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Annex 2 
 

Protocol of Bhas 42 Cell Transformation Assay    (2007.10.26) 

6-Well Method   Ver. 2 
 
 

This protocol is described for the validation study of Bhas 42 cell transformation assay. Used materials and 

reagents with their catalogue numbers are listed in annex 2.1. 

 

 

I.  Preparation 

1.  Materials 

1) Cell line 

Bhas 42 cells (v-Ha-ras-transfected Balb/c 3T3 clone A31-1-1 cells)
1,2)

: Free from bacteria, fungi and 

mycoplasma, supplied from HRI (Hatano Research Institute, Food and Drug Safety Center, Japan) Cell Bank. 

 

2) Media 

MEM: Minimum essential medium with 2.2 g/L NaHCO3. 

DMEM/F12: Dulbecco’s modified Eagle’s medium/F12 with 1.2 g/L NaHCO3. 

FBS: Fetal bovine serum should be selected showing a low spontaneous focus formation and a high focus 

formation in the positive control. 

PS: Penicillin G sodium (10000 units/mL) and streptomycin sulfate (10 mg/mL). 

M10F: MEM + 10% FBS + 1% PS (M10F is used for the expansion of provided cells, cell storage, and the first 

culture after thawing.). 

DF5F: DMEM/F12 + 5% FBS + 1% PS (DF5F is used for routine passages, cell growth assays and transformation 

experiments.). 

 

3) Chemicals 

Test chemicals and solvent/vehicle: Test chemicals are dissolved or suspended in an appropriate solvent or vehicle 

and diluted with the solvent/vehicle to each individual concentration before added to culture media so that all 

chemical treatment media contain an equal concentration of the solvent/vehicle. The solvent/vehicle should 

neither interact with the test chemicals nor affect survival and focus formation of the cells. The final concentration 

of the solvent/vehicle in the medium is <5% with distilled water and < 0.1% with DMSO (permissible up to 0.5% 

when a test chemical does not dissolve). 

Negative and positive controls: Negative and positive control cultures are included in each experiment. The 

solvent/vehicle for a test chemical is used as the negative control. A known initiator, 3-methylcholanthrene (MCA: 

final concentration of 1 g/mL), and a promoter, 12-O-tetradecanoylphorbol-13-acetate (TPA: final concentration 

of 50 ng/mL), are used for the positive controls. 

Blank control: Wells added with the medium alone are prepared for the blank control in cell growth assays. 

 

4) Fixatives and staining solutions 

Formalin (37% formaldehyde): Used for fixing cells in cell growth assays. 

CV solution (0.1% crystal violet solution): One gram of crystal violet is dissolved in 50 mL of ethanol. The 

ethanol solution is diluted with distilled water to make a final concentration of 0.1%, and used for staining cells in 
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cell growth assays. 

Extraction solution (containing 0.02 mol/L HCl and 50% ethanol): Used for extracting CV from the stained cells. 

Methanol: Used for fixing cells in transformation assays. 

5% Giemsa solution: Used for staining cells in transformation assays. 

 

5) Culture vessels 

00-mm Petri dishes: Used for routine passage. 

6-well plates: Used for cell growth assays and transformation assays. 

 

2.  Cell culture and storage 

1) Cell passage 

Bhas 42 cells are cultured in a humidified 5% CO2 incubator at 37ºC. The passage should be done at about 70% 

confluence of cell growth. 

 

2) Cell freezing 

The provided cells are expanded with M10F and cryopreserved at an early passage generation. The cells are 

suspended to make 5 x 10
5
 cells/mL in cold M10F containing 5% DMSO. Aliquots of the cell suspension are 

transferred into freezing tubes, frozen in a -80℃  deep freezer, and stored in liquid nitrogen. For each 

transformation experiment the cells are thawed from the frozen stock. 

 

 

II.  Experimental procedures 

A. Initiation assay3) 

1. Cell growth assay for determination of test concentrations (crystal violet method) 

 

 

 

 

 

 

 

 

1) Test concentrations and used vessels 

The highest concentration is 5 mg/mL or 10 mM, whichever is the lowest
4,5)

. In the case of chemicals difficult to 

dissolve, the highest concentration may be one or two level higher than the concentration showing the utmost 

solubility. Five or more concentration levels are set by an appropriate serial dilution factor such as 10, square root 

10 or 2. In some chemicals the cell growth assay should be repeated in a narrower concentration range. Three 

wells of 6-well plates are used for each concentration. 

 

2) Procedure of cell growth assay 

Day -3: The cells at about 70% confluence are trypsinized and suspended in DF5F at 0.7 to 1 x 10
4
 cells/mL. The 

cell suspension is transferred at a volume of 10 mL to 100-mm Petri dishes. (Cells with a high passage 

number can be used for the cell growth assay.) 

Day 0: The cells at about 70% confluence are trypsinized and suspended in DF5F at 0.2 x 10
4
 cells/mL. The cell 
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suspension is transferred at a volume of 2 mL to each well of 6-well plates. Three wells are prepared for each 

treatment concentration. 

Day 1: Media containing various concentrations of test chemicals are prepared, and used for medium change. It is 

also practicable to prepare concentrated test chemical solutions and add them to wells without medium 

change. 

Day 4: Medium is changed with fresh DF5F, and the cultivation is continued in the incubator. 

Day 7: The cells are fixed with direct addition of 0.2 mL of formalin to the culture medium, or with 10 % formalin 

or methanol after medium is removed. After 30 min, the cells are washed and dried. The cells are stained with 

1.5 mL of CV solution for 15 min, rinsed well with water and dried. 

Measurement: The stained dye of each well is extracted with a constant volume of extraction solution (usually 2 

mL) for 10 min, and the optical density of each extract is measured at a wavelength between 540 and 570 nm. 

Growth rates relative to the control culture are calculated from the absorbance. 

 

2. Transformation assay 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) Test concentrations and used vessels 

Five or more concentrations are set up based on the results of cell growth assays. These concentrations cover a 

range from highest toxicity (less than 20% survival compared to the control culture) to little or no toxicity. Ideally, 

one dose below NOEL, two doses between NOEL and IC50 and two doses between IC50 and IC90 are assessed in 

the initiation assay, as follows; 

 

-------------------------------NOEL-----------------------------------IC50---------------------------------IC90 

           One dose               Two doses                   Two doses      

 

For a chemical which gives the sharp decline of cell growth within a narrow concentration range, one or two more 

doses above or below the predicted concentration range may be set up as a precaution against the fluctuation of 

cell response among experiments. 

For low cytotoxic chemicals the highest concentration is 5 mg/mL or 10 mM, whichever is the lowest
4,5)

. 

At least six wells of 6-well plates for the transformation assay, and at least three wells of 6-well plates for the 

concurrent cell growth assay are prepared at each concentration. 

 

2) Procedure of transformation assay and concurrent cell growth assay 
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Day -7 or -6: Frozen stock cells are thawed, suspended in M10F and cultured in 100-mm Petri dishes at a volume 

of 10 mL. 

Day -3: The cells at about 70% confluence are trypsinized and suspended in DF5F at 0.7 to 1 x 10
4
 cells/mL. The 

cells are cultured in100-mm Petri dishes. 

Day 0: The cells at about 70% confluence are trypsinized and suspended in DF5F at 0.2 x 10
4
 cells/mL. The cell 

suspension is distributed into each well of 6-well plates at a volume of 2 mL for the transformation assay and 

the concurrent cell growth assay. One plate is prepared for each treatment concentration of transformation 

assay. Three wells are prepared for each treatment concentration of concurrent cell growth assay. 

Day 1: Media containing various concentrations of test chemicals are prepared, and used for medium change. It is 

also practicable to prepare concentrated test chemical solutions and add them to wells without medium 

change. 

Day 4: The medium is changed with fresh DF5F.  

Day 7: The medium of transformation assay is changed with fresh DF5F. The cells for the concurrent growth 

assay are fixed and processed according to the procedure described above (II.A.1.2). 

Day 10 or 11, and 14: The medium of the transformation assay is changed with fresh DF5F. 

Day 21: The cells are fixed with methanol for 10 min and stained with 5% Giemsa solution for 30 min. 

 

B. Promotion assay6,7) 

1. Cell growth assay for determination of test concentrations (crystal violet method) 

 

 

 

 

 

 

 

 

1) Test concentrations and used vessels 

The highest concentration is 5 mg/mL or 10 mM, whichever is the lowest
4,5)

. In the case of chemicals difficult to 

dissolve, the highest concentration may be one or two level higher than the concentration showing the utmost 

solubility. Five or more concentration levels are set by an appropriate serial dilution factor such as 10, square root 

10 or 2. In some chemicals the cell growth assay should be repeated in a narrower concentration range. Three 

wells of 6-well plates are used for each concentration. 

 

2) Procedure of cell growth assay 

Day -3: The cells at about 70% confluence are trypsinized and suspended in DF5F at 0.7 to 1 x 10
4
 cells/mL. The 

cell suspension is transferred at a volume of 10 mL to 100-mm Petri dishes. (Cells with a high passage 

number can be used for the cell growth assay.) 

Day 0: The cells at about 70% confluence are trypsinized and suspended in DF5F at 0.7 x 10
4
 cells/mL. The cell 

suspension is transferred at a volume of 2 mL to each well of 6-well plates. Three wells are prepared for each 

treatment concentration. 

Day 4: Media containing various concentrations of test chemicals are prepared, and used for medium change. 

Day 7: The cells are fixed with direct addition of 0.2 mL of formalin to the culture medium, or with 10 % formalin 

or methanol after medium is removed. After 30 min, the cells are washed and dried. The cells are stained with 
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1.5 mL of CV solution for 15 min, rinsed well with water and dried. 

Measurement: The stained dye of each well is extracted with a constant volume of extraction solution (usually 2 

mL) for 10 min, and the optical density of each extract is measured at a wavelength between 540 and 570 nm. 

Growth rates relative to the control culture are calculated from the absorbance. 

 

2. Transformation assay 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) Test concentrations and used vessels 

Five or more concentrations are set up based on the results of cell growth assays. 

For the chemicals that exhibit marked growth enhancement, test concentrations are selected to cover from growth 

enhancement to little effect on cell growth. Ideally, one dose below NOEL, three doses in the range of growth 

enhancement, and one dose in the range of weak growth inhibition are assessed in the promotion assay, as follows; 

 

---------------------NOEL---         Growth enhancement         ---      Growth inhibition          

     One doses                    Three doses                One dose 

 

For the chemicals that do not induce marked growth enhancement, test concentrations are selected ranging from a 

dose exhibiting below 50% growth level to that two or three levels lower than the non-effective concentration. 

Ideally, two doses below NOEL, two doses between NOEL and IC50 and one dose above IC50 are assessed, as 

follows; 

 

----------------------------------------NOEL---------------------------------------------IC50---------------------------------- 

              Two doses                   Two doses                 One dose 

 

For a chemical which gives the sharp decline of cell growth within a narrow concentration range, one or two more 

doses above or below the predicted concentration range may be set up as a precaution against the fluctuation of 

cell response among experiments. 

For little cytotoxic compounds the highest concentration is 5 mg/mL or 10 mM, whichever is the lowest
4,5)

. 

At least six wells of 6-well plates for the transformation assay, and at least three wells of 6-well plates for the 

concurrent cell growth assay are prepared at each concentration. 

 

2) Procedure of transformation assay and concurrent cell growth assay 

Transformation assayMother culture

: MEM10 + 10% FBS (M10F)
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Day -7 or -6: Frozen stock cells are thawed, suspended in M10F and cultured in 100-mm Petri dishes at a volume 

of 10 mL.  

Day -3: The cells at about 70% confluence are trypsinized and suspended in DF5F at 0.7 to 1 x 10
4
 cells/mL. The 

cells are cultured in100-mm Petri dishes. 

Day 0: The cells at about 70% confluence are trypsinized and suspended in DF5F at 0.7 x 10
4
 cells/mL. The cell 

suspension is distributed into each well of 6-well plates at a volume of 2 mL for the transformation assay and 

the concurrent cell growth assay. One plate is prepared for each treatment concentration of transformation 

assay. Three wells are prepared for each treatment concentration of concurrent cell growth assay. 

Day 4: Media containing various concentrations of test chemicals are prepared, and used for medium change. 

Day 7: The medium of transformation assay is changed with media containing test chemicals. The cells for the 

concurrent cell growth assay are fixed and processed according to the procedure described above (II.B.1.2). 

Day 10 or 11: The medium of transformation assay is changed with media containing test chemicals.  

Day 14: The medium is changed with fresh DF5F without test chemicals. 

Day 21: The cells are fixed with methanol for 10 min and stained with 5% Giemsa solution for 30 min. 

 

C. Focus count 

Transformed foci are featured by the following morphological characteristics; (a) more than 100 cells, (b) 

spindle-shaped cells different from the contact-inhibited monolayer cells (spindle-shaped), (c) deep basophilic 

staining (basophilic), (d) random orientation of cells at the edge of foci (criss-cross), (e) dense multilayering of 

cells (piling up) and (f) invasive growth into the monolayer of surrounding contact-inhibited cells. There are 

transformed foci not prominent in some of these characteristics. The number of transformed foci is recorded for 

each well. 

 

D. Judgment 

The statistical analysis is carried out for increase in the number of transformed foci per well using the one-side 

Dunnett test with significant level of 5% (p<0.05). The test chemical is judged positive (+), when there exist two 

or more doses that induce statistically significant increases in the number of transformation foci. When the 

statistically significant increase is observed in only one dose, the first judgment for the chemical is equivocal (+/-). 

Then the transformation assay together with the concomitant cell growth assay is repeated in a narrower 

concentration range including the positive dose of the first assay. The chemical is judged positive (+) when in the 

second assay the chemical again produces statistically significant increases in the number of transformed foci at 

one ore more doses, and otherwise negative. When low transformation frequency in the positive control or high 

transformation frequency in the negative control is obtained, the experiment should be repeated using optimized 

test conditions. When biologically suspicious results are obtained, a re-experiment may be requested after 

discussion. 
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Annex 2.1  Materials and Reagents Used and their Catalogue Numbers (and Lot Numbers) 

  Supplier Cat. No. Lot No. 

Positive control    

 3-Methylcholanthrene （MCA） Aldrich 213942-100MG 01115HE 

 Phorbor 12-myristate 13-acetate  

(TPA) 

SIGMA P-1585-1MG 037K1322 

Culture reagents    

 Minimum Essential Medium GIBCO 11095-080(500mL)  (Japan) 

11095-098(500mLx10) 

31095-029  (Europe) 

---- 

 Fetal bovine serum Moregate  7825120 

 Dulbecco’s modified Eagle’s 

medium/F12 

GIBCO 11330-032(500mL)  (Japan) 

11330-057(500mLx10) (Japan) 

31330-038  (Europe) 

---- 

 

 Penicillin(10000units/mL)- 

Streptomycin (10 mg/mL) 

GIBCO 15140-122 ---- 

Other reagent    

 DMSO SIGMA D8418 ---- 

Fixation and staining solutions    

 Methanol ---- ---- ---- 

 Giemsa solution * 

Giemsa solution (0.4%)* 

MERK 

Sigma  

1.09204 

GS 500 

---- 

---- 

 Formalin (37% formaldehyde) SIGMA F8775 ---- 

 Crystal violet SIGMA C3886 ---- 

 Ethanol ---- ---- ---- 

 HCl ---- ---- ---- 

Culture vessels     

 6-well microplates Falcon or Costar 

can be used 

 ---- 

*: Giemsa solution purchased from Merck is used after X20 dilution. Either Giemsa solution can be used. 

   

 

 


