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Abstract

It has become an important task to develop a simple in vitro method for the detection of noh-genotoxic carcinogens, among
which tumor promoters are included. Bhas 42 cells are v-Ha-ras-transfected BALB/c 3T3 cells and are regarded as initiated
cellsin the 2-stage transformation paradigm. We designed a method for detecting tumor promoters by the use of Bhas 42 cells
atadvanced passage generation. In this method, the cells are cuttured in six-well plates for 17 days during which test chemicals
are added jn the medium for 11 days from days 3 to 14. The end-point of the assay is the induction of transformed foci. When the
tumor promoter TPA was used, a significant number of transformed foci were induced concentration-dependently, whereas
only a few foel were observed in control cultures. When various chemicals were examined by the method, a reasonable
correlation was observed with the reported tumor-promoting ability in animal experiments, We propose that the Bhas 42 cell
transformation method is practical and useful for the detection of tumor promoters,
© 2003 Elsevier B.V. All rights reserved.

Keywords: Tumor promoter; Trnnsl’ormntion; Bhas 42 cell; BALB/c 3T3 cell; v-Ha-ras

1. Introduction before contemplating long-term  animal cancer

bioassays.

Non-genotoxic carcinogens have posed a major
problem in the toxicity screening of chemicals [I];
that is, a considerable number of non-genotoxic
chemicals have been shown to be carcinogenic in
long-term animal experiments, Therefore, adoption
of some screening tests related to carcinogenicity
other than the genotoxicily screening is necessary

* Corresponding author, Tel.: +81-467-83-4400;
fox: -+81-467-83-4457,
E-mail uddress: ohmori ndy{@prefkanagawajp (K, Ohmori),

Carcinogenesis is known to be a multi-step pro-
cess, involving at Jeast initiation, promotion and pro-
gression {2]. Initiators induce changes in DNA and
can be detected by various genotoxicity screening
tests. Meanwhile, promoters, by the repeated appli-
cation on initiated cells, can cause development of
tumors. These chemicals can be considered to be
one kind of non-genotoxic carcinogens, and several
screening methods for the detection of promoters
bave been proposed; for example, in vitrq cell trans-
formation [3-6], inhibition of metabolic cooperation

1383-5718/% ~ see front matter © 2003 Elsevicr B.V, All rights rescrved,

doi:10.1016/. mrgentox.2003,10.014
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through gap-junctional interceliular communication
[7-9], promotion or inhibition of cell differentiation
[10], expression of Epstein-Barr virus early antigen
[11,12), and in vivo cell-proliferation (in vivo RDS
test) [13). However, none of these methods is yet
included in the battery of regular safety screening
tests for chemicals. One reason why they are not
adopted for the regulatory screening tests is that some

of these methods are not simple enough for routine

screening.

In vitro cell transformation tests using BALBIc T3
cells or C3HIGT1/2 cells can simulate the process of
animal two-stage carcinogenesis [14]. For the detec-
tion of promoting chemicals in the in vitro cell trans-
formation test, the cells treated wilh an appropriate

concentration of an initiating agent are subsequently

treated with test chemicals. In this method, treatment

with an initiating agent and subsequent expression pe-

riod are requ:rcd before administration of test chem-
icals. Typically, lhcse assays require 4-8 weeks 1)
complete.

In order to 1mprove expenmenta] cond:tmns for the

examination of chemicals with tumor-promoting po-

tential, Sasaki et al, [15,16] worked with & cell line,
named Bhas 42, which was established from BALB/c
3T3 cells transfected with v-Ha-ras oncogene. Ac-
cording to their original procedure, Bhas 42 cells,
co-cultivated with BALB/c 3T3 ceI!s, “could develop
into transformation foci after treatment with chemi-
cals having promoting potential. Here, tréztment with
an mma[mg agent and subsequent cultivation for ex-
pression period could be omitted. However, il takes a
period of 6 weeks for the formation of transformed
foci.

Recently, we found that usmg Bhas 42 cells after
advanced sub-culturing "and ‘'using an enriched basal
medium, transformed foci can be efficiently induced
in a single culture of the cells by treatment with pro-
moting agents and without the-need for ¢o-cultivated
BALB/c 3T3 cells. Furthermore, the period of focus
formation can be shortened to 2.5-3 weeks. From

“these ﬁndmgs, we worked to establish a short-term
screening method for the detection of promolmg po-
tential of chemicals.

The aim of this report is 10 describe a screening
method for tumor promoters using Bhas 42 cells
and to present test results for a range of chemi-
cals.

2. Materials and methods

2.1. Media, cells and culture conditions

MEM, DMEM, RPMI 1640 and Fi2 media were
obtained from Nissui Pharmaceutical Co., Tokyo, .
Japan. BME and DMEM/F12 were the products of
GIBCO Laboratories, Grand Island, NY, USA. ITES,
a mixture of insulin, transferrin, ethanolamine and
sodium selenite, was obtained from Wako Pure Chem-
ical Industries, Osaka, Japan. Fetal bovine serum
(FBS) was putchased from Moregate, Australia.

Bhas 42 cells and BALB/c 3T3 A31-1-1 cells were
routinely culu_lred in 4 medium consisting of MEM
supplemented with 10% FBS (M10F), at 37 °Cin an

* atmosphere of 5% CO, and 95% ait. The cefls were

sub-cultured before confivence by the use of trypsin
(Wako Pure Chemical Industries). Bhas 42 cells at
passage generations between 12 and 20 were used in
the present experiments.

Plastic culture dishes and plates were either

* products of Sumitomo Bakelite, Tokyo, Japan, or

those of Costar, Corning Incorporated, Corning, NY,
USA.

2.2. Chemicals

12-0-Tetradecanoylphorbol- 13-acetate (TPA),
okadaic acid, lithocholie acid, sodium phenobar-
bital, arsenic tricxide, sodium saccharin, catechol,
acetone and ethanol were purchased from Wako
Pure Chemical Industries. Phorbol 12,13-didecancate
(PDD), mezerein, phorbol, anthralin, progesterone,
17[3-cstradlol dexamethasone, insulin and dimethyl
sulfoxide (DMSO) were obtained from Sigma, St
Louis, MO, USA, o,p"-DDT and pp'-DDT were ob-
tained from GL Science, Tokyo, Japan, Diethylstilbe-
strol was the product of Tokyo Kasei Kogyo, Tokyo,
Japan,

TPA was dissolved in DMSO at 1 mg/ml; stock
ahquots were stored in a deep freezer. An aliquot was
used in each experiment. Arsenic trioxide was dis-
solved in 0.1 mol/l sodium hydroxide solution and in-
sulin was dissolved in 0.1 mol/ hydrochloric acid. The
solutions had no effect on pH of the culture medium
when diluted more than 1000 times. Other chemicals .
were dissolved in DMSO or directly in the culure
medium,
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2.3. Cytotoxicity fest

A cell suspension of Bhas 42 cells in DMEM/F12+
5% FBS (DF5F) at 2 x 10 cells/m} was distributed i mr.o
each well of 24-well plates at 0.5 ml amounts {1 x 104
cells per well} and cultured. This cell number is al-
most equal to the 2 m1 used per well of six-well plates.
On day 3, medium in each well was changed with the
mediuvm containing lest chemical. Three wells were
used for one concentration. On day 7, the cells were
fixed with 3.7% formaldehyde for 30 min, washed
with water, and stained with 1% crystal violet (CV)
in water for 30 min. After thorough rinsing with wa-
ter, the plates were dried. Crystal violet from stamed

cells in each well was extracted with 0.5ml of a'so-

lution cpnmslmg of 0.9% trisodium citrate d1hydrate,
0.02 mol/t hydrochloric acid, and 50% ethanol. The
optical density of the exiracts was measured at 540-
570nm.

2.4, Bhas 42 transformation test

In the present experiments, several variables were
examined, and the finally adopted protocol was as
follows; a cell suspension of Bhas 42 cells was pre-
pared in DFSF medium at 2 x 10% cells/ml, and
distributed into each well of six-well plates at 2ml
amounts (4 x 10* cells per well). After cultivation
for 3 days, medium was replaced with fresh medium
containing test chemical (for the preparation of test
chemicals, attention should be paid lo ensuring the
final concentrations of solvents is less than 0.1% in
the case of DMSOC and ethanol, and 0.5% in the case
of acetone). The culture received medivm contain-
ing test chemical on days 7 and 10, and then fresh
DF5F medium on day 14. On day 17, the cells were
fixed with methano! for 30 min and slained with 2.5%
Giemsa solution for 30 min.

Transformed foci were characterized by the follow-
ing morphological criteria; deep basophilic staining
and dense multi-layering of cells; random crientation
of cells at the edge of foci; more than 20 cells within
a focus.

2.5. Statistical analysis and criteria of judgment

For evaluating the results, r-test analysis was per-
formed. Chemicals showing significant increase (P <

0.05) of focus number at more than two consccutive
concentrations were considered to be positive (+).
Chemicals which showed statistically significanl ef-
fect at only one concentration, even after repeal tests,
were judged to be equivocal (). Negative chemicals
were those which induced no slatistically significant
increase of transformed foci.

3. Results

3.1. Fundamental conditions for effi czem‘ induction
of zransformed foc: '

When the ﬁromcol of the original transformation
procedure using Bhas 42 cells [15,16) at the 13th pas-
sage generation was followed, no transformed foci ap-
peared after treatment with TPA. However, Bhas 42
cells at the 13th passage generation alone easily grew
into a monolayer which contained only several spon-
taneously transformed foci. In addition, the number of
transformed foci significantly increased by treatment
with TPA, From these observations, the possibility of
developing a shqu-tex:rq cell transformation assay for

0 0 20 30 40 50 €0
No. of focl / well.

Fig. 1. Effects of varlous basal media and FBS concentrations
on the transformation of Bhas 42 cells; ((J), control; (M),
TPA (20ng/ml); MSF, MEM + 5% FBS; MIOF, MEM + 10%
FBS; DSF, DMEM 4 5% FBS; DIOF, DMEM + 10% FBS;
R5F, RPM1I640 4 5% FBS; R10F, RPM11640 + 10% FBS; BSF,
BME+5% FBS; BIOF, BME+10% FBS; DF5F, DMEM/F1245%
FBS; DF10F, DMEM/FI12 + 10% FBS.
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the detection of promotion potential of chemicals us-
ing a single culture of Bhas 42 cells at advanced pas-
sage generations was explored. - '

In order to establish a new transformation protoco!
using Bhas 42 cells, several variables which would

influence the formation of transformed foci were -

. D1OF

CTPA

> " contrl
 20ng/mL N

o DF1OF . . .

20ng/mL

Fig. 2. Representutive plmes s'howing formed focl of Bhas

examined. Essentially, the second stage of the
two-stage transformation protocol using BALB/c 3T3
cells [6] was emulated. Bhas 42 cells near confluence
were treated with TPA for 11 days and further cul-
tured 3 or 7 days in fresh medium, The endpoint was
the formation of transformed foci, ‘

_DSF

TPA ool

20ng/mL

. DFSE

TPA control
20ng/mL

42 cells cultured in different medin with or without TPA.

400
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The induction of transformed foci with or without

TPA was examined using various basal media added -

with 5 or 10% FBS (Fig. I). The use of 10% FBS pro-
duced monolaycrs alittle greater in ce)l density and in-

duced more spontaneously arising foci than the use of

5% FBS, Among basal media exammed DMEM and
DMEM/F12 gave great numbers of transformed foci
on treatment with TPA. The foci formed were clearer
and larger in DMEM/F12 than in DMEM (Fig. 2).
From these results, DMEM/F12 supplemenlted with
5% FBS (DFSF) was selected as lhe medmm for the
subsequent experiments.

The effect of co-cultivation bf Bhas 42 cells wnh:"

BALB/c 3T3 cells was examined. The number of
transformed foci of Bhas 42 cells was reduced by the

presence of BALB/c 3T3 cells: the greater the num--
ber of BALB/c 3T3, the less the number of the foci.
The culture of Bhas 42 cells alone resulted in-the -
highest number of transformed foci (data not. shown) '

Therefore, it was concluded that co- -cultivation with
BALB/c 3T3 cells was unnecessary in this protocol

In order to determine the; opumal time frame of -
treatment with test chemwa]s, various treatment peri- -

ods were tested for TPA (Fig. 3). In this experiment,
2mtof 2 10* Bhas 42 cells/ml (4 x 10* cells per well)
were inoculated into each well of six-well plates, and
TPA treatment was started from day 3. The number

o 3 7 10 14 17days

0 10 20 30 40 5 6 -

No. of foci/ well

Fig. 3. Effects of period of TPA trealment on the transformation
of Bhas 42 cells: (2 period of TPA treatment; ([3) control; (M)
TPA (20 ng/ml).

of foci was highcst when the medium containing TPA
was changed three times, i.e., on days 3,7 and 10, and
with treatment ceasing on day 14, |

The transformation assay was carried out with Bhas
42 cells inoculated at various cell numbers (Fig. 4).
The cells were treated with TPA on days 3, 7 and 10,
and fixed on day 17 or 21. When seeded at4 104 cells
per well, the cells reached near confluence on day 3.
In this condition, the number of transformed foci was
highest. The foci obtained from cultures fixed on day
21 were clearer and [arger than those fixed on day 17.
In addition, the number’ of foci fixed on day 21 was
slightly increased at every mocu!um size, but this was
not stahstxcaliy significant in comparison with those
fixed on day 17. From (hese resulls, an inoculum size
of 4% 10* cells per well of six-well plates and 17 days

- of culture as the experimental period were adopted.

Due 1o this shorter culture penod it was designed to
score focl conmstmg of 20 or. more. cells.

3.2 Var :ables mﬂuencmg t!ze formanon of
rransfo;med foc: R

Dunng the course of cxpenmenls it was found that
the concentration of DMSO used as a solvent affected
focus formation. Various solvents were tested. DMSO
and ethanol at 0.5% but not 0.1% decreased the num-
ber of transformed foci. In contrast, little effect was
observed by the addition of 0.5% acetone.

" In order to assure the' stable supply of Bhas 42
cells; the effect of _furlhe'r passages on transforma-
tion was examined using 2 kinds of media, M10F and

- DFSE Cells at the 13th passage generation were fur-

ther cultured for 1 monlh The cells before confluence
were sub-cultured at a 3—4-day interval, At appropri-
ale intervals, the cells were stocked frozen at —80°C.

. Each stock of the’ cells ‘was thawed and examined
" for the formation of transformed foci with or without

TPA. Fig. 5 reveals that even after a month of cul-
ture the number of transformed foci induced by TPA
did not change s:gmﬁcantly when cultured in MIOE
Also, spontaneous formation of foci did not increase
after the passages. In contrast, the cells cultured in
DFS5F formed a gradually increasing number of trans-
formed foci irrespective of the treatment with TPA,
suggesting that cultivation in M1OF was most appro-
priate for the proper maintenance of the cells for the
assay.
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0 3
DAY 17

14 17 days
2 1days

DAY 21 [

Inoculum  Fix day
(celisiwell}

1.0x10'DAY 17
2.0x10* DAY 17
4,0x10°DAY 17
1.0x10°DAY 17
1.0x10*DAY 21
2.0x10°DAY 21 i
4,0x10°DAY 21

1.0x10°DAY 21

|

0 10 20 30 40 5 6

.No. of foci f welll

Fig. 4, Effects of inoculum sizes and fixation days on the iransforrnation of Bhas 42 cells; () period of TPA treatment; (C1) control; ()

TPA (20 np/ml).

3.3. Determination of test concentrations for each
chemical

From the cytotoxicity tests as described in Materi-
als and Methods, test concentrations of each chemical
were determined, covering from 60 to 80% of growth
inhibition to no inhibition, Fig, 6a shows the result
of (he toxicity experiment with TPA. Cell number did
not decrease over a large concentration range up to
1 pgfm, but concentrations inducing transformed foci
were far less, even as low as 5-10ng/ml (Fig. 7a).
TPA was an extreme case, and in such a case it was

_necessary to examine cyloloxicity over a wide range
of concentrations, Fig. 6b and ¢ show cytotoxicity
with okadaic acid and lithocholic acid at 50 ng/ml and
50 wg/ml, respectively.

3.4. Examination of various chemicals in the
transformation protecol

In order to evaluate this cell transformation assay
for a variety of chemicals, known tumor promoters to-
gether with related and other chemicals were examined
(Fig. 7). Dose-response of TPA is shown in Fig. 7a.
The number of transformed foci began to increase
from 5ng/ml and reached a plateau at 20-50ng/ml,
PDD and mezerein induced transformed foci from
0.05 ng/m! and reached a maximum level at 0.5 ng/ml
(Fig. 7b and c). These chemicals induced transformed
foci at concentrations showing overgrowth of the cells.
Phorbal, with the basal structure of TPA and PDD but
weak tumor promoting activity [17], did not induce
transformed foci up to 100ng/ml (Fig. 7d).

107



K. Ohmeori et al. /Mutation Research 557 (2004) 191-202

No. of foci / wellil

20
Passage days

Fig. 5. Effects on iransformation frequency of passage generations
of Bhas 42 cells cultured in MIOF or DF5F; (O) DMEM/F12+5%
FBS (DF5F) in the absence of TPA; (A) MEM+10% FBS (M10F)
in the sbsence of TPA; (@) DF5F in the presence of TPA; (A)
MIOF in the presence of TPA.

Representatives of other class tumor promoters were
examined. Okadaic acid showed growth inhibition at
10 ng/m! and above (Fig. ¢b}, and induced wransformed
foci ala narrow concentration range from 5 to 10ng/ml
(Fig. 7e). The highest number of induced foci was rel-
atively low, about 25 foci per well, In the case of an-
" thralin, the highest transformed foci density was 15
foci per, well at 1 wg/ml (Fig. 7f). Lithocholic acid in-
duced transformed foci from 1 to 20 pg/ml (about 30
foci per well maximum) (Fig. 7g) and at doses that

197

were marginally cytotoxic (Fig. 6¢). Both o,p'-DDT
and p,p-DDT showed significant increase of foci at
5 and 10 pg/m! (Fig. 7h and i). Sodium phenrobarbi-
1al induced statistically significant effect only at one
concentration, and was judged equivocal (Fig. 7j).
Results examined for other Ames’ negative chem-
icals with reports on carcinogenicity were the follow-
ings. Progestercne induced about 20 transformed foci
per well at 2 pg/ml (Fig. 7k), but 17B-estradiol was
not active in the assay (Fig. 71). Diethylstilbestrol,
a synthetic estrogen, induced staistically significant
cffect at two non-conseculive concentrations, being
judged “equivocal (Fig. 7m). Dexamethasone which
is a synthetic glucocorticoid, showed significant in-

‘crease of foci at 12.5 and 25 pg/ml, and was evalu-

ated as positive (Fig. 7n). Arsenic trioxide induced
transformed foci dose-dependently in the concentra-
tion range 0.02-0.2 pg/mt (Fig. 70). Arsenic trioxide
was not cylotoxic below 0.5 pg/m! (data not shown),
Sodium saccharin induced maximum number of trans-
formed foci at 3000 pg/ml (about 30 foci per well)
(Fig. 7p). The number of induced transformed feci in-
creased dose-dependently by treatment with catechol
at 0,1-2 pg/ml, at up to 25 foci per well (Fig. 7q). In-
sulin induced about 10 transformed foci per well at 20
and 50 pg/ml, and was evaluated as positive (Fig. 7r).

The average number of foci per well in 18 exper-
iments was 2.9 £ 0.9 in the controls and 37,4 + 9.9
in cultures treated with 20 ng/mi TPA, demonstrating
the stable sensitivity of Bhas 42 cells in the repeated
assays.

= = = .
£ @ TPA. £ ® Okaddcacid £ ®© Lithocholic acid
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3 8 3
L Po—¢—® 2 g
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£ 2 £
[+ [v] =]
@ 2 2
| © 50] «
o g g
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0 50 100 o v X 30 40 50
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Fig. 6. Cytotoxicity experiments using TPA, okadalc acid and lithocholic acid.
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4. Discussion

In most screening tests, chemicals insoluble in wa-
ter were dissolved in some solvent and diluted with
the medium. DMSO is one of the most widely-used
solvents. Usually, the final concentration of DMSO
was adjusled to be less than 0.5% in the medium. In
the current experiments using TPA as a promoling

K. Chmari et al./Musation Research 557 (2004} 191=-202

agent, DMSO and ethanol were without effect al
0.1% or less, whereas with acetone vp to 0.5%
could be used. Kennedy and Symons [18] reported
that DMSO at 0.1% or more is capable of sup-
pressing TPA enhancement of radiation-induced
transformation by OH free radical scavenging.
They also reported that ethanol scavenges O free
radical.

{a) TPA {b) PDD (c) Mezerein
1507 1507 3
] - -
33_, __% 100] B gmu
S G ©
xe] L £
‘S 'S Y. ‘S 60]..
=] o (s}
= = =
50 100 %o es 1 = %0 o 1 15 2
ngml ng/mL ng'mL
. (d) Phorbol (e) Okadaic acid (f} Anthralin
407 407 49 '
° o T
= 80| Z 3 =
= = =
S S °
5 5 &
S 101 o o
= iEi ® i . = =
o Fr——————— ,
] 5 100
ng/mL ng/mb
@) Lithocholic acid {h) o,p>-DDT

-3

No. of foci / well
No. of foci / well
3

No. of foci / well

pg/ml

Fig. 7. Transformation experiments vsing various chemicals: *P < 0.05; " P < 0.01.
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Fig. 7. (Continued).

Employing our newly developed promoter as-
say method, various chemicals were examined
(Fig. 7), and the results are summarized together
with other information on short-term tests and animal

carcinogenicity (Table I}. Typical tumor promoters
such as TPA, PDD, mezerein, okadaic acid, anthralina
and lithocholic acid showed positive results, It is
noteworthy that PDD and mezerein were extremely
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Table 1
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Summary of resulis in the Bhas 42 cel} lransformahon nssny together with those in other short-lerm assays {12,16,3]] and carcmogemcny

evalpation from IARC

Chemical Bhas
arigi-
nal

Balb 3T3 CSHJOTH?.

SHE JB6 VI9 Raji  Ames JARC

TPA

PDD

Mezerein

Phorbel

Ckadaic acid

Anthralin

Lithocholic acid
op~-DDT

p.p-DDT
Phenobarbital (sedium salr)
Progesterone
['73-Estradiol
Dicthylstilbestrol
Dexamethasone
Arsenic trioxide
Saccharin (sodium snli)
Catechol

Insulin

+
+
-+

I H++ s ++ 4

FAh b FFH LR+
+++

++

+ + o+ 4

+H+ W

+

P+ +++
+
1+ 4+ +
I

I W+ ++
W+
1

++H o+ +
+ 1+ o+
1

2B
2B

* +: positive, +: equivocal, —: negative.

potent in inducing transformation foci in this assay.
High sensitivity 10 mezerein was reporied by Tsang
et al, [19] using a bovine-papilloma DNA-carrying
C3HI10T1/2 cell line, Stability in the medium or other
factors may. influence the sensitivity difference of
these chemicals among various assays.

Both DDT's [20] and phenobarbital [21,22] are typ-
ical tumor promoters of the rodent liver. The present
results showed that DDT's were positive and pheno-
barbital was equivocal. This may suggest that these
compounds have different mechanism of promotion
action. Progesterone {23] showed a positive result. In
contrast, 17B-estradiol [24] and diethylstilbestrol [23]
showed negative or equivocal results. These female sex
hormones show their activity through their hormone
receptors and carcinogenicity lo female organs [25].
These results suggest that this assay has difficulties in
detecling some specific types of tumor promoters.

Arsenic trioxide [26], dexamethasone [27], saccha-
rin [22], catechol {28] and insulin [29] are relaled to
promotion effect without genotoxicity. In the present
study these chemicals gave positive results. More in-
vestigations on many other chemicals are required
in order to evaluate this method as a prediclor of

lumor-promoling potential for a wide variety of chem- -
icals,

Here we have used v-Ha-ras-transfected BALB/c
3T3 cells. Similarly, Kowalski et a, [30] demonstrated
that an assay employing a bovine-papillomavirus
DNA-~carrying C3HIOTL/2 cell line could well pre-
diet carcinogens, promoters and non-carcinogens.
Our present study was focused on promoters among
non-genotoxic carcinogens, and the method is more
simple and economical than the preceding transfor-
mation experiments using BALB/c 3T3 cells, Purther
studies with more chemicals are necessary to estab-
lish the reproducibility, reliability and relevancy of
the method. In time, this test method will be evalu-
ated for its utility in prediclmg the tumor promoting
potential of chemicals.
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