
1 
 

 
 

 

 

human Cell Line Activation Test h-CLAT   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

JaCVAM  

 
 
 
 
 
 
 

28 9 19  

 

7



2 
 

JaCVAM  

 

 

   

   

   

   

   

   

  

8



3 
 

 

EU

Quantitative Structure-Activity 

Relationship: QSAR in vitro

2013 3

in vitro human Cell Line Activation Test h-CLAT
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EURL ECVAM 15

73.3 86.7% Organisation for 

Economic Co-operation and Development OECD THP-

1

OECD

24 4

79.2  

OECD 142 85 93 66

log Kow 3.5

log Kow 3.5

66%

 

9



4 
 

 

 

10



5 
 

1.  

Organisation for Economic Co-operation and Development: OECD Test Guideline: TG406

Local Lymph Node Assay(LLNA), OECD TG429

[3H-Methyl]-thymidine LLNA RI

ATP LLNA: DA OECD TG442A Bromodeoxyuridine

LLNA: BrdU-ELISA OECD TG442B  

EU Registration, Evaluation, Authorization and Restriction of 

Chemicals: REACH

Quantitative Structure-Activity Relationship: QSAR in vitro

2013 3

 

In chemico Direct Peptide Reactivity Assay

DPRA OECD TG442C In vitro

ARE-Nrf2 Luciferase Test Method OECD TG442D OECD

human Cell 

Line Activation Test h-CLAT Myeloid U937 Skin Sensitization Test U-SENS IL-8 Luc 

assay in vitro EURL ECVAM the European 

Union Reference Laboratory for Alternatives to Animal Testing

 

h-CLAT

THP-1 CD86

CD54 h-CLAT EURL 

ECVAM 1) 2016 7 OECD

TG442E 7)  

JaCVAM h-CLAT

 

 

2  

OECD Adverse Outcome Pathway AOP

4 Key event  

1)  
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2) Antioxidant/electrophile response element 

ARE -dependent pathway  

3)  

4) T  

h-CLAT 3 Key event

 

CD86 CD54

CD86 T T CD28

CD54 Intercellular adhesion molecule-1

ICAM-1 T Lymphocyte function-associated antigen 1 LFA-

1  

h-CLAT THP-1

THP-1 THP-1

24 CD86 CD54

 

 

3  

h-CLAT CD86/CD54 2  

 

3-1  

h-CLAT THP-1 American Type Culture Collection ATCC

TIB-202TM  

THP-1 RPMI-1620 10% Fetal bovine serum, 0.05 mM 2-

Mercaptoethanol, 100 unit/mL Penicillin, 100 g/mL Streptomycin

0.1~1.0×106 cells/mL 2~3

0.1~0.8×106 cells/mL 1.0×106 cells/mL ATCC

2 2,4-Dinitrochlorobenzene DNCB, CAS No.97-00-7 99%

Nickel sulfate CAS NO. 10101-97-0 99% Lactic 

acid CAS NO. 50-21-5 85% DNCB Nickel 

sulfate CD86 CD54 Lactic acid CD86 CD54

THP-1 2 30

 

THP-1 0.1 0.2×106 cells/mL

72 48 2×106 cells/mL
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THP-1 24 96

500 L/well 80 L/well  

 

3-2.  

CV75 75%

CV75 CD86 CD54  

 

1)  

h-CLAT

Dimethyl sulfoxide

DMSO, 99% 100 

mg/mL DMSO 500 mg/mL 100 mg/mL

500 mg/mL DMSO  

2

8 50

1,000 g/mL

5,000 g/mL

 

DMSO DMSO 2 8

250

1,000 g/mL  

DMSO

DMSO 0.2%

 

2)  

1) 1:1

7.81~1,000 g/mL 24 96

37 5%CO2 in air 24 0.5

 

3)  Propidium iodide PI  

24 0.5

0.1% Bovine Serum Albumin: BSA

 200 L 96 600 L 24

200 L 96 96 24
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96 200 L 0.1% BSA 24 600 L 0.1%BSA

 2 0.1 BSA  

400 L 20 L PI PI 0.625 g/mL

 

4) CV75  

PI 10,000 PI

30,000 cell viability

 

 

CV75 THP-1 75%  

  

a 75%  

c 75%  

b a  

d c  

 

3-3 CD86 CD54  

1)  

DMSO

CV75 1.2 CV75

5,000 g 

/mL DMSO 1,000 g /mL

1.2 8 0.335 CV75 1.2×CV75

100 DMSO 500

50 DMSO 250

2

CV75

CD86 CD54 24 well
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/ DNCB

DMSO DNCB CD86

CD54 1 4 g/mL

4 g/mL DMSO 2 mg/mL

250 8 g/mL DNCB

CV75  

5,000 

g/mL DMSO 1,000 g/mL 1

 

2)  

2

CD86 CD54 2

, 

1:1

37 5%CO2 in air 24 0.5 2

n=1

 

3)  

24 1 mL

0.1%BSA pH 7.4 2 600 L  0.1%BSA

0.01% w/v Cohn fraction II, III, Human; SIGMA, #2388-

10G 4 15

180 L 3 96  

50 L Fluorescein isothiocyanate FITC CD86 FITC

CD54 FITC IgG1 4 30

h-CLAT DB-ALM 2) CD86 BD-

PharMingen #555657; Clone:Fun-1 3:25 0.1%BSA

CD54 DAKO, #F7143; Clone: 6.5B5 IgG1 DAKO #X0927

3:50 0.1%BSA  

200 L 0.1%BSA 3 400 L

0.1%BSA PI PI 0.625 g/mL  

20 L CD86 CD54
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3-4  

1)  

CD86 CD54 FL-1  

Mean Fluorescence Intensity: MFI

CD86 CD54 Relative Fluorescence 

Intensity: RFI  

 
IgG1 3-2 4)

 

2)  

CD86 CD54

2 2

2 3 2 h-CLAT

 

50% CD86 150%

 

50% CD54 200%

 

2 CD86 / CD54 h-CLAT

3 2 CD86

CD54 3 h-CLAT

2

3 3

 

2 1 CD86 2 CD54 3

3 h-CLAT

3 CD86 CD54

h-CLAT  

1  

 

3-5  

h-CLAT  

90%  

CD86 CD54 CD86
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150 CD54 200 3-4  1)

MFI of chemical MFI of solvent/vehicle MFI of 

solvent/vehicle MFI of (medium) control  

CD86 CD54

105%  

DNCB 50% CD86 CD54

 

4

50  

1.2 CV75 90

1.2 CV75 90

CV75

5,000 

g/mL DMSO 1,000 g/mL

90%  
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1  

P1 CD86 P2 CD54 P12 CD86 CD54

N CD86 CD54 * 2

2 3
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4  

EURL ECVAM 3) 4 Kao Corporation

Shiseido Quality Assessment Center EURL ECVAM Bioassay GmbH

4-1.  

5 3 DNCB Nickel Sulfate  Phenylacetaldehyde 2

Sodium lauryl sulfate Lactic acid Kao Shiseido

EURL ECVAM Bioassay 2

OECD 7)

10

4-2. 1  

15 4 3

Kao 86.7% Benzylsalicylate Methylsalicylate Shiseido

80.0% Kathon CG Beryllium sulfate Formaldehyde Bioassay 73.3%

Formaldehyde Benzylsalicylate Methylsalicylate Xylene ECVAM

80.0% Chlorpromazine HCl Benzylcinnamate Dimethylisophthalate

1   

19

Positve with EC 150 or EC200
ID Chemical name CAS No LLNA potency LLNA

Kao Shiseido Bioassay ECVAM

10 Kathon CG 26172-55-4 1A extreme P 3/3 2/3 3/3 3/3

11 Beryllium sulfate 7787-56-6 1A extreme P 0/3 2/3 0/3 3/3

12 Formaldehyde 50-00-0 1A strong P 3/3 2/3 2/3 3/3

13 Chloramine T 149358-73-6 1A strong P 3/3 3/3 3/3 3/3

14 Chlorpromazine HCl 69-09-0 1A strong P 3/3 3/3 3/3 2/3

15 2-mercaptobenzothiazole 149-30-4 1A moderate P 3/3 3/3 3/3 3/3

16 Benzylsalicylate 118-58-1 1B moderate P 1/3 0/3 1/3 3/3

17 Benzylcinnamate 103-41-3 1B weak P 0/3 3/3 0/3 1/3

18 R(+) Limonene 5989-27-5 1B weak P 3/3 3/3 3/3 3/3

19 Methylsalicylate 119-36-8 1B weak N 2/3 0/3 1/3 3/3

20 Isopropanol 67-63-0 NC NC N 0/3 0/3 0/3 0/3

21 Dimethylisophtalate 1459-93-4 NC NC N 0/3 0/3 0/3 1/3

22 4-aminobenzoic acid 150-13-0 NC NC N 0/3 0/3 0/3 0/3

23 Nickel chloride 7718-54-9 1B NC (false neg) N 3/3 3/3 3/3 3/3

24 Xylene 1330-20-7 NC weak (false pos) P 0/3 0/3 1/3 3/3

Number of concordancy 13/15 12/15 11/15 12/15
Concordancy rate (%) 86.7 80.0 73.3 80.0

GHS
potency
category
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85 4 1

UN GHS 1A 4 1B 3

2 9

UN GHS 1A 1 Beryllium sulfate 1B 3 Benzylsalicylate

Benzylcinnamate Methylsalicylate 4  

OECD THP-1

OECD 7)  

4-3. 2  

24 4 4 79.2%

 Beryllium sulfate Benzylsalicylate Benzylcinnamate Methylsalicylate

Xylene 80

9 GHS 

1A  

2   

20

Positve with EC 150 or EC200
ID Chemical name CAS No LLNA

Kao Shiseido Bioassay ECVAM
1 Benzoquinone 106-51-4 1A extreme P 1/1 1/1 1/1 1/1 Y
2 4-phenylenediamine 106-50-3 1A strong P 1/1 1/1 1/1 1/1 Y
3 Dihydroeugenol 2785-87-7 1B moderate P 1/1 1/1 1/1 1/1 Y
4 1-thioglycerol 96-27-5 1B moderate P 1/1 1/1 1/1 1/1 Y
5 Imidazolidinylurea 39236-46-9 1B weak P 1/1 1/1 1/1 1/1 Y
6 Methylmethacrylate 80-62-6 1B weak P 0/1 0/1 0/1 0/1 Y
7 Glycerol 56-81-5 NC NC N 0/1 0/1 0/1 0/1 Y
8 2,4-dichloronitrobenzene 611-06-3 NC NC N 1/1 1/1 1/1 1/1 Y
9 Benzyl alcohol 100-51-6 NC NC N 1/1 1/1 1/1 1/1 Y

10 Kathon CG 26172-55-4 1A extreme P 3/3 2/3 3/3 3/3 Y
11 Beryllium sulfate 7787-56-6 1A extreme P 0/3 2/3 0/3 3/3 N
12 Formaldehyde 50-00-0 1A strong P 3/3 2/3 2/3 3/3 Y
13 Chloramine T 149358-73-6 1A strong P 3/3 3/3 3/3 3/3 Y
14 Chlorpromazine HCl 69-09-0 1A strong P 3/3 3/3 3/3 2/3 Y
15 2-mercaptobenzothiazole 149-30-4 1A moderate P 3/3 3/3 3/3 3/3 Y
16 Benzylsalicylate 118-58-1 1B moderate P 1/3 0/3 1/3 3/3 N
17 Benzylcinnamate 103-41-3 1B weak P 0/3 3/3 0/3 1/3 N
18 R(+) Limonene 5989-27-5 1B weak P 3/3 3/3 3/3 3/3 Y
19 Methylsalicylate 119-36-8 1B weak N 2/3 0/3 1/3 3/3 N
20 Isopropanol 67-63-0 NC NC N 0/3 0/3 0/3 0/3 Y
21 Dimethylisophtalate 1459-93-4 NC NC N 0/3 0/3 0/3 1/3 Y
22 4-aminobenzoic acid 150-13-0 NC NC N 0/3 0/3 0/3 0/3 Y
23 Nickel chloride 7718-54-9 1B NC (false neg) N 3/3 3/3 3/3 3/3 Y
24 Xylene 1330-20-7 NC weak (false pos) P 0/3 0/3 1/3 3/3 N

Number of concordancy 19/24
Concordancy rate (%) 79.2

GHS
potency
category

Between
4 Laboratory
Reproducibili

ty

LLNA
potency
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2 1 ID No. 1-9 1

2 ID No. 10-24 3 2 3

n=3 15

66.7 n=1 79.2

n=3 3 60 12

20.0  

 

5  

EURL ECVAM 24 16 8
2) 76 81 66 Ashikaga 4)

100 72 28 84 88

75  

Takenouchi 5) 37

30 7 68% 70%

57% 30 9 2

5 9 log Kow 3.5

Nukada 6) 106 75 31

143 105 38

80% 83% 71% 8 5 3.5

log Kow 2 / 11

 

OECD 7) EURL ECVAM3) 24 Takenouchi 5) 143

142 101 41

85 93 66

10 EURL ECVAM3) Takenouchi 5)

10 log Kow 3.5 14 1 118

OECD 7) 142 Takenouchi 5)

log Kow 3.5 14 156 113 43

83 68 79

 

 

6.  

OECD 7) 142 3

 

 

 

21
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7.

in vitro

22

LLNA h-CLAT LLNA h-CLAT
Chemical Name Chemical Name

EC3  (%) Results CD86 CD54 EC3  (%) Results CD86 CD54

Benzo(a)pyrene Extreme 0.00009 P + + 2-Ethylhexyl acrylate Weak 10 P + +
Diphenylcyclopropenone Extreme 0.003 P - + Amyl cinnamic aldehyde Weak 11 P - +
Oxazolone Extreme 0.003 P + - 2,3-Butanedion Weak 11 P + +
Dinitrofluorobenzene Extreme 0.03 P + + Citral Weak 13 P + +
Tetrachlorosalicylanilide Extreme 0.04 P - + Eugenol Weak 13 P + +
Bandrowskis base Extreme 0.04 P + + Oxalic acid Weak 15 P + -
1-Benzoylacetone Extreme 0.04 P - + Lyral (CAS No. 31906-04-4) Weak 17 P + +
4-Nitrobenzyl bromide Extreme 0.05 P + + 4-Allylanisole Weak 18 P - +
2,4-Dinitrochlorobenzene Extreme 0.05 P + + Lilial (CAS No. 80-54-6) Weak 19 P - +
Potassium dichromate Extreme 0.08 P + + Pentachlorophenol Weak 20 P - +
Beryllium sulfate Extreme 0.001 N - - Phenyl benzoate Weak 20 P + +
Kathon CG (1.2% CMI) Extreme 0.009 P + + Cinnamic alcohol Weak 21 P + +
Benzoquinone Extreme 0.0099 P + + -iso-methylionone Weak 21.8 P - +
Glutaraldehyde Strong 0.1 P + + Benzocaine Weak 22 P + -
1,4-Dihydroquinone Strong 0.11 P + - Geraniol Weak 26 P + -
Phthalic anhydride Strong 0.16 N - - 5-Methyl-2,3-hexanedione Weak 26 P + +
Maleic anhydride Strong 0.16 P - + 2,2'-dihydroxyazobenzene Weak 27.9 P + +
Hexyl salicylate Strong 0.18 P - + Ethyleneglycol dimethacrylate Weak 28 P - +
Benzyl bromide Strong 0.2 P - + Penicillin G Weak 30 P - +
Benzyl peroxide Strong 0.22 N - - Linalool Weak 30 P - +
Lauryl gallate Strong 0.3 P + + Butyl glycidyl ether Weak 31 N - -
Propyl gallate Strong 0.32 P - + Hydroxycitronellal Weak 33 P + +
2-Aminophenol Strong 0.4 P + - Pyridine Weak 72 P + -
2-Nitro-4-phenylenediamine Strong 0.5 P - + Aniline Weak 89 P + +
Cobalt chloride Strong 0.6 P - + Nonanoic acid Weak 21 P + -
Chloramine T (CAS No. 149358-73-6) Strong 0.6 P + + Benzylcinnamate Weak 18.4 N - -
CD-3 (CAS No. 25646-71-3) Strong 0.6 P + + Imidazolidinylurea Weak 24 P + +
Iodopropynyl butylcarbamate Strong 0.9 P - + R(+) Limonene Weak 69 P - +
1,2-Dibromo-2,4-dicyanobutane Strong 0.9 P + + Methylmethacrylate Weak 90 N - -
Chlorpromazine HCl Strong 0.14 P - + Furil (CAS No. 109-65-9) Non-sensitizer ND P + +
4-Phenylenediamine Strong 0.11 P + - 1-Butanol Non-sensitizer ND N - -
Chloramine T (CAS No. 127-65-1) Strong 0.4 P + + 1-Iodohexane Non-sensitizer ND P + -
Formaldehyde Strong 0.61 P + + 2-Acetylcyclohexanone Non-sensitizer ND P - +
Isoeugenol Moderate 1.2 N - - 2-Hydroxypropyl methacrylate Non-sensitizer ND N - -
1-Naphtol Moderate 1.3 P + + 4-Hydroxybenzoic acid Non-sensitizer ND N - -
1-Phenyl-1,2-propanedione Moderate 1.3 P + + 6-Methylcoumarin Non-sensitizer ND N - -
2-Hydroxyethyl acrylate Moderate 1.4 P + + Acetanisole Non-sensitizer ND N - -
Glyoxal Moderate 1.4 P - + Benzalchonium chloride Non-sensitizer ND N - -
Bisphenol A-diglycidyl ether Moderate 1.5 P + + Benzaldehyde Non-sensitizer ND P + +
Vinyl pyridine Moderate 1.6 P + - Benzoic acid Non-sensitizer ND N - -
2-Methyl-2H-isothiazolone Moderate 1.9 P + + Chlorobenzene Non-sensitizer ND P + -
3-Dimethylaminopropylamine Moderate 2.2 P + + Clofibrate Non-sensitizer ND P - +
Ethylene diamine Moderate 2.2 P + - Coumarin Non-sensitizer ND N - -
1,2-Benzisothiazoline-3-one Moderate 2.3 P - + Dextran Non-sensitizer ND N - -
Methyl-2-nonynoate Moderate 2.5 P + - Diethylphthalate Non-sensitizer ND P - +
Phenylacetaldehyde Moderate 3.0 P + + Dimethyl formamide Non-sensitizer ND N - -
Cinamic  aldehyde Moderate 3.0 P + + Ethyl benzoylacetate Non-sensitizer ND N - -
3-Aminophenol Moderate 3.2 P - + Ethyl vanillin Non-sensitizer ND N - -
Diethyl sulphate Moderate 3.3 P + - Furil (CAS No. 492-94-4) Non-sensitizer ND N - -
3-Propylidenephthalide Moderate 3.7 P + + Kanamycin Non-sensitizer ND N - -
Benzylidene acetone Moderate 3.7 P + + Lactic acid Non-sensitizer ND N - -
2,4-Heptadienal Moderate 4.0 P + + Octanoic acid Non-sensitizer ND P - +
5-Methyl-2-phenyl-2-hexanal Moderate 4.4 P - + Propyl paraben Non-sensitizer ND P + +
Alpha-methyl cinnamic aldehyde Moderate 4.5 P + + Propylene glycol Non-sensitizer ND N - -
Nickel sulfate Moderate 4.8 P + + Saccharin Non-sensitizer ND N - -
Tetramethylthiuramdisulfide Moderate 5.2 P + + Salicylic acid Non-sensitizer ND P - +
Trans-2-hexenal Moderate 5.5 P + + Streptomycin sulfate Non-sensitizer ND N - -
Resorcinol Moderate 5.5 P - + Sulfanilamide Non-sensitizer ND N - -
3,4-Dihydrocoumarin Moderate 5.6 P - + Tween 80 Non-sensitizer ND N - -
Diethyl maleate Moderate 5.8 P + - Vanillin Non-sensitizer ND N - -
2-Methoxy-4-methyl-phenol Moderate 5.8 P + + Zinc sulfate Non-sensitizer ND P - +
Diethylenetriamine Moderate 5.8 N - - Glycerol Non-sensitizer ND N
2-Phenylpropionaldehyde Moderate 6.3 P + + 2,4-Dichloronitrobenzene Non-sensitizer ND P
4-Chloroaniline Moderate 6.5 P + - Benzyl alcohol Non-sensitizer ND P

-damascone Moderate 6.7 P + + Methylsalicylate Non-sensitizer ND P
Perillaaldehyde Moderate 8.1 P + - Isopropanol Non-sensitizer ND N - -
Trimellitic anhydride Moderate 9.2 P + - Dimethylisophthalate Non-sensitizer ND N - -
2-Mercaptobenzothiazole Moderate 1.7 P 4-Aminobenzoic acid Non-sensitizer ND N - -
Benzylsalicylate Moderate 2.9 N Sodium lauryl sulfate Others 14 N - -
1-Thioglycerol Moderate 3.6 P Nickel chloride Others ND P
Dihydroeugenol Moderate 6.8 P Xylene Others 95.8 N

2013

Potency
Category

Potency
Category

: Takenouchi
: h-CLAT Validation Study Report 2012
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3R

h-CLAT LLNA LLNA

1 10 h-CLAT 2 1/5

LLNA

 

100 mg/mL DMSO 500 mg/mL

 

FITC  PI

 

log Kow 3.5

 

P450

 

United Nations (UN) Globally Harmonized System 

of Classification and Labelling of Chemicals GHS  1A Beryllium sulfate
4) Potassium dichromate Cobalt chloride Nickel sulfate

 

UN GHS 1A

UN GHS 1B

1

 

 

 

 

 

 

FITC PI  

UN GHS

 

 

23
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8.  

h-CLAT

in vitro

 

LLNA 1/5 LLNA

1.2 DPRA ARE-Nrf2 Luciferase Test Method

 

15

73.3 86.7% OECD

THP-1

OECD

24

79.2  

OECD 142 85 93 66

log Kow 3.5

OECD 142 log Kow 3.5 14

156 83 68 79

log Kow 3.5

66%

 

UN GHS

UN GHS
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