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Recommended Protocol for the Bhas 42 Cell Transformation Assay (2012.7.27) 3 

 4 
 5 
 6 
 7 

1. Introduction 8 
 9 
Bhas 42 cells were established from BALB/c 3T3 A31-1-1 cells (BALB/c mouse embryo cells) by 10 
transfection of v-Ha-ras oncogene [1]. The cells are used as a sensitive and stable cell line for the cell 11 
transformation assay (CTA), the endpoint of which is focus formation of morphologically transformed 12 
cells [2]. The Bhas 42 CTA consists of an initiation assay and a promotion assay [3]. These assays can 13 
detect genotoxic and non-genotoxic carcinogens, respectively [4-8]. In the initiation assay, the cells are 14 
treated with chemicals in the beginning of growth phase and in the promotion assay the treatment is started 15 
at subconfluence of cell growth. Cell growth assay is carried out prior to the transformation assay for the 16 
determination of appropriate test concentrations, and concurrently with the transformation assay to confirm 17 
the toxic effects of chemical treatment (Fig. 1). 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
                                        Fig. 1.  Schematic of the Bhas 42 cell transformation assay. 31 
 32 
There are two methods, a 6-well method and a 96-well method followed in the Bhas 42 CTA. The 33 
schematics of both methods are the same since their procedures are the basically the same except for some 34 
differences associated with the use of 6-well micro-plates vs. 96-well micro-plates. Furthermore, similar 35 
results are obtained with both methods.  36 
 37 
 38 
 39 
 40 
2. Materials and preparation 41 
 42 
The assay itself and all the preliminary steps (i.e. cell stock preparation, reagent and treatment solution 43 
preparations) should be performed under sterile conditions. 44 
 45 
 46 
2.1 Equipment 47 
 48 
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Micro-plates with 6 wells and 96 wells are used for the 6-well method and 96-well method, respectively. 49 
Multichannel micropipettes are used for the 96-well method. In addition, general cell culture equipment is 50 
necessary.  51 
 52 
 53 
2.2 Culture media  54 
 55 
Eagle’s minimal essential medium (with 2.2 g/L NaHCO3 and 0.292 g/L L-glutamine) supplemented with 56 
10% fetal bovine serum (FBS) and antibiotics (100 units/mL penicillin G sodium and 100 µg/mL 57 
streptomycin sulfate) (M10F) is used for the proliferation of Bhas 42 cells, cell cryo-preservation and the 58 
first culture after cell thawing. Dulbecco’s modified Eagle’s medium/F12 ( with 1.2 g/L NaHCO3) 59 
supplemented with 5% FBS and antibiotics (100 units/mL penicillin G sodium and 100 µg/mL 60 
streptomycin sulfate) (DF5F) is used for second culture after cell thawing, cell growth assays and  61 
transformation assays. (Other antibiotics could be used after examination for applicability.)  62 
 63 
 64 
2.3 Culture 65 
 66 
The cultures are maintained in a humidified incubator with a 5% CO2 atmosphere at 37 ºC.  67 
 68 
 69 
2.4 Reagents and solutions 70 
 71 
The following reagents and solutions are used: 72 
 73 

 0.25% trypsin: Used for passage 74 
 0.02% EDTA-PBS(-): Used for passage 75 
 Dimethylsulfoxide (DMSO): Used for cell cryo-preservation and as solvent for test chemicals 76 
 Formalin (37% formaldehyde): Used for fixing cells. 77 
 Methanol: Used for fixing cells. 78 
 Crystal violet (CV) solution: Used for staining cells in cell growth assays. In 50 mL of ethanol 1 79 

g of crystal violet is dissolved, and the total volume is adjusted to 1 L with distilled water. 80 
 Dye extraction solution (0.02 mol/L HCl and 50% ethanol): Used for extracting CV in cell 81 

growth assays. 480 mL distilled water + 500 mL ethanol + 20 mL 1 M HCl. 82 
 5% Giemsa solution: Used for staining cells in transformation assays 83 

 84 
 85 
2.5 Chemicals 86 
 87 
2.5.1 Test chemicals and solvent/vehicle 88 
 89 
Test chemicals are dissolved or suspended in an appropriate solvent or vehicle and diluted with the 90 
solvent/vehicle to each individual concentration before being added to cell cultures or culture media so that 91 
all chemical treatment media contain an equal concentration of the solvent/vehicle. Distilled water, DMSO, 92 
acetone, and ethanol can be used to dissolve chemicals, and the final solvent/vehicle concentrations in the 93 
medium should not exceed 5%, 0.5%, 0.5% and 0.1 %, respectively. Although the concentration of DMSO 94 
can be as high as 0.5%, it is recommended that it does not exceed 0.1%. The absence of cytotoxicity should 95 
dictate the highest allowable concentration of solvent/vehicle. 96 
 97 
Test-chemical solutions are prepared before use as a general rule. To reduce labor, stock and/or working 98 
solutions may be preserved in aliquots at -20 °C for less than 10 days and thawed before use, but must not 99 



 3 

be re-frozen. The suspensions of test chemicals must be prepared before use and cannot be stored for the 100 
future use. 101 
 102 
2.5.2 Test chemical concentrations 103 
 104 
The highest concentration of test chemical to be tested is 5 mg/mL or 10 mM, whichever is the lowest 105 
[9,10]. In the case of chemicals difficult to dissolve, the highest concentration(s) may be one or two 106 
precipitating dose levels which exceed the highest soluble concentration. 107 
 108 
Five to nine concentrations should be tested and these are determined according to the results of cell 109 
growth assay.  110 
 111 
2.5.3 Negative and Positive controls 112 
 113 
The solvent/vehicle for a test chemical is used as the negative control. A known tumor-initiator, 3-114 

methylcholanthrene (MCA, final concentration of 1 g/mL), and a known tumor-promoter, 12-O-115 

tetradecanoylphorbol-13- acetate (TPA, final concentration of 50 ng/mL), are used for the positive 116 

controls in the initiation assay and promotion assay, respectively. MCA and TPA are dissolved in 117 

DMSO. When the solvent/vehicle for the test chemical is not DMSO, DMSO is still necessary as 118 

the negative control for MCA or TPA. 119 

 120 

The stock solutions of MCA and TPA in DMSO can be stored in aliquots at -20 ℃ for at least two 121 

years, provided they are not thawed. 122 
 123 
 124 
2.6 Stock cells 125 
 126 
The cells should be obtained from a reliable source. Health Science Research Resources Bank (HSRRB, 127 
Osaka, Japan) [http://www.jhsf.or.jp/index_b.html]. supplies frozen Bhas 42 cells. The cells are expanded 128 
by growing them up to 50-70% confluence in culture plates with M10F so as to avoid the increase of 129 
transformed variants. It is important to maintain a sub-confluent state in all the area of the cultures since 130 
the transformed cells, which lose the characteristic of cell-to-cell contact inhibition, preferentially multiply 131 
at confluence. The cells collected from cell populations that do not exceed 50-70 % confluence are washed 132 
once with 0.02% EDTA-PBS(-), trypsinized using 0.25% trypsin and subcultured. After two passages, the 133 
expanded cells are suspended at a cell density of 5 x 10

5
 cells/mL in cold fresh M10F containing 5% 134 

DMSO and cryo-preserved in 0.5 mL aliquots to make a master stock in liquid nitrogen. Using one tube of 135 
the master stock,  working cell stock for transformation assays are prepared using the same procedures and 136 
stored in liquid nitrogen until required for experiments. Generally, large numbers of tubes of the master 137 
and working stock cells are prepared so as not to be depleted prematurely.  138 
 139 
The transformation assay must be started using the cryo-preserved stock cells. Conventionally, the cells at 140 
higher passages can be used for the cell growth assay for dose setting, but should not be used for the 141 
transformation assays themselves in order to avoid excessive spontaneous transformation. 142 
 143 
 144 
2.7 Checking of the Bhas 42 cells 145 
 146 
In order to determine the utility of the cryo-preserved cells, every batch of working stock cells must be 147 
confirmed for (a) adequate plating efficiency (≥50%), (b) low background of spontaneous transformation 148 
and (c) their ability to be transformed by archetypical chemical carcinogens. To be considered suitable for 149 



 4 

the transformation assay, the fulfilment of acceptance criteria described below must be achieved in the 6-150 
well method and/or 96-well method of the Bhas 42 cell transformation assay using the negative control 151 
DMSO and the positive controls, 1 µg/mL MCA and 50 ng/mL TPA. 152 
 153 
 154 
2.8  Selection of FBS 155 
 156 
Although most batches of FBS are generally usable for the transformation assay, it is recommended that at 157 
least 3 batches be screened for their ability to support plating efficiencies ≥50% as well as chemically-158 
induced transformation. The batch of FBS which results in lowest transformation frequency in the negative 159 
control groups and highest transformation frequency in positive control groups in the 6-well method and/or 160 
96-well method of Bhas 42 cell transformation assay should be selected. The FBS batches should fulfil all 161 
of the acceptance criteria described below (4.3 and 6.3) in the 6-well method and/or 96-well method of the 162 
Bhas 42 cell transformation assay using the negative control DMSO and the positive controls, 1 µg/mL 163 
MCA and 50 ng/mL TPA. 164 
 165 
 166 
 167 
 168 
3. Procedures of 6-well method [3] 169 
 170 
 171 
3.1 Initiation assay 172 
 173 
3.1.1 Cell growth assay 174 
 175 
 176 
 177 
 178 
 179 
 180 
 181 
 182 
 183 
 184 
 Fig. 2. Schematic protocol of cell growth assay in the initiation assay. 185 
 186 
 187 

The cells at ≤ 70% confluence in DF5F are trypsinized, and 4000 cells are seeded into a well with 2 mL of 188 
DF5F (Day 0). Three wells are prepared for each treatment condition. Wells containing medium alone are 189 
also prepared for the blank control in photometry (The blank control can be shared among different assays 190 
performed on different chemicals provided they are tested simultaneously). At 20-24 hours after seeding, a 191 
test chemical solution at various concentrations or solvent/vehicle alone is added to each well without 192 
replacement of medium, which is the same practice used in the initiation transformation assay (Section 193 
3.1.3). The medium is changed with fresh medium on Day 4. On Day 7, the cultures are fixed with 194 
methanol or 3.7% formaldehyde for 30 min, washed and dried. The cells are stained with 1.5 mL of crystal 195 
violet(CV) solution for 15 min, rinsed well with water and dried (Fig. 2).  196 
 197 
CV is extracted from cells with 2 mL of dye extraction solution, and the optical density (OD) is measured 198 
at a wavelength between 540-570 nm. The relative cell growth of cultures treated with a chemical is 199 
calculated as follows:. 200 

Fix：Methanol or formaldehyde

Stain：Crystal violet

: DMEM/F12 + 5% FBS (DF5F)

: Chemical treatment

: Cell seeding

: Medium change

: Chemical addition

-3 0 4 7Day 1

Fix：Methanol or formaldehyde

Stain：Crystal violet

: DMEM/F12 + 5% FBS (DF5F)

: Chemical treatment

: Cell seeding

: Medium change

: Chemical addition

: DMEM/F12 + 5% FBS (DF5F)

: Chemical treatment

: Cell seeding

: Medium change

: Chemical addition

-3 0 4 7Day 1



 5 

 201 
 relative cell growth = [(At – Ab)/(Ac – Ab)] x 100 202 
 203 

where At is the absorbance of CV extract from a well with the chemically-treated cells, Ac is the 204 
absorbance of CV extract from a well with the solvent/vehicle-treated cells and Ab is the absorbance 205 
of CV extract from a well with the medium only. 206 

 207 
3.1.2 Dose setting for the transformation assay 208 
 209 
Five to nine concentrations are set up based on the results of cell growth assays. These concentrations 210 
cover a range from the highest cytotoxicity (less than 20% survival compared to the negative control) to 211 
little or no toxicity. Ideally, one concentration below the no observed effect level (NOEL), two 212 
concentrations between the NOEL and the 50% inhibitory concentration (IC50) and two concentrations 213 
between the IC50 and the IC90 are selected. The ratio between neighboring concentrations should be 214 

less than square root 10 (Fig. 3). 215 

 216 

          ----------------------------NOEL--------------------------------IC50-------------------------IC90 217 

                                   One dose                     Two doses                               Two doses      218 

 219 
 Fig. 3.  Dose setting for the transformation assay in the initiation assay  220 
 221 
 222 
3.1.3 Transformation assay  223 
 224 
 225 
 226 
 227 
 228 
 229 
 230 
 231 
 232 
 233 
 234 
 235 
 236 
 237 
 Fig. 4. Schematic protocol of transformation assay in the initiation assay  238 
 239 
 240 
The frozen stock cells are rapidly thawed, suspended in M10F and cultured in Φ100-mm culture plates at 241 
a volume of 10 mL medium. When the cells reached about 70% confluence, they are trypsinized,  242 

suspended in DF5F at an appropriate density (7,000 to 10,000 cells /mL is suggested) and cultured in Φ243 
100-mm culture plates (Day -3). The cells at about 70% confluence are trypsinized, and suspended in 244 
DF5F at 2,000 cells/mL. The cell suspension is seeded into each well at a volume of 2 mL (4,000 245 
cells/well) for the transformation assay and the concurrent cell growth assay (Day 0). Nine wells are 246 
prepared for each dose (one plate of 6 wells for the transformation assay and 3 wells for the concurrent cell 247 
growth assay). 20-24 hours after seeding, a chemical solution is added to each well without replacement of 248 
medium. The cells are exposed to the chemical for three days (Day 1-4). The medium is changed with fresh 249 
DF5F on Day 4, 7, 10 (or 11) and 14. On Day 21 the cells are fixed with methanol, and stained with 5% 250 
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Giemsa solution (Fig. 4). The positive control (1 µg/mL MCA) and the  negative control are included in 251 
the transformation assay for each chemical (when the solvent/vehicle of test chemical is not DMSO, 252 
DMSO is still necessary as the negative control for MCA). The cell growth assay is carried out in parallel 253 
with the transformation assay. 254 
 255 
 256 
3.2  Promotion assay  257 
 258 
3.2.1 Cell growth assay 259 
 260 
 261 
 262 
 263 
 264 
 265 
 266 
 267 
 268 
 Fig. 5. Schematic protocol of cell growth assay in the promotion assay 269 
 270 
 271 

The cells at ≤ 70% confluence in DF5F are trypsinized, and 14000 cells are seeded into a well in 2 mL of 272 
medium (Day 0). Three wells are prepared for each treatment condition. Wells containing medium alone 273 
are also prepared for the blank control in photometry (The blank control can be shared with the cell growth 274 
assay in the initiation assay which is performed simultaneously). On Day 4, chemical treatment is started 275 
by exchanging existing medium with fresh medium containing a test chemical solution or solvent/vehicle 276 
alone. On Day 7, the cultures are fixed with methanol or 3.7% formaldehyde for 30 min, washed and dried. 277 
The cells are stained with 1.5 mL of crystal violet solution for 15 min, rinsed well with water and dried 278 
(Fig. 5).  279 
 280 
The following procedures are the same as those in the cell growth assay in the initiation assay (section 281 
3.1.1) . 282 
 283 
 284 
3.2.2 Dose setting for the transformation assay 285 
 286 
For the chemicals that exhibit marked growth enhancement, concentrations are selected to cover the range 287 
from little effect to enhancement on cell growth. Ideally, one concentration below the NOEL, three 288 
concentrations in the range of growth enhancement, and one concentration in the range of weak growth 289 
inhibition are assessed (Fig. 6). 290 
 291 
 292 

   --------------NOEL---         Growth enhancement         ---      Growth inhibition              293 

        One dose                              Three doses                        One dose 294 
 295 

Fig. 6. Dose setting for transformation assay in the promotion assay of chemicals 296 
that exhibit marked growth enhancement. 297 

 298 
 299 
For the chemicals that inhibit growth, concentrations are selected to cover the range from the NOEL to the 300 
level below 50% inhibition on cell growth. Ideally, two concentrations below the NOEL, three 301 
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concentrations between  the NOEL and the IC50 and one concentration above the IC50 are evaluated (Fig. 302 
7). 303 
 304 
 305 
         -----------------------NOEL----------------------------------------IC50---------------- 306 

                 Two doses                                 Three doses                          One dose 307 
 308 

Fig. 7. Dose setting for transformation assay in the promotion assay of chemicals that inhibit growth 309 
 310 
 311 
Whether a chemical shows growth enhancement or inhibition, other experimental conditions, such as the 312 
number of concentrations set up and the ratio between neighboring concentrations, are the same as 313 
described in the initiation assay. 314 
 315 
3.2.3 Transformation assay 316 
 317 
 318 
 319 
 320 
 321 
 322 
 323 
 324 
 325 
 326 
 327 
 328 
 329 
 330 

Fig. 8. Schematic protocol of transformation assay in the promotion assay. 331 
 332 
 333 
The transformation assay is carried out in the same manner as in the initiation assay except for the 334 
following ( Fig. 8): 335 
 336 

 The cells are suspended in medium at 7,000 cells/mL, and 14,000 cells are plated into each well 337 
(Day 0) 338 

 The cells are exposed to a test  chemical for 10 days from Day 4 to Day 14. 339 
 The chemical treatment is carried out by exchanging existing medium with fresh medium 340 

containing a chemical solution or solvent/vehicle alone on Day 4, 7 and 10 (or 11). 341 
 On day 14 the medium is changed with the normal medium containing neither solvent/vehicle nor 342 

test chemical.. 343 
 TPA (50 ng/mL) is used for the positive control instead of MCA. 344 

 345 
 346 
 347 
 348 
4. Evaluation of the results in the 6-well method 349 
 350 
 351 
4.1 Record of transformation frequency 352 
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 353 
Transformed foci are scored using a stereomicroscope. Transformed foci are characterized by the following 354 
morphological properties: (a) more than 100 cells, (b) spindle-shaped cells differing in appearance from the 355 
contact-inhibited monolayer cells, (c) deep basophilic staining, (d) random orientation of cells at the edge 356 
of foci (criss-cross), (e) dense multilayering of cells (piling up) and (f) invasive growth into the 357 
surrounding monolayer of contact-inhibited cells. It should be noted that there are transformed foci that do 358 
not exhibit some of these characteristics. 359 
 360 
The number of transformed foci in each well are recorded for every concentration. 361 
 362 
 363 
4.2 Statistical analysis 364 
 365 
For the increases in the number of the transformed foci produced by a test chemical, a statistical analysis is 366 
performed by multiple comparison using the one-sided Dunnett test (p<0.05). For the positive controls, the 367 
statistical significance is evaluated by one-sided t-test or Aspin-Welch test (p<0.05) depending on the 368 
result of F-test for homoscedasticity (homogeneity of variance). 369 
 370 
 371 
4.3 Assay acceptance criteria 372 
 373 
The following criteria must be fulfilled for a given assay to be considered valid. The initiation or 374 
promotion assay is repeated independently, as needed, to satisfy the assay acceptance criteria. 375 
 376 
4.3.1 Concurrent cell growth assay 377 
 378 

▪  When contamination or technical problems are observed, two undamaged wells are necessary at the 379 
minimum for each concentration for cell growth assessment. 380 

 381 
4.3.2 Transformation assay  382 
 383 
4.3.2.1 Initiation assay and promotion assay 384 

▪  If a given chemical concentration results in excessive cell death and/or cells fail to reach confluence at 385 
the end of transformation assay because of chemical toxicity, the concentration is not valid for 386 
transformation assessment and is excluded from focus-counting, statistical analysis and judgment, and 387 
“toxicity” is recorded in the data sheet. 388 

▪  When contamination or technical problems are observed, if, for a given concentration, the number of 389 
damaged wells is two or more, the concentration is not considered valid for transformation assessment 390 
and is excluded from focus-counting, statistical analysis and judgment. In such cases, 391 
“contamination”, “accident”, “technical error”, etc. are recorded in the data sheet. 392 

▪  In the positive control, there must be a statistically significant increase in the number of transformed 393 
foci per well compared to the corresponding negative control (one-sided t-test or Aspin-Welch test, 394 
p<0.05). 395 

 396 
4.3.2.2 Initiation assay 397 

▪  In the negative control, the number of transformed foci must be ten or less per well. 398 
▪  If there is no statistically significant increase in the number of transformed foci at any dose (in case of 399 

negative results), four valid test chemical concentrations are necessary, at a minimum, to 400 
accept the transformation assay for evaluating a chemical. Those concentrations should 401 
include at least one concentration near the NOEL and three concentrations in the range 402 
between the NOEL and the IC90 in the concurrent cell growth assay. 403 
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 404 
4.3.2.3 Promotion assay 405 

▪  In the negative control, the number of transformed foci must be twelve or less per well. 406 
▪  If there is no statistically significant increase in the number of transformed foci at any dose (in case of 407 

negative results), four valid test chemical concentrations are necessary, at a minimum, to 408 
accept the transformation assay for evaluating a chemical. Those concentrations should 409 
include at least one concentration near the NOEL and two concentrations in the range of 410 
growth enhancement when the chemical enhances cell growth (increases cell density in 411 
the cell growth assay). When the chemical does not induce growth enhancement but 412 
induces cytotoxicity, the cytotoxicity observed in the concurrent cell growth assay may 413 
not be similar to that observed in the transformation assay, since the durations of 414 
chemical exposure to the cells are different between the cell growth assay (3 days) and 415 
the transformation assay (10 days). Consequently, chemical toxicity is sometimes 416 
accumulated over the 10 day duration of the transformation promotion assay and the 417 
valid plates may be lost because of chemical toxicity. In such cases, four valid plates are 418 
also necessary in the concentration range where cells are not killed and are confluent at 419 
the end of the transformation assay. If excessive toxicity is encountered, it may be 420 
necessary to repeat the assay in a lower concentration range. 421 

 422 
 423 
4.4 Assessment criteria 424 
 425 
The assay results are judged as follows: 426 
 427 

 The results in the initiation and promotion assays are judged positive if there exist two 428 
or more sequential doses that induce statistically significant increases in the number of 429 
transformed foci per well relative to the corresponding vehicle control (multiple 430 
comparison using one-sided Dunnett test, p<0.05). 431 

 The results in the initiation and promotion assays are judged negative if there is no dose 432 
showing a statistically significant increase in the number of transformed foci per well.  433 

 If the statistically significant increase is at only one or non-sequential doses, the assay 434 
result is regarded as equivocal, and then the initiation or promotion assay is repeated 435 
together with the concomitant cell growth assay, including the dose that caused the 436 
statistically significant increase of transformation frequency in the first assay. The 437 
chemical is judged to be positive if a statistically significant increase in the number of 438 
transformed foci per well is induced at one or more concentrations in the second assay; 439 
otherwise, the chemical is judged to be negative. 440 

 A test chemical is positive in the Bhas 42 CTA, if it is positive in either the initiation or 441 
promotion assay. 442 

 443 
 444 
 445 
 446 

5. Procedures of 96-well method  447 
 448 
 449 
5.1 Medium change 450 
 451 
The final volume of medium is 0.1 mL per well. The medium is removed by inverting the plates and 452 
shaking out the medium over  paper towels or disposable diapers three times to drain off the medium 453 
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completely. The medium is replaced by gently dispensing it down the walls of the wells over the cells 454 
using micro-tips attached to a multichannel micropipette. 455 
 456 
 457 
5.2 Initiation assay 458 
 459 
5.2.1 Cell growth assay 460 
 461 
The cell growth assay is carried out in the same manner as in the initiation assay of the 6-well method 462 
except for the following (see section 3.1.1):  463 
 464 

 Into each well, 200 cells are seeded with 0.05 mL of DF5F (Day 0).  465 
 For each treatment condition, 8 wells are prepared. 466 
 The cultures are treated by 0.05 mL of medium containing a test chemical solution or 467 

solvent/vehicle alone at two times the final concentration added to each well so that the final 468 
volume of medium is 0.1 mL. 469 

 The volumes of crystal violet solution and dye extraction solution are 0.1 mL/well. 470 
 471 
5.2.2 Dose setting for the transformation assay 472 
 473 
The concentrations to be tested in the transformation assay are determined in the same way that they are in 474 
the initiation assay of 6-well method (see section 3.1.2). 475 
 476 
5.2.3 Transformation assay 477 
 478 
The transformation assay is carried out in the same manner as in the initiation assay of the 6-well method 479 
except for the following:  480 
 481 

 Into each well, 200 cells are seeded with 0.05 mL of DF5F (Day 0).  482 
 For each treatment condition, one 96-well plate is prepared for the transformation assay and 8 483 

wells are prepared for the cell growth assay, respectively. 484 
 The cultures are treated by the addition of 0.05 mL of medium containing a chemical solution or 485 

solvent/vehicle alone at two times the final concentration added to each well so that the final 486 
volume of medium is 0.1 mL. 487 

 488 
 489 
5.3. Promotion assay  490 
 491 
5.3.1 Cell growth assay 492 
 493 
A cell growth assay is carried out in the same manner as in the promotion assay of the 6-well method 494 
except for the following (see section 3.2.1): 495 
 496 

 Into each well, 400 cells are seeded with 0.1 mL of DF5F (Day 0).  497 
 For each treatment condition, 8 wells are prepared. 498 
 The volumes of crystal violet solution and dye extraction solution are 0.1 mL/well. 499 

 500 
5.3.2 Dose setting for the transformation assay 501 
 502 
The concentrations to be tested in the transformation assay are determined in the same was that they are in 503 
the promotion assay of 6-well method (See section 3.2.2). 504 
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 505 
5.3.3 Transformation assay 506 
 507 
The transformation assay is carried out in the same manner as in the promotion assay of the 6-well method 508 
except for the following (see section 3.2.3): 509 
 510 

 Into each well, 400 cells are seeded with 0.1 mL of DF5F (Day 0).  511 
 For each treatment condition, one 96-well plate is prepared for the transformation assay and 8 512 

wells are prepared for the cell growth assay, respectively. 513 
 514 
 515 
 516 
 517 
6. Evaluation of the results in the 96-well method 518 
 519 
 520 
6.1 Record of transformation frequency 521 
 522 
Transformed foci are judged using the same criteria as in the 6-well method. 523 
 524 
The number of wells having transformed foci versus the number of wells observed is recorded for every 525 
concentration: a well having one focus is counted as one and a well having two or more foci is also counted 526 
as one. 527 
 528 
 529 
6.2 Statistical analysis 530 
 531 
For the increases in the proportion of wells with transformed foci in the plate treated with a test chemical, a 532 
statistical analysis is performed by chi-square test with Bonferroni adjustment (p-value<0.05, upper-sided) 533 
[11]. For multiplicity, the number of concentrations that satisfy the assay acceptance criteria is considered 534 
by this methodology. For the positive controls, the statistical significance is evaluated by one-sided chi-535 
square test (p<0.05, upper-sided). 536 
 537 
 538 
6.3 Assay acceptance criteria  539 
 540 
The following criteria must be fulfilled for a given assay to be considered valid. The initiation or 541 
promotion assay is repeated independently, as needed, to satisfy the assay acceptance criteria. 542 
 543 
6.3.1 Concurrent cell growth assay 544 

 545 
▪  When contamination or technical problems are observed, four undamaged wells are necessary at 546 

the minimum for each concentration for cell growth assessment. 547 
 548 
6.3.2 Transformation assay 549 
 550 
6.3.2.1 Initiation assay and promotion assay 551 

▪  If a given chemical concentration results in excessive cell death and/or cells fail to reach 552 
confluence at the end of transformation assay because of chemical toxicity, the concentration is 553 
not valid for transformation assessment and excluded from focus-counting, statistical analysis 554 
and judgment, and “toxicity” is recorded in the data sheet. 555 
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▪  When contamination or technical problems are observed, if, for a given concentration, the 556 
number of damaged wells is ≥7, the concentration is not considered valid for transformation 557 
assessment and is excluded from focus-counting, statistical analysis and judgment. In such cases,  558 
“contamination”, “accident”, “technical error”, etc. are recorded in the data sheet. 559 

▪  In the positive control, there must be a statistically significant increase in the proportion of wells 560 
having transformed foci compared to the corresponding negative control (one-sided chi-square 561 
test, p<0.05, upper-sided). 562 

 563 
6.3.2.2 Initiation assay 564 

▪  In the negative control, the number of wells having transformed foci must be 15 wells/plate or 565 
less (if there exist damaged wells, ≤15.625% of undamaged wells). 566 

▪  If there is no statistically significant increase in the proportion of wells having transformed foci at 567 
any dose (in case of negative results), four valid test chemical concentrations are necessary, at a 568 
minimum, to accept the transformation assay for evaluating a chemical. Those concentrations 569 
should include at least one concentration near the NOEL and three concentrations in the range 570 
between the NOEL and the IC90 in the concurrent cell growth assay. 571 

 572 
6.3.2.3 Promotion assay 573 

▪  In the negative control, the number of wells having transformed foci must be 20 wells/plate or 574 
less (if there exist damaged wells, ≤20.833% of undamaged wells). 575 

▪  If there is no statistically significant increase in the proportion of wells having transformed foci at 576 
any dose (in case of negative results), four valid test chemical concentrations are necessary, at a 577 
minimum, to accept the transformation assay for evaluating a chemical. Those concentrations 578 
should include at least one concentration near the NOEL and two concentrations in the range of 579 
growth enhancement when the chemical enhances cell growth (increases cell density in the cell 580 
growth assay). When the chemical does not induce growth enhancement but induces cytotoxicity, 581 
the cytotoxicity observed in the concurrent cell growth assay may not be similar to that observed 582 
in the transformation assay, since the durations of chemical exposure to the cells are different 583 
between the cell growth assay (3 days) and the transformation assay (10 days). Consequently, 584 
chemical toxicity is sometimes accumulated over the 10 day duration of the transformation 585 
promotion assay and the valid plates may be lost because of chemical toxicity. In such cases, four 586 
valid plates are also necessary in the concentration range where cells are not killed and are 587 
confluent at the end of the transformation assay. If excessive toxicity is encountered, it may be 588 
necessary to repeat the assay in a lower concentration range. 589 

 590 
 591 
6.4 Assessment criteria 592 
 593 
The assessment criteria are the same as those of 6-well method except that a statistical analysis is 594 
performed for the proportion of wells having transformed foci (number of wells having transformed 595 
foci/number of wells observed) using chi-square test with Bonferroni adjustment, p<0.05, upper-sided. 596 
 597 
 598 
 599 
 600 
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