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INTRODUCTION

Mitomycin C (MMC) has been shown to cause a specific block in DNA synthesis
by virtue of crosslinking of comprementary polynucleotide chains (Makino and
Okada, 1974). Covalent linkages hetween the comprementary strands of DNA have
also been reported to be induced by psolalen in conjunction with light, and nitr-
ogen or sulfur mustards (Cole, 1973).

The repair mechanism of crosslinks produced by nitrogen mustards in bacterial
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system has been suggested to be similar to that involved in the repair of ultra-
violet (UV) light damage to DNA (Lawley and Brooks, 1968). Cole (1973) subse-
quently reported that the repair of crosslinks induced in DNA by psoralen follows
a two-step process which includes an excision of one side of interstrand crosslink,
followed by exchange between homologous DNA. Sasaki (1975), however, postu-
lated that crosslinks caused by MMC in mammalian cells might be repaired by a
process independent of the excision ability responsible for the repair of damage
induced by UV light. Although such an exchange mechanism has been suggested
to be operative for the removal of crosslinks (Latt, 1974), the repair processes of
crosslinks in mammalian cells are not fully understood.

Thymidine analogs, particularly 5-bromodeoxyuridine (BUdR) have been shown
to have sensitization effects on radiation or chemical-induced DNA repair syn-
thesis (Lohman et al., 1972; Park and Um, 1975). To date, no one has yet attem-
pted to study the effects of base analogs on DNA repair synthesis induced by
crosslinking agents.

The present studies were therefore undertaken to characterize the MMC-induced
DNA damages and their repair processes in terms of excision repair and to
determine whether base analogs would lead to an enhancing effect on MMC-indu-
ced DNA repair synthesis or not.

MATERIALS AND METHODS

Hela S, were used throughout this investigation. Monolayer cultures of this cell
line were grown at 37°C using Eagle’s minimum essential medium (MEM) (Gibco)
supplemented with 10% fetal calf serum and antibiotics (Penicillin G, 100 units/
ml; Streptomycin, 100 gg/ml; Kanamycin, 50 ug/mi).

Mitomycin C (Sigma), for laboratory use, was dissolved in phosphate buffered
saline (PBS) as 1 mg/ml stock solution and further diluted to various working
concentrations in the growth medium without serum prior to treatment. For the
induction of excision repair of DNA, an appropriate number (1.0—5.0<10° cells/m{)
.of monolayer cultures grown on cover slips (9X50mm, Bellco) for 48 hours in
Leighton culture tubes were treated to MMC.

For the determination of the effects of thymidine analogs on MMC-induced
unscheduled DNA synthesis, the cells grown for 24 hours were exposed to 5-bro-
modeoxyuridine (BUdR) or 5-iododeoxyuridine (IUdR) (Sigma) for 24 hours at a
final concentration of 0.2 mM prior to the MMC treatment. The experiments
involving DNA repair synthesis were carried out two different procedures, dose
response and time dependence. For the dose response experiment, °*H-thymidine
{Amersham/Searle) was incorporated to the cultures at a final concentration of
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10 pCi/mi (specific activity, 40-60 Ci/mM) for an hour immediately after treatment
with various concentrations of MMC for two hours.

For the time dependence study, cells were labeled with °‘H-thymidine for an
hour from 0 to 24 hours after treatment with MMC. Labeling with *H-thymidine
was terminated by washing the cells three times in PBS ccntaining 100 zg/ml of
unlabeled thymidine. The cells were treated with hypotonic solution, fixed and
then stained. Autoradiograms were prepared using autoradiographic stripping plate
(Kodak AR-10), and the DNA repair synthesis was analyzed according to the
criteria as described previously (Park and Um, 1975).

RESULTS

The dose response for the MMC-induced DNA repair synthesis (UDS) is shown
in Table 1. The rate of semiconservative DNA synthesis (NDS) remained un-
changed except in the highest concentration (0.5 pg/ml). Lightly labeled cells
(UDS) increased up to 7.3% in 0.1 ug/ml group, but this level did not show to
increase as the concentraions increased. These results suggest that DNA repair
synthesis induced by MMC may not be dose dependent, and that NDS is suppre-
ssed at relatively higher concentrations of MMC.

Table 1. Dosc response of DNA repair synthesis in HeLa S; cells fixed immediately
following treatments with Mitomycin C and *H-thymidine labeling

Treatments* Labeling pattern (% +S.E.)***

Labeling index**

MMC (%) - e . .
(pg/mi) Heavily labeled(NDS) Lightly labeled(UDS)

— 39.8 39.442.1 0.410.2

0.05 41.3 38.7+2.1 2.610.7

0.10 46.2 38.94+2.1 7.3%41.1

0.20 46.6 39.1+2.1 7.5+L1

0.50 43.7 34.942.1 8.8+1.2

* Mitomycin C (MMC) for 2 hours and *H-TdR for 1 hour.
** Labeling index was based on the analysis of 500 cells.
**¥* NDS: Semiconservative DNA synthesis.
UDS: Unscheduled DNA synthesis.

Table 2 shows the effects of thymidine analogs on MMC-induced DNA repair
synthesis. In the combined treatment with BUdR and MMC, the rates of UDS were
shown to increase in all dose ranges as compared with the correspending single
treatment with MMC. However, in IUdR pretreated group, there was no increase
in the rate of UDS. These results indicate that only BUdR shows to have sensi-
tization effect on DNA repair synthesis induced by MMC.
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Table 2. Effects of thymidine analogs on Mitomycin C-induced DNA repair synthesis
in HelLa S; cells

Treatments* Labeling index Labeling pattern (% +S.E.)
RUdR or IUdR MMC (%) Heavily labeled Lightly labeled
(mM) (eg/ml) (NDS) (UDS)
- — 39.8 39.4£2.1 0.47-0.2
BUdR 0.2 — 46.2 42.812.2 2.41-0.8
BUdR 0.2 0.05 48.6 42,4422 6.2:+1.0
BUdR 0.2 0.10 54.0 43.91+2.2 10.1+1.3
BUdR 0.2 0.20 53.6 41.9742.0 11.721.3
BUdR 0.2 0.50 53.9 41.5:F2.1 12.4+1.4
1UdR 0.2 — 38.9 37.3%2.1 1.6=0.5
TUdR 0.2 0.05 39.5 35.042.1 4.51+0.9
IUdR 0.2 0.10 43.1 36.4+2.1 6.7+1.1
IUdR 0.2 0.20 43.5 36.0+2.0 7.54+1.1
TUdR 0.2 0.50 43.0 35.4+2.1 7.64+1.1

* BUdR: 5-bromodeoxyuridine or I1JdR: 5-iododeoxyuridine for 24 hours.

Table 3 represents the time dependent study of DNA repair synthesis. As
'shown in the table, MMC-induced excision repair occurs for as long as 24 hours
after removal of MMC, and the rate of UDS showed relatively constant at all
time courses. These data may suggest that the majority of damages induced in
DNA by MMC might be irrepairable damages or those to take longer time to be

repaired.

Table 3. Time dependence of DNA repair synthesis in Hela S; cells fixed at various
time intervals following treatments with Mitomycin C and *H-thymidine

labeling
Treatment* Time after Labeling Labeling pattern (%+S.E.)
MMC *H-TdR index
(ug/mli) (hrs) (%) Heavily labeled(NDS) Lightly labeled(UDS)
0.1 0 44.7 38.942.1 5.8%1.1
0.1 2 45.7 39.62.1 6.1+1.0
0.1 4 45,1 39.0+2.1 6.11+1.0
0.1 8 45.3 38.942.1 6.4+1.0
0.1 13 46.0 39.1%2.1 6.5=1.1
0.1 17 40.8 36.442.1 4,420.9
0.1 24 40.9 36.4--2.1 4.540.9

* MMC for 1 hour.

Fig. 1 shows the effects of thymidine analogs on the time dependent study.

DNA repair synthesis in the combined treatment groups occurs for as long as 24

hours likewise the single MMC group. NDS was found to be reduced remarkably
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Figure 1. Time dependence of UDS and NDS in MMC-treated HeLa S cells pretreated
with thymidine analogs. BUdR or IUdR-+MMC groups show gradual decrease
in NDS, while MMC alone does not. BUIR+MMC increases the rate of UDS
up to 4 hours and then levels off, while other two groups remain unchanged.

with time in both BUdR and IUdR pretreated group.

These results seem to suggest that MMC may not be an effective chemical for
the induction of DNA repair synthesis, and that damages induced in DNA by
MMC take quite longer time to be repaired.

DISCUSSION

It has been demonstrated that crosslinking agents could cause not only cross-
links but also various other type of damages to DNA, mono and diadducts. Con-
sequently, a variety of repair processes may be expected to be occurred in response
to their damages induced in DNA.

Reid and Walker (1969) showed that crosslinks produced by sulfur mustard
were cut in two hours, but diguaninyl sulfur mustard moiety was released about
20 hours later. Howard-Flanders and Cole (1973) suggested that the gaps formed
by the excision of monoadducts produced by psoralen with light are presumably
repaired quickly, but gaps caused by the actions of excision enzymes on cros-
slinks remain open for longer periods. The data presented here showed that the
amounts of DNA repair synthesis induced by MMC are relatively lower and it
occurs for as long as 24 hours with similar incidences. These and other accumula-
ted data may suggest that MMC could cause monoadducts within intrastrand as
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well as crosslinks between interstrands of DNA. From the point of view, it is
tempting to conclude that slow repair processes might be involved in the repair
of crosslinks and that fast repair may be associated with damages other than
crosslinks. However, the mechanism involved in how the substituted base with
BU interacts with DNA resulting in the sensitization effects of MMC-induced
DNA repair synthesis is unknown.

Further studies with dose protraction and varying time of treatment combined
with these base analogs may be expected to provide more useful information on
the sensitization effects of these or MMC-induced DNA repair synthesis.

SUMMARY

Dose response for DNA repair synthesis induced by various concentrations of
MMC (0.05~0.5 pg/ml) in HeLa S; cells was not dose-dependent and the amounts
of it were relatively lower, representing 7~9% of total DNA synthesizing cells in
0.1~0.5 pg/ml concentrations. Time dependence study showed that MMC-induced
DNA repair synthesis occurred as long as for 24 hours with similar incidences in
all time courses. Pretreatment with BUdR was found to have a sensitization
effect on MMC-induced DNA repair synthesis, but that with IUdR was not. Co-
mbined treatment with BUdR or IUdR and MMC suppressed remarkably the
semiconservative DNA synthesis especially at later time course.

These results seem to suggest that damages induced in DNA by MMC might be
repaired by both fast and slow excision processes.
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