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ABSTRACT : The adaptive response and cross-adaptive response to sister chromatid exchanges (SCEs) and
DNA single-strand breaks (SSBs) in Chinese hamster ovary (CHO)-K, cells treated with ultraviolet radiation
(UV), ethyl methanesulfonate (EMS), or bleomycin (BLM) were investigated. Two assays were used in this
study ; SCEs and alkaline elution. The pretreatment with low conditioning dose of 2 mM EMS or 1 J/m’
UV decreased the yield of SCEs induced by subsequent treatment with 8 mM EMS, 5 J/m*> UV or 5 ug/ml
BLM. And the pretreatment with low conditioning dose of 1 pg/ml BLM decreased the yield of SCEs in-
duced by subsequent treatment with 5 jig/ml BLM or 5 J/m* UV. The rejoining of DNA SSBs in cells sub-
sequently treated with 2 J/m* UV, 50 mM EMS or 400 pg/ml BLM is higher than that only treated with 2 J/
m’ UV, 50 mM EMS or 400 pg/ml BLM. These results suggest that there are the adaptive response and
cross-adaptive response to SCEs, and is the adaptive response to the rejoining of DNA SSBs in CHO cells.
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INTRODUCTION

Samson and Cairns (1977) first demonstrated that Escher-
ichia coli exhibit an adaptive response' to alkylating agents
via the induction of the DNA repair system. The day after,
many researches of the adaptive response have been reported
in prokaryotic cells (Hadden et al., 1983; Volkert, 1988) and
eukaryotic cells (Bosi and Olivieri, 1989; Shadley and Dai,
1992; Moon et al., 1993). Furthermore, the existence of a-
daptive response in mammalian cells has been reported for
various alkylating agents (Samson and Schwartz, 1980; Kaina,
1982), and in response to ionizing radiation or tritiated thy-
midine (Wiencke ef al., 1986; Fan et al., 1990). And also, the
phenomenon of adaptive response was assayed by the in-
duction of chromosome aberrations (Shadley and Dai, 1992),
SCEs (Ikushima, 1989), micronuclei (Dominguez et al., 1993),
and on cell survival (Moon er al., 1993).

On the other hand, Vijayalaxmi and Burkart (1989) reported

that the yield of chromosomal aberrations induced by a sub-
sequent treatment of X-ray was significantly reduced in human
peripheral blood lymphocytes cultured in the presence of low
concentrations of bleomycin. A similar response subsequently
reported by Nunoshiba er al. (1991) was cross-adaptive
response, defined as the reduction of the effects of an agent by
pretreament with another agent, in E. coli. Therefore, the pur-
pose of this study is to determine wheather there is adaptive
response or cross-adaptive response to SCEs and the rejoining
of DNA SSBs in CHO cells treated with various mutagens.

MATERIALS AND METHODS
Cell Culture
Chinese hamster ovary (CHO)-K, cells were used

throughout this investigation. Monolayer cultures of this cell
line were grown at 37°C in humidified 5% CO. incubator us-
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ing Eagle's minimum essential medium (Grand Island Bio-
logical Co., Grand Island, N.Y.) supplemented with 10 %
mewborn calf serum and 50 ug/ml gentamycin.

UV-rradiation

Cells were cultured for more than 24 hours in culture dishes
prior to UV-irradiation, and then the growth medium was re-
moved from the cultures and the cells were washed twice with
phosphate buffered saline (PBS). Cells were then exposed to
various doses of 254 nm UV from mercury germicidal lamps
at an incident dose rate of 1 J/m’/sec. Dose rate was det-
ermined by UVX digital radiometer No. A 030848 (San Ga-
brial, CA 911778 USA). The fresh medium was added im-
mediately after irradiation.

Chemical Treatments

Ethyl methanesulfonate (EMS, Tokyo Kasei Co., Tokyo,
Japan) or bleomycin (BLM, Nihon Kayaku, Japan) was dis-
solved in the serum-free medium prior to use and exposed to
cells at 37°C for desired time.

Inhibitor Treatments

Metabolic inhibitor of DNA synthesis, 1-B-D-ara-
binofuranosyl cytosine and hydroxyurea, were dissolved in the
growth medium at final concentration of 10 pM and 2 mM,
respectively. The treatment with inhibitor was performed im-
mediately after exposure to UV-radiation.

Sister Chromatid Exchanges (SCEs) Experiments

Differential staining of chromatid was done according to the
technique of Perry and Wolff (1974) with slight modifications.
The cells were treated with chemicals for desired time. To pro-
duce harlequin chromosomes in which the sister chromatids
were stained differentially, the cells were grown for 2 rounds
of replication in the presence of 20 pM S-bromodeoxyuridine
(BrdU, Sigma). Cultures containing BrdU were grown in the
dark to avoid photolysis of BrdU substituted DNA. Chro-
mosome preparation were made by air-drying technique. The
slides were stained with Hoechst 33258 (0.5 pg/ml in Sdrensen

buffer) for 15 minutes and exposed to light 9 hours and stained
with 8% Giemsa (Gurr's R66, pH 6.8) for 20 minutes.

Alkaline Elution Experiments

Cells were labeled with 0.2 pCi/ml of *H-thymidine (specific
activity, 85.6 Ci/mmol, Dupont, USA) for 24 hours and then
exposed to chemicals. The cells harvested with cold PBS-Mer-
chant solution (150 mM NaCl, 428 mM K,HPO,, 0.71 mM
KH,PO.), and filtered onto 2 pm pore size polycarbonate filter
(Nuclepore Co., Pleasanton, U.S.A.), and lysed with lysing solu-
tion (2 % SDS, 0.1 M Glycine, 0.025 M Na. EDTA, pH 10.0).
Cells were eluted in the dark with eluting solution (30 mM
tetrapropylammonium hydroxide, 0.02 M EDTA, 1 % SDS,
pH 12.1) at a flow rate of 0.035 ml/min. Fractions were col-
lected to 90 minutes interval. The radioactivity remaining on
filter after 9 hours elution were plotted.

RESULTS
Sister Chromatid Exchanges (SCEs)

Table 1 shows that pretreatment with conditioning dose of 1
J/m* UV decreases the yield of SCEs induced by subsequent
treatment with 5 J/m* UV, 8 mM EMS or 5 pg/ml BLM,
respectively. This result shows that the yields of SCEs in the
groups (U1, U2, U3) are significantly lower than the expected
values.

Table 2 shows that pretreatment with conditioning dose of 2
mM EMS decreases the yield of SCEs induced by subsequent
treatment with 8 mM EMS, 5 J/m® UV or 5 pg/ml BLM,
respectively. The result shows that the yields of SCEs in the
groups (E1, E2, E3) are significantly lower than the expected
values.

Table 3 shows that pretreatment conditioning dose of 1 ug/
ml BLM decreases the yield of SCEs induced by subsequent
treatment with 5 pg/ml BLM or 5 J/m’ UV, respectively. This
result shows that the yields of SCEs in the groups (B1, B2) are
significantly lower than the expected values. But pretreatment
with 1 pg/ml BLM increases the yield of SCEs induced by sub-
sequent treatment with 8 mM EMS, and thus, the yield of
SCEs in the group (B3) is higher than the expected values. It is
different from others’. The overall results show that there are
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Table 1. The cffcct of pretreatment with conditioning dose (1 J/m?) of UV on the yield of SCEs induced by subsequent treatment
with 5 J/m’ UV, 8 mM EMS or 5 pg/ml BLM

Exp. Conditioning Incubation Subsequent No. of Expected SCEs/cell

group treatment time treatment cell values (Mean + S.E.)
C1 none none 150 9.97+0.73
C2 [9AY none 150 15.43+0.74
C3 uv 4 hours none 150 12.43+0.70
c4 none uv 150 27.22+1.07
Cs none EMS 150 54.02+1.37
C6 none BLM 150 11.08+0.40
Ul uv 4 hours uv 50 29.34 26.12+1.18*
U2 uv 4 hours EMS 50 56.14 53.96+1.15*
U3 uv 4 hours BLM 50 13.20 11.42+0.47*

The expected values in the adapted group were obtained by c3+(c4, c5 or c6)-cl. cl, c2, c3, c4, c5 and c6 are the yields of SCEs
in the groups, C1, C2, C3, C4, C5 and C6, respectively. *p<0.05.

Table 2. The effect of pretreatment with conditioning dose (2 mM) of EMS on the yield of SCEs induced by subsequent treatment
with 8 mM EMS, 5 J/m’ UV or 5 pg/ml BLM

Exp. Conditioning Incubation Subsequent No. of Expected SCEs/cell
group treatment time treatment cell values (Mean+S.E)
1 none none 150 8.11+0.44
C2 EMS none 150 24.75+1.05
C3 EMS 4 hours none 150 21.78+0.94
C4 none EMS 150 53.21+1.85
Cs none uv 150 30.44+1.29
C6 none BLM 100 10.52+0.49

E1l EMS 4 hours EMS 50 66.88 58.66+2.01*

E2 EMS 4 hours uv 50 44.11 27.04+1.18*

E3 EMS 4 hours BLM 50 24.19 20.22+0.69*
*p<0.05.

Table 3. The effect of pretreatment with conditioning dose (1 pg/ml) of BLM on the yield of SCEs induced by subsequent treat-
ment with 5 pg/ml BLM, S J/m’ UV or 8 mM EMS

Exp. Conditioning Incubation Subsequent No. of Expected SCEs/cell
group treatment time treatment cell values (Mean+S.E.)
C1 none none 150 7.18+0.39
C2 BLM none 150 9.69+0.52
C3 BLM 4 hours none 150 7.86+0.46
Cc4 none BLM 150 10.36+0.46
C5 none Uuv 50 27.11+0.93
C6 none EMS 50 50.16+2.46
B1 BLM 4 hours BLM 50 11.04 8.90+0.52*
B2 BLM 4 hours uv 50 27.79 25.98+0.71*
B3 BLM 4 hours EMS 50 50.84 60.96+1.56
*p<0.05.
the adaptive response and cross-adaptive response in the groups This study was undertaken to determine the adaptive
of conditioning treatment with EMS, UV or BLM, but the B3 response to the rejoining of DNA SSBs in CHO cells treated
group is not shown the cross-adaptive response. with UV, EMS or BLM. The quantitation of DNA SSBs was

based on the relative percentage of ’H-thymidine of DNA re-
DNA single-strand breaks (SSBs) maining on filter after 9 hours elution.
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Fig. 1. The effect of pretreatment with conditioning dose of 2
J/m*> UV on DNA single-strand breaks induced by 2 J/m’
UV in CHO cells. DNA single-strand breaks were measured
by the percentage of DNA remaining on filter at 9 hour elu-

tion.
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Fig. 2. The effect of pretreatment with conditioning dose of
30 mM EMS on DNA single-strand breaks induced by 50
mM EMS for 2 hours in CHO cells.

Fig. 1 shows the effect of pretreatment with conditioning
dose of 2 J/m* UV on the rejoining of DNA SSBs induced by
subsequent treatment with 2 J/m’ UV. Compairing adaptive
group (the rejoining of DNA SSBs pretreated with conditioning
dose of mutagen) with non-adaptive group (the rejoining of
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Fig. 3. The effect of pretreatment with conditionig dose of
100 pg/mi BLM on DNA single-strand breaks induced by
400 pg/ml BLM for 2 hours in CHO cells.

DNA SSBs only treated with mutagen), the former is higher
than the latter.

Fig. 2 shows the effect of pretreatment with conditioning
dose of 30 mM EMS on the rejoining of DNA SSBs induced
by subsequent treatment with 50 mM EMS. Compairing a-
daptive group with non-adaptive group, the rejoining of DNA
SSBs of the former is higher than that of the latter.

Fig. 3 shows the effect of pretreatment with conditioning
dose of 100 pg/ml BLM on the rejoining of DNA SSBs in-
duced by subsequent treatment with 400 pg/ml BLM. Com-
pairing adaptive group with non-adaptive group, the rejoining
of DNA SSBs of the former is higher than that of the latter.

These results show that there is the adaptive response to the
rejoining of DNA SSBs in CHO cells pretreated with low con-
ditioning dose of UV, EMS or BLM.

DISCUSSION

Samson and Schwartz (1980) reported that CHO and GM637
cells pretreated with 0.01 pg/ml N-methyl-N'-nitro-ni-
trosoguanidine (MNNG) for 48 h and 72 h, respectively, were
very resistant to the SCEs-inducing effects of 0.2 pg/ml
MNNG. The resistance to SCEs induction decayed when pre-
treatment was stopped. They suggest that this resistance seems

to be specific for alkylation damage because 0.01 pg/ml
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MNNG-pretreated cells are not resistant to the induction of
SCEs by UV (0-2s, fluence rate 12 erg mm’s”) light. Tkushima
(1989) showed that pretreatment with low doses of B-rays from
incorporated tritiated thymidine or of Co-60 y-rays (1 or 5 cGy)
rendered actively growing Chinese hamster V79 cells more
resistant to the induction of micronuclei or SCEs by subsequent
high dose of y-rays (1 Gy). And also, human peripheral lym-
phocytes cultured in the low concentrations of BLM (0.01- 0.1
ug/ml) for 48 h and then treated with a high concentration (1.5
pg/mi) of the same agent or with 1.5 Gy X-rays, became sig-
nificantly less sensitive to the induction of chromosomal dam-
age than those which did not receive the pretreatment with
BLM (Vijayalaxmi & Burkart, 1989). In the present studies,
the pretreatment with conditioning dose of 1 J/m* UV or 2 mM
EMS decreased the yield of SCEs in CHO cells subsequently
treated with 5 J/m* UV, 8 mM EMS or 5 pg/ml BLM. And the
pretreatment  with conditioning dose of 1 ug/ml BLM de-
creased the yield of SCEs in CHO cells subsequently treated
with 5 J/m* UV or 5 pg/ml BLM, but increased the yield of
SCEs in the cells subsequently treated with 8 mM EMS.

At the molecular level, adaptation results from an increased
expression of at least 4 genes, ada, alkA, alkB and aidB
(Volkert, 1988). Among these genes, the ada gene product, O
methylguanine-DNA methyltransferase (MGMT), plays a key
role in this process (Lindahl and Sedgwick, 1988). The ac-
tivated MGMT binds to a conserved sequence, the ada box,
found associated with the regulatory regions of two genes, ada
itself, and alkA, the gene encoding the inducible 3-mthy-
ladenine DNA glycosylase 1I enzyme. And the alkA
glycosylase is responsible for the removal of several different
alkylation lesions from DNA. Two other genes, of unknown
funtion, are also part of the adaptive response (Baker et al,
1992). On the other hand, Moon et al. (1993) reported that pre-
treatment with 2 J/m* UV or 30 mM EMS increased DNA
SSBs induced by 100 mM EMS, and also pretreatment with
100 ug/ml BLM increased DNA SSBs induced by 400 pg/ml
BLM. But they failed to observe an adaptive response to DNA
SSBs in CHO cells, because they did not investigate the re-
joining of DNA SSBs according to repair time. In our results,
the adaptive groups (pretreated with conditioning dose of 2 J/m’
UV, 30 mM EMS or 17 ug/ml BLM) are more effective to
the rejoining of DNA SSBs than non-adaptive groups (only
treated with 2 J/m* UV, 50 mM EMS or 400 pg/ml BLM).

Considering above others' and our results obtained, it is sug-
gest that there are the adaptive response and cross-adaptive
response to SCEs, and is the adaptive response to the rejoining
of DNA SSBs in CHO cells. To elucidate the detailed molec-
ular mechanism of adaptive response and/or cross-adaptive

response, further studies are necessary.
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