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JaCVAM statement on
the Bhas 42 cell transformation assay

At a meeting held on 25 June, 2020, at the National Institute of Health Sciences (NIHS) in
Kanagawa, Japan, the Japanese Center for the Validation of Alternative Methods (JaCVAM)

Regulatory Acceptance Board unanimously endorsed the following statement:

Proposal: As the result of international validation studies, it was confirmed that the results of
this test method are highly correlated with those of a carcinogenicity test in rodents.
On the other hand, since the mechanism of transformation is unknown in this test
method, no information on the mechanism of action of carcinogenicity can be
obtained. In addition, it has been pointed out that cell transformation tests do not
provide any information on the strength of carcinogenicity, species specificity, or
tissue specificity in vivo. Therefore, this test method cannot be a test method that
replaces the current carcinogenicity test, but can be a method of a screening test for
detection of carcinogens, or can be used as a supplementary test for evaluation
based on Weight of Evidence (WoE) related to carcinogenicity.

This statement was prepared, following the review prepared by the Cell Transformation assay
JaCVAM Editorial Committee, to acknowledge that the results of a review and study by the
JaCVAM Regulatory Acceptance Board have confirmed the usefulness of this assay.

Based on the above, we propose the Bhas 42 cell transformation assay as a useful means for

estimating cell transformation by regulatory agencies.

e o
Yasuo Ohno [ Yoko Hirabayashi
Chairperson Chairperson
JaCVAM Regulatory Acceptance Board JaCVAM Steering Committee

December 2, 2020



The JaCVAM Regulatory Acceptance Board was established by the JaCVAM Steering

Committee, and is composed of nominees from the industry and academia.

This statement was endorsed by the following members of the JaCVAM Regulatory
Acceptance Board:

Mr. Yasuo Ohno (Kihara Memorial Yokohama Foundation for the Advancement of Life
Sciences): Chairperson

Ms. Yoko Hirabayashi (Center for Biological Safety and Research: CBSR, National
Institute of Health Sciences: NIHS)

Mr. Morihiko Hirota (Japan Cosmetic Industry Association)

Mr. Yoshiaki Ikarashi (NIHS)

Mr. Takanori Ikeda (Japan Pharmaceutical Manufacturers Association)**

Mr. Noriyasu Imai (Japanese Society for Alternatives to Animal Experiments)

Mr. Kunifumi Inawaka (Japan Chemical Industry Association)

Mr. Tomoaki Inoue (Japanese Society of Immunotoxicology) *

Mr. Yuji Ishii (CBSR, NIHS)

Ms. Yumiko Iwase (Japan Pharmaceutical Manufacturers Association)*

Mr. Fumihiro Kubo (Pharmaceuticals and Medical Devices Agency)*

Mr. Kenichi Masumura (Japanese Environmental Mutagen Society)

Ms. Ruriko Nakamura (National Institute of Technology and Evaluation)

Mr. Akiyoshi Nishikawa (CBSR, NIHS/ Saiseikai Utsunomiya Hospital)

Mr. Jihei Nishimura (Pharmaceuticals and Medical Devices Agency)

Mr. Satoshi Numazawa (Japanese Society of Toxicology)

Ms. Keiko Yamamoto (Pharmaceuticals and Medical Devices Agency)**

Mr. Hiroo Yokozeki (Japanese Society for Cutaneous Immunology and Allergy)

Term: From Ist April 2018 to 30th September 2020
*: From 1st April 2018 to 31st March 2020
**: From 1st April 2020 to 30th September 2020



This statement was endorsed by the following members of the JaACVAM steering Committee

after receiving the report from JaCVAM Regulatory Acceptance Board:

Ms. Yoko Hirabayashi (CBSR, NIHS): Chairperson

Mr. Osamu Fueki (Pharmaceuticals and Medical Devices Agency)

Mr. Yukihiro Goda (NIHS)

Mr. Akihiko Hirose (Division of Risk Assessment, CBSR, NIHS)

Mr. Koji Ishii (National Institute of Infectious Diseases)

Mr. Yasunari Kanda (Division of Pharmacology, CBSR, NIHS)

Mr. Satoshi Kitajima (Division of Toxicology, CBSR, NIHS)

Ms. Kumiko Ogawa (Division of Pathology, CBSR, NIHS)

Mr. Masahiro Sasaki (Ministry of Health, Labour and Welfare)

Mr. Keiichi Sugiyama (Division of Genetics and Mutagenesis, CBSR, NIHS)

Mr. Masahiro Takahata (Ministry of Health, Labour and Welfare)

Mr. Yuhji Taquahashi (Animal Management Section of the Division of Toxicology,
CBSR, NIHS)

Mr. Masaaki Tsukano (Ministry of Health, Labour and Welfare)

Mr. Masahiko Yokota (Pharmaceuticals and Medical Devices Agency)

Mr. Takao Ashikaga (Division of Risk Assessment, CBSR, NIHS): Secretary

Mr. Hajime Kojima (Division of Risk Assessment, CBSR, NIHS): Secretary
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3Rs: Reduction, Replacement, and Refinement

CTA: Cell Transformation Assay

DRP Detailed Review Paper

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

JaCVAM: Japanese Center for the Validation of Alternative Methods
JCRB: Japanese Collection of Research Bioresources

OECD: Organization for Economic Co-operation and Development
SHE: Syrian Hamster Embryo

VMT: Validation Management Team

WoE: Weight of Evidence
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ENE=bITTHD, LrLRRs, e o BALBAT3S A3l-1-1 #ilat Z0EIRE 25~ 7 AN
Swiss R TH D Z & L THE SN, ras BB TREASNDIAINDL YT ARKOBRBENH 722
LWL MNCR o T, U ARKOBEBENH-7-L LTH, Bhas 42 #lia % A - B i EER I
Lo THOMNZENTENAFMELE OHBBET — %, A X AMbD 720D F—v a Vil %~ O
7 — & O L U Bhas 42 CTA OF AMECHE BRI (3] 5 R Z KT 2 & id7e\n &l S i,
Bhas 42 CTA O E BT E L LT &V B 270 L2 B ENV/IM/MONO(2016)275 2017 41228
xanr,



1. WRBR 7 1R ORF RN 20 & HRHIRRERIE & L CoR Ytk
1-1. B0y 2624

—RAIIZ CTA &I BRI b P ME A RET 5 2 LI X0 Reaiy e B Reny 4
IBER ZFNE I DEFRD invitro R TH 5.

Bhas 42 #fifidi%. BALB/3T3 A31-1-1 #ifEiZ v-Ha-ras {5743 A L, BALB/3T3
A31-1-1 fifig & [FEARIZ A PRI RE 2 A 5 7 v — I H R D Milak & LT 1988 4RI
RIS S 4172 9, Bhas 42 CTA 1%, (bW ENRTRIC X 0 BefihPHIL B & 2k o 7o T B iR L i
DT 5 Z LI Lo TR SN 2R AR IR T 2 W EERRE (7 +—h R)
O HEBLBEE % SR AL E B O B HRE 2 3§ 2 ML CTH 5, HEfbPRILRE A
HMEFF L T2 IEH 7 Bhas 42 MifdlZ X — R~ 7 R IZBAE L THIEEZ TR L 72023,
TR L= ML, X— R~ 22k LT 100%EEEE 2 R~ Z LB ME S T
W5,

Bhas 42 CTA X, f =z —>arT vk oE®t—2a 7y AD2O0D7T
vlEA TR FarhbEREN TS, DR b ELLh—FDT v A THIED
FERPGFONT GG % CTA B EHIET 525, 89 WHE (52 OB AJFEME., 37 DIEN
P IZ DWW T ORERTIEL, —BE 78%. AIEMEER 27%., AR 16% Th o172 Y,
RENEMEALZ M E T D LR EFHEODAVEWE 10 D 5 5 8 ¥E T CTA OfE R
Btz oR L, SBEREEAY O WEIZL Y Cyplal ORBRFESND L, BX
W, 2-Acetylaminofluorene (312 Cypla2 & & - TIUEH) <° Cyclophosphamide ( 3 (2
Cyp2bl0 1T X » THRE) OB AEME O RFRIZEY . CTA FBMEORRERLTWD
Tl IHITE 1 TRLEZ 2AAF 12XV Cyplal BFFETHEENL, EOMREHHEM
LREMRRIBE N D,

£ 1 DAFPE T L 72 Bhas 42 M3 0O Cyp @5 7 RIFHE (RELXKT —X)

HHYE ~ U A Cyp BinFDRBIFHE (ugRNA H72 0 D3 —H)
mCyp mCyp mCyp mCyp mCyp mCyp mCyp
lal la2 2b10 2¢29 2d22 2el 3all
DMSO 0.5 vol% N.D. N.D. N.D. N.D. N.D. N.D. N.D.
2AAF 20pg/mL 4.11x107 N.D. N.D. N.D. N.D. N.D. N.D.
CPD 2 mg/mL N.D. N.D. N.D. N.D. N.D. N.D. N.D.
MCA 1pg/mL 2.29%x108 N.D. N.D. N.D. N.D. N.D. N.D.

2AAF :2-Acetylaminofluorene, CPD: Cyclophosphamide, MCA: 3-Methylcholanthrene
N.D.: Not determined, under limit of quantification (<5x10° copies/pug RNA)

EURL ECVAM 3 JaCVAM [T J » THEffi S 417z Bhas 42 CTA OEEEANY 7 —2 g
WFFERE RIS WT, 207 1 b a/VOSERE, BB EE, sk NN X O
X B BE 2 A L7/ R, 2 OB AMEERD TV D Y,

D AALDZ B RETUIBAEIRALS T AN OGN TV OIETH D0, £ 05T
BEREICEI L CTld, BIS FEAI X 2 M ER IR D & 2ADRKRE N, B M)
REEGFMILIT c-Ha-ras Bi5 OB AND L TIIEERIL L 72V, c-mye 72 E DBAIE T
LN AJFEE B H ML 12-O-Teteradecanoyl phorbol 13-acetate (TPA) MR & # A& o
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HZ LK VIBEEERT A ENMEN TS, — ., p53 B FOEREIZL-T
ARFEAL U 7o MIBRR Tl c-Ha-ras BIn T OEANDOHLTHREERL 9 5, £72, ras &
RN K AR TPA BEIC L VBRI D, S oI, (LW EREICL -
THEINTT v MEBMO ras Bla 11X, ZRERT DL LI > TIEMEET S

ZENRAWEINTWD, ZhbOHEIL, ras BIZFOIEPEL S HIIL O E I
BEAAKEEZRZ LTSI EE2RBLTWDS, EWHA v-Ha-ras NEEEA SNz
Bhas 42 #ifid L. AL L2/ S I ras B T2 EAL TWDLEEND, LEMHE
AT OB FE DB N & 2 REBE L TWD LB X b D,

ras BAGFOEHE  IEMHALLAN DOBIGHENRL T B Y = X T v 7 26 b M e
Bz 5| S EZTHENE LTEZLNTWD, =& 20X, HilaEBHIE S 27 &
70 NEEEME, BLOYME - BHIBE T OEE RO LR S E RO EN
ELTEZOLN TS, ZIHDOMRICEEL RITTEEMNERITEREN L BEENE
EHEBZZ LN TS, SHIZ, DNA OFE A FULH D WVITIKA F Lk, B X hfE
ik OX 7 LAY =LV TV U 7K DBIBFRADOELSLBIBIIAR L EMEN,
TEVRT 4y VB b EFRE L, BRI~ EITI L5 ERIIR D L E
b TW5b,

IBEFENAFWE L 7o, ZEMBENABBRICEEL, EFMEZ g iRk S
EHHDEEZLNTND, Thbhb, ¥y v 7Yy 7 vaicksrfilaf=al =
=r—varERETLIRIA N LA MSHEEOEM, 7R M= 20D,
Fa—T7V U EKEE, TrAT-BEOIEMHEIIZ X2 BILDOE, 7 nEiEfE
O, £z, AVEERARBLRRESC- LA F Y — MO 53 5 Z /R~
DIERTRETH D,

Bhas 42 CTA NMEERIRT 2 Z 13, BAMLOBRTHBHA L TWD Lo X 5722
N=ABEZD—PREALTWDZ L5, Bhas 42 CTA ORE 2 BEEZ, £72
F3 TRV, BED S TAMFRKEICE SN THHIRERIN TV IHERE S
bbb,

1-2. J koot

Bhas 42 CTA [$H—DLEWEIZONWTOHNY F— 3 VIR FER SN TR Y |
WL OO E N HRERR STV D ¥ . Substances of Unknown or Variable
composition, Complex reaction products or Biological materials (UVCBs) S\ MIIREWIZD
WTHEANY T = a UIFERER SN TWRNWZ LERETREThHD, 29 Lz
WA BfE L7= T, OECD @ GD? MHREIZ L CTW\W5 Z &%, DA ZFHET 5 55k
BRSO —BR & LT, & D WIS AJRIMENZ 23D 5 FEHL O B A5 1T (WoE) 12 255 < 3l &
1T 9 BEIZ Bhas 42 CTA i RZFIM T2 Z L IFAMTHL LV DH 2L TH D,

Bhas 42 CTA D #7254, CTA (TR AFWE I D MHBE RS EW 2 &
DAL TNDN, FEREFEENAFME K L TUEREERORAHY . L0 Z
SOERPRKOONTNDLDHHEFETH L, CTAR OECD T A M A FF7 A& LT
KRS ol L LTHRBISNTWD Z L, IWEIEHIZE S 5 AW IE
MEEOHMNRIREN THDH L Th D, £/, CTA DEMMESHT THWIZIFEEE



PR AEE 72\ U invivo BN AT 0 —H =Nl o o Z L 10D CTA OFE RN
BIE. invivo IZBIF DR ASFIED TR S | FRRr S F 72 IR S e & O F RIS D
NN &R ENREHINTND,

ARARBIETBAT O AR Z 22RO 28 BRE L L CTONME DT Tk,
B D3 VSR B U T OITBIRI 722 B W 23 LB 7 o 72 556 5] 21X WoE 12
SLFHB D 72D OB 223 E L TLESIT 5 2 ENWEIThH L LE X B D,

2. B GEOTa b a oyt
2-1. ARBRVE OB

Bhas 42 CTA 1%, Fpik7pdE@E ORI a LB L9, — A0 MlnRs 230 & Mia ks
BHEINRN X FER TRRRRBIETH D, £o, ¥ U7 v - ~NAZXZ—JR{T (SHE) f
faz 5 CTA L1372 0 | Bhas 42 CTA IZEVMWI°7 ¢ — X —flifld &2 LB & L7220,
Bhas 42 fIfIZE A U7 ras I3~ 7 A D 17 FB L9 FY AR EISHZA £
NTHEY, F 24 a—REFELTND Y, ZOMBITEREIHEEZ A L TV D0,
R R AR R RIZ AN D & CTHASH T 2 & HJE OIRRE CHIFM M5 (- (BEfkBHIE) L, =
DIRRETHEFARETH D, — . HAPHILGEA Ko 7o BB X, F58ER Ol
T, HEOEFMRTITIZMEL, AVIZAZZ2Z LIIRIECTHA L, 28 L0 ERENE
R CRPESNDBEEBHIIE (7 +— D 2) KT D, £7o. BEEBHEHROIZE AL
IXIE % 72 Bhas 42 #lifa & Helg U T, ras BIn ORI 2~14 5 EH LT\ 5 2 & 3#H
HEINTWD 2, Z0OX ) RIEERMIIET X T in vivo CIEEEMEZ7RT,

Bhas 42 CTA 1%, (LM EBRBICLVFRINTZ 74— D AOFEEZIEE L LT,
Z O EREZ T 2RBIECTH D, 74— D ADH BT+ EE - IR
VETHY, HECITEBRERAWET FTARERFRATHL EEZLND,

2-2. ABRIE D R

Bhas 42 CTA I%, A =3 = — 3 7 v A GHREERNIZ L0 E 2 LPR5 5 J71E)
ETaE—varT v (MIENEEICH D & X ILFEWE 2 0FT 2 J5775) O 2
OO hAANHLERIATWS (1, X2),

Bhas 42 CTA 1 6 7 = V7' L— F & WD FIEDNRANCHTE 4, fvCTHBME~O
JISHATREZR 96 U = VT L — F A WD HFIERBFE ST To D, 2 DO FIEICKHT D8
UF—a VRN ENENFER SN, 2 >OFEZ, EAMICRIT e harT
HU ., BREAREN Y 2V A RZEDETAT— LA T ENTNDHI ENRRD
RTHD,

22-1. A=y —v a7 vkA

A== a7 vy MREEIT W ERELZITV. £D% DNA &
RERRD Z N TEDL LI, REECHIARRREL, 0 S(LEWEE 3
FINREE L. K5#EBALA 4 B BISHEERTHICARHA LT, 3 72 L 4 H AT 2 [R5 # L
RHH 10 H R A kT 2,

13
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Mother culture Transformation assay

<
< > | < >

Day -7 or-6 -3 01 4 7 1Wor11 14 21

Cell growth assay | Fix: Ethanol or methanol

Stain: Crystalviolet

=
[

THR0STERatian AsSay: | — I I I Fix: Eethanol or methanol
U r U Stain: Giemsa
[E3: MEM10 + 10% FBS (M10F) = Cell seeding
[J): DMEMIF12 + 5% FBS (DF 5F) @ Chemical addition
B3 Chemicaltreatment ﬂ’: Medium change

1 Bhas42 CTA ODA= T — a3 T vvADHE

222 FEE—T 3T A

TrE—va T A d BEAIIEERIC X o THIAME L LTV 5 HUEIR RO
AL FMEEBRE T D720, A =vT—var T viA O 2 FEOMBEERETS.
HGEME L LIZ U S 7 ar 7 xm s hOREINSLEWE 2 Gtk 2 3 220 L
4 B2 EIASHA L2255 10 H b2 WE 2 1RET 5,

| Mother culture Transformation assay
<
<

Day -7 or-6 -3 0 4 7 10or11 14 21

v

Cell growth assay [ Fix: Ethanol or methanol
Stain: Crystal violet
Transformation assay ; l ,
: L Fix: Ethanol or methanol
- Stain: Giemsa
[3: MEM10 + 10% FBS (M10F) =: Cell seeding
[J: DMEMIF12 + 5% FBS (DF5F) 1 : Medium change containing a test chemical
B8 Chemical treatment 1l Medium change

2 Bhas42CTA O uE— a7 v A DIk

2-2-3. EEEEHAM
W7 A &bz, HERL 14 B BICHREES IS A U C LA, BEHiAZ #9712 7
EI Fﬁﬁi-%%j—éo

2-2-4. AR OEE & Yetn
ERBAA 21 H Rl ZEE L, FLPREEITD,

2-2-5. 74— ADH|E
) HEITETa— ML TEET 5.
2) BV MIDONT T+ — I ADHBEBIET 5,
3) 6 Ve WIEIZBR Y = NDT k= AERZ, T vbl ) OFET 4 — 0 AR
VR & T 5 (X 3),
4) 96 U = WVEZ T = ADHDL T = N EEE A, AN = AV GEFIL96 T =)L)



BTV DT = ADHDH T = VEEREEX R E R LU CHEZIT O (K 4),

306 7 =/VEICBIT DEERRT L— () LB IR L — k() © CTA fi

X4 96 7 = /VIEICBIT DI L — b (£) LBYE 7 L — b () @ CTA #i

2-2-6. AHAREENE

MRAFEIEIZ ST, MU' b 2L CHilaRERER L O ERGE 217 5. 55
7 HEICHMRZEEL, 2V RAZANRALF Ly NTYREEZ, 7V RAZARALF Ly
il R D WL EE (540-570 nm) Z WG EEGHCHIE L, BB BRI k- 2 (b7 1 B
BREOWH OB G Z BT 5, MasERBRT, EWEOLBRE YR ERL LW
CTA IZH T DLW E OMIREIE DT MO 7= DI EM T 5, 7720, fMlaErkic ko
PEARBE AR BB L COVR VB P IR DWW TIEEMEDH VD L, 74—
A DRI L,

2-3. 7'a ha o4k

GD No.231 Ti&, L FoHEAICH T 2S8Ry, 7'e b a/uidzy
Th oYM,
2-3-1. EBCR

Bhas 42 #ifaix. H AKX~ JCRB)(Cell Bank No.: JCRB0149) 7» 5 A F-A[HETH
%o Flo, ANy 7T HHFEMOERGEDOTEMICON T HIF@RA Rt TV D,

2-3-2. U URR{FIIE (FBS) v v kR
H- WD FBS ICOWTIE 50%LL Eo i =—B SR L2 R L, HRTGE LR )N
15 . BEMERT R EFRIZ X A 7 4+ — B A B SENREBR R REATE- LTV bd ey

15
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ZIEINT D,

2-3-3. CTA Hfr o 3 20 e 38 7k B
CTA SEfifiak i, B Bz d L OVRELRH RS 2 T BRI H il
D7D CTA %3 L. CTA % FEhi 7 25 72D O HE A OB ZE Z Mgt 5,

234 A= —ar T oAl aE—3a T v A OREIOH

M=y —2ar T oA BIRToE— a7 v AIIM7 L CEMEZ4T 9,
ML E O EIEFERYEIC OV T, W — £ 7 v & A THPER
R ONTH BTN, W7 v & BRI RS DA BT R & HE
T2,

2-3-5.6 7 xLiEL 96 7 = ATED T T kAL DR

6 7 EE 96 U = VIETIEY VA ANEIe DR, Uz VOBNERSHTZY O
FEHEMRBIIFR CCh D, TOMDIERNIER T v Fa /L IE CTH DA, HEEDN
BB, 6 Tz WEIX 6 VLT L — b DT VT IC T =D AR EFHEL, V=
W Te O DY) T 4 — ) AR L VSBERTRRBED 7 o — I AR & el %, 96 U = Lkl
T —NADEHDL T = VBEFE L, A7 = VEGEFEIL 96 V=) &7+ —TAD
%0 = VR RIS IR & i U CHE T S

2-3-6.Bhas 42 CTA IZH13 5 6 Wz )LiEEL 96 U = MYED /N T 5 —~ 2 AD 7

2 ODFEDONRY F—a URFRIZEBWT, BICHWONTZWEDR 16 MEH Y |
ZNOOMED S B, WYNCEM S 14 WETHONTERIT, FIEMTOZENE
D ONRMNSTeZ LD WFEIEREE SIS TND

2-3-7. Bk SLFEUE
CTA OFEHIL. GD No.231 OFER AL LI LS W CHIKT3 5,

2-3-8. CTA #¥ Al O &80 O fife R
CTA DHIEIL, 6 V= /LiEL 96 7 = ViELE LT, HBMEB L OFNZENnD 7 L —
M= — ML CEET 5,

2-3-9. FBHA 2T V7L DT — X OEEHO; L (FBIMEO L)
LLFDZ & &FERT 5,
1) FERPNAD CTARBREIC L D 2 a7 S —nmEg hL—=7
2) EFMEBLOA D7 3 —h AOGEERAK(EBGT N7 2)OFFA(A=27 Y
TNZolzo>TE, W7+ — B AT v T AR EEZFAT5)
3) kA RAE=A L (ORI T T —FFAaTHRREOERZS BT D)
MDA AT TFT—IC LD EAaT VT
4 To4vvabLl{ETL—roa— Rk



2-3-10. il Hf) e HL v
CTA OfERIZ. GD No.231 THE L7 @ FEUEIT/E - THIET D,

3. RN T =g VIFRICHW D LW O R L 4

NYF—2a UBFRIE, 6 7z liEE 96 Uz WEICOWTEEI N TnD D, 2
5 OFRBRICH N SN TALFWE O AR X OEEFEMEICE T 5 FHIC 20 T,
OECD DRP31'® #&M L, DRP31 IZZ DT — X Bit# SN TRV MEEWEIZ S\ T
IR RS 10 25 L TV 5,

3-1.6 U =Lk

6 U/ WETIX, TR 8 DOBAFWE & 4 SOOI VFME DR 12 WEB A
LbNTWVD,

P S A7 12 WL, in vitro BARFEMERER, in vivo BAREEVERER, [EER AN
BB (IARC) DFAth, 36 X O AR DR R 2 Bk < ITHHAE HE TRIRE TR,
TOWERNTIZE THDLLEEZXDBND,

<HAITE >
2-Acetylaminofluorene
Cadmium chloride
Dibenz[a,h]anthracene
Lithocholic acid
Methapyrilene HCI
Mezerein

Sodiumu arsenite
o-Toluidine HCI

<FEN AEYE>
Anthracene
L-Ascorbic acid
Caffeine

D-mannitol

17
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F2 6T NEONR) T — g UIFRICHAWONT-WE OEmEM. IARC 7 L—7

B KO A
Genotoxicity
IARC
Chemicals in vitro in vivo Carcinogenicity
Group
Ames MLA CA MN

2-Acetylaminofluorene + + + + +
Cadmium chloride - + +/— - 1 +
Dibenz[a,h]anthracene + + + 2A +
Lithocholic acid - +/— — TP
Methapyrilene HCI - +/— + +, TP
Mezerein - TP
Sodium arsenite - + + 1 +
o0-Toluidine HCI +/— +
Anthracene +/— + - 3
L-Ascorbic acid +w/— - + -
Caffeine - + + 3 -
D-mannitol - - - - -

Carcinogenicity; +: carcinogen, —:non-carcinogen, TP: Tumor promoter

Ames: Ames test, MLA: Mouse lymphoma test, CA: Chromosomal aberration test,

MN: Micromucleus test

+: positive, —: negative , +/—: positive and negative results in DRP31, +w:weakly positive

723, SHE CTA O EZE 23128 T, Methapyrilene HCI & o-Toluidine HC (X3& /=
BB KO AFEO SFEN T S 7z, £ DORER. Methapyrilene HCI X Ames 7t
B L in vitro Yeto /R B 5 BR A o DB m 3 S VSR . o-Toluidine HC1 XA 72 &
BEEEZRTT =2 BHEE LN e D, EBREFEEDAFYE &Ml Sz 1D,
F 7. o-Toluidine (T DWW T, BIEHEMEDAFEME LFisNTND, 2D LI,
ﬁﬁ%¢ﬁ%#%@ﬂﬁi%?b%ﬁﬁbf%%f A)7~v3/ﬁ e EINE
OB GEMERBRT — % Z@UNHE L TR Tzt B2 b b,

3-2.96 7 = )Vik
96 V= /WETONY T — a3 VIFRIZ, 72— X 1T WHE) L7 = — X 1116 YWHE)
PITHOITWD,
Txz—A 1
<HBAIEE >
3-Methylcholanthrene
Benzo[a]pyrene
2-Acetylaminofluorene
TPA
o-Toluidine
<FEM AR E >
Anthracene

Phenanthrene



T7x—X 11

<HBAEE >
MNNG
Benzo[a]pyrene
Dibenz[a,h]anthracene
Sodiumu arsenite
Cadmium chloride
Methapyrilene HCI
Mezerein
Lithocholic acid
Phorbol

<IED A E >
Pyrene
Caprolactam
Ampicillin sodium
L-Ascorbic acid
D-Mannitol
Caffeine
Eugenol

96 Uz /WEIZBIT AN T —va VIO 7 = — X T B L7 = —X 11 Tk, A
[T KOFERAEE & b ICBEHERBRE R L OAGbEEEE L, Lrb
6 U x/EEDOREGL T TEER LIZWEORRMTONTEY, ZOWERINTZ
BThHdEBEZLND, £IBIVE 4 BFZNTNOBEEERBREORR & OMA
HbhbEERLTND,

#£3 96U NE(T2—RADNNY F— g VBRI WO WE O &,
IARC 7 /L —7 8B L O A JF M

Genotoxicity
. L . IARC . -
Chemicals in vitro in vivo Carcinogenicity
Group
Ames MLA CA MN
3-Methylcholanthrene + + +
Benzo[a]pyrene + + + + 2A
2-Acetylaminofluorene + + + +
TPA - + +, TP
o-Toluidine +/— +/— + - 2A
Anthracene +w/— + - 3 -
Phenanthrene +w/— - 3 -

Carcinogenicity; +: carcinogen, —: non-carcinogen, TP: Tumor promoter

Ames: Ames test, MLA: Mouse lymphoma test, CA: Chromosomal aberration test,

MN: Micronucleus test

+: positive, —: negative , +/—: positive and negative results in DRP31, +w: weakly positive
TPA: 12-O-Tetradecanoylphorbol-13-acetate

19



F4 96T NE(T2—XIANY T — g UHFRICHW SN T-E OB mEE,
IARC 7 /L — 78 L O AJEME

Genotoxicity
) IARC ) ..
Chemicals in vitro in vivo Group Carcinogenicity
Ames MLA CA MN
MNNG + + + + +
Benzo[a]pyrene + + + + 2A +
Dibenz[a,h]anthracene + + + 2A +
Sodium arsenite - + + +
Cadmium chloride - + +/— - +
Methapyrilene HCI1 - +/— + +, TP
Mezerein - TP
Lithocholic acid - +/— - TP
Pyrene - + - 3 -
Caprolactam - - - - 4 -
Ampicillin sodium - - - 3 -
L-Ascorbic acid +w/— - + -
D-Mannitol - - - - -
Caffeine - + + 3 -
Phorbol @
Eugenol - + + +/— 3 -

Carcinogenicity; +: carcinogen, —: non-carcinogen, TP: Tumor promoter

Ames: Ames test, MLA: Mouse lymphoma test, CA: Chromosomal aberration test,

MN: Micronucleus test

+: positive, —: negative , +/—: positive and negative results in DRP31, +w: weakly positive

@: Carcinogenicity in mice (leukaemogenic action) is positive or negative depending on the strains
[Berenblum and Lonai, 1970; Armuth, 1976]. Tumor-promoting activity in mouse skin is positive in
a sensitive strain butnegative in other strains [Baird and Boutwell, 1971; Slaga et al., 1976 and
1980]. These strains are mentioned in the text.

2B MAFYERARHESEZ TH % Phorbol [IZOWTIE, @ AEEZRE L TEBREZIT-
iz, FHIC L EREES GO, FHERREL W ORIR Lo TV D,

4. SRR O EHEMEZ FEM T 2 72 DIV DN TALZEWE D in vivo BT — X 72 5 TS

HRT — Z VERL D #E A

Bhas 42 CTA ®/NY 77— 3 UIFFRIZHWV 2 B3 E 12 DRP31 OB AFET — 47
PRI S 7z, DRP3LICFEEH D ENT — 2T HOWTIE, il % DJRZE ST — Z 1255
W%, In house 7—# Th 5 98 W'E D Bhas 42 CTA OFER 9 REA SN TN 5D
D, T O H HEARRIZIL DRP31 OFHICHESNT 98 MEZ /L T\ 5, K~k
#HIZOW\ T, Chemical Carcinogenesis Research Information System (CCRIS) 5 &
' IARC Monograph 67 —# %1%, TNHICHIELRWNT —XIZOWTIL, i
MR EEZRL TS,

* SHE CTA DHARTAANERIZEEL T, CTA BPHE /L —7 1255 DRP31 ORARIET — 20 RE LA
ITOITZ0N, 39 (DSAEWE 19, FERAEWE 19, BAEMER 1) B 1 WE GENAJEWE) D 7
NINFETOFME R DFER THHT=,



5. 0BT — & L RER ORI M

6 7 VEOT LN F— g USRI Tanaka & 1712 X A EFEIRFZEOHE B35 &
NTNW5, 72,6 7= /VEONRY F— g URFZERERIZ OV T Sakai & (2011) '8 234k
HLTWD, b, EfEEOT —20—H & LTRHHINTWD BWEDT —XIT
SUWTIE, Sakai 5 (2010) 2AE LT\ 5,

6 7 = /WEBI W6 T = VED/NY T —3 3 VHFFEIL OECD @ GD No.34 19 (2 #EfiL
LTEMmSNTND, (EEWITETa— MEIh, GLP Ik SV TE I N7
—HIT RV A N LAOREEZITTND, TRHORRIZ, N T —a V|
HED L L TCEEDOLN, FERFRERIRETARINTND

6. #BR 715 D TEHEME
NYF =g UFRRERZ D ARERBR OB R LR T2Z 2l k> T, —8E,

JREE . R 7 B TIE O EREVEDS T STV D, 7235, Bhas 42 CTA 1E2 2D
e bhar(f=vz—varrykfETaE—va T v A)DNBRED, D
Eb—FDBMEOSEE%E CTA BIELHIE L, W7 v i & bICREDEH% CTA
RBHEHELTWD, N TF—a VIREETIIET v EARRIZ OV TEEMIZEEH
SNTWDHA, T2 TIECTA HIE & B AR HERBRE R 2 it L T2, 72, [F—9
BIZOWTHEEN R OHERM DT D56, —BBOLVHER L L OWE D
BRASHIE & L, ZOREHR & 23 A JRMERRBRRS SR 4 Hfg LTy (Appendix 1 Z2H7)

6-1.6 U )Lk
6 U= /WEDNY T =g UWETIE 12 WE DBAYE 8. IENAEE - 4)
DFHMZAT > 723, 12 ET X TRDBAFRERBRER & —H L Tn5b (& S),

%5 Bhas 42 CTA O EReME (6 ™7 = LE)

in vivo DS A JEM:

D ARE D AR E
Bhas 42 CTA [ Rk 8 0
(£33 0 4
— %= (Concordance) : (8+4)/(84+0+0+4)x100=12/12x100=100%
J&J¥ (Sensitivity) : 8/(84+0)x100=28/8x100=100%
s BT (Specificity) : 4/(0+4)x100=4/4x100=100%

{4 FaE R (False Negative) @ 0/(8+0)x100=0/8x100=0%
AR5 M3 (False Positive) @ 0/(0+4)x100=0/4x100=0%

TORMERLD & MEHE T CTA HIED R > 72 WHEIE, o-Toluidine HCl &
Anthracene T® ¥ | o-Toluidine (2 DVNTIE 1 Jigk 23t 2 MasX 3B C. A& HE
WEBGE & 72 0 . AR R & —F L7, F72. Anthracene IE 2 Sk 232k, 1
FERX DSBEME T, BB IR & 220 . BAJRMERERFE R L —EH L T\ b,

6 U = /WEIZOWTIE, 98 WE @ inhouse 7 — & V) B STV DN, BAENME
D572 89 MEIZHOWT = — MEE P HE b LR T, —BeRiE 78%., RE
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X 73%FB LORFREIT 84% Th o 72 (£ 6), NU T —2 3 UHFRICHW T mEE» D
mnEFWA, a - MELERBRCTOERESSWI SITERTE S, £, AT
— 3 3 UIFSE Tl o-Toluidine HC1 23 H 41, in house 7 — % Tl o-Toluidine 73
SN, NY T =g VIO EKHEEILZT R Tinhouse 7 —# & —E L7=,

# 6 Bhas 42 CTA O IEHEME (6 7 = /L¥, in house 7 — %)

in vivo I3 AV JEE

M AEE D AR E
Bhas 42 CTA Bk 38 6
(£33 14 31
—H#% (Concordance) : (38+31)/(38+14+6+31)x100=69/89x100="78%
J&JE (Sensitivity) : 38/(38+14)x100=138/52x100=73%
B (Specificity) : 31/(6+31)x100=31/37x100=84%

A B2 M=% (False Negative) : 14/(38+14)x100=14/52x100=27%
4851 2R (False Positive) : 6/(6+31)x100=6/37x100=16%

6-2.96 7 = )Lik

96 7 = LIEDNY F— g VIR TIE, 7= —X 1 TTWE (WBAEWE 5. R
NEWE :2), 7=—X1 TI16 WE BAEWE - 8, IEDAJEIE 7. HAJEEN
REERWE - 1) OFHE TNz, 72— 1 L7 =2—X M IZHEOWEN 1 ¥
HB@P)FETDHZENDL, 96 7= /VIEONY F— 2 UL T Sh-WE i
FruwmETHDH, LoLenb, 1 #E (Phorbol) IZ DWW TIEARNAJFRMENRHENTH
ZEDD, 21 WEIZOWTIEMMENFTHE S AL TWD (R 7).,

ZOREFR. —BERIT 86%, EB L ORREITZENEN 83% BLV 89%THY | 6
7 = /ViED inhouse T — X LV L BAFTH T,

# 7 Bhas 42 CTA O EfEM: (96 ™7 = L)

in vivo I3 AV JEME

D EE IEMARME
Bhas 42 CTA Bl 10 1
[Exis 2 8
— %= (Concordance) : (10+8)/(10+2+1+8)x100=18/21x100=86%
JE ¥ (Sensitivity) : 10/(10+2)x100=10/12x100=83%
5 5L (Specificity) : 8/(14+8)x100=8/9x100=289%

Ak R (False Negative) : 2/(10+2)x100=2/12x100=17%
{48525 (False Positive) : 1/(1+8)x100=6/37x100=16%

%@ﬁ%ﬁi%ﬁé & Bk T CTA ORERHIE D F 72 - 72 E 13 | #'E (Phenanthrene,
T 1 iR O A TR &HIE) T, 2 LISME, BACHIE D 25 AR ?ﬁ%ﬁf’r*%k—;ﬁ
fcio 72 3 ¥’E (Sodium arsenite, o-Toluidine, Pyrene) & & ®JiE % [H D CTA O#EFHIE
TART—HLTWD,



7. BRI O FE

Bhas 42 CTA N U 7 — 3 a UIFE#REE D Ik b & LRFRERO DDA 7
—va YIEITEES (VMT) BRESNTWDER, NY F—a VEERTO 7 LT 7
—¥a I VMT REELTHWRWED, ZEGEREBEZOND, L LB, [k
HEIZLD L VMT PREE LR, 7N F—va VIEOEIIAN) T—v 3
MRLFAIFETHD EESNTEY . ZOAMEIZHOWTI A RFHEA RSN TVND,

7-1. BB dnt:

J7IEFRBOIZIE, Bhas 42 CTA (31— kA9 72 MBS 2252 0 & MRS 22 B it o> 7 T FEHii w]
BERRBRIETH D, 74— B ADHEEIT OV TIL SHE CTA & R H 72 80E & Fllfk
MLEL INLRBFETHL B2 OND. N T — 3 UHFEERRTIZIE. AN T
— v a VBRI T ORBFEB LR 4+ — I RAHEDTDD T —7 g v TR
FEhi KTV D

6¢1w$fi3mwzmAl%AHﬁW1” ZIEWN 4 ik &S 2 SRk 3B LT
W5, 96 Uz /WEIZDOWNTIL, 6 U = /WEICSIN LI EWNEBRIER 2SS L, ikt
BB ERN2 T LN T — a UIFRE R L ThHNY T — 3 Ve 2 BsG L
TW5,

6?1”%7VNU?%VHVHW'@%2%%i&m42@A%W%T%okt

. VIR R & BRI E (MCA, TPA) Z W=7 LR F— g Ui SE0E L
TWa,

96 U= WIET LAY T =g SR L [EN 4 fiak iZxeh LT O AT R A E
(MCA, TPA) ZHW/=T LAY F—v 3 ViR AR Eli L T\ 5,

6 U /VEONY T —2 g VIFRERNSHIETT 2 & BE IR S
TWIUE, REBROKEII 2RI TBY . HEIFBIERMEICEEIZ VW EEZ bR
7.

7-2. Jii e R ELE

AR TRHM L 7 Bhas 42 CTA 3R Tl X T OB TR IR L O
IEEZRELTCWD, LN T — g VAR NY 7 — 3 3 UAF9E, & 5 WM i in house
RERITIT DEEMER IR, W s L O RBROLENEOT -2 22T 5L, 6
¥z JWEIZ DWW T, TR TORBRMERIZ IV TR BB, VB R & g L
THEIZHEMLTEY  BZAZMHFELH LTS 2L, i LB LV T
BE—Ya T vEAIIBITDGMERRWE DT +— 0 ADFEAEIZ AT Y F 03580
b s (X 5),

MERE N FFBLMEIL, Bhas 42 CTA EEEHLENFZE 1D, NV 77— 3 VAF9E3 L OV in house
T=HIBTLFE—WETOT7 =0 AFHEEZ KT 5 Z LIk > TR S Tw
5,3 T — 3 VAR E in house T — & E I IFILFEMIE N LG DT — & & g
THE N WETHEENS LTS 1/12, 92%), L#EO 4 WEIZ OV ThEx I

BV TEHMG L7245 5. Anthracene DOFEFRLSMIT X THEETH Y . 6 U = WIEDTER
NHBMEIRGTHD LS TN 5,
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96 U = VIEIZOWTIE, T X TORBRHRICB WO T REED 7 4 — B AT R
DN F 2B BZNRD B, s WEBMEXRFCTH Y . 4 RABrfEsk o
TFTYFIZOWTHLRFTHD LRSS TW5(X6),

Initiation assay Promotion assay
@ DMsO @ DmMsO
O Positive control (MCA) O Positive control (TPA)
50 50
0l o © @
z s
2
L= 3 o
2 Wi £ 30
i i
E 20 | S 20
. 0 f}’ Z {’ o
= [
i0 |} o 10 o) {
5 ¢ o
1.2 9 @ e o ‘ o ®
I (] i v v i I I} 1] Yy v i
Laboratory Laboratory

5 AR R (238 1T D Vs BT B & B RBE D 7 = VY72 0 DS T o — T AR
LEDNRTYFH(6 7 = )VE)

Initiation assay Promotion assay
@ 0OMso ® DMso
4. O Positive control (MCA) e QO Positive control (TPA)
> 08 L = 0.8}
§ §
: ¢ :
g 06} Eost
§ ¢ $ % %
| ®
E 04 L @ E 04}
] 2
t :
= 021 = 02
e * & ¢ e ¢
0 0 . " .
1 2 3 4 1 2 3 4
Laboratory Laboratory

X6 BRI T AIREE R L BB T 2 VY- ) O 7 3 — b A
L F DT X (967 = L)

TUNRY) T = a Ve 72— X1 AN F— g UGRS3l o — NME
EH(MCA BLOTPA), BLOT7 ==X IR F— a3 U if3EL 72— XN NY F—
va UIRRICE I B 3l 2 — RMEWE (B(a)P) % H W Tl % PN FFBUME 2 REAI L 72 55 S
I, 2 TOSNEH T3 WEOKKITMMEN KL TR, ZOKMMELRI%ETHD =
ERMESINTWD, L= > T, Bhas 42 CTA Ol NEBMEITIBRA TH D & HIFr &
nb.



7-3. Jta gk [H L

FEER I FBEIC SN TIE, LAY F—2a Ui, NI T —va ViR, BEO
in house FRERIZ IS 1T B VAT REESS T OGS BRRE O s e ds L OVRBR L 7= D feifk
HIERR AT D Z Ik > TGRS TV 5,

6 Uz /VIETIR, B2 COBBERBEED 7 4 — 1 A W B L B BB H 35k %
WL GA, MEtRMNAEBENRO LN TR Y | B REER J ORGP BREE o H
BORR B BRI OV TUIEHMETE S & LTW5, RBICHWZ 12 WEICBE L TA
UL, 3 MR O —8BRIT, 83%(10/12) TH Y | Misx M HBMEILIRG TH D, 72,
A =vxT—v a7 vEAD Mezerein & Caffeine (2O TiX, RERMFER CHIER
AL STV A DRFEEMERERIIITON TWRhoto) THAD EHlr STl 0, sk
FENE ORI HER N TV D,

96 7 = /L IETIIEE I EE 3 K OGP B O B OEBS L ONE 62 & & i
FERETHDZ L (K 6), 6 KL OVEBOSHE L Hle L7y, Bt BEE DR IX 9~ T
MEFFRINCAEICHEIM L TWD Z &b, e REEE & 5 BB oot BUR 12 B
LR EBRMEIIRF THD LIS TWD, 2, DAFEOEENHR ST
WD 22 BB L CIE, 3 MR TO—EERD, 95%(21/22) LIEFIZE <. CTA Btk
WE D% TP OBGMEEEEZ R L, kM EREILREE TH -T2,

8. R G IEDOT — 42 DE
UFOENG 6 7z/WEBLYN6 7 o/bike bICT =X OEIFHEES A TND &S
2 HID,

o FLNYF—2arBIUOANYF—va U RBRTIE, B A IS LT
TR R S L OV MR FRAEL 2 I T 0 3R LSRR 2 52 L TV e unad, o
e T — 2 IR IEERFH O RE AR T2 b0 TIEARLS, £, 207 —2 1%
AR FEHE R T2 LT D,

o M=V —valT oA BIRNT T~ a T vlA L BICIREERREER
K OWGHER HRED 7 o+ — T 2O HMBIE (HBUEE) | MlmrET — & 3 L OBk
SEAZEIRRAR Y = VBT L C O PR EERRE SN TWEHDT, RBRT —#
DEIFHMHEEINTWDE EEZ LD,

o T —NADHEIZCTAIL L > THERT 7 74 —Thod, WET F7 AL
DBEHEMERIL SN THDHOD, 74— AOHET R THBIT 5720,
FBEORRICIIREEEZES LB bND, LLAaRS, BRRTIX 7+ —h
ZOHEIXBRUSMEFIEN 2L, 2Dl T — X ORBIMEZ BT 512132
—NMELTHEONTET—Z ThHhDHZ ENRFICEHE 72 %, Bhas 42 CTA DAY 7
— g UIFEIZBW TR, EERBRT L — MEa— MEanTnbs o T, 5
LNT=T — X IIBRBEDRHER I TEBY . 207 — X OEIIMHEINTND LEE
A5,
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9. B HIEIZEET D ORI i
Bhas 42 CTA & [FIERICEZE ML A2 F VWD CTA IZIZLA F O FIENE STV D,
1) #fakk BALB/c3T3 % iV % CTA™
2) #IERE C3HI0T1/2 % V% CTAT
3) SHE HRIEH 2 {5 AMIfa % v 2 CTAH
4) AHREE IB6 Ml A V5 CTAY

10. 3Rs ~0 B G- (B fik i > & 0 2629 M)

Bhas 42 CTA IZff H &40 25 IR IIHRAL AR LZ 23 AV TBAR 7 2 R AA A TERRAE AR C &
%, SHE CTA O XL 927z & 208l nx E LI FZ2mIEIc 32 £ 9 3Bk Tid /.,
F7o. CTA ZHUNCET D Z LICE Y, ZROBHELEL T L0 ARMERRICE
Wi, RBROEMSEIT—EEWIC L > TEWER O KIEZRHIER ENTTRETH 5,
B~ KELSTFET D5 LRSS,

11. R G EOA A L R
11-1. Ak
11-1-1. CTA

o NALDIBRRAZFIT 5L EFETIC L, BEHEEDSAFEWEICLV A==
—va UEHEZT ML, BICE2O%R S ESERERIC L > TEMPE 2 #
BT 5EEZXLNTND, CTA I, KR IEF ML 2 WITR LR 23 T T E i
W95 2 L 2RI LT AWFWEORERRIEED A EZL TR 2 in vitro 3AUBRTE
D—oL LTORKMNH D,

o CTA [FBATONAJFEPERER 2 52 2RI T 23R BRIE L L TONME ST TiEz <,
D AFHERRBR D ERENENL AR D D T2 DD A7 U —=2 7 DT, BSAJEMER
BRISELR SN2 T 2 — D EE IS O A AR BEEE R 00 B 7 Lt oD A3 AUJR
PETHEBAER L & BICWoE O—2 L LTEDORREFAT L2 08T 5,

e JRsDEENLLHEMTH S,

11-1-2. Bhas 42 CTA
CTA DFH MMM A TLLFOFHEEZRD 5,
o 90 WV CRME S N7 H Y 12FB\V T, Bhas 42 CTA OFER & 23 ARG BR S R
EDOFEWHBENRD b TV D,
o v-Haras Bl FAZEBALIZZ LITRY, 7+ — W ARMAIEIE & T 54t CTA X
D HRBE RS EYE AN D,

SHE CTA & H# L7256, UUTOAHENRRO b5,

** Bhas 42 CTA LRIERICIEHREL L2 AL D7 4 — W A%l T 5B Th 5,
T Bhas 42 CTA LRIERICIEHREL LML D7 4 — W A%l T 5B Th D,
H SHE #fa% v 2 CTA 28 2015 45 5 H OECD HAX R 10 Lipoiz,

8 FEREE M COHFEAE (LR TFIEDER) ZRIEL T 5B Th D,



e Bhas 42 #ifdiL, JCRB i N> 7 72 EOABIMEEI N 5 — E S E ORI S B 5 1
bivs,

e Bhas 42 CTA [IH LB kD 7 v — > Th 572, SHE CTA O X 5 IZEM#E R
WZHRT D7 4 —F —HRZEHT 20BN RN, 3Rs DER DS i KR 72
INTW5

e Bhas 42 CTA Tlix, o> CTA IZIX/2 96 7 = VIENFENL ST, 7oyt A
HEMLORTEEMEREWEEZ X BN D,

e Bhas 42 CTA (IAf =V =—va T v A BT vE—Ta v 7 v, Dl
NRBR T2 ATHH720D, 2 EEOR A LIBRED —E % invitro THHT 5
ZEMAEETH D, TIE T 02 | =T U T 202 K B2 O
HRHARE O IEICHIH T2 Z L W A[EETH 5.

. Fiﬁ@éﬂ D5 TG T X DLW E o0 AJEVERFE 2 I k) BOR
IZE D, BUE, BREERBRS X7 v MFPIZ S ARSI L D 08 AR
ﬁ%@zﬁu—:yf@ﬁﬁAﬂﬁléhTwé B BREE M O & AL PE &
EEHEIZDNT, T MFRFIRS AR OIS EMERE DT D DAY
V—=r 7R RiED—>L LTBhas 42 CTA (FuE—v a7 vtA) OIFH
MBtAE T B 3642,

11-2. PIEER (BRF, AR, w8 H R

11-2-1. CTA

o CTA THERDEGMETH > TH ALFEWE O EIHLEED & 4 LW D in vivo
BT ONAFEOR S| Rasfr B, B X O REICET 2 ERITE DR
[/\

o CTA D=2 RARA LV N Th DHIEIBHOF AT R LT 72 > TWRN T2,
IEBARTED AR E OAE RIS ICB T 2 1E TG B e v,

o AR invitro AR & [FIARIC, RO Y MITERE (LI N7 1 FaiZiE-> T
—HORBEED EMICERSND Z LI L > THRIEEN D, CTA OFERO
PE2RFET 2720, RBRBES L OB an =— /"7 3 — I ZADHHI A F /1
DERNEETH D, FEYE CHEINEEER o =— /"7 3 —H ZADH
%7 NI AEEFIH LA VEREOHBIZEE TH D,

o JEHERfiam=— 7 4 — wzmﬁﬁﬂ%&@%%# ERE LT, BT

®%@%%Lxﬁj—*/7@$¢ﬁi&&w Fi7e bW E O G L e
HEZLZ CTA Ik > TR ) —= 79579 \ﬁ%+®E&6&E&%U

%E%ﬁﬂH:ﬂ/7¢wﬁ2@$ﬁ%%%ﬁ%@%%ﬁ%gf@50

11-2-2. Bhas 42 CTA

SHE CTA &l L7cd6 . LT ORM S 2 WITEHRADZEB D b b,

e Bhas 42 M iFSMBBE T A HA L CALICHZE LIzl ThH 5D T, CTA D
FERDAEREZIELS ML TWAENE S DIZHOWTIL, ikmDORMITE 5,

e Bhas 42 M} Tl Cyplal OFEHFBENHRR ST DA, PRI & bl
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Lict. T OMREHEIE(EREITR W,

o Bhas 42 flflid, MECTICE OReE (BRARBLIERE) AR D FREMENRH D Z &
D IR WM TR DB T TV A AR U B 00 3 B 2 o PR
(EABR BT 2 EMR R L EVEDHERR 2 &) RO LD,

11-3. 5% O
AT T DIEHEEOMANEE CTH L, L, ZOEIT — KR

TN
=

AN

e b MNHTHLEIY 220 EMRT H-0IZIX, & Mililaz vz CTA 2B S
D ENEE LW Un vivo IZBT 280 b h~O4ME LA CRIEA S AT
W5, ),

o ELD (bona fide) IR AW E OB AL L T CTA # %< Efi L, < D
T—AEERL, FHMITOMLEEN S D, TNDOT — X EREER - Bl 72
AN TLIR S ALAUE, CTA A3 OECD RBRIET A R T A b S b alREEIEH 5,

e Bhas 42 CTA ® 96 7 = /VIEIX KO T v A BEfLZ HA L L CTHIZ Shzfk
RS H, HEVPHEETORBEN/ER L CORVWOREETH S, AEHER
W DORESL N 2D D,

o ZEHEHEGREICHDLINHHRARFFL TS Z 0 n, RENEM b Z M3 L
THOFEWEOREEEEZRET 5 2 ENARETH D . FIAMBIHEE L R
ZEMT L2 LICED . ZORBROEMRMENEED AL H 5,

e Bhas42 CTA TiZ, 2o 7r har(f=vz—ar 7Ty BLOR I rE—
arTvkA)ERIHTELZDT, BRHBDAMEICET 57 — 2 OEREB L
HCThD,

12. i

1) CTA IL in vitro IZB W T, {LFMEZBRET 5 2 LI LA THIfROE | T REEE
DOEMAY 2R & U CHEESEEOAELZ TR LRRIEDO D TH 5,

2) B AL U7l s k95 2 & T, X— R~ U RIZBWTEEREMEDNRO b i
HZEND, BDABEEIIMONOEENRSH D Z ENHELR IS,

NALEWE 2 W2 CTA OFEFR & T > a2 AR RBR O 5 BTN D 5 =
ERREIN TV,

4) Bhas 42 CTA DGR & T > TON AJRMHERER & O —FR | KA, FrRERED
BAED B3 5 &, Bhas 42 CTA IZ23 AUJRPERBROOFIE L L TOME ST Tl
2 MAFEWERHOA 7 ) —=0 TR B O—2DFEE LTLESIT S 2 &0
ARETH D,

5) Bhas 42 CTA % & C CTAIINAJEMEICE T A A7 U —=2 7B & L CORFIZ
WREREESTWVD, LNLREL, A=Y —a Viife et —32 3 Vi
EEDTHENADA T = ZALOFEMIEARE LTARHATHDL, A7 U —=2 73R
ELTOAAMEZEDDT-DICIE, BAALE CTA OMBICET 2T —X DR 5D
BLREBLEEEZ D,



13. FI5EFE
Bz L

R

RIS E 2R T HICH 720 WEERE L (— M EEARLE L LT
& — « REFSEFT) LV Bhas 42 CTA (ZB9 % BAF Ok ds X OBR IS 12 BH 35 BEAR
BI72 517 E SRR N2 E E Lis, Z ISR L BP9,
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Appendix 1 Bhas 42 CTA O EfEMERHIIZ WS TZWE & £ DRGSR

No. Chemical

in house data

Validation Study

(6 well method) 6 well method 96 well method
< Carcinogen >
1 2-Acetylaminofluorene  Initiation +(3/3) +(3/4)
Promotion +(3/3) +(3/4)
Transformation +(3/3) +(4/4)
2 Cadmium chloride Initiation -(3/3) -(272)
Promotion +(3/3) +(2/2)
Transformation +(3/3) +(2/2)
3 Dibenz[a,h]anthracene Initiation +(3/3) +(2/2)
Promotion -(3/3) -(2/2)
Transformation +(3/3) +(2/2)
4 Lithocholic acid' Initiation - (3/3) -(2/2)
Promotion +(3/3) +(2/2)
Transformation +(3/3) +(2/2)
5 Methapyrilene HCI' Initiation - (3/3) NT
Promotion +(3/3)
Transformation +(3/3)
6 Mezerein™® Initiation (£)(2/3) +(2/2)
Promotion +(3/3) +(2/2)
Transformation +(3/3) +(2/2)
7 Sodium arsenite Initiation 2(1/3) -(2/2)
Promotion +(3/3) -(2/2)
Transformation +(3/3) -(2/2)
8 o-Toluidine HCl Initiation +(2/3) NT
Promotion +(2/3)
Transformation +(2/3)
(o-Toluidine) Initiation NT - (4/4)
Promotion - (4/4)
Transformation - (4/4)
9 Benzo[a]pyrene Initiation NT +(4/4), +(2/2)
Promotion - (4/4), - (2/2)
Transformation +(4/4), +(2/2)
10 3-Methylcholanthrene Initiation NT +(4/4), +(4/4)
Promotion - (3/4), - (3/4)
Transformation +(4/4), +(4/4)
11 MNNG Initiation NT +(2/2)
Promotion -(2/2)
Transformation +(2/2)
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Appendix 1 Bhas 42 CTAD IEfEVEREAR IZ WSV E &2 DO R (Fe )

No. Chemical in house data Validation Study

(6 well method) 6 well method 96 well method

12 TPATP Initiation + NT - (4/4), - (4/4)
Promotion + +(4/4), +(4/4)
Transformation + +(4/4), +(4/4)

13 Benz[a]anthracene Initiation +
Promotion +
Transformation +

14 1Q Initiation +
Promotion -
Transformation +

15 5-Azacytidine Initiation +
Promotion -
Transformation +

16 Barium chromate Initiation +
Promotion -
Transformation +

17 Cyclophosphamide Initiation +
Promotion -
Transformation +

18 Cyclosporin A Initiation +H=E, )
Promotion -
Transformation +

19 2,4-Diaminotoluene Initiation +
Promotion -
Transformation +

20 Melphalan Initiation +
Promotion -
Transformation +

21 Mitomycin C Initiation +
Promotion -
Transformation +

22 Sterigmatocystin Initiation +
Promotion -
Transformation +

23 Thio-TEPA Initiation +
Promotion -
Transformation +

24 Chenodeoxycholic acid  Initiation -
Promotion +
Transformation +
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Appendix 1 Bhas 42 CTAD IEFEVEREA IZ WSV E &2 DO R (Fie )

No. Chemical in house data Validation Study
(6 well method) 6 well method 96 well method

36

25 4-Chloro-o-toluidine Initiation -
Promotion +

Transformation +

26 Cholic acid Initiation -
Promotion +

Transformation +

27 Deoxycholic acid Initiation -
Promotion +

Transformation +

28 Dichlorvos Initiation -
Promotion +H=*,

Transformation +

29 Epichlorohydrin Initiation -
Promotion +

Transformation +

30 D-Limonene Initiation -
Promotion +

Transformation +

31 Methylarsonic acid Initiation -
Promotion +

Transformation +

32 2-Naphthylamine Initiation +
Promotion +

Transformation +

33 Phorbol 12,13- Initiation +
didecanoate Promotion +
Transformation +

34 Quercetine Initiation -
Promotion +

Transformation +

35 Sodium arsenate Initiation -
Promotion +

Transformation +

36 Sodium saccharin Initiation -
Promotion +

Transformation +

37 Styrene oxide Initiation -
Promotion +

Transformation +




Appendix 1 Bhas 42 CTAD IEfEVEREAR IZ WSV E &2 DO R (Fe )

No. Chemical

(6 well method)

in house data

Validation Study
6 well method 96 well method

38 Zinc chloride

39 o0-Anisidine

40 Benzene

41 Cobalt sulfate

heptahydrate

42 Diethylstilbestrol

43 Dimethylarsinic acid

44 1,4-Dioxane

45 Ethyl carbamate

46 Formaldehyde

47 Furylfuramide (AF-2)

48 Methyl carbamate

49 Nickel (II) chloride

50 Nickel monoxide

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation
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Appendix 1 Bhas 42 CTAD IEMEMEFHARIC WV B 7B & £ ORE R (i &)

No. Chemical

in house data

Validation Study

(6 well method) 6 well method 96 well method
51 Phenobarbital sodium Initiation -
salt Promotion -
Transformation -
52 p-Toluidine Initiation -
Promotion -
Transformation -
<Non-carcinogen>
1 Anthracene Initiation - -(3/3) - (4/4)
Promotion - -(2/3) - (4/4)
Transformation - -(2/3) - (4/4)
2 L-Ascorbic acid Initiation - -(3/3) -(272)
Promotion - -(3/3) -(272)
Transformation - -(3/3) -(272)
3 Caffeine Initiation - -(2/3) -(2/2)
Promotion - -(373) -(272)
Transformation - - (2/3) -(2/2)
4 D-Mannitol Initiation - -(373) -(2/2)
Promotion - -(373) -(2/2)
Transformation - -(3/3) - (2/2)
5 Ampicillin sodium Initiation - NT -(2/2)
Promotion - -(2/2)
Transformation - -(272)
6 Caprolactam Initiation - NT - (2*/2)
Promotion - -(2/2)
Transformation - -(2/2)
7 Eugenol Initiation - NT -(2/2)
Promotion - -(2/2)
Transformation - -(2/2)
8 Phenanthrene Initiation - NT - (4/4)
Promotion - - (3/4)
Transformation - - (3/4)
9 Pyrene Initiation NT NT +(2/2)
Promotion +(2/2)
Transformation +(2/2)
10 4-Acetylaminofluorene Initiation -
Promotion -
Transformation -




Appendix 1 Bhas 42 CTAD IEMEMEFHARIC WV B 7B & £ ORE R (i &)

No. Chemical in house data Validation Study
(6 well method) 6 well method 96 well method

11 Acid red 14 Initiation -
Promotion -
Transformation -

12 Aspartame Initiation -
Promotion -
Transformation -

13 Benzoin Initiation -
Promotion -
Transformation -

14 2-Chloroethanol Initiation -
Promotion -
Transformation -

15 Chromium (III) chloride Initiation -
Promotion -
Transformation -

16 2,6-Diaminotoluene Initiation -
Promotion -
Transformation -

17 Diazepam Initiation -
Promotion -
Transformation -

18 N,N-Dimethylformamide Initiation -
Promotion -
Transformation -

19 HC Blue no.2 Initiation -
Promotion -
Transformation -

20 Hydrocortisone Initiation -
Promotion -
Transformation -

21 Methotrexate Initiation -
Promotion -
Transformation -

22 1-Naphthylamine Initiation -
Promotion -
Transformation -

23 Phenol Initiation -
Promotion -
Transformation -
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Bhas 42 CTAD EREMERHIC AW B T=W'E & & OfE R (i x)

No. Chemical

(6 well method)

in house data

Validation Study

6 well method 96 well method

24 p-Phenylenediamine

dihydrochloride

25 Phthalic anhydride

26 Rotenone

27 Sodium chloride

28 Sodium nitrite

29 Sunset yellow FCF

30 Thiabendazole

31 m-Toluidine

32 Triphenyltin hydroxide

33 Barium chloride

dihydrate

34 tert-Butylhydroquinone

35 8-Hydroxyquinoline

36 Propyl gallate

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation

Initiation
Promotion
Transformation




Appendix 1 Bhas 42 CTAD IEfEVEREAR IZ WSV E &2 DO R (Fe )

No. Chemical in house data Validation Study
(6 well method) 6 well method 96 well method

37 Sodium fluoride Initiation -
Promotion +

Transformation +

38 Tetracycline Initiation -
hydrochloride Promotion +
Transformation +

<Carcinogenicity is unknown>

1 Phorbol Initiation NT NT 1(2/2)
Promotion 1(2/2)
Transformation 1(2/2)

- fEMEL 4 BRME. £ EEEYE. 2 CHUEAREE. NT @ SBRE 9. TP : tumor promoter
FEINN O - o FITHEO—F Lok sk, s RH3iaR s (7 — 2 40
FEIMAN OHEFL S« # Y IR S VTl 2 D FEBR O E

41






payIssepu

1(9102) ONOW/INI/ANA

ysisuy "1Q - ysyduy

»

Unclassified ENV/JM/MONO(2016)1

Organisation de Coopération et de Développement Economiques
Organisation for Economic Co-operation and Development 20-Jul-2017

English - Or. English
ENVIRONMENT DIRECTORATE
JOINT MEETING OF THE CHEMICALS COMMITTEE AND
THE WORKING PARTY ON CHEMICALS, PESTICIDES AND BIOTECHNOLOGY

Cancels & replaces the same document of 08 January 2016

GUIDANCE DOCUMENT ON THE IN VITRO BHAS 42 CELL TRANSFORMATION ASSAY

Series on Testing & Assessment
No. 231

[The original document was revised in its Foreword section in June 2017. Some information on the mechanisms
of action addressed in the Bhas Cell Transformation Assay was added. This information is important for defining
the utility of the assay in an Integrated Approach to Testing and Assessment of non-genotoxic carcinogens.

Also, a correction was made with regards to the origin of the cell line (see footnote p.8)]

JT03417497

Complete document available on OLIS in its original format
This document, as well as any data and map included herein, are without prejudice to the status of or sovereignty over any territory, to the
delimitation of international frontiers and boundaries and to the name of any territory, city or area.

43




44

ENV/IM/MONO(2016)1



ENV/JIM/MONO(2016)1

OECD Environment, Health and Safety Publications
Series on Testing and Assessment

No. 231

GUIDANCE DOCUMENT ON THE
IN VITRO BHAS 42 CELL TRANSFORMATION ASSAY

INTER-ORGANIZATION PROGRAMME FOR THE SOUND MANAGEMENT OF CHEMICALS

A cooperative agreement among FAO, ILO, UNDP, UNEP, UNIDO, UNITAR, WHO, World Bank and OECD

Environment Directorate

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT
Paris 2016

45



ENV/IM/MONO(2016)1

About the OECD

The Organisation for Economic Co-operation and Development (OECD) is an intergovernmental
organisation in which representatives of 34 industrialised countries in North and South America, Europe
and the Asia and Pacific region, as well as the European Commission, meet to co-ordinate and harmonise
policies, discuss issues of mutual concern, and work together to respond to international problems. Most of
the OECD’s work is carried out by more than 200 specialised committees and working groups composed
of member country delegates. Observers from several countries with special status at the OECD, and from
interested international organisations, attend many of the OECD’s workshops and other meetings.
Committees and working groups are served by the OECD Secretariat, located in Paris, France, which is
organised into directorates and divisions.

The Environment, Health and Safety Division publishes free-of-charge documents in eleven different
series: Testing and Assessment; Good Laboratory Practice and Compliance Monitoring; Pesticides;
Biocides; Risk Management; Harmonisation of Regulatory Oversight in Biotechnology; Safety of
Novel Foods and Feeds; Chemical Accidents; Pollutant Release and Transfer Registers; Emission
Scenario Documents; and Safety of Manufactured Nanomaterials. More information about the
Environment, Health and Safety Programme and EHS publications is available on the OECD’s World
Wide Web site (http://www.oecd.org/chemicalsafety/).

This publication was developed in the IOMC context. The contents do not necessarily reflect the views or
stated policies of individual IOMC Participating Organisations.

The Inter-Organisation Programme for the Sound Management of Chemicals (IOMC) was established in
1995 following recommendations made by the 1992 UN Conference on Environment and Development to
strengthen co-operation and increase international co-ordination in the field of chemical safety. The
Participating Organisations are FAO, ILO, UNDP, UNEP, UNIDO, UNITAR, WHO, World Bank and
OECD. The purpose of the IOMC is to promote co-ordination of the policies and activities pursued by the
Participating Organisations, jointly or separately, to achieve the sound management of chemicals in
relation to human health and the environment.

46




ENV/JM/MONO(2016)1

This publication is available electronically, at no charge.
Also published in the Series on Testing and Assessment link

For this and many other Environment,
Health and Safety publications, consult the OECD’s
World Wide Web site (www.oecd.org/chemicalsafety/)

or contact:
OECD Environment Directorate,
Environment, Health and Safety Division
2 rue André-Pascal

75775 Paris Cedex 16
France

Fax: (33-1) 44 30 61 80

E-mail: ehscont@oecd.org

© OECD 2016

Applications for permission to reproduce or translate all or part of this material should
be made to: Head of Publications Service, RIGHTS@oecd.org, OECD, 2 rue André-
Pascal, 75775 Paris Cedex 16, France




48

ENV/IM/MONO(2016)1

FOREWORD

This document presents guidance for conducting the in vitro Bhas 42 Cell Transformation Assay (Bhas 42
CTA).

This document, as well as a similar document on the Syrian Hamster Cells Transformation Assay (SHE
CTA) , was preceded by the development of the Detailed Review Paper (DRP) 31 on “Cell Transformation
Assays for Detection of Chemical Carcinogens” (OECD, 2007), pre-validation study led by ECVAM,
ESAC peer review, and then from 2011 by work aimed at the development of a Test Guideline. Despite
support from some countries, concerns were expressed by others regarding the CTAs, and the approval of
draft TGs was considered premature.

In November 2014, the Joint Meeting discussed options for moving forward in the area of non-genotoxic
carcinogenicity under the Test Guidelines Programme. The Joint Meeting advised 1) to proceed with the
development of guidance documents on the SHE CTA and Bhas 42 CTA, mainly to describe the test
procedures, and 2) to develop a guidance document at the OECD level outlining a conceptual framework
for the identification of non-genotoxic carcinogens for priority setting (work underway).

The recent discussion (2016-2017) on the origin of the cell lines provides an opportunity to reconsider the
role of Bhas 42 CTA within an integrated approach to testing and assessment (IATA) for strategies to
explore non-genotoxic carcinogens.

Since the Bhas 42 cells were first set up, they have always been considered by the test method developers
and the scientific community to be initiated cells, due to the integration of multiple copies of H-Ras, and
thus a specific tool to study the promotion stage in the multistep carcinogenesis process.

With improved knowledge and new perspectives in the field of non-genotoxic carcinogenesis, it is now
possible to look at other potential advantages in the use of Bhas 42 CTA. All the CTA models offer the
great advantage to provide a phenotypic anchoring of onco-transformation. This phenotypic endpoint in the
Bhas 42 model is very likely related to the activation of Ras-dependent signal transduction, which plays a
fundamental role in the progression from hyperplastic or dysplastic lesions to malignant lesions in human
cancer.

For this reason, it is important to clarify the putative role of the Bhas 42 cell line in the late initiation stage
with the aim of refining and improving the use of Bhas 42 model within the integrated approach to the
hazard assessment of non-genotoxic carcinogenesis. It may be recommendable to identify further
molecular pathways that directly interact with the Ras-dependent signal transduction pathway, using non-
genotoxic chemicals that play a role in the intermediate and late stages of carcinogenesis process, which
might be identified by using the existing chemical information from the validation studies.. With more
clarity on such mechanisms and processes, the regulatory utility of the assay within an IATA will be better
understood.
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This document has been through three WNT commenting rounds (from January to September 2015) and
was approved by written procedure. In 2017, the document was updated with an annotation on the
mechanisms and processes covered by the assay (see above), and a footnote on the origin of the cell line
(see next page).

This document is published under the responsibility of the Joint Meeting of the Chemicals Committee and
the Working Party on Chemicals, Pesticides and Biotechnology
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GUIDANCE DOCUMENT ON THE
IN VITRO BHAS 42 CELL TRANSFORMATION ASSAY

PURPOSE

1. The purpose of this Guidance Document (GD) is to allow the scientific and regulatory communities to
use the described method as part of a weight of evidence approach in the testing of substances for
carcinogenic potential.

Background

2. Since DNA damage and mutation are known to be initiating events for carcinogenesis, several short-
term in vitro and in vivo genotoxicity tests are commonly used to predict chemical carcinogenicity.
However, not all carcinogens are known to be genotoxicants. Furthermore, animal carcinogenesis studies
have demonstrated that carcinogenesis is itself a multi-stage process comprised of distinct initiation,
promotion and progression events (1, 2). In addition, it has long been known that cell transformation assays
can simulate in vivo initiation and promotion stages of carcinogenesis and therefore detect chemicals
known to have initiating activity (tumor initiators, most of which are genotoxic carcinogens) and/or
promoting activity (tumor promoters, most of which are non-genotoxic carcinogens) (3, 4).

3. Invitro cell transformation refers to the induction, in cultured cells, of phenotypic alterations that have
long been considered alterations associated with cells exhibiting neoplastic potential in vivo (5, 6).
Transformed cells with the characteristics of malignant cells have the ability to induce tumors in
susceptible animals (7, 8, 9); this supports the practice of using specific phenotypic alterations in vitro as
criteria for predicting carcinogenic potential in vivo.

4. The Bhas 42 cell line (Japanese Collection of Research Bioresources Cell Bank No.: JCRB0149)' was
derived as a clone formed by the stable transfection of the v-Ha-ras oncogene into the BALB/3T3 A31-1-1
(Japanese Collection of Research Bioresources Cell Bank No.: JCRB0601) cell line (10). Similar to the
parental BALB/3T3 A31-1-1 cells, untransformed Bhas 42 cells grow to confluence forming a density-
dependent contact-inhibited monolayer and subcutaneous transplantation of isolated cell populations
derived from such confluent monolayers have been shown to be non-tumorigenic in nude mice. However,
after exposure to carcinogenic stimuli, such cells become morphologically altered and form discrete
anchorage-independent altered colonies, referred to as transformed foci, atop the confluent monolayer.
Such transformed foci are capable of producing tumors in vivo (11). Transformation frequency can be
quantified, using morphological criteria to enumerate parameters of transformed foci among Bhas 42 cells
subjected to carcinogenic insult. This measure of transformation frequency, which can be extrapolated to
an assessment of carcinogenic potential, constitutes the basis of the Bhas 42 cell transformation assay
(CTA).

! In November 2016, genotyping analysis using Simple Sequence Length Polymorphisms (SSLPs) revealed that some subclones of BALB/3T3
A31 (e.g., BALB/3T3 A31-1-1 and Bhas 42) cells were not derived from BALB/c mice but Swiss mice (Uchio-Yamada et al. 2016). However, the
BALB/3T3 A31 cells were confirmed as being derived from BALB/c mice. Although the lineage of BALB/3T3 A31-1-1 cells and Bhas 42 cells
has now changed, their utility for the Cell Transformation Assay (CTA) remains unchanged as the physiological characteristics important for the
CTA such as high sensitivity to contact inhibition and susceptibility to chemically-induced transformation are inherent properties of these cell lines,
regardless of origin. Consequently, the newly established lineage of the BALB/3T3 A31-1-1 cells and Bhas 42 has no impact on the performance
of these cell lines or the utility of the CTA.

Uchio-Yamada et al. (2016). “Incorrect strain information for mouse cell lines: sequential influence of misidentification on sublines”, In Vitro Cell
Dev Biol Anim, Vol. 26, pp. 1-6, http:/link.springer.com/article/10.1007/s11626-016-0104-3
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5. Unlike target cells used in other CTAs, Bhas 42 cells are considered to be initiated cells since
pretreatment with a tumor initiator is not needed for subsequent induction of cell transformation by
promoters in the Bhas 42 CTA (10). These data suggest that the transfected v-Ha-ras gene elicits the
initiation process that would otherwise be induced by a chemical initiator (11). Thus, the transformation
response of such initiated Bhas 42 cells may represent a late stage of the carcinogenic process, whereas the
transformation responses of immortalized cells (uninitiated cells, e.g. BALB/3T3 A31-1-1 and C3H10T1/2
cells) and primary cells (uninitiated cells having a limited in vitro lifespan, e.g. Syrian hamster embryo
cells) may represent prior stages (12).

6. Although the Bhas 42 cells have undergone an initial step towards transformation, they still retain the
capability to respond to single treatments with tumor initiators (13) in similar ways as other CTAs. Other
advantages of the Bhas 42 CTA compared to other CTAs include: a) Bhas 42 cells are especially
responsive to chemical carcinogens and are readily transformed by such agents, resulting in relatively high
transformation frequencies, b) the latency period of responsiveness is relatively brief, ¢) the number of
culture vessels necessary for a given assessment of a chemical’s carcinogenic potential is reduced (14,15).

7. This GD provides an in vitro procedure using the Bhas 42 CTA, which can be used for hazard
identification of potential carcinogenicity of chemicals with initiating and/or promoting activity. The test
method described is based upon the protocols of previous reports and that published by the EURL
ECVAM (16, 17, 18).

8. The current protocol for the Bhas 42 CTA consists of two test components, one for examining initiating
activity and one for examining promoting activity of chemicals (16, 17, 18). The initiation and promotion
tests can be performed independently and the two protocols are slightly different. It is acknowledged that
mutation induced by chemical insult is fixed after several cell replication cycles (19, 20). Thus, in the
initiation test the cells are treated at the beginning of growth phase to allow for several cell cycles
necessary for fixation of the induced DNA damage. On the other hand, it is known that cell-to-cell
communication plays a key role in promotion (21, 22). Therefore, in the promotion test the cells are
repeatedly treated at stationary phase to provide a growth advantage for anomalous cells.

9. In this GD, two assay formats are described, one using 6-well plates and the other using 96-well plates
(16, 17, 18). After initial development of the Bhas 42 CTA 6-well format, the assay was adapted to a 96-
well format that was designed for high-throughput analyses (23). Although the number of cells plated and
expression of transformation frequency differ between the 6-well and 96-well formats, the overall results
obtained are similar and the formats can be used interchangeably (23).

10. Several comprehensive studies were performed to assess the reliability and predictive capacity of the
Bhas 42 CTA. These included (a) an extensive analysis of 98 chemicals (24), (b) a multi-laboratory
collaborative study (25), (¢) a prevalidation study (26) in the 6-well format, and (d) two international
validation studies (16, 17). For the latter, the Validation Advisory Committee and the Validation
Management Team were comprised of international experts from the European Union Reference
Laboratory for Alternatives to Animal Testing (EURL ECVAM), the Interagency Coordinating Committee
on the Validation of Alternative Methods (ICCVAM), the NTP Interagency Center for the Evaluation of
Alternative Toxicological Method (NICEATM) and the Japanese Center for the Validation of Alternative
Methods (JaCVAM). EURL ECVAM reviewed these studies and addressed the transferability,
reproducibility and relevance of the Bhas 42 CTA protocol (27).

11. Test results derived from the Bhas 42 CTA are expected to be used as part of a testing strategy (rather
than a stand-alone assay) and/or in a weight-of-evidence approach to predicting carcinogenic potential.
When employed in combination with other information such as genotoxicity data, structure-activity
analysis and pharmaco-/toxicokinetic information, CTAs in general and the Bhas 42 CTA specifically can
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contribute to the assessment of carcinogenic potential (28) and may provide an alternative to the use of in
vivo testing. CTAs may be particularly useful for evaluating chemicals for which in vivo testing is not
allowed (e.g. regulation on cosmetics in the European Union [Regulation (EC) 1223/2009 of the European
Parliament and of the Council of 30 November 2009 on cosmetic products]), is limited, or is only required
for chemicals identified as genotoxic (29).

Current knowledge and understanding about mechanisms involved in cell transformation

12. The concept that carcinogenesis is a multistage process is widely accepted (see Paragraph 4).
Molecular mechanisms of the multistage process were determined through in vitro studies, mainly by gene
transfection techniques in cell transformation assays. Transformed cells were induced by the following
combinations including active ras genes in specific cell types: a) human c-Ha-ras plus myc genes (30) and
human c-Ha-ras plus polyoma virus middle-T genes (31) in primary cells, b) c-Ha-ras gene alone in
established cells but not in primary cells (32), ¢) c-Ha-ras gene in primary cells followed by treatment with
carcinogens (32), and d) ras genes plus 12-O-tetradecanoylphorbol-13-acetate (TPA) in primary and
established cells (33, 34, 35). These results suggest that activation of ras genes is an important event in cell
transformation and that other (e.g. chemicals) stimuli can serve to induce expression of such genes thereby
resulting in the altered transformation phenotype.

13. The ras genes were found to be activated by mutations in chemically induced tumors in vivo (36). On
the other hand, the c-myc gene was expressed following treatment with the tumor promoter TPA (37).
These studies together with others in which cell transformation resulted in cells with active c-Ha-ras plus
myc genes (30) suggested that cells containing integrated v-Ha-ras gene and which could be transformed
by TPA should be able to detect suspected chemical carcinogens. It was on that basis that the Bhas 42 cells
were isolated and cloned because of their potential utility in identifying chemical carcinogens (10).

14. There is a close correlation between in vitro transformed Bhas 42 cells, identified as such by their
morphologically altered phenotype, and in vivo tumorigenicity. When chemically transformed Bhas 42
cells were inoculated subcutaneously into nude mice, 100% (four out of four) transformed clones formed
tumors (11). In contrast, non-transformed Bhas 42 cells did not induce tumors. Almost all of the
transformed Bhas 42 clones (11/12) expressed v-Ha-ras genes 2- to 14-fold higher than the non-
transformed cells (38). Furthermore, transformed Bhas 42 cells induced by transfection with MTGS
(leukemia-related gene) (39) or HP-MP1 genes (tumor necrosis factor alpha-inducing membrane protein in
Helicobacter pylori) (40) were also tumorigenic in vivo. In contrast, these genes did not induce
transformation in progenitor BALB/3T3 A31-1-1 cells. These data suggest that not only carcinogens but
also potential oncogenic genes work together with v-Ha-ras genes to induce transformation in Bhas 42
cells.

15. Not all mechanisms leading to cell transformation involve mutations of ras genes. Other genetic and
epigenetic alterations are also associated with cell transformation (41, 42). Such alterations are also found
in immortalized cells (12). In fact, alterations of p53 tumor suppressor gene have been found to have
occurred in the parental BALB/3T3 A31-1-1 cells from which Bhas 42 cells were originally derived (43).
Involvement of p53 and ras mutations suggest that similar to in vivo carcinogenesis, in vitro cell
transformation is manifest through a multistage process, which may help explain why Bhas 42 cells are so
responsive to chemical insult.

16. A common mechanism of tumor promotion is still not clear because of the chemical diversity of such
agents. Nevertheless, cell proliferation, inflammation, dedifferentiation and inhibition of apoptosis appear
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to correlate with tumor promotion. On the other hand, the principal mechanism that has been associated
with tumor initiation is that of genetic alterations. Furthermore, ligand binding to receptors, gene
expression, signal transduction, DNA methylation, histone tail modification and microRNA alteration have
been analyzed at molecular level (44, 45). Taken together, these studies suggest that multiple signaling
pathways are activated, resulting in continuous cell proliferation and subsequent tumor promotion. Ras
signaling pathway is one of the major signal transduction cascades and constitutive activation of ras is an
important factor in malignant growth (46). Moreover, DNA synthesis of Bhas 42 cells was found to persist
longer than that of BALB/3T3 A31-1-1 cells following treatment with TPA (10), which might be due to
the integration of v-Ha-ras gene.

17. Inhibition of gap junctional cell-to-cell communication has been known as one of early events in
tumor promotion (22). When Bhas 42 cells were co-cultured with BALB/3T3 A31-1-1 cells and treated
with TPA, the transformation frequency decreased depending on the numbers of BALB/3T3 A31-1-1 cells
present (11). In addition, an increase of transformation frequency correlated with inhibition of cell-to-cell
communication by TPA in BALB/3T3 A31-1-1 cells (47). These data suggest that the suppression and
induction of Bhas 42 transformed foci are regulated by enhancement and inhibition of cell-to-cell
communication, respectively.

INITIAL CONSIDERATIONS AND LIMITATIONS

18. The chromosome number of Bhas 42 cells, which are hyper-triploid, ranges from 58 to 72 and the
modal chromosome number is 60 (42%). Bhas 42 cells also have marker chromosomes similar to parental
BALB/3T3 A31-1-1 cells. The results of fluorescence in situ hybridization (FISH) indicated that
transfected v-Ha-ras genes were present in all nuclei of Bhas 42 cells examined, with an average of 2.4
copies/nucleus and that the v-Ha-ras genes were located on chromosome numbers 17 and 19 (11). In
addition, v-Ha-ras genes that had become integrated into the genome of Bhas 42 cells have maintained the
sequence of the original plasmid. The studies from which these data were obtained employed Bhas 42 cells
that had undergone more than 18 passages (sub-cultivations) indicating that v-Ha-ras genes were stably
transferred to daughter cells and that the integrated v-Ha-ras genes were not lost even after repeated sub-
cultivation (11).

19.  Due to their initiated state and their sensitivity to carcinogenic stimuli, Bhas 42 cells may
spontaneously transform under sub-optimal culture conditions. Therefore, it is important to maintain strict
quality control of cells, assay components, and test conditions, including the use of low passage target
cells, maintenance of a sub-confluent cell population density (< 70% confluence) among cell stocks to be
used for treatment, and use of suitable pre-screened lots of foetal bovine serum (FBS) (16, 17, 48). It
should be noted that spontaneous transformation is a common intrinsic occurrence among the various
CTAs and is expressed at different relative frequencies among the available target cell systems used in
CTAs (6). Irrespective of the CTA system, those spontaneous transformation rates are moderated by
adhering to the strict quality control measures described above. In this way, the spontaneous and
chemically induced transformation frequencies are readily distinguishable.

20. Initiating and promoting activities of carcinogens can be distinguished in the in vivo carcinogenicity
studies using the two-stage carcinogenesis model but this distinction is not generally pursued. In its
evaluation of the relative performance of CTAs, OECD, in its DRP 31 (49), reported on CTA
responsiveness to 260 carcinogens. Only 9 in vivo tumor promoters (3.5%) were included in the review,
and all of them showed positive results in all or either of the SHE, BALB/3T3 A31-1-1 and C3H10T1/2
CTAs. As to the performance of the in vitro promotion test using the Bhas 42 CTA, 14 in vivo tumor
promoters were investigated, 13 (92.9%) of which were positive in the Bhas 42 cell promotion test (17, 24,
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50). These results indicate that the Bhas 42 cell promotion test can be a valuable in vifro system for
identifying potential in vivo tumor promoters.

21. Eight mouse Cyp isoforms (Cyplal, Cypla2, Cyp2bl10, Cyp2c29, Cyp2c65, Cyp2d22, Cyp2el and
Cyp3all) were not detected in Bhas 42 cells by quantitative real-time PCR. However, when Bhas 42 cells
were treated with 3-methylcholanthrene (3MC, predominantly metabolized by Cyplal to active
carcinogenic forms), only Cyplal was found to be markedly induced from Day 1 and reached a plateau on
Day 2-3 (51). These results suggest that although Cyplal is not expressed in normal culture conditions,
some chemicals induce Cyplal and they are converted to active metabolites.

22. In the Bhas 42 CTA, 8 out of 10 (80%) carcinogenic polycyclic aromatic hydrocarbons
(predominantly metabolized by Cyplal) examined were positive (11). These data suggest that the Bhas 42
CTA can efficiently detect carcinogens that require metabolic activation by Cyplal. In addition, the
Cyplal expression following chemical treatment for three days indicates that the three-day treatment in the
initiation test (16, 17, 18) is a suitable protocol to detect carcinogens requiring metabolic activation.

23. Cyp isoforms except Cyplal were not expressed, however, 2-acetylaminofluorene (2AAF,
predominantly metabolized by Cypla2) and cyclophosphamide (CPD, predominantly metabolized by
Cyp2b10) induce transformation in Bhas 42 cells. The eight mouse Cyp isoforms were selected based upon
human data, i.e. the human CYP homologs of the mouse Cyp isoforms are mainly involved in drug
metabolism in vivo (52, 53). Currently, about 80 mouse Cyp isoforms have been identified and almost all
chemicals are metabolized by multiple enzymes. 2AAF and CPD may induce transformation due to their
metabolic activation catalyzed by Cyp isoforms other than the eight that have chosen for measurement.

24. Carcinogens (including cytokines) that bind to specific receptors are thought to act through receptor-
mediated pathways because tumors are not induced in knockout mice which lack the gene responsible for
coding such receptors (54, 55). Some of these receptors have been identified in BALB/3T3 A31-1-1 cells
where transformation has been induced (56, 57). Although similar receptors have yet to be identified in
Bhas 42 cells, it is possible, given the derivation of Bhas 42 cells, that they might also be transformed
through receptors similar to those of BALB/3T3 A31-1-1 cells.

25. Morphologically, various types of transformed foci are observed (48, Paragraph 60, Annex 2). For
this reason, adequate training of laboratory personnel engaged in the identification and scoring of
transformed foci is essential. A photo catalog of various examples of untransformed and transformed foci
has been found to be a valuable tool with which to assist in the recognition of such transformed foci and in
distinguishing them from non-transformed foci (Annex 2).

PRINCIPLE OF THE TEST METHOD

26. Bhas 42 cells proliferate exponentially and when they reach confluence, they form a contact-inhibited
monolayer. Appropriate numbers of Bhas 42 cells are plated into each well of 6-well or 96-well plates. In
the-initiation test, the cells are treated with a given test chemical at a low cell density for three days (from
Day 1 to Day 4), allowed to replicate and then fixed and stained on Day 21 after plating. In the promotion
test, the treatment with the test chemical is commenced at sub-confluence and continued for 10 days (from
Day 4 to Day 14). The cells are then fixed and stained on Day 21 after plating. Plates are coded and scored;
the resulting foci are evaluated for their morphological phenotype.
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27. Transformation frequency is quantified using stereomicroscopy as follows: (a) for the 6-well format,
transformed foci in each well are scored; (b) for the 96-well format, the number of wells with transformed
foci are counted. The second method overcomes the difficulty in scoring multiple foci in 96-well plates.
The scoring should include the foci at the bottom of the wells as well as the foci growing on the walls of
each well (17, 23).

28. Cytotoxicity is evaluated colorimetrically by estimating the amount of dye (crystal violet) extracted
from the treated cells (25). For this purpose, the relative optical density (OD) is obtained by calculating the
ratio of the OD determined for the treated cells to the OD of solvent control cells. The transformation
frequency is statistically determined from the relative increase in the number of morphologically
transformed foci observed in the treated group compared to the number of such foci appearing in the
solvent controls.

PROCEDURE

Culture media, reagents and solutions

29. The culture media, reagents and solutions are described in Annex 1.

13
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Culture conditions and preparation of cell suspension

30. Minimum Essential Medium supplemented with 10% FBS (M10F) is used for population expansion
of cells so as to generate master cell stocks and working cell stocks, all of which are stored frozen in a
liquid nitrogen tank. Cell cultures used for cytotoxicity and transformation assays are derived from those
frozen cell stocks. Dulbecco’s Modified Eagle’s Medium/F12 supplemented with 5% FBS (DF5F) is used
for the cell growth assays and transformation assays as well as routine maintenance and subculturing of
cells.

31. Bhas 42 cells are incubated at 37°C in a humidified atmosphere of 5% CO; and air. It is important that
all cell stocks and working cultures be maintained at a sub-confluent density at all times prior to use in
transformation assays, such that they do not exceed 70% confluence and thereby retain their property of
density- dependent inhibition of cell growth. This ensures that loss of cell-to-cell contact inhibition is the
result of treatment with chemical carcinogens and not a function of failure to maintain the necessary pre-
assay cell culture conditions. The necessity of this becomes clear when it is realized that those cells that are
no longer contact-inhibited and exhibit unrestricted growth are those that are transformed and
preferentially form altered foci atop the confluent cell monolayer.

Preparation and cryopreservation of Bhas 42 cell stocks

32. Bhas 42 cells should be obtained from a reliable source, specifically, JCRB Cell Bank, National
Institute of Biomedical Innovation (NIBIO, Osaka, Japan) [http://cellbank.nibio.go.jp/english/] and shown
to be free of adventitious contaminating agents (e.g. mycoplasma).

33. If the Bhas 42 cells are cultured with sufficient care using acceptable pre-screened lots of FBS and
proper attention paid to maintenance of sub-confluent cell density, the cells can be passaged 2-3 times
without losing the properties that make them suitable for use as a CTA target cell system. The most
practical solution to ensure the uninterrupted availability of such suitable cell populations is to have
available a large stock of frozen early passage cells. For this purpose, the procedure is as follows (48);

- Initial master cell stocks are generated and cryopreserved in a liquid nitrogen tank in aliquots that will
eventually serve to generate working cell stocks.

- Cells are cultured with M10F in a 100- or 150-mm dish or in a 75- or 150-cm’ flask to a cell density not
to exceed 70% confluence.

- They are then suspended at a cell density of 5 x 10° cells/mL in cold fresh M10F containing a suitable
cryoprotective agent (e.g. 5% dimethyl sulfoxide) to make a master cell stock from which 0.5 mL aliquots
are cryopreserved and stored in liquid nitrogen.

- Cells from one master stock are thawed and cultured for 1-2 passages in M10OF before a second
cryopreservation step.

- From this cell population, approximately 100 aliquots are prepared and cryopreserved so as to provide
sufficient working cell stocks.
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- The quality of those cells is then confirmed for their ability to fulfill the acceptance criteria described in
Paragraph 34.

- It is noteworthy that the same criteria need to be met to assess cell quality as those used for accepting a
given lot of FBS.

34. In order to identify suitable lots of FBS for the transformation assay, several lots of FBS are checked
using the cells from one master stock. The acceptance criteria for a given lot of FBS include (a) ability to
support adequate plating efficiency (PE) of Bhas 42 cells (=50%, calculated with the formula below,
generally 100 cells are plated per 60-mm dish or well of 6-well plate and cultured for 6-10 days), (b) low
background of spontaneous transformation, and (c) ability to facilitate Bhas 42 cell transformation by
positive controls (1 pg/mL MCA and 50 ng/mL TPA, refer to Paragraph 38). FBS lots that fulfill the
criteria in Paragraphs 66-68 are those that are selected for use in subsequent transformation assays.

PE (%) = [(total number of colonies per dish)/(total number of cells plated per dish)] x 100

35. Freshly prepared 2-3 passage cells derived from the cryopreserved cell stocks are used for each
transformation assay.

36. The cells at higher passages (within 10 passages) can be used for dose setting.

Controls

37. The solvent for a test chemical is used as the negative control. The solvent should be chosen to
optimize the solubility of the test chemical without adversely affecting the conduct or outcome of the
assay, e.g. cell growth and morphology, cell-to-cell interaction, integrity of the test material, augment or
diminish the effects of the test chemical on the target cells, reaction with culture vessels.

38. For positive controls, a known tumor-initiator, 3-methylcholanthrene (MCA, final concentration of 1
ug/mL), is used in the initiation test, and a known tumor-promoter, 12-O-tetradecanoylphorbol-13-acetate
(TPA, final concentration of 50 ng/mL), is used in the promotion test. MCA and TPA are dissolved in
dimethyl sulfoxide (DMSQO), which serves as the solvent for these two control agents. When the solvent for
the test chemical is not DMSO, DMSO is still necessary as the negative control for MCA or TPA. The
stock solutions of MCA and TPA in DMSO can be stored in frozen aliquots at -20°C for at least two years.

Preparation of test chemical solutions

39. Test chemicals are dissolved or suspended in an appropriate solvent and diluted, if appropriate, prior
to the treatment of the cells. Distilled water, DMSO, acetone, and ethanol can be used to dissolve test
chemicals, and the final solvent concentrations in the medium for each of these vehicles should not exceed
5%, 0.5%, 0.5% and 0.1%, respectively. Although the concentration of DMSO can be as high as 0.5%,
0.1% is recommended when possible. If solvents other than the above well-established ones are employed,
their use should be supported by data indicating their compatibility with the test chemical and the test
system, as well as their lack of inherent transforming activity. In such cases, untreated controls devoid of
the solvent of choice should also be included against which to compare the possible transforming activity
associated with the solvent. Gaseous or volatile chemicals should be tested by appropriate methods,
determined on a case-by-case basis. Fresh preparations of the test chemical should be used unless stability
data demonstrate that storage of test chemical is acceptable. Solutions at different concentrations of the test
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chemical should be prepared under UV filtered lights or protected from exposure to ambient light for
photo-sensitive chemicals.

40. Several concentrations for the transformation assay (at least four concentrations, if the test chemical is
not toxic) should be tested and these are determined according to the results of the cell growth assay.
Paragraphs 47, 52-55 provide further details on the top concentration that should be tested.

41. For poorly soluble test chemicals that are not cytotoxic at concentrations lower than the lowest
insoluble concentration, the highest concentration analysed should produce turbidity or a precipitate visible
by eye or with the aid of an inverted microscope at the end of the treatment with the test chemical. Even if
cytotoxicity occurs above the lowest insoluble concentration, it is advisable to test at only one
concentration producing turbidity or with a visible precipitate because artifactual effects may result from
the precipitate. At the concentration producing a precipitate, care should be taken to assure that the
precipitate does not interfere with the conduct of the test (e.g. staining or scoring). The determination of
solubility in the culture medium prior to the experiment may be useful.

42. If no precipitate or limiting cytotoxicity is observed, the highest test concentration should correspond
to 10 mM, 2 mg/mL or 2 pl/mL, whichever is the lowest. When the test chemical is not of defined
composition e.g. substance of unknown or variable composition, complex reaction products or biological
materials (i.e. UVCBs), environmental extracts, efc., the top concentration may need to be higher (e.g. 5
mg/ml) in the absence of sufficient cytotoxicity, to increase the concentration of each of the components.

Experimental design

43. The 6-well and the 96-well formats are quite similar since the experimental procedures differ only in
the plated cells and the calculation of the transformation frequency. In the following sections, experimental
details are provided for the 6-well format, including modifications associated with the 96-well format.

44. Both formats consist of an initiation test and a promotion test components. These test components can
detect initiating activity and promoting activity of carcinogens, respectively. In the initiation test, the cells
are treated with chemicals in the beginning of the growth phase and in the promotion test the treatment is
started at sub-confluence of cell growth. Both tests consist of two steps. In the first step, a dose range-
finding assay is performed in which test chemical concentrations are selected (preliminary cell growth
assay) using a broad dose range. In the second step, the transformation assay itself and a concurrent cell
growth assay are performed, the latter serving to verify that the selected doses meet the acceptation criteria
for the tests (Fig. 1).
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Bhas 42 cell transformation assay

(Initiation test and promotion test)

First step Cell growth assay to set doses
Second step Transformation assay
plus

Concurrent cell growth assay

Figure 1: General scheme of the Bhas 42 CTA
Initiation test

Cell growth assay to set doses

45. The cells, at a density of < 70% confluence in DFS5F, are trypsinized and 4,000 cells are plated into
each well with 2 mL of DF5F (Day 0). Wells containing medium alone are also prepared for the blank
control in the colorimetric analysis (the blank control can be shared among different assays performed
simultaneously). At 20-24 hours (Day 1) after cell plating, the culture medium is replaced with fresh
medium containing various concentrations of a given test chemical, or concentrated test chemical solutions
are added to each well without medium replacement. The medium is changed with fresh medium on Day 4.
On Day 7, the cultures are fixed with ethanol or methanol for approximately 10 min, washed and air-dried.
The cells are stained with crystal violet (CV) solution for approximately 15 min, rinsed well with water and
dried (Fig. 2). Three wells are prepared in each group.

Day -3 0 1 4 7

[ |

Fix: Ethanol or methanol
Stain: Crystal violet

[]: DMEM/F12 + 5% FBS (DF5F) a: Cell seeding
B : Chemical treatment @ : Chemical addition

ﬂ: Medium change
Figure 2: Time line of the cell growth assay component of the initiation test

46. The CV is extracted from the stained cells with 2 mL of dye extraction solution (see Annex 1), and
the OD (optical density) is measured at a wavelength between 540-570 nm. The relative cell growth of
cultures treated with a chemical is calculated as follows:

Relative cell growth (%) = [(Treatment — Blank)/(Control — Blank)] x 100
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“Treatment”, “Control” and “Blank™ refer to the absorbance of the CV extracts of each treatment group,
the solvent control group and the medium only group, respectively.

47. Five to nine concentrations of test chemical are set up based on the results of the cell growth assay.
These concentrations cover a range from little or no toxicity to the highest acceptable level of toxicity (less
than 20% survival compared to the negative control). Ideally, those concentrations include: (a) at least one
concentration below the non-toxic level (around 80-120% of cell growth), (b) two concentrations between
the non-toxic level and the 50% inhibitory concentration (IC50), and (c) two concentrations between the
IC50 and the IC90. Subsequent concentrations should have a ratio of square root of 10 or less (Fig. 3).
Some test chemicals exhibit a steep concentration—response curve. With these test chemicals, test
concentrations should be spaced at much closer intervals. In addition, it may become necessary to include
one or two additional test concentrations below and above the expected dose range in order to allow for
possible unanticipated cytotoxic fluctuations among experiments.

Non-toxic level IC50 1C90

| At least one dose Two doses Two dosesl

Figure 3: Dose setting for the initiation test component of the transformation assay

48. In the 96-well format, the cell growth assay is carried out in the same manner as the 6-well format
except for the following conditions.

- Into each well, 200 cells are plated with 0.05 mL of DF5F (Day 0).

- The cultures in 0.05 mL of medium are treated by the addition of another 0.05 mL of medium containing
a test chemical or solvent alone at two times the final desired concentrations, so that the final volume of the
medium is 0.1 mL (Day 1).

- The volumes of CV solution and dye extraction solution are 0.1 mL/well.
- For each group, eight wells are prepared.

Transformation assay
49. The transformation assay is carried out as follows (Fig. 4):

- The frozen working cell stocks are rapidly thawed, suspended in M10F and cultured in 100-mm dishes in
a volume of 10 mL medium. When the cells reach approximately 70% confluence, they are trypsinized,
plated in DFSF at an appropriate density (70,000 to 100,000 cells) per 100-mm dish (Day -3).

- When these cells reach approximately 70% confluence, they are again trypsinized and suspended in
DFS5F at 2,000 cells/mL. The cell suspension is plated into each well of a 6-well plate at a volume of 2 mL
(4,000 cells/well) for the transformation assay and the concurrent cell growth assay (Day 0). Twenty to 24
hours (Day 1) after seeding, the cells are treated for three days (Day 1-4) in the same way as the cell
growth assay. The medium is changed with fresh DFSF on Day 4, 7, 10 (or 11) and 14.
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- On Day 7, the cultures for the concurrent cell growth assay are fixed with ethanol or methanol for
approximately 10 min, washed and dried. The cells are stained with CV solution for approximately 15 min,
rinsed well with water and dried (Fig. 2). On Day 21, the cells for transformation assay are fixed with
ethanol or methanol and stained with 5% Giemsa solution for approximately 15 min (Fig. 4). The positive
control (1 pg/mL MCA) and the negative (solvent) control(s) are included in the transformation assay for
each test chemical. Nine wells are prepared for each group (one plate of six wells for the transformation
assay and three wells for the concurrent cell growth assay).

Transformation assay

| Mother culture

Day -7 or -6 -3 01 4 7 10o0r11 14 21

Fix: Ethanol or methanol
Stain: Crystal violet

I»
>

é é é Fix: Eethanol or methanol

= = Stain: Giemsa
[£1: MEM10 + 10% FBS (M10F) 2. Cell seeding
[J: DMEM/F12 + 5% FBS (DF5F) 4 Chemical addition
E& . Chemical treatment ‘U’: Medium change

Figure 4: Time line for the initiation test component of the transformation assay

50.  The transformation assay using the 96-well format is carried out in the same manner as the
transformation assay using the 6-well format except that 200 cells are plated/well in 0.05mL of medium on
Day 0, to which is added 0.05 mL medium containing twice the desired final concentration of test chemical
on Day 1. One 96-well plate (96 wells) for each group is prepared for the transformation assay and eight
wells are prepared for the concurrent cell growth assay.

Promotion test

Cell growth assay to set doses

51. The experimental procedure is basically the same as the initiation test, except for the number of cells
plated and timing of chemical treatment. Cells are plated at 14,000 cells/well in 2 mL of DF5F on Day 0,
and chemical treatment is started on Day 4 by exchanging existing medium with fresh medium containing
the test chemical solution (Fig. 5). Three wells are prepared for each group.

Day -3 0 4 7
Fix: Ethanol or methanol
- Stain: Crystal violet
[J: DMEM/F12 + 5% FBS (DF5F) Z: Cell seeding
B Chemical treatment 4 Medium change containing a test chemical

Figure 5: Time line of the cell growth assay component of the promotion test
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52. There are two different types of chemicals that exhibit promoting activity. One group includes those
chemicals that enhance cell growth more than 20% of that of the control. With these test chemicals,
concentrations are selected to cover the range from little or no growth enhancement effect to
concentrations that enhance cell growth. In practice, one concentration below the non-toxic level, three
concentrations in the range of growth enhancement and one concentration in the range of weak growth
inhibition are assessed (Fig. 6).

—————————— Non-toxic level ----- Growth enhancement-------- Growth inhibition

| One dose Three doses One dose|

Figure 6: Dose setting for the promotion test component of the transformation assay for chemicals
that induce growth enhancement

53. The second chemical group that exhibits promoting activity is that which inhibits cell growth. For
these test chemicals, concentrations are selected to cover the range from the non-toxic level to a level
below the IC50. Ideally, at least two concentrations below the non-toxic level, two concentrations between
the non-toxic level and the IC50 and one concentration between IC50 and IC90 are evaluated (Fig. 7).

Non-toxic level 1C50 1C90

| At least two doses Two doses One dose|

Figure 7: Dose setting for the promotion test component of the transformation assay for chemicals
that inhibit growth

54. It is noteworthy that there are chemicals that cause more pronounced growth inhibition in the
transformation assay than would otherwise be observed in the concurrent cell growth assay (See paragraph
59). This phenomenon can be attributed to the difference in the duration of the treatment periods for each,
i.e. 10 days for the transformation assay versus three days for the cell growth assay (58).

55. When test chemicals exhibit a steep concentration—response curve, considerations similar to those
described in the initiation test (refer to Paragraph 47) may need to be taken into account, e.g. inclusion of
additional test concentrations and test concentration intervals, thereby ensuring an acceptable test outcome.

56. In the 96-well format, the cell growth assay is carried out in the same manner as the 6-well format
except for the plating of 400 cells in 0.1 mL of DF5F (Day 0). Eight wells are prepared for each group.

Transformation assay

57. The transformation assay is carried out in the same manner as the initiation test except for the
following (Fig. 8):

- The cells are suspended in DFSF at 7,000 cells/mL, of which a volume of 2 mL is plated into each well
(14,000 cells/well) of a 6-well plate on Day 0. Nine wells are prepared for each group (one plate of six
wells for the transformation assay and three wells for the concurrent cell growth assay).
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- The cells are exposed to the test chemical for 10 days, from Day 4 to Day 14.

- Following the initial exposure of cells to test chemical on Day 4, cells are re-exposed on days 7 and 10
(or 11) by exchanging existing medium with fresh medium containing the chemical solution or solvent
alone.

- On Day 14, the treatment medium is replaced with fresh medium containing neither solvent nor test
chemical.

- TPA (50 ng/mL) is used for the positive control.

| Mother culture Transformation assay

Day -7 or -6 -3 0 4 7 10or11 14 21

Fix: Ethanol or methanol
Stain: Crystal violet

Fix: Ethanol or methanol

= = I Stain: Giemsa
[3: MEM10 + 10% FBS (M10F) = : Cell seeding
[]: DMEM/F12 + 5% FBS (DF5F) 14 Medium change containing a test chemical
B3 Chemical treatment 11 Medium change

Figure 8: Time line for the promotion test component of the transformation assay

58. In the 96-well format, the transformation assay is carried out in the same manner as that for the 6-well
format except for the plating of 400 cells in 0.1 mL of DF5F (Day 0). One 96-well plate (96 wells) for each
group is prepared for the transformation assay and eight wells for each group are employed for the
concurrent cell growth assay.

Evaluation of the results

Determination of transformation frequency

59. Transformed foci are scored using a stereomicroscope. If the cells in the transformation assay do not
reach confluence at a given concentration of test chemical because of cytotoxicity, that concentration is
considered unacceptable for transformation assessment and is excluded from focus-counting. In such
situations, “toxicity” is recorded in the data sheet.

60. Transformed foci are characterized by the following morphological properties: (a) more than 100
cells, (b) spindle-shaped cells differing in appearance from the contact-inhibited monolayer cells, (c) deep
basophilic staining, (d) random orientation of cells, especially visible at the edge of foci (criss-cross
misalignment of individual cells), (e) dense multi-layering of cells (piling up), and (f) invasive growth into
the surrounding confluent monolayer of contact-inhibited cells. It should be noted that all transformed foci
do not necessarily need to exhibit all of these morphological characteristics, but a few of these
characteristics should show clear-cut morphological alterations (see Annex 2). For quantification, the
number of transformed foci in each well is recorded for each group.
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61. In the 96-well format, transformed foci are judged using the same criteria as in the 6-well format. For
assay scoring, the number of wells having transformed foci relative to the number of wells observed is
recorded for every group. Thus, a well having one focus is counted as one and a well having two or more
foci is likewise counted as one.

Statistical analysis

62. For statistical purposes, the quantifiable unit in the 6-well format is the number of transformed foci
per well. Test chemical-induced transformation frequency is statistically analyzed by multiple comparison
using the one-sided Dunnett's test (p<0.05, upper-sided). For the positive controls, the statistical
significance is evaluated by the one-sided Student's t-test or Aspin-Welch test (p<0.05, upper-sided)
depending on the results of the F-test for homoscedasticity (homogeneity of variance).

63. For statistical purposes, the quantifiable unit in the 96-well format is the number of wells with one or
more transformed foci. Test chemical-induced transformation frequency is statistically analyzed using the
Holm's test (p<0.05, upper-sided). For the positive controls, the statistical significance is evaluated by the
one-sided chi-square test (p<0.05, upper-sided).

64. If statistical significance is obtained at only one concentration, dose dependency is analyzed by the
Jonckheere test (p<0.05, upper-side) for the 6-well format and by the Cochran-Armitage test for the 96-
well format (p<0.05, upper-side). If a bell-shaped pattern is observed, eliminating the value(s) that is lower
than that of the corresponding negative control in the dose ranges showing a decrease trend is
recommended (See Figure 9).
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Figure 9: An example of bell-shaped response in the transformation assay

Assay acceptance criteria

65. The following criteria (Paragraphs 66-70) must be fulfilled for a given assay to be considered valid.
When considered invalid, the initiation or promotion test is repeated independently, as needed, to satisfy
the assay acceptance criteria.

22



ENV/JM/MONO(2016)1

66. The following criteria in the negative control must be fulfilled for a given assay to be considered
valid:

- In the 6-well format, the number of (spontaneous) transformed foci must be <10 per well in the initiation
test and <12 per well in the promotion test. The reason why the acceptability criteria for spontaneous
transformation is different in the initiation and promotion assays is that a higher density of plated cells (as
is used in the promotion test) increases the spontaneous transformation frequency.

- In the 96-well format, the number of wells in the negative control plates having (spontaneous)
transformed foci must be <15 wells/plate in the initiation test; if damaged wells are present, the number of
scorable wells with transformed foci must be <16%. In the promotion test, the number of wells in the
negative control plates having (spontaneous) transformed foci must be <20 wells/plate; if damaged wells
are present, the number of undamaged wells with transformed foci must be <21%.

67. The following criteria in the positive control must be fulfilled for a given assay to be considered valid:

- There must be a biologically relevant and statistically significant increase in the transformation incidence
compared to the corresponding negative control.

68. When contamination or technical problems are observed, the following requirement must be fulfilled
for a given assay to be considered valid:

- In the 6-well format, a minimum of two undamaged wells per group is necessary in the concurrent cell
growth assay and a minimum of five undamaged wells per group is necessary in the transformation assay.

- In the 96-well format, a minimum of four undamaged wells per group is necessary in the concurrent cell
growth assay and a minimum of 90 undamaged wells per group is necessary in the transformation assay.

PR T3 L INT3

- In cases where such technical difficulties are encountered, “contamination”, “accident”, “technical error”,
etc. are recorded in the data sheet.

69. In the 6-well and 96-well formats, the following criteria must be fulfilled for a given assay to be
considered valid:

A transformation assay is considered acceptable if at least four test chemical concentrations are available to
be evaluated and the following conditions are satisfied.

- In the initiation test, the results of the concurrent cell growth assay include at least one concentration
near the non-toxic level and three concentrations in the range between the non-toxic level and the
1C90.

-In the promotion test showing growth enhancement, the results of the concurrent cell growth assay
include at least one concentration near the non-toxic level and two concentrations in the range of
growth enhancement.
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- In the promotion test showing growth inhibition, the results of the concurrent cell growth assay
include at least two concentrations below the non-toxic level and two concentrations between the non-
toxic level and the IC50.

When test chemical properties bring about atypical test conditions such as precipitation and/or a steep
concentration—response curve, and the above assay acceptance conditions cannot be satisfied, a detailed
explanation along with the rationale for accepting vs. rejecting the test should be provided.

70. In the initiation and promotion tests, when cytotoxicity from chemical treatment results in an
inhibition of confluence at the end of transformation assay such that at least four test chemical
concentrations are not available to be evaluated, the following criteria can be invoked in deciding whether
or not to repeat such an experiment:

- If a minimum of two sequential doses induces statistically significant increases in transformation
frequency, then a repeat experiment is not necessary and the result is judged as positive.

- Other outcomes, e.g. one test chemical concentration induces a statistically significant increase in
transformation frequency and dose dependency is not observed, would necessitate a repeat experiment at
lower concentrations (e.g. those that would not inhibit confluence).

- Other experimental results in which an insufficient number of test chemical concentrations remains
available for scoring should be evaluated on a case-by-case basis to determine the design for a repeat
study.

Data interpretation criteria

71. The interpretation of test results relies on both statistical significance and biological relevance of data,
although the latter is considered to be of requisite importance. The bell-shaped pattern observed frequently
in Bhas 42 CTA have often suggested the results to be not significant in the trend tests (Jonckheere and
Cochran -Armitage), although transformation frequencies were clearly positive. Therefore, use of the trend
tests in the results showing the significant difference in multiple doses is not recommended. The
concentration(s) of test chemical that increase the transformation frequency is carefully considered, taking
into account the range of cytotoxic/non-cytotoxic concentrations.

72.  The results of initiation and promotion tests in the 6-well and 96-well formats are evaluated
independently and judged as follows:

- The results are judged positive when there are two or more sequential doses that induce statistically
significant increase in the transformation frequencies compared with the solvent control and at least one of
these doses exceeds the distribution range of the historical negative control data (e.g. 95% confidence
interval).

- The results are judged positive when a statistically significant increase in the transformation frequencies
compared with the solvent control is observed at only one dose and that one dose exceeds the distribution
range of the historical negative control data (e.g. 95% confidence interval), and further statistical analysis
is suggestive of a dose-related response.
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- The results are judged negative when there is no dose showing a statistically significant increase in the
transformation frequencies.

- When the statistically significant increase occurs at only one dose and the response is not dose dependent,
the test result is regarded as equivocal, in which case the initiation and/or promotion test(s) should be
repeated. The repeat test should employ modified experimental conditions in which test chemical
concentrations are adjusted so as to employ a broader or narrower range, as appropriate, in order to
preclude the probability of such equivocal results.

- When results are positive in the initiation and/or promotion test(s) based upon the above criteria, the test
chemical is considered to have transforming activity in this test system. Positive results in either the
initiation or promotion tests may be considered as indicative of in vivo carcinogenic potential.

- Negative results in both tests are taken to mean that the test chemical does not possess potential
carcinogenic activity.

Laboratory Proficiency

73. In order to assure the proficiency of a given laboratory, the laboratory should perform tests using two
negative chemicals and four positive chemicals, each of the latter acting via different mechanisms of action
in both the initiation and promotion test(s). Those chemicals recommended for this purpose are listed in
Table 2. All such tests should also include the appropriate negative (untreated and solvent) controls as
described in Paragraph 39, above. When negative and positive results are obtained within the ranges in the
validation reports (16, 17), those results are considered as acceptable. During the course of these tests, the
laboratory should establish:

- A historical response range and distribution for both untreated controls and solvent controls.

- A historical response range and distribution for positive controls.

Even if laboratory competency has already been established as described, if major changes to experimental
conditions are introduced into the assay (e.g. modifications in methodology, use of assay materials other
than those described, use of automated instead of manual scoring techniques), re-evaluation of laboratory
proficiency is recommended. Additionally, changes in laboratory personnel responsible for the conduct of
the assay may warrant re-evaluation of adeptness.

Before utilizing this GD for regulatory assessment purposes, it is recommended that personnel be trained in
a qualified laboratory with acknowledged experience in this assay. Furthermore, the laboratory expecting
to generate data for such purposes should be able to demonstrate prowess in conducting the assay.
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Table 2: Chemicals for Assessing Laboratory Proficiency (see reference 16)

Category Chemical CAS number

1. Positive chemicals in initiation test of the Bhas42 CTA (genotoxic carcinogens)
N-Methyl-N"-nitro-N-nitrosoguanidine (MNNGQG) 70-25-7
3-Methylcholanthrene (MCA) 56-49-5

2. Positive chemicals in promotion test of the Bhas 42 CTA (non-genotoxic carcinogens)
12-O-tetradecanoylphorbol-13-acetate (TPA) 16561-29-8
Mezerein 34807-41-5

3. Negative chemicals in both tests of the Bhas 42 CTA (non-carcinogens)

Caffeine (CFN) 58-08-2
Mannitol (MAN) 69-65-8

REPORTING

Test report

74. The test report should include the following information:

Test chemical

Mono-constituent substance:

- physical appearance, water solubility, and additional relevant physicochemical properties

- chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChl code,
structural formula, purity, chemical identity of impurities as appropriate and practically feasible, efc.

Multi-constituent substance and mixtures:

- characterized to the extent possible by chemical identity (see above), quantitative occurrence and
relevant physicochemical properties of the constituents.

Solvent (if appropriate)

- identification

- justification for choice of solvent

- concentrations tested and preparation of the dosing solutions
- signs of precipitation (presence or absence)

Cells and media

- source of cells

- number of cell subcultures (passage number): cryopreserved cell stocks, working cell stocks

- maintenance of cell cultures

- absence of cell culture contamination, especially mycoplasma

- identification of media and serum (provider and lot number) used for cell culture cryopreservation,
maintenance, and assays
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Test conditions

rationale for selection of test chemical concentrations, including cytotoxicity data and solubility
limitations

composition of media

serum concentration, origin, quality, selection criteria

concentrations of test chemicals

volume of solvent and test chemical added

duration of treatment

incubation temperature

incubation atmosphere: percent CO, and air

number of cells plated for cell growth assays, concurrent cytotoxicity tests and transformation
assays

positive and negative controls: identification, CAS numbers, concentrations

criteria for scoring morphologically altered foci

Results

results of the dose range finding test

results of the concurrent cell growth assay

solubility of test chemical, pH and signs of precipitation in medium at the beginning and the end of
the treatment

number of total valid (quantifiable) wells, number of wells lost and the reason(s) for the loss

number of total foci (6-well format)

transformation frequency: transformed foci/well (6-well format), the number of wells with
transformed foci/total number of wells (96-well format)

dose-response relationship, if any

statistical analyses: statistical test(s) employed, statistical analysis of results

concurrent negative (solvent) control data, untreated control data where appropriate, and positive
control data

historical negative (solvent) and positive control data, with ranges, means and standard deviations
consistency of concurrent negative (solvent and/or untreated) and positive control data relative to
historical control data

Data should be presented in tabular form (see Annex 3). The following values should be presented for each
group (treated group, solvent and positive control groups):

1. results of the concurrent cell growth assay

ii number of total valid (quantifiable) wells

iiinumber of total foci (6-well format) or the number of wells with transformed foci (96-well
format)

ivtransformation frequency

v statistical test(s) employed, statistical analysis of results

Discussion of results

Conclusion
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Annex 1: Culture media, reagents and solutions

Media and supplements:

- MEM: Minimum essential medium with 2.2 g/l. NaHCO; and 0.292 g/L L-glutamine.

- DMEM/F12: Dulbecco’s modified Eagle’s medium/F12 with 1.2 g/L. NaHCOs.

- FBS: Fetal bovine serum, selected based upon its ability to support a low frequency of spontaneous
transformed focus formation and its ability to induce a high frequency of transformed focus formation in
the positive control.

- PS: Penicillin G sodium (10,000 units/mL) and streptomycin sulfate (10 mg/mL).

- M10F: MEM + 10% FBS + 1% PS (500 mL MEM + 56 mL FBS + 5 mL PS): used for cell population
expansion, cell storage, and the first culture after thawing.

- DF5F: DMEM/F12 + 5% FBS + 1% PS (500 mL DMEM/F12 + 26.5 mL FBS + 5 mL PS): used for
routine subculturing of cells, cell growth assays and transformation assays.

Fixatives and staining solutions:

- Formalin (37% formaldehyde): used for fixing cells.

- Ethanol: used for fixing cells.

- Methanol: used for fixing cells.

- 0.1% crystal violet (CV) solution: used for staining cells in cell growth assays. CV, 1 g, is dissolved in 50
mL of ethanol, and the total volume is adjusted to 1 L with distilled water/ultra-pure water.

- Extraction solution: 0.02 mol/L HCI and 50% ethanol (480 mL distilled water/ultra-pure water + 500 mL
ethanol + 20 mL 1 M HCI) used for extracting CV in cell growth assays.

- 5% Giemsa solution: used for staining cells in transformation assays.
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Annex 2: Photo catalog of foci in Bhas 42 CTA (see * below for definitions of abbreviations used)

<Negative (Non-transformed) Foci>

A
s
Taasuy

e

B- S- M- R- I- B+/- S+ M- R- I-
The morphology of the cells changes to

spindle-shaped. However, all other

B+/- S+ M+/- R- I+

Piling up is scarcely observed and other
positive characteristics are barely
discernible.

B+ S+ M+ R+ I+

Morphological characteristics resembling
transformation are observed but the focus is
exceedingly small.

B+ S++ M+/- R+ I+

Piling up is limited. The cells comprising the
Focus are markedly spindle-shaped (tapered and
elongated), displaying a swirling parallel
arrangement.

B+ S++ M+ R+ I+

Some areas of piling up are observed within the focus.

Foci consist of markedly spindle-shaped (tapered and
elongated) cells generally aligned relative to each
other.
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B+ S++ M+/- R++ I+

Scattered areas of piling up and knotting

(dense clustering) of cells are observed.

Cells are exceedingly spindle-shaped

(tapered and elongated) and randomly orientated.

76

B+ S++ M++ R++ I+

All aberrant phenotypic characteristics are clearly
visible. With the exception of multilayered areas,
which are too dense to discern individual cell
morphology, the atypical properties of the
transformed focus are readily observed at the
periphery of the focus.

sl s v .

B+ S- M++ R- I+
The multi-layering and density of cells are
apparent throughout the focus. The cells
comprising the periphery of the focus are

not obviously spindle-shaped or randomly
orientated but do invade the contact-inhibited
monolayer.

B+ S+ M+ R+ I+
All properties that are characteristic of the transformed
phenotype are moderately expressed.

The cells comprising the periphery of the focus are less
densely packed and their spindle-shape and random
orientation, although apparent, are less striking. The
interlaced cells at the edge of the focus invade the
surrounding monolayer.

-

o

e B M SRR

B+ S++ M++ R++ I+

Daughter (secondary) foci originating from a single parent
focus and exhibiting typical and uniform transformed
morphology. These are found in close proximity, are often
connected by cellular appendages, and are scored as one
transformed focus.

* Abbreviations: B, basophioic; S, spindle-shaped; M, multilayer; R, random orientated; I, invasive.
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Annex 3: Data collection forms for the Bhas 42 CTA (Example)

Data Sheet for Cell Growth Assay for 6-well Format

Cell growth assay Well No. Blank Solvent (%) |Concentrations (mM)
oD 1
2
3
Average
SD
Average - Blank
Relative cell growth (%)

Data Sheet for Cell Transformation Assay for 6-well Format

Cell growth assay Well No. Blank Solvent (%) |Concentrations (mM) Negative control| Positive control
0.1% DMSO [ MCA (1 ug/mL)
oD 1
2
3
Average
SD

Average - Blank

Relative cell growth (%)

TTransformation assay Well No. Solvent (%) |Concentrations (mM) Negative control | Positive control
0.1% DMSO | MCA (1 ug/mL)

Foci/Well 1

2

3

4

5

6

Average

SD

Transformation frequency (foci/well)

Data Sheet for Cell Growth Assay for 96-well Format

Cell growth assay Well No. Blank Solvent (%) [Concentrations (mM)
oD 1
2
3
4
5
6
7
8
Average
SD
Average - Blank
Relative cell growth (%)

Data Sheet for Cell Transformation Assay for 96-well Format

Cell growth assay Well No. Blank Solvent (%) |Concentrations (mM) Negative control | Positive control
0.1% DMSO [ MCA (1 ug/mL)
oD 1
2
3
4
5
6
7
8
Average
SD
Average - Blank
Relative cell growth (%)
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