase 

in occurrence of adverse effects or reduction in drug efficacy. 

- It was reported that, of all combination of drugs on the market, about 10% of drug 

interaction has yet been identified. 

● When approving new drugs, MFDS requires to label as much drug interaction information 

as possible by performing as many drug interaction clinical trials as possible. 

- Clinical trials demand a lot of time and cost, and a system that is able to predict 

drug interaction results using algorithm is needed. 

□ Study in brief 

● Development of algorithm for prediction of drug interaction using information on drugs 

and authorization 

- Prediction of interaction between drugs, food ingredients and drug metabolizing 

enzyme (CYP450, etc.) 

- Prediction of Korean-specific drug interaction and adverse effects based on gene 

information of Koreans 

● Establishment of a platform for prediction of drug interaction based on machine learning 

- Prediction model for predicting effects of drug interaction on absorption, distribution, 

metabolism and excretion 

- Prediction model for predicting drug-induced toxicity and adverse effects caused by 

drug interaction 

- Prediction model for predicting CYP 450 reactions at a molecular level and drug 

metabolism derived from genetic differences between Koreans and Westerners 
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p 
mg- Drug l111teraction Predicti",o,n 

N,eural Network Platform 

Ⅳ. Latest studies on NAMs and their regulatory acceptance 

● Establishment of big data-based platform for evaluation of drug interaction 

- Establishment of DM model for prediction of interaction between drugs and foods 

- Suggestion of combination and alternative drugs that would reduce adverse drug 

reactions 

- Establishment of prediction model for drug metabolism and active metabolic 

pathways at a network level based on Korean-specific genetic information 

- Evaluation of the platform using CDW dig data of medical records of hospitals 

□ Overview of the study outcome 

● Establishment of prediction model of interaction between drugs and between food 

ingredients 

- DDIP – NNP (Drug to drug interaction prediction neural network platform) system 

has been established. 

* Target: regulatory body, pharmaceutical companies developing drugs, clinical experts (e.g. 

physicians and pharmacists), etc. 

* Where to use 

� To predict interaction of new drugs being developed 

� To identify and (or) predict interaction between drugs taken by patients in clinical 

practice 

� To predict interaction of drugs that have been developed, but rarely have known 

interaction due to lack of clinical evidence 
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~~~~~£.~~{DRUG DRUG INTERACTION) 

~8~ -9-"C ~ ~ (Perpetrator drug)" 

Voriconazo le Tacrolimus 

~~~ ?E ~~(Pe rpetrato r ~~~ ~E Qf ~(Victim 
drug) drug) 

lsavuconazole A lit retinoin 

lsavuconazole Voclosporin 

lsavuconazole Crisaborole 

lsavuconazole Cyc losporine 

lsavuconazole Pimecro limus 

lsavuconazole Cro m og licic acid 

lsavuconazole Dupilumab 

Voriconazole Cycl osporine 

Cytochrome P450 3A4 

Cytochrome P450 3AS 

MP! 

- DDIP-NNP 
f)n;9•0N!Jnt- •'r•dicl:ion 

-..I ,etwm11: /'.'Ylfwm 

lsavuconazo le~ Ali t ret inoinQI AUC~ 17.30% 12..l-E "5 
7fAI~. 

lsavuconazo le-§ Voclospor inQI AUC~ 25 .42%12.!"'5 % 
7fAI~ . 

lsavuconazole~ Cr isaboroleQI AUC~ 27.50% '2.!E '5' 
7fAI~. 

lsav uconazole-§ Cyc lospor ineQI AU C~ 28.00% ~ -@­
"5/~AI ~. 

lsavuconazo le.g. Pimecro limusQI AUC ~ 28.03% '2.!E 
'5' 7 ~AI ~. 

lsav uconazoJe.g. Cromog licic acidQj AUC~ 28.03%'2.!­

E %7~AI~ . 

lsavuconazole~ DupilumabQI AUC~ 28.03% 12..l-E % 
7fAI~. 

VoriconazoJe.g. Cyclospo rineQI AUC~ 70.00% '21-'5' % 
7fAI~-

Vorico nazo le Tacrolimus 

inhib ito r subst rate 

inhib ito r subst rate 

I 

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

- Prediction of appropriate pharmaceutical and adequate dose volume in Korean based 

on drug interaction 

- Suggestion of combination and alternative drugs that reduce drug adverse effects 

<Screenshot of suggested drug pairs when drug to drug interaction is searched> 

- Establishment of prediction model for predicting drug metabolism and active 

metabolic pathways at a network level based on Korean-specific genetic information 

- Evaluation of platform using CDW big data of medical records of hospitals 

<Providing information on proteins involving in interaction > 
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Ⅳ. Latest studies on NAMs and their regulatory acceptance 

□ Excellence and advantage 

● Development of a system for prediction of drug interaction based on accumulated 

medical big data 

- Development of machine learning algorithm can be used as an independent 

technology specialized in pharmaceutical sector, and can also be utilized in other 

drug related projects. 

* A new technology to generate valuable data by integrating and editing information related to 

drug interaction has been obtained. 

- The drug interaction prediction system has higher accuracy and predictivity as it 

is built based on medical-related big data accumulated for the past. 

* In particular, it can be used as a major part of the AI drug administration proposal system 

in conjunction with other algorithms that help precise customization of drug administration when 

building prediction and evaluation models that reflect characteristics of Koreans. 

□ Utilization of the outcome and its impact 

● Providing personalized medication that minimizes adverse effects 

- The quality of medical services and for the general public has enhanced. This 

contributes to improving public health and quality of life, and thereby satisfaction 

of the people. 

● Medical professionals are able to provide medication-related services more accurately. 

- Medical professionals would be constantly exposed to expert knowledge by using 

the platform and this can hel reduce the time and cost required for repeated 

education and training. 

● Prioritization of drug interaction information considering the clinical situation can 

reduce unnecessary notification. 

- The platform can become more trustworthy by the medical professionals. Also, it 

can reduce unnecessary fear of adverse effects among the public and correct the 

understanding of drugs in the long term. 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

□ Performance of the study 

Title 
MFDS Performance Evaluation Standards 

Type Performance Indicators 

1 
Patent: 10-2022-0119792 

Pharmacokinetic change prediction device and 
method 

Intellectual property 
Number of patent 

applications 

2 
Publication: An annotated corpus from 

biomedical articles to construct a drug-food 
interaction database 

Building on Expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

3 

Publication: Machine learning-based 
quantitative prediction of drug exposure in 

drug-drug interactions using drug label 
information 

Building on Expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 
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J oumal of Biomedical Inform.a tics 
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An annotated corpus from biomedical arfides to construct a drug-food 
interaction database 
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ro.rnr.a:J hmg11 f\8" p!OOH,< lng 
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boomodieal dolDilim .icbie.-.cl il Pt ""'"' Sli.O'lb in e:,:ltr.oct,ing Dl'l .kq-<semben=. To lbe be,;t of our km=~•. lb• 
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1, l.fll!!'Od11~lo11 

Drug iat.,,-a,::ti.oJ,occm,wbr:r, tbr,,;:q,a,.,,r, lo adrui (or.-icrllm) ,;,,- ill> 

~ff1caey and/ er •~l'eif ;, :1ft..,1ted by a.nother nil»tamoe (or ~rall>r] 

o::,n,.,,m,;d l.ai8~"" w;t~ tbr, drug. Petpe1ra.l.an indr,dr; but ;,r,; n~ 

liaciu,d t□ , auo!lrer d rug, food, b.-'i'eFagr; □r a d ,.;,nLCal. Drug it1ter~cti011 
may incn;asi! o,- d;,:r,;a5r, I.],., oc1j9ity of 1:1,., vktim dlrug. For i!X3m,pl~. 

~•a¢1:hJ.il Ci>D imcr:eooe tbr, blood premre-lowerin~ ~rre:.1 oi OOllli! ... ,ti­

liypel'll!m•i~e wt,.~., i,f8i!,u..d !f>S'"'-1"" {1] . u, c:antnnt, o:r,,i!pr.,t□ t<! can 
ret:hr,:.-., tlue pb,1111~ J,;V<e ar oo-a.d,.,;.,i:si,.,..,d ,,,,Jfi~;Wir_, '"" am1Mral 
.. g,,,,,1 lo tt:'l!aJ. J,r,rnan imm.Un□dtilicierx:y Virus, lr,,adim~ to tlie d""""lop­

,a;;i, t ohiral =i!Ua,mc,; [2.,3] . 

O!vari""' typ,,o of d rug int<eradioms, ti,_ With ac.ol "'' d tlilg ( d;ug­

dn,g ;m11er.1ctocm, DDl) o r food (drug-fbc:d it11Badi01r, DFI) "'"" d i.J,i.cally 

;;,,part"1ml l,,;c.,...., DDlo ~ad DFb """ o ften be a.VOJdied ll lliej' 'Wr,rie 

r,,ccgtJited bd'ar;,l,.,,rd. Drug it,tera.d:i.01"' c..,, be id;;i,ti/]ed 31 \!':JriD<Js 
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b.>V<e , tiawu g:<i<>d. pt,rfon,;~1>cr, it, tel<lra.di.Jt.g and d ... sily;;;~ DDfs [ '1-6]. 

A simil;,r NLP ma:t..J let e:.trac1 DFB f'n»ll ..:i.el, tit1e J;1eratu;e-..,"" 1riclned 

Oil tbe DDJElotr.KtiotJ 2013 ccttp<1• Oll I.),., assuttiplli,,1 tlr.,t tbr, strudur,: 

of DDl-d--=ribitJg ..,t,[t:t,,,.. .is d□ ... [ t) that ar DFl-d..icribi.Jt.g OJreS [71-

'11u, ""'""'ptloJ~ liowi;V<et, ma.y m~ be, o-ul:..a.imlfated. g;,,,.,., I LC 
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Ⅳ. Latest studies on NAMs and their regulatory acceptance 

□ Major accomplishment 

2. Publication: An annotated corpus from biomedical articles to construct a drug-food interaction database 
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ARTlCLE OPEN C:11<':k"'""....-. 

Ma.chine learning-based quantitative prediction of drug 
exposure in drug-drug interactions using d.rug label 
information 
Ha Young Jang '-\ Jii'lyeo:n Son;g:u, Jae 1-lyun K im CV, HO'll!/ard Lee ... ln-Wha Kim '. Booglcl Moan 81 and Ju11t!J Mi Oh 'llil 

Many machlne le.amlng technlq,ues pro'IJde a :s!lmp'le prediction for drugcdrug Interactions U:l:Dls). Howew,r, a systellllillilcalt,, 
,c:on5lruct:ed d!a't3base wi th pharmacoli.inetic (Vi 00:1 infDllll.illion does not exist. nor Is there a madiine leem Ing model IJhat 
numerka y predlru P,K fotl change IFQ wJti'l it. llherefore, we propose a PK 001 predldiion (PK-DDIP] model fur q,uantita~lve IDDI 
prediction Mt h, high accuracy, whl~ constructing a hlghly reliable PJC..DDJ databasee_ .Re1Iab/le information of 3J627 PK DOis was 
con5tructed from 3.5,87 drugs using 343,.711 food and Orug Adml:nlslrabon IRDAI drug labels. This PK-ODJP model predicted the FC 
,of lJhe area under the ~ime-com:entration curve IAUO wl~hin ± 0.5959. The predldiion proportions within 0.8-1.2:5..fuld, o..67-1.:5-
fafd, and 0.5-2-fold of the AUC were ?:§_';'?', 86.68, and 94_7~. 1espee1111te1y_ Two external validat ions confirmed good predlction 
performance for newly updated FDA lal:Jek and FC from pat lent:s'_ llhis model enables potential DDI eva uatlon before clinical bilak,. 
whlch wlU save time and cost 

11pJ Digital lifedjdne 12022)5:88 : https:i/doi.orgfl o_ 1038/s.41746-622-00639-0 

IN,TIRODIJCTIONI 
A drug-drug interaclilo,:n (DDll ocours when t he pharmacdld­
netics (PKI or pharmacociynamlcs (P Dl of the ... 1c:11im dJug is 
changed by a perpelirator ,drug previously ta'ken ,or admin is­
tered in combination. DDls may lead t o products' wllihdrawal 
from ~he market_ For instance,. astemiz:ole, a drug foJ the 
treatme:nt of allergic symptoms, was wJIJhdraw.n from the 
market due to the possibility of prolongation of the QT lnteNal 
and arl"hythmlas when comb-ned wllih cytodhrome P450 lA<I 
(C'r'P'.3A41 inhibi tors;, inc udlng grapefrnit juice• and erythromy­
dn ' _ Mlbefrad[I, a treatme.nt for hypertension and chronic 
angina, was wllJhdraw.n from the market due to b:radycardla and 
rha'bdomyol'(S'ls when combined wllJh various cardiD\lascular 
d1ugs, such as beta-blodker5 o,:r statlm". Likewi se, DDls have 
been 5tudied as one of lihe causes of se,,.,.eie ad'lerse rearno,:n5 
ocoul'Tling n dinical se.ttings•"· !Furthermore•, IJhe ncreasing 
trend ot multl-<lrug presorl,p ions increases the 1posslbmty of 
side etteru d ue t o DDls 5_ 

HDWe'Jer, cf:esplre• 1h15 importance.. n mer,ous DDls e!cl51, but 
have not been identified. What i5 worse, approid'mately 10% of 
00:1 pan may have ad'll!lrSII! reaciions due to D0I5 among a I 
c:om'b natloos ot comrnerclalty aYallable cllugs•. Th~ Is because, 
fir5t, the Food and Orug Ad'rnlnisb.ltlon IFDAJ recommend5 that a 
clinical trial for 00:ls be rnndoct·ed when drug5 affect ooly, or .are 
affected lby. a s:pectiic enzyme 1in an ·n-vltro 5tudy1_ High costs and 
tim~oon6Umlng dinica1 trials may be part of IJhe reason for lihe 
limited number otknown DD:ls. Second. the mechanisms lby whidh 
00:ls occur are very dr.ierse.. and eadi me,ch.anism may be 
complex., so not all potential DDls may be detecred. 

Vari!oos machine le.am Ing t edhnlques ha~e been develo,:ped to 
predict DOis to overcome the lack of lmown DDJ pa rs_ In 
previous studies'l-"i , many models ha\le beeri devel o,:ped to 

predict the presence or absence ot DOis, dlsco'lering DDl pairs 
th.at cau5e side effects, or classifyJng tile• types ,ot ODls using 
open so rc:e d':at.a'bases IDBs)_ However, there are clea1 limita­
tions_ fir 51. most models have only provided a slrn pie predict ion 
for the eicistenc:e o,:r dasslfication of ODls_ These• models do not 
ajd in complex crnical decisions, soch as precise dose 
adju5tment ,or altemaU11e drug seleulon. Predictions about fold 
change of PK parameters are needed to help physicians and 
pharmacists, but, to di.ate.. t here are no modlels t hat lhave been 
s'IJccessfiul in predlcti.ng, this. Second.. a systemal:ikaDy con­
st rnc~ true-negatilre data~et dloes not e,ciJ51_ The DDI D.B.. soch 
as DiugBank. widely used for DDls prediction, contains 
information that 'th.ere i5 a DDI between drug A and B', but 
doe.s not contain Information that 'there is no DDI'. As a resrult, 
re5earchers nevital:>Jy ha\l'e selec~ random :sets ot d'1ug pairs 
think ng IJhere were no lnteractllons"'" ·'"·l",A-.ll,~J . .u,••. Cer­
taln1y, absence of evidence is not evid'ence ot a'bsem:e_ Us ng a 
model wilJhout goodl input makes it d"ffioult to obtain r·elia'ble 
output_ If ~e negatilre set ~ random, it is difficult to Identify the 
exact cause when unexpected prolllematlc ou~ut occurs. 

1berefore.. a sufficient amoun ot ODI nfomtalioni containing 
fold change ,o,:f PK parameters was collected by hand search from 
FDA diug labels for high model perfD011..ance and a rellatile PK-IDDI 
OEi w.ti oonstJ;ucted ff lgi. 1-. U:sing1 thls data,. a PK DDI prediction 
model (PK-0D1' model! Is pro,:posed that quan~itatl.,.Eily predicts 
the fold diange of d'rug1 PK parameters In DDls. In adl:lilion, a 
standalone a;ppllcatilon. w'hldi provldes predicted fold change5 
and reported fold changes of PK paramerers. anaromlcal 
tllerapeutic chemical (A TO code-based after,nafr,.e ,dr,ug dhoke!;. 
and slngle nudeotiide polymorphism (SNPj action infDllll.il:tion wa5 
distributed 

'coil,,g• d Ph•llNC)' and Rts<,ar,:h 1...-m r,/ fi,..,,..a,utl<ai Scli!r>'.lm,. Se:iul N>llonal Unt.>c"tty, :seoul, Fqlublic r,/ 11,a,...._ 'c,,pornm,,rll ot C<Elptn r science and Engm,en,g, 
5oooJ N'a11onol ur,~, ~ Rop!!Jblle ot !din, •• ~I af l'hanNcy, oobuk N~cml llrlM!IMj', JKcl'"' Ropd:&: "'"""'"- 'OCJIOl1ln<!nl "'Clo1i:.II PhOITll><ol:>g~ •nd 
lhonp,Uti:$,. ~ N>Tlooal Unl"""ltjl Coliogo of M«llcl,.. om Halpltil l 5H>IJ, II.an,>. 'TI- aoJ!h<n <ootJ1buil>II ,oqu•~ H• 'fcta>;J lan!I, Jh~oon Scl>;J. 
"'ema bbnooo&<niLadr; ... oh@ll,u.1d<r 

P'Ulll i!lii!d i 1wrt11!r.,hip wilil Sa!<iul N•ID'l•I ~im,iicy &Jntlm,g lt:tsp!III npJ 

MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

2. Publication: An annotated corpus from biomedical articles to construct a drug-food interaction 
database 
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Ⅳ. Latest studies on NAMs and their regulatory acceptance 

Study on establishment of big data-based model for prediction of drug 
5 cardiovascular safety 

Supervising 
Division 

Pharmacological Research Division of NIFDS 

Type Entrusted project 

Title 
Study on establishment of big data-based model for prediction of drug cardiovascular 
safety (19182MFDS406) 

□ Background for the study 

● Drug adverse reactions in cardiovascular system are integral part in hazard evaluation, 

and many drugs have been withdrawn from the market due to their potential to cause 

deep vein thrombosis 

* New drugs applied for approval are evaluated using safety pharmacology test methods 

● New drugs have been commercialized after non-clinical and clinical studies in accordance 

with international guidelines, but issues related to false negatives or false positives 

are persisting. 

- Cardiotoxicity evaluation using animal models have limitations including variability 

caused by experimental environment and interspecies differences. 

□ Study in brief 

● Selection of arrhythmia drugs based on big data and development of prediction algorithm 

- Establishment of clinical big data for prediction of drug safety in cardiovascular system 

- Development of clinical big data-based algorithm for prediction of cardiovascular safety 

● Preparation of non-clinical test method for verification of cardiovascular safety 

prediction platform 

- Establishment and validation of in vitro cardiovascular hazard evaluation model: Multi 

electrode array using hiPS-CMs 

- Validation of in vivo cardiovascular hazard evaluation model: Telemetry using beagle dogs 

● Validation of big data-based model for prediction of cardiovascular safety 

- Validation of prediction rate using non-clincal model for evaluation of cardiovascular 

hazard 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

● Establishment of a single ion channel measuring assay for major channels related to 

cardiac action potential 

● Obtention of data on evaluation of single channel effect induced by drugs 

● Obtention of non-clinical data-based prediction model for deciding QT extension in 

clinical situation 

□ Overview of the study outcome 

● Establishment of a platform for prediction of effects on clinical ECG using in vitro 

single ion channel assay 

● Establishment of clinical biological signal big data for prediction of cardiovascular safety 

- Clinical electrocardiogram data and electronic medical records have been collected 

to create database. 

* As for standard 12-lead ECG, 1,040,752 ECG data from 447,632 people have been collected. 

<Dashboard of Ajou University Hospital in October 2020 showing statistics of patient biological signal collection> 

● Establishment of an active cardiovascular risk monitoring system and dashboard based 

on clinical big data 

- A total opf six tabs* are configured to display overall data collection and provide 

guidance and contextual monitoring systems 

* Dashboard, Tutorial, Standard 12-lead ECG, ICU continuous ECG, Patient specific, and 

pre-clinical risk evaluation 
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Patient specific 

Dashboard 
Accumulated patients in ajou university hospital. 

387,539 

ICU PATIENTS 

2,416 

Ⅳ. Latest studies on NAMs and their regulatory acceptance 

<Dashboard> 

□ Excellence and advantage 

● Establishment of clinical biological signal big data for prediction of cardiovascular 

safety 

- By utilizing the data of single cardiac ion channel experiment in non-clinical stage, 

risk of extending QT interval in clinical stage can be predicted during new drug 

development. 

* This is expected to reduce cost and complexity of clinical trials by helping set the direction 

and scale of the trials 

● An active cardiovascular risk monitoring system and dashboard based on clinical big 

data 

- Safe medical environment would be created thanks to early detection of drugs with 

deep vein thrombosis risk and timely countermeasures. 

* Through commercialization, it can be utilized as a decision support system when physicians 

prescribe drugs with cardiac toxicity risks 

□ Utilization of the outcome and its impact 

● Improvement of national health care by enabling monitoring and early screening of 

potential cardiovascular threats caused by drugs prescribed frequently as well as analysis 

of the causes 

● Utilization of a big data-based cardiovascular safety prediction platform during new 

drug development that requires a lot of cost 
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MFDS NAMs Report: Regulatory Acceptance and Research Outcomes 

<Example of the use of a clinical data-driven cardiovascular safety prediction model > 

- Minimizing trial errors caused by interspecies differences, reducing cost for new drug 

development and improving the competitiveness of national pharmaceutical industry. 

□ Performance of the study 

Title 
MFDS Performance Evaluation Standards 

Type Performance Indicators 

1 

Publication: Data-driven drug-induced QT 
prolongation surveillance using adverse 

reaction signals derived from 12-lead and 
continuous electrocardiogram data 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

2 

Publication: Risk of QT prolongation through 
drug interactions between hydroxychloroquine 
and concomitant drugs prescribed in real world 

practice 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in SCI-grade 

journals 

3 

Publication: Development of a Risk Score for 
QT Prolongation in the Intensive Care Unit 
Using Time-Series Electrocardiogram Data 

and Electronic Medical Records 

Building on expertise 
through academic 
accomplishment 

Number of papers 
published in 

non-SCI-grade journals 
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RESEARCH ARTICLE 

Data-driven drug-induced QT prollongat ion 
survei llance using adverse react ion signa s 
derived from 1i 2-lead and cont in uous 
elect rocardiogram data 
By1mg Jin Choi' , Y11ry1rng Koo•~, Tae You1191 Kim", Hong-:Seok Li 
Dukyo11g Yoon z,o.s., 

I []epartment DI BiMledicat Informatics, Ajj:>1.1 University SCl'loOI of MediOina, Smvon, Gyeonggi-oo, Republic 
or Korea. 2 BUD.on Inc, Jeonju, JeDIJal>uk-do, Republic or Korea, 3 ilepattment or CardiOlogy, .Aj;:Ju 
University SCl'lool 01 Medieiina, Suwon, Ciyeonggiad:l, Republic Of Korea, 4 Departmenl ai Biomedica.l 
S~sl<lms lniormatics, Yon:sei Universify College or Medicine, Yongin,Gyeonggi-do, Republic Of Korea, 
5 Center lor Digj1BI Hea h, Yongjn Severance Hospifal, Yonsei Univers~y Heanll Syslem, Yon gin, Gyeongg;. 
do, Reput:ir,c cl Korea 

Tllese aU11'1ors oontrimted equally to thiS worlt. 
• dukyong,jDonOyor\Sei..ac.kr 

Abstract 

Drng,indl.lced QT prolong:ation is one o.f the mo.st common si.de effects of drug use and can 
cause fatal outcomes such as sudden cardiac arrest. This study adopts the da,ta-driven 
approach lo assess the QT prolongation risk of alll the frequently used drngs in a tertiary 
teaching hospital using bolh standard 12~Iead EOGs and intensi~e care unit (ICU) conli~u­
ous ECGs. We used the standard 12.Jead ECG results (n = 1,040,752) measured in the hos. 
pita! during 1994-2019 and lhe continuous IECG results (n "' 4,835) extracted from the ICU's 
patient"monitoring devices during 2016-2019. Based on the drug prescription frequency, 

167 drugs were analyzed using 12-lead IECG data under the case-control study design, and 
60 using continuous ECG data under the retrospec,tive cohort study design. Whereas the 

case-control sludy yielded the oclds ratio, lhe cohort study gen.erated tile hazard ratio for 
each candidate drug. ,Further, we observed th.e possibility of inducing QT prolongation in 38 

drugs ill lhe 12-l'ead ECG analysis and 7 drugs in the continuous ECG analysis. The seven 
drugs (vasopressin, vecuronium, midazolarn, levetiracetam, ipratropium bromide, nifedie 
pine, a11d ch!o1pheniramine) lhat showed a significantly higher risk o! QT prolongation in the 
continuous ECG analysis were also identified in !he 12-lead ECG data an.al,ysis. The use of 

two different ECG sou rces enabled us to confide11tly assess drugrillduced QT prolonga1[011 
risk in cr.n ical practice. In, lhis sludy, seven, cl.rugs showed QT prolongation risk in both, study 

designs. 

PLOS ONE I httpS;//tkli.11rg,'10.1 J7l (jr.iumal.pgMi.O~ 117 January J 1, 2.022 1111 

Ⅳ. Latest studies on NAMs and their regulatory acceptance 

□ Major accomplishment 

1. Publication: Data-driven drug-induced QT prolongation surveillance using adverse reaction signals 
derived from 12-lead and continuous electrocardiogram data 
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