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Introduction

It is well known since Puck et al.”® that sigmoidal survival curve is obtained when mammalian
cells are X-irradiated. Levis et al.¥, Walker et al.!1 and Marin et al. showed that alkylating agents
such as nitrogen and sulfur mustards also produced similar survival curves.

In an earlier paper, we reported that dose-response curves for X-rays and mitomycin C measured by
mouse thymic and splenic weight resembled each other in shape®. Therefore, we expected that survival
of single cells exposed to mitomycin C would also yield sigmoidal curve when plotted against its dose.
Using single cell techniques, we studied effects of mitomycin C on the colony-forming ability of mammalian
cells. At the same time we carried out combination experiments with X-rays to see whether synergistic
effect existed.

Materials and Methods
1. Cell line
A clonally isolated subline of HeLa cells was used. The cells were routinely propagated in culture
bottles at 37°C.  Growth medium consisted of Eagle MEM? containing 10 per cent calf serum.
The cells were always harvested from log-phase cultures, and single cell suspensions were made by
the usual trypsinization procedures. Samples from cell suspensions were properly diluted in growth medi-
um containing 20 per cent calf serum and plated in 60 mm glass petri dishes. The dishes were incubated

for 12—14 days at 37°C in a humidified atomosphere containing 5 per cent CO,, stained with crystal violet
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and scored for viable cells. All colonies consisted of more than 50 cells were counted as survivors,

2. Mitomyecin C treatment

105 cells were suspended in test tubes containing 5 ml of growth medium added with varying doses of
mitomycin C. The cells were kept at 37°C for 30 min, washed, diluted in fresh full growth medium and
plated for survival measurement. In an experiment, concentration of the drug was constant and duration
of its treatment was varied.

3. X-irradiation

The source of X-rays was a Shirnadzu therapy unit, operated at 200 kvp and 15 ma. The beam
was filtered with 0.3 mm Cu and 0.5 mm Al. The samples were irradiated at a constant dose rate of 120
R/min at room temperature.

4. Kinetic analysis of survival curves

Lethal effects of X-rays and mitomycin C were measured by loss of colony-forming ability of HeLa
cells. The surviving fraction, s, was given by the equation within the range of experiments

§=1— (I — ebiPoyn

in which D was X-ray or drug dose, D), was the mean lethal dose or the dose which reduced survival by a

factor of 1/e (== 0.37) in the exponential region of survival, and m was the extrapolation number.

Results
1. Survival curve for X-rays
Survival curve of this clone for X-rays showed sigmoidal type of response as many other mammalian
cells (Fig. 1). The linear portion of the curve had a slope corresponding to a value for Dy = 80 R, and

extrapolation number n was 4.0

Fig. 1. Survival curve for X-rays. Fig. 2. Survival curve for mitomycin C. Dura-
40 tion of the treatment was constant (30 min).
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Fig. 3. Survival curve for mitomycin C. Con- Fig. 4. X-ray survival curves pretreated with
centration of the drug was constant(0.5 pg/ml). mitomyein C.
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Tig. 5. Survival curve for varying doses of mi- Fig. 6. Mitomycin C survival curves pretreated
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2. Survival curve for mitomycin C

Fig. 2 shows the survival curve obtained by exposing cells to varying concentrations of mitomycin C
for 30 min at 37°C. The curve showed an initial shoulder which extended to about 0.4 pg/ml, followed
by a linear portion in which survival was an exponential function of dose. Dj was about 0.15 pg/ml and

. was about 3.8
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When cells were exposed to 0.5 pg/ml of the drug for varying duration, the survival curve was also of”
sigmoidal type as shown in Fig. 3. D, was about 7.8 min and m was about 7.0.

Though the extrapolation numbers of both mitomycin C survival curves were different, rough reci-
procal relation was found between the concentration of the drug and the duration of its treatment.

8. Interaction of mitomycin C and X-rays

Survival curves for X-rays pretreated with 0.3 pg/ml and 0.5 pg/ml of mitomycin C for 30 min are-
shown in Fig. 4. Each curve had the same extraporation number and D, as those of untreated one. The-
same result is also seen in Fig. 5, in which mitomycin C doses were varied and X-ray doses were constantly
180 R.

R.eversely, pretreatment with X-rays slightly lowered the extrapolation number of mitomycin C survi-

val curve, but did not alter its slope as shown in Fig. 6.

Discussion

QOur results demonstrated that, when exponentially growing HeLa cells were exposed to mitomycin.
C, the survival curve was of the sigmoidal type. This type of response shows that the cells have essential
structure sensitive to the agent and damage to it must be accumulated before a lethal response is produced
as generally accepted for X-rays.

Iver, V.N. et al.¥® and Szybalski, W. et al.?” reported that exposure of bacterial or mammalian.
cells to mitomycins or porfiromycins resulted in covalent cross-linking of the complementary DNA strands,.
a reaction concurrent with cell death. They also reported that the degree of cross-linking by mitomyein.
C depended on the concentration of the antibiotic, on the duration of its contact with cells and on the tem--
perature. These do not seem to contradict our mitomycin C survival curve,

Combination experiments of the drug and X-rays were carried out to see whether synergistic effect
existed between the two agents. Pretreatment with a single dose of mitomycin C did neither abolish the-
shoulder of the X-ray survival curve nor alter its slope, and the effect of the combination of the two agents.
was nearly equal to the product of each effect. In the reverse experiments, extrapolation number of the
mitomycin C survival curve was somewhat reduced by pretreatment with X-rays, but the slope was not

changed. Thus no distinct synergism was found.

Summary
A subline of HeLa cells growing in vitro was exposed to mitomycin C and the surviving fraction of -
cells was measured by their ability to form macroscopically visible colonies. Survival thus obtained yielded
sigmoidal curves when plotted against the concentration of the drug as well as the duration of its contact.
with cells. Combination experiments of the drug and X-rays failed to show synergism between the two-

agents.
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