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Abbreviations  

3Rs:  Reduction, Replacement, and Refinement 

CTA: Cell Transformation Assay 

CGM: Complete Growth Medium 

CIM: Cell Isolation Medium  

DB-ALM: DataBase service on Alternative Methods to Animal Experimentation 

DRF: Dose Range Finding assay  

DRP: Detailed Review Paper 

DMEM: Dulbecco’s modified Eagle’s medium  

ESAC: ECVAM Scientific Advisory Committee 

EURL ECVAM: European Union Reference Laboratory for Alternatives to Animal Testing 

FBS: Foetal Bovine Serum 

GD:  Guidance Document 

IARC: International Agency for Research on Cancer 

MoA: Mode of Action 

MTF: Morphological Transformation Frequency 

NTP: National Toxicology Program 

OECD: Organization for Economic Co-operation and Development 

SHE: Syrian Hamster Embryo 

UVBCs: Substances of Unknown or Variable Composition, Complex Reaction Products or Biological Materials 

WoE: Weight of Evidence  

WNT: Working Group of National Coordinators of the Test Guidelines Program 
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1.  

Cell Transformation Assay : CTA in vitro

 

JaCVAM SHE OECD 1) 2015 5

Syrian Hamster Embryo: SHE CTA

SHE CTA

 

SHE CTA

European Union Reference Laboratory for Alternatives to Animal Testing EURL ECVAM

OECD

SHE CTA 2)

 

SHE CTA

 

CTA

 

SHE CTA  

International 

Agency for Research on Cancer (IARC) 1 2A SHE CTA

3Rs

SHE CTA
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2.  

1   

in vitro CTA

 

SHE CTA 2

in vitro

SHE

50 100 3,4)  

OECD Detailed Review Paper31 5) DRP31 pH

SHE CTA

SHE EURL ECVAM

EURL ECVAM

DRP31

 

SHE

DNA

 

 

ras myc

 

p53

ink4a ink4b

 

SHE G2  

cph
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SHE CTA

 

 

2   

SHE CTA

UVCBs

OECD 1)

WoE

SHE CTA SHE CTA

OECD

SHE CTA
1,2) SHE CTA in vivo

 

Weight of Evidence  WoE

 

 

3.  

1   

SHE 13

p53 SHE SHE CTA

CTA

SHE

 

SHE CTA

in vitro in vitro

 

SHE CTA WoE
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SHE CTA

Replacement Reduction  

 

2   

(1) SHE 13

X

 

(2) CTA

7

 

(3) 

 

 

3   

 

(1)  

1

1

50 CTA  

(2) SHE FBS  

SHE FBS CTA

FBS CTA

 

(3)  

(a) CTA

 

(b) 
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(4) CTA  

CTA CTA

CTA  

(5) pH pH6.7 pH7.0)  

CTA pH CTA

 

(6) pH SHE CTA  

FBS  

(7) pH SHE CTA  

pH CTA  

(8)  

CTA  

(9) CTA  

CTA  

(10)  

 

(a) CTA  

(b) 

 

(c) 

 

(d)  

(11)  

CTA  

 

4.  
6,7) 6 4 3

1 SHE CTA

4 2) 2

6

4/6 33 2/6
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Genotoxic carcinogens  

Benzo(a)pyrene 

2.4-Diaminotoluene 

3-Methylcholanthrene 

o-Toluidine  

equivocal  inconclusive genotoxic carcinogen non-genotoxic carcinogen

 

Non-genotoxic non-carcinogen  

Anthracene 

Phthalic anhydride 

 

5. in vivo  

 

in vitro 1997

Non-Genotoxic Carcinogens Detection: the Performance of In Vitro Cell Transformation Assays

Detailed Review Paper SHE BALB/c 3T3 C3H10T1/2

CTA 2001 The Working Group of National Coordinators of the 

Test Guidelines Program WNT

2002 2

SHE BALB/c3T3 C3H10T1/2 3

2006 3

3 4 4

DETAILED REVIEW PAPER ON CELL TRANSFORMATION ASSAYS FOR DETECTION OF CHEMICAL 

CARCINOGENS DRP31 2007 4 WNT19

DRP31 CTA

in vitro  

CTA DRP31 SHE BALB/c 3T3

C3H10T1/2 in vivo

DRP31  

DRP31 3 CTA

IARC NTP  

DRP31 SHE CTA

245 175 70

190 127 63 55 48

7 Appendix 1  
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SHE CTA Chemical Carcinogenesis 

Research Information System, NTP, IARC Monographs (1-106), PubMed, CLP/GHS

SHE CTA

108 66 42
2)  

 

6.  

6 4 2

6

Benzo[a]pyrene 1

3 pH7.0 3

pH6.7

1

 

DRP31 265

157 OECD, Feb. 2013 pH

108
8)  

 

7.  

DRP31 3 in vitro CTA

CTA SHE CTA

pH pH6.7 pH7.0 2

1 2  

SHE CTA DRP31 Annex

3 SHE CTA

4

CTA SHE CTA

 

  

17



 12

1 SHE CTA pH6.7  

  In vivo  
    
SHE CTA  36 5 

 18 29 

Concordance  (36+29)/(36+5+18+29)×100 65/88×100 74% 
Sensitivity  36/(36+18) ×100 36/54×100 67% 

Specificity : 29/(5+29) ×100 29/34×100 85% 
False Negative  18/(36+18) ×100 18/54×100 33% 
False Positive  5/(5+29) ×100 5/34×100 15%  

 
2 SHE CTA pH7.0  

  In vivo  
    

SHE CTA  131 17 

 11 33 

Concordance  (131+33)/(131+17+11+33)×100 164/192×100 85% 
Sensitivity  131/(131+11) ×100 131/142×100 92% 

Specificity : 33/(17+33) ×100 33/50×100 66% 
False Negative  11/(131+11) ×100 11/142×100 8% 
False Positive  17/(17+33) ×100 17/50×100 34% 

 
3 SHE CTA  

 SHE CTA Ames ML HPRT CA MN 

 pH6.7  pH7.0    In vitro In vivo In vivo

%  74 85 52 72 78 62 60 58 

%  67 92 39.5 86 80 65 57 58 

%  85 66 79 26 70 59 68 55 

%  33 8 60.5 14 20 35 43 42 

%  15 34 21 74 30 41 32 45 

 88 192 315 215 135 238 110 198 

%  39 26 29 30 22 30 29 25 

Ames ML TK  
HPRT CA MN  
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4 SHE CTA  

 SHE Ames SHE ML SHE HPRT 

 242 166 111 

%  29 28 21 

%  86 48 86 75 92 78 

%  90.5 36 88 86 96 79 

%  75 78 80 35 74 71 

%  10 64 12 14 4 21 

%  25 22 20 65 26 29 

       

 SHE CA SHE CA SHE MN 

  In vitro  In vivo  In vivo 

 180 78 154 

 29 29 26 

%  86 62 86 66 83 56 

%  89 63 91 62.5 87 57 

%  77 59 75 71 71 54 

%  11 37 9 37.5 13 43 

%  23 41 25 29 29 46 

SHE SHE CTA Ames ML TK  
HPRT CA MN  
 

OECD CTA DRP31

SHE CTA

OECD OECD GD34 2005 9) EURL ECVAM

EURL ECVAM Scientific Advisory 

Committee ESAC 10) EURL ECVAM RECOMMENDATION11)

SHE CTA OECD SHE CTA

2013

DRP31

 

pH6.7 pH7.0 pH7.0
8) pH6.7 93 pH7.0 42

5 6  
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5 SHE CTA pH6.7  

  In vivo  

    

SHE CTA  42 6  8 1  

 15 1  26 0  

Equivocal  1 0  1 0  

Concordance  (42+26)/(42+8+15+26+1+1)×100 68/93×100 73% 
Sensitivity  42/(42+15+1) ×100 42/58×100 72% 

Specificity : 26/(8+26+1) ×100 26/35×100 74% 
False Negative  15/(42+15+1) ×100 15/58×100 26% 
False Positive  8/(8+26+1) ×100 8/35×100 23% 

 
  

6 SHE CTA pH7.0  

  In vivo  

    

SHE CTA  24 11  1 0  

 6 2  11 0  

Concordance  (24+11)/(24+1+6+11)×100 35/42×100 83% 
Sensitivity  24/(24+6) ×100 24/30×100 80% 

Specificity : 11/(11+1) ×100 11/12×100 92% 
False Negative  6/(24+6) ×100 6/30×100 20% 
False Positive  1/(11+1) ×100 1/12×100 8% 

 
 

2 14 4

14 1 diethylstilbestrol 2

13 12 titanium dioxide 1

2 2 2 Caprolactam pH6.7

pH7.0 Phthalic anhydride pH6.7

pH7.0 2 pH

 

pH6.7

1 pH7.0 17

13 76.5% 84.6%  

SHE CTA 12) 7  
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7  SHE CTA  

  %  

SHE CTA 

(pH6.7 ) 

 14 1  58 

 10 0  42 

 24 1   

SHE CTA 

(pH7.0 ) 

 8 4  67 

 4 1  33 

 12 5   

 
 

TK
12)  

Ames in vivo  

Ames  

 

Ames
2,12)

 

< > 

In vitro in vivo  

In vivo in vitro  

 

< > 

Ames / /

/ TK ICH

in vivo in vivo

 

pH6.7 85 pH7.0 32

SHE CTA 8

pH6.7 56.5% pH7.0 83.3% 2)  
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8  SHE CTA  

   

   
%  

  
%  

 
%  

SHE CTA 

pH6.7  

 20 71.4 13 56.5 3 8.8 

 3 10.7 10 43.7 26 76.5 

Equivocal 5 17.9 0 0.0 5 14.7 

 28  23  34  

SHE CTA

pH7.0  

 9 64.3 5 83.3 1 8.3 

 4 28.6 1 16.7 11 91.7 

Equivocal 1 7.1 0 0.0 0 0.0 

 14  6  12  

 
DRP31 IARC

CTA  

DRP31 Table 11 13

SHE CTA 169 SHE CTA

IARC Benigni 13) 

1 2A

SHE CTA pH6.7 pH7.0

SHE CTA 55.0% 93.7% 32.1%

Appendix II  

IARC  SHE CTA 9-1
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9-1 IARC SHE CTA  

   

  1 2A 2B 3 

SHE CTA  6 (66.7%) 6 (100.0%) 12 (75.0%) 8 (36.4%) 

(pH 6.7 )  3 (33.3%) 0 (0.0%) 4 (25.0%) 14 (63.8%) 

  9 6 16 22 

SHE CTA  43 (95.6%) 13 (92.9%) 40 (87.0%) 24 (51.1%) 

(pH 7.0 )  2 (4.4%) 1 (7.1%) 6 (13.0%) 23 (48.9%) 

  45 14 46 47 

  48 (100.0)  16 (94.1%) 50 (94.3%) 22 (39.3%) 

  0 (0.0) 1 (5.9%) 3 (5.7%) 34 (60.7%) 

  48 17 53 56 

 

136 94 42

38 34 4

9-2  
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9-2 IARC SHE CTA  

   

   

  1 2A 2B 3 

SHE CTA  3 (50.0%) 6 (100.0%) 10 (76.9%) 7 (33.3%) 

(pH 6.7 )  3 (50.0%) 0 (0.0%) 3 (23.1%) 14 (66.7%) 

  6 6 13 21 

SHE CTA  11 (84.6%) 12 (92.3%) 34 (87.2%) 21 (50.0%) 

(pH 7.0 )  2 (15.4%) 1 (7.7%) 5 (12.8%) 21 (50.0%) 

  13 13 39 42 

  15 (100.0) 15 (93.8%) 43 (93.5%) 21 (41.2%) 

  0 (0.0) 1 (6.2%) 3 (6.5%) 30 (58.8%) 

  15 16 46 51 

 

   

   

  1 2A 2B 3 

SHE CTA  3 (100.0%) 0 (0.0%) 2 (66.7%) 1 (100.0%) 

(pH 6.7 )  0 (0.0%) 0 (0.0%) 1 (33.3%) 0 (0.0%) 

  3 0 3 1 

SHE CTA  32(100.0%) 1 (100.0%) 6 (85.7%) 3 (60.0%) 

(pH 7.0 )  0 (0.0%) 0 (0.0%) 1 (14.3%) 2 (40.0%) 

  32 1 7 5 

  33 (100.0) 1 (100.0%) 7 (100.0%) 1 (20.0%) 

  0 (0.0) 0 (0.0%) 0 (0.0%) 4 (80.0%) 

  33 1 7 5 

 

1 SHE CTA pH 6.7 50.0% pH 7.0

84.6% 100.0%

SHE CTA 100.0%  

2A pH 6.7 100.0% pH 7.0 92.3%

93.8% 1 pH

 

2B SHE CTA 76.9

24
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87.2% 93.5% SHE CTA

66.7 85.7% 100.0%  

3 SHE CTA

pH 6.7 33.3% pH 7.0 50.0% 41.2%

pH 6.7 66.7% pH 7.0 50.0%

58.6%  

 

8.  

1)  

(1) ECVAM  

 SHE CTA pH6.7 pH7.0 10 4

2 6 Benzo[a]pyrene 6,7)  

 

10 ECVAM  

 CAS   

Benzo[a]pyrene 50-32-8 IARC, 2009  

Anthracene 120-12-7 IARC, 2009  

2,4-Diaminotoluene 95-80-7 IARC, 2009  

3-Methylcholanthrene 56-49-5 Gold and Zeiger, 1997

o-Toluidine HCl 636-21-5 NTP  

Phthalic anhydride 85-44-9 NTP  

 

 pH7.0 4 Phthalic anhydride

Phthalic anhydride 1

1

 

 pH6.7 3 Phthalic 

anhydride Phthalic anhydride SHE CTA

NTP pH7.0

SHE CTA Phthalic anhydride pH

Phthalic anhydride Phthalic 

acid SHE CTA pH Phthalic anhydride

 

SHE CTA
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pH6.7 pH7.0  

 

(2)  

 pH7.0 14) 2

87.7 57/65 DRP31 pH6.7
15,16) DRP31

 

 

2)  

pH6.7 pH7.0

1 Benzo[a]pyrene 6,7)  

pH6.7 3

1 2

Benzo[a]pyrene pH7.0

Benzo[a]pyrene 1 3  

ESAC 10)

 

 

9.  

/  

 

DRP31

DRP31
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10.  

SHE CTA CTA  

1) BALB/c3T3 CTA 

2) Bhas42 CTA  

3) C3H10T1/2 CTA 

4) JB6 CTA 

2) Bhas42 CTA 2016 1 OECD 17)  

 

1) 3) SHE CTA

4 JB6

 

 

11. 3Rs  

SHE CTA

Bhas42 BALB/c 3T3 CTA

50 CTA

CTA

 

 

12.  

1)  

(1) CTA 

CTA

in vitro  

WoE CTA

 

3Rs  
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(2) SHE CTA 

CTA  

DRP31 245 SHE CTA

 

SHE CTA

 

3Rs CTA

 

 

2)  

(1) CTA 

CTA in vivo

 

CTA

 

in vitro

CTA

/

/  

/

CTA

/

 

(2) SHE CTA 

CTA  

SHE CTA

/

 

SHE CTA 6

bona fide
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3)  

 

CTA

In vivo  

 

bona fide CTA

OECD

CTA  

SHE CTA

18-21)

 

 

13.  

1) CTA in vitro

 

2) 

  

3) CTA

 

4) SHE CTA IARC

SHE CTA

 

  

29
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