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Introduction 
Since more than 30 years ago, several mammalian 
cell/mutagenesis systems have been developed and 
used for screening of environmental mutagens, e.g. 
Chinese hamster V79 cells (Chu and Malling, 
1968), Chinese hamster CHO-K1 cells (Hsie et 
al.,1975) and mouse L5178Y cells (Clive,1973). 
The cell lines used in these systems, however, are 
all aneuploid and far from normal cells. At the 
molecular level, for example, the status of p53 
gene, which temporarily halts the cell cycle at G1 
in response to DNA damage to allow time for DNA 

repair (Oren,1992), has been well investigated in 
the cells used for mutation assay. It was reported 
that the p53 gene in V79 cells (Chaung et al., 
1997) and CHO-K1 cells (Hu et al., 1999) was 
mutated and dysfunctional. The mouse lymphoma 
cell line L5178Y has a heterozygous mutation in 
exon 5 of the p53 gene (Storer et al., 1997, Clark et 
al., 2004). The mutagen-sensitive cell lines thus 
might have been selected in the long process of 
establishment of mutation assay systems. To 
evaluate impartially the mutagenicity of chemicals 
for the benefit of protecting human health, it seems 
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important to use normal cell lines together with the 
above highly sensitive cell lines. Embryonic stem 
cells (ES cells) can maintain their normal chromo-
somal number and pluripotency for many genera-
tions when cultured under a constant ES cell cul-
ture condition (Robertson, 1987). We thus chose 
mouse ES cells as a normal test cell and examined 
whether hypoxanthine phosphoribosyltransferase 
(HPRT)-locus mutation was induced by several 
typical mutagens, in comparison with the V79 cell 
mutation assay system. 
 
Materials and Methods 
Cell culture.  
Mouse ES cell line (CMTI-1) was purchased from 
Dainippon Pharmaceutical (originated from 129sv 
mouse; confirmation of germ line transmission, a 
marker of normal cells, is stated in the company’s 
description of the cell line). The cells were cul-
tured in Dulbecco's modified Eagle’s medium 
(DMEM, Invitrogen, Grand Island, NY) supple-
mented with 15% fetal bovine serum (FBS,  
Dainippon Pharmaceutical, Osaka, Japan), 100 M 
-mercaptoethanol (Sigma-Aldrich, St. Louis, 
MO), 1000 U/ml leukemia inhibitory factor (LIF, 
Chemicon International, Temecula, CA), 50 U/ml 
penicillin/50 g/ml streptomycin (Dainippon 
Pharmaceutical) and 0.1 mM nonessential amino 
acids on feeder cells (1 x 106 feeder cells per 10 
cm dish). The feeder cells were prepared from 
C57BL/6 mouse embryonic fibroblasts treated with 
10 g/ml of mitomycin C (MMC, Kyowa Hakko 
Kogyo, Tokyo) for 1 hr. Chinese hamster V79 cells, 
described previously (Tsuda et al., 1984), were 
cultured in Eagle’s MEM (Nissui Pharmaceutical, 
Tokyo) supplemented with 10% FBS and antibiot-
ics (50 U/ml penicillin/50 g/ml streptomycin). The 
cells were maintained in plastic culture dishes or 
6-well plates (Nalge Nunc International, Rochester, 
NY) in a humidified incubator at 37˚C in air with 
5% CO2. 
 
Chemicals. 
6-Thioguanine (6TG, Sigma-Aldrich) was dis-
solved in 0.05 M NaOH (Wako Pure Chem. Ind. 
Osaka, Japan) at a concentration of 1 mg/ml 
(200-fold of final use) and stored at 4˚C. Mitomy-
cin C (MMC) was dissolved in ultrapure water 
(Sartorius). Ethyl methane sulfonate (EMS, Sigma- 
Aldrich) was dissolved in culture medium directly. 
4 Nitroquinoline-1-oxide (4NQO, Tokyo Kasei 
Kogyo, Tokyo) was dissolved in ethanol (Wako 

Pure Chem. Ind. Osaka, Japan). N-methyl-N’-  
nitro-N-nitrosoguanidine (MNNG, Sigma-Aldrich) 
and 7, 12-dimethylbenz(a)anthracene (DMBA, 
Tokyo Kasei Kogyo) were dissolved in dimethyl-
sulfoxide (DMSO, Sigma-Aldrich). Gelatin (Sigma- 
Aldrich) was suspended in ultrapure water at 0.1% 
and autoclaved. Gelatin-coating: 0.1% gelatin so-
lution was added to culture plates or dishes (2 ml: 
one well of 6-well plate, 3 ml: 6 cm dish, 5 ml: 10 
cm dish); 1 hr after, the gelatin solution was re-
moved, culture plates (dishes) were air-dried and 
used for the experiment. 
 
HPRT-locus mutation.  
1) V79 cells: Trypsinized V79 cells were seeded on 
6 cm plastic dishes at a cell concentration of 1 x 
106 per dish. Six hr later, the cells were treated 
with chemicals for 24 hr, then washed twice with 
Ca++-, Mg++-free phosphate-buffered saline (PBS, 
Nissui Pharmaceutical, Tokyo) and detached with 
0.05% trypsin/0.02% EDTA (Invitrogen). Immedi-
ately after trypsinization, the cells were reseeded 
on a 6 cm dish. (I) For the cytotoxicity assay, 200 
cells were seeded. The cells were fixed in metha-
nol and stained with 2% Giemsa (Merck, Darmstadt, 
Germany) on the 7th day of cultivation. Three 
dishes were used for each data point. (II) For mu-
tation assay, 1 x 106 cells were seeded and subcul-
tured once at a 1 to 8 split ratio during the mutation 
expression time to maintain the cells in a growth 
state. After an expression time of six days, the cells 
were trypsinized and reseeded into culture dishes. 
(IIA) To count the number of mutant colonies, 2.5 
x 105 cells were seeded per 10 cm dish. At the 
same time, 6TG was added to a final concentration 
of 5g/ml. After being incubated for seven days, 
the cells were fixed and stained with Giemsa. Four 
dishes were used for each data point. (IIB) To de-
termine the plating efficiency, 200 cells were 
seeded onto 6 cm dishes and cultured in 6TG-free 
medium for seven days. The cells were then fixed 
and stained. Three dishes were used for each point.  
2) ES cells: The assay was done basically accord-
ing to the V79-HPRT mutation assay protocol ex-
cept for the culture medium, feeder cell (or gela-
tin)-coating of the dishes and some minor changes. 
Trypsinized ES cells were seeded on feeder cells or 
on gelatin-coated 6 cm dishes (1 x 106 cells/dish). 
Each mutagen was added 24 hr after the seeding 
and the cells were exposed for 24 hr. The cells 
were then washed twice with PBS and trypsinized. 
(I) For the cytotoxicity assay, 200 cells were 
seeded onto each well of a 6-well plate coated with 
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gelatin. After five days of cultivation, the cells 
were fixed in 10% formalin and stained with 2% 
Giemsa. Three wells were used for each data point. 
(II) For mutation assay, 1 x 106 cells were seeded 
onto gelatin-coated 6 cm dishes and subcultured 
once at a 1 to 8 split ratio during the mutation ex-
pression time to maintain the cells in a growth state. 
After six days of mutation expression time, the 
cells were trypsinized and separated completely 
into a single cell suspension by pipetting (using a 1 
ml bluetip on the pipettor). (IIA) To count the 
number of mutant colonies, 2.5 or 5 x 105 cells 
were seeded per 10 cm gelatin-coated dish. At the 
same time, 6TG was added to a final concentration 
of 5g/ml. After being incubated for six days, the 
cells were fixed in 10% formalin and stained with 
2% Giemsa. Four dishes were used for each point. 
(IIB) To determine the plating efficiency, 200 cells 
were seeded on gelatin-coated 6-well plates and 
cultured in 6TG-free medium for five days. 
  
Metabolic cooperation.  
To know the degree of metabolic cooperation in 

the ES cells and to determine an appropriate cell 
number at 6TG-selection, 500 6TG-resistant ES 
cells (clones Q1 and Q2: 4NQO-induced 6TG re-
sistant mutants) and normal ES cells (0, 1-50 x 
105) were mixed and cultured on a gelatin-coated 
10 cm dish in 6TG-medium. Six days later the 
cells were fixed, stained and surviving colonies 
were counted. The decrease in the number of res-
cued colonies reflects the degree of the metabolic 
cooperation. Two dishes were used for each point. 
 
Results 
Chromosome number. 
Before the beginning of the mutation experiments, 
ES cells were amplified on feeder cells (mouse 
embryonic fibroblasts treated with MMC), subdi-
vided and stocked in liquid nitrogen or -80˚C 
freezer. At the same time, chromosome number 
was scored revealing that more than 80% of the 
cells were normal male diploid (2n=40, XY). 
Chromosome preparations were made as previ-
ously described (Rothfels and Siminovitch, 1958). 
 
Spontaneous mutation. 
Table 1 shows the result of analyzing spontaneous 
6TG-resistant mutation in ES cells and V79 cells. 
The frequency of the mutation in ES cells was ap-
proximately 1 per 106 cells, whereas the frequency 
in V79 cells was approximately 1 per 105 cells. 
That is, the frequency of spontaneous 6TG-resis-
tant mutation in the ES cells was one order of 
magnitude lower than that in V79 cells. 
 

Table 1  6TG-resistant spontaneous mutation 
––––––––––––––––––––––––––––––––––––––––––––––––– 

Cells  Number of Exp.  Mutants/106 Cells*  Range 
––––––––––––––––––––––––––––––––––––––––––––––––– 

ES        4              1.0           0-2 
V79       5             11.8           3-20 
––––––––––––––––––––––––––––––––––––––––––––––––– 
*: Summation of 4 and 5 separate experiments,  

respectively. 

Figure 1. 6TG-resistant mutation induced by MNNG in the ES cells
         A: % survival of no treatment. Colony formation frequency in no treatment: 30.5%. 
         B: Mutants per 106 survivors.  
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Mutagen-induced 6TG resistant mutation. 
(A) Directly acting mutagens: Figures 1, 2 and 
Table 2 show the results of MNNG-and 
EMS-induced mutation in the ES cells and V79 
cells. MNNG was approximately two times more 
toxic to ES cells than to V79 cells (Figure 1 and 
Table 2). MNNG induced mutation dose depen-
dently in the ES cells. Mutation frequency induced 
by 1 g/ml MNNG in the ES cells was 95 per 106 
survivors, whereas this dose of MNNG in 2 ex-
periments with V79 cells induced 857 and 1084 
mutants per 106 survivors. Thus MNNG was 10 
times more mutagenic to V79 cells than to the ES 
cells. It is well-known that EMS induces mutations 
in V79 cells at a high frequency even at weakly 
toxic doses. The present study showed that EMS 

also induced 6TG-resistant mutants in ES cells 
(Figure 2). However, the frequency was lower than 
in V79 cells and a distinct mutation induction was 
observed only at a highly toxic dose as shown in 
Figure 2 and Table 2. Mutation frequency at 400 
g/ml EMS in the ES cells was approximately 
100th that in V79 cells (Figure 2 and Table 2).  
(B) Mutagens which are activated by the ES 
cells: Both 4NQO and MMC are known to be ac-
tivated  by  endogenous  enzymes,  mainly  by 

DT diaphorase, in the mouse ES cells (Tsuda and 
Yoshida, unpublished data; Yoshida and Tsuda, 
1995). Figures 3-6 show the results of 6TG resis-
tant mutation induced by 4NQO and MMC. The 
experiment of 4NQO- and MMC-induced mutation 
in the ES cells was performed at the same time and 

 

 Figure 2. 6TG-resistant mutation induced by EMS in the ES cells
         A: % survival of no treatment. Colony formation frequency in no treatment:30.5%. 
         B: Mutants per 106 survivors. 

 
Table 2  6TG-resistant mutation induced by MNNG and EMS in V79 cells 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Exp. No. Chemicals (g/ml) Survival (%)* Mutants/106 survivors 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

1  MNNG 0 100 17 
   1 61.0 857 

 
2  MNNG 0 100 14 

   1 36.6 1084 
 

3#  EMS 0 100 9 
   400 56.2 1184   
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

*: % of no treatment, #: cited from previous experiment (Tsuda et al., 1993).
Colony formation frequency: 102.3% (Exp. 1), 108.3% (Exp. 2), 101.7% (Exp. 3). 
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conditions (Figures 3 and 5). 4NQO induced muta-
tion at the concentrations of 0.5 and 1 M, at a 
frequency of approximately 20% of that induced in 
V79 cells (Figure 4, Tsuda et al., 1984). MMC 
showed dose dependent toxicity in the ES cells, but 

induced no mutations (Figure 5). On the contrary, 
MMC was weakly yet distinctly mutagenic in V79 
cells as confirmed by a repeat experiment (Figure 
6).          

 

 

Figure 3. 6TG-resistant mutation induced by 4NQO in the ES cells
         A: % survival of no treatment. Colony formation frequency in no treatment: 48.0%. 
         B: Mutants per 106 survivors.  

Figure 4. 6TG-resistant mutation induced by 4NQO in V79 cells
         A: % survival of no treatment. Colony formation frequency in no treatment: 100.0%. 
         B: Mutants per 106 survivors. (Cited from previous experiment: Tsuda et al. 1984) 
 

Figure 5. 6TG-resistant mutation induced by MMC in the ES cells
         A: % survival of no treatment. Colony formation frequency in no treatment: 48.0%. 
         B; Mutants per 106 survivors.  



Tsuda H et al., HPRT-locus Mutation Assay in Mouse ES Cells, AATEX 11(2), 118-128, 2005 

 123

(C) Mutagens which require metabolic activa-
tion: Most carcinogenic PAHs require metabolism 
by the mixed function oxidases and metabolically 
related enzymes in order to exert their biological 
properties including mutagenicity (Miller, 1970). 
The V79 cells do not contain detectable amounts of 
the enzymes necessary to metabolize PAHs 
(Huberman and Sachs, 1974), but such metabolism 
that can result in mutations can be provided by 
co-cultivated rodent embryonic fibroblasts 
(Huberman and Sachs, 1974, Huberman et al., 
1976). We thus exposed the ES cells and V79 cells 
to DMBA, a representative carcinogenic PAH, on 
mouse feeder cells. As shown in Table 3 (Exp.1), 
DMBA expressed strong toxicity (9.3-22.6% of 
relative survival) and induced the 6TG resistant 
mutation dose-dependently between 0.5 and 2  
in the ES cells. In the V79 cells on the feeder layer, 
and notwithstanding lower cytotoxicity than in the 
ES cells, DMBA induced mutation at a higher fre-
quency. In the second experiment, cytotoxicity and 
mutagenic activity of DMBA (1 ) were tested 
with and without feeder layer. In the ES cells, 
DMBA did not exhibit apparent cytotoxicity and 
mutagenicity without feeder layer, showing that the 
ES cells alone were not able to metabolically acti-
vate DMBA. A similar tendency was observed in 
the V79 cells, being consistent with previous re-
ports (Huberman and Sachs, 1974). 
 
Metabolic cooperation. 
The results of metabolic cooperation in the ES 
cells are shown in Figure 7. Two separate experi-
ments were performed. Colony formation fre-

quency of 6 TG-resistant ES clone (Q1) used in 
Exp.1 was very low (11.6%) on gelatin-coated 
plates. This was not affected by the presence of 
normal ES cells (6TG-sensitive cells) until there 
were at least 5 x 105 cells per 10 cm plate, and was 
zero at 2 x 106 cells. The 6TG-resistant clone (Q2) 
used in  Exp.2 showed very high colony 
formation frequency (72.8%). This declined as 1 x 
105 or more normal cells were added, and was zero 
at 5 x 106 cells per plate. The degree of metabolic 
cooperation shown by this assay system seems to 
differ with the cell type and/or cell conditions. 
With cells of low plating efficiency (Q1), normal 
cells reduced the recovery of 6TG-resistant cells 
via metabolic cooperation, but at the same time, 
when there was no contact of cells, normal cells 
might function as feeder cells for the recovery of 
fewer number of 6TG-resistant cells. Whereas in 
the 6TG-resistant clone (Q2) which showed higher 
plating efficiency, gap junctions might be formed 
actively between cells and a high degree of meta-
bolic cooperation might ensue.  
   Based on the data shown in Figure 7, the ideal 
6TGs ES cell number at the 6TG-selection was 
determined as 2.5 or 5 x 105 per 10 cm dish. ES 
cells are smaller in cell surface area under a phase 
contrast microscope than V79 cells and it seemed 
from this that ES cells may have less metabolic 
cooperation. However, the present result was con-
trary to this expectation and the degree of the 
metabolic cooperation in the ES cells was compa-
rable to that reported in V79 cells (Yotti et al., 
1979, Tsuda and Okamoto, 1986).  
 

 

 
Figure 6. 6TG-resistant mutation induced by MMC in V79 cells

●━●: Exp.1, ○━○: Exp.2. 
A: % survival of no treatment. Colony formation frequency in no treatment; 102.7 %( Exp.2).  

In Exp.1, cell toxicity was expressed as the cell number after the MMC treatment.  
B: Mutants per 106 survivors 
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Discussion 
In order to evaluate the use of normal mammalian 
cells in mutagenesis assays that have traditionally 
used aneuploid cell lines, we examined the fre-
quency of spontaneous- and induced-HPRT-locus 
mutation in normal mouse ES cells. Normal ES 
cells in this paper refers to ES cells which have 
normal diploid chromosomes, whose germ-

line-transmission is confirmed and to which spe-
cial genetic manipulations (e.g. gene knock out, 
transgene) have not been administered. Nonethe-
less, in future experiments, this ES cell line should 
be further scrutinized for the status of several mu-
tation-related genes. However, in this experiment, 
our preliminary but primary objective was the es-
tablishment of an ES cell mutation assay system.  

Table 3  6TG-resistant mutation induced by DMBA with or without feeder cells 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Cells Exp. No. Feeder cells Chemicals Survival (%)* Mutants/106 survivors 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
ES 1 + DMBA 0 (M) 100 2 
  +  0.5 22.6 22 
  +  1 12.9 76 
  +  2 9.3 80 
  +  5 9.3 34 
  + MNNG 1 (g/ml) 53.7 170 
 
 2 - DMBA 0 (M) 100 0 
  +  0 91.4 0 
  -  1 88.6 2 
  +  1  29.0 7 
------------------------------------------------------------------------------------------------------------------------- 
V79 1 + DMBA 0 (M) 100 1 
  +  1 86.8 192 
  +  2 86.4 227 
 
 
 2 - DMBA 0 (M) 100 7 
  +  0 93.4 14 
  -  1 88.9 6 
  +  1 66.9 255 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
*: % of no treatment.  
Colony formation frequency in no treatment: ES cells, Exp. 1: 31.0%, Exp. 2: 35.0%, and V79 cells,  
Exp. 1: 81.0%, Exp. 2: 98.7%. 

 

 

Figure 7. Metabolic cooperation in the ES cells in the presence of 6TG 
●━●: Exp.1, ○━○: Exp.2. 

 
Colony formation frequency: Exp.1 (Q1): 11.6%, Exp.2 (Q2): 72.8%. 
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   The frequency of spontaneous HPRT-locus 
mutation in the ES cell line was approximately 1 
per 106 cells which is almost the same as the fre-
quency observed in another commonly-used mouse 
ES cell line, E14.1 (Khn et al., 1991; Tsuda et al., 
1997). This frequency was one tenth that in the 
V79 cells. It was also found that HPRT-locus mu-
tation was induced by several typical mutagens in 
mouse ES cells. Direct-acting mutagens, MNNG 
and EMS, induced mutations dose dependently. 
The frequencies of the induced mutations were 
also approximately one tenth or less compared to 
those induced in V79 cells. The extremely higher 
mutation frequency in the V79 cells treated with 
MNNG or EMS might be ascribed to the dysfunc-
tion of methyltransferase gene in these cells (Fritz 
et al., 1991). 4NQO, which is activated by nitrore-
ductases (mainly by DT diaphorase), induced the 
mutation in the ES cells at a frequency of one tenth 
that in the V79 cells (the frequency was also simi-
lar to the result from another ES cell line, E14.1, 
Tsuda and Yoshida, unpublished observation). 
   MMC, which is also activated by endogenous 
reductases, did not induce the mutation in the ES 
cells even at strongly toxic doses. However, at 
0.1-0.25 g/ml, MMC induced the mutation 
weakly yet distinctly in the V79 cells. It has been 
shown that MMC induces sister chromatid ex-
change at a high frequency even at a low dose (e.g. 
0.02 g/ml, Tsuda et al., 1993). Thus the 
DNA-recombination expressed as sister chromatid 
exchanges might be an error free recombination 
and not link directly to the mutation. The DMBA 
treatment of the cells on a feeder layer exerted 
toxicity and induced the mutation in both the ES 
cells and the V79 cells, whereas without a feeder 
layer no toxicity or mutation was detected. It has 
been known that V79 cells do not have detectable 
metabolic activity for PAHs (Huberman and Sachs, 
1976). In the present experiment, it was found that 
the ES cells also were not able to metabolize PAH 
to an active form. At present, cytochrome 
P4501B1(and P4501A1) (Alexander et al., 1997, 
Kleiner et al., 2002) and microsomal epoxide hy-
drolase (Miyata et al., 1999) are considered to be 
key enzymes in the metabolic activation of PAHs 
including DMBA in mouse embryonic fibroblasts. 

One main difference between the ES cells and 
the V79 cells is that the HPRT-locus mutation was 
induced in the V79 cells even at weakly toxic 
doses, whereas mutation was detectable only at 
highly toxic doses in the ES cells. This might be 
because normal ES cells with DNA damages could 

be repaired by normally working repair enzymes or 
checked by checkpoint genes including p53 and 
channeled to the apoptosis pathway and to cell 
death, whereas the V79 cells with DNA damages 
(in the case of no severe damages) might pass 
through the checkpoints with inadequate repairing, 
may survive and have mutations fixed at a higher 
frequency. 

To know the degree of metabolic cooperation 
(intercellular communication) of the cells is a very 
important issue for determination of the mutation 
frequency (Murray and Fitzgerald, 1979, Yotti et 
al., 1979). In this experiment, the degree of meta-
bolic cooperation of the ES cells was shown to be 
almost similar to that of the V79 cells (Tsuda and 
Okamoto, 1986). That is, the cell number should 
be kept down under 2.5-5 x 105 cells per 10 cm 
plate when 6TG selection is started. Much fewer 
feeder cells (unless 6TG-resistant feeder cells) 
should not be used when conducting 6TG-selection. 
Several investigations on spontaneous or induced 
ES cell mutations have been reported (Tominaga et 
al., 1997, Cervantes et al., 2002, Greber et al., 
2003, Munroe et al., 2000, Chen et al., 2000, etc.). 
However sometimes extremely low mutation fre-
quency in ES cells has been reported, and in those 
experiments the importance of metabolic coopera-
tion seems to have not been fully considered  
(Tominaga et al., 1997, Cervantes et al., 2002).  

In conclusion, in this study, a preliminary 
HPRT-locus mutation assay system was estab-
lished with mouse ES cells, and several typical 
mutagens induced the mutation. The frequency of 
spontaneous/induced mutation was one tenth of 
that in Chinese hamster V79 cells. The frequencies 
could be typical of mutation frequency in normal 
mammalian cells. This ES cell mutation system 
will be a promising normal cell mutagenesis assay 
system after further improvements. Reproducibility 
of the mutation assay is not yet reliable as com-
pared to the V79 cell mutation assay. One cause of 
this unstable mutation frequency seems to be at-
tributed to the difficulty in getting completely 
separated but not damaged ES cells. That is, too 
much trypsinization and pipetting can produce 
strong cell damage and result in low plating effi-
ciency and/or abnormally lower mutation fre-
quency. On the other hand, inadequate trypsiniza-
tion will produce cell clumps and high degree of 
metabolic cooperation (formation of gap junction) 
will be formed among closely adhered cells and 
result in low recovery of 6TG-resistant clones. 
Thus a method of mild and complete cell disper-
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sion will be required to obtain stable mutation fre-
quency. Mixing of feeder cells on the 
6TG-selection also will cause low mutation fre-
quency.  

In addition to the characteristic as stable nor-
mal cells, ES cells have other advantages for use in 
short-term tests. 1) It is relatively easy to make 
double gene-knockout cells from ES cells 
(Mortensen et al., 1992). Thus, using this double 
knockout technique by homologous recombination, 
it will be possible to know which genes contribute 
to the induction of mutations and the mechanisms 
involved. 2) As is well-known, ES cells have 
pluripotency. Therefore, in the near future, from 
the same ES cells, several tissues could be devel-
oped (Rippon and Bishop, 2004) and with which 
cell toxicity, clastogenicity and mutagenicity of 
various chemicals could be compared. This current 
study provides one incremental step to the 
above-mentioned important issues. 
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