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Chromatid Breakage: Differential Effect of Inhibitors of

DNA Synthesis during G2 Phase

Abstract. The cell cycle specificity of chromatid breakage induced by inhibitors
of DNA synthesis depends on the mechanism of drug action. 5-Hydroxy-2-formyl-
pyridine thiosemicarbazone, hydroxyurea, and guanazole, compounds that inhibit
ribonucleotide reductase, do not cause chromatid breakage during G, phase.
In contrast, two active antitumor agents, arabinosylcytosine and 5-azacytidine,
which are either incorporated into polynucleotides or affect DNA polymerase,
produce chromatid breakage during Gy phase. All of these agents except guana-

zole also induce breakage in S phase.

Because of the demonstration by
Benedict et al. (1) that the antitumor
agent arabinosylcytosine (ara-C) in-
duces chromatid breakage in the Go
phase of the cell cycle, other inhibitors
of DNA synthesis were studied for their
effect during G, phase. These studies
indicate that the induction of chroma-
tid breakage during G, phase is de-
pendent upon the particular drug em-
ployed, and that breakage is not a
property of all inhibitors of DNA syn-
thesis. This breakage was the major
chromatid aberration produced in G
phase by the drugs.

Stationary cultures of the hamster
fibroblast line Don-C (T, 13 hours;
G,, 3.6 hours; S, 6.2 hours; Gy, 2.2

hours; and M, 0.7 hour) were exposed
to ara-C, 5-azacytidine (aza-C), 5-hy-
droxy-2-formylpyridine thiosemicarba-
zone (5-HP), hydroxyurea, or guana-
zole; dosages and durations are shown
in Table 1, Metaphase cells exposed to
drug during G, phase were obtained by
adding Colcemid (0.06 pg/ml) to syn-
chronous cultures 2.5 hours after the
DNA inhibitor was added. Colcemid
was added 4.5 hours after the drug if
metaphase cells treated in S phase were
desired. Metaphase cells were prepared
for chromosomal analysis as described
).

The results are tabulated in Table 1
together with some information on the
mechanism of action of these inhibitors

Table 1. Differential effects of inhibitors of DNA synthesis on chromatid breakage.

Incorpo- Duration Meta .

3 phase cells (%) in
Target miﬁ?: Dose Pil;se e)g)fo- which breaks per cell =
enzyme DNA (vg/ml) posed sure 0 1-4 59 10+

(%) (hour)

Control
None 98 2 0 0

Ara-C
DNA polymerases 0.1 10 G, 0.5 72 28 0 0
S 71 23 0 0

Aza-C
Unknown 20-30 10 G, 1.0 72 20 4 4
S 46 40 6 8

5-HP
Ribonucleotide reductase None 100 G, 1.0 98 2 0 0
S 64 24 6 6
Hydroxyurea
Ribonucleotide reductase None 100 G, 1.0 94 6 0 0
S 60 30 4 6
Guanazole
Ribonucleotide reductase None 1000 G, 1.0 96 4 0

oo

S 98 2 0

62

of DNA synthesis. The compounds ara-
C and aza-C both cause chromatid
breakage in S and G, phases; ara-C
primarily affects the activity of DNA
polymerases (2). Although the target
enzyme for aza-C is uncertain, the drug
is incorporated into DNA and RNA
polynucleotides, replacing 20 to 30 per-
cent of cytidine in bacterial systems
(3), and it does not affect DNA poly-
merase (3). Hydroxyurea and S5-HP
(4), both known to be inhibitors of
ribonucleotide diphosphate reductase,
do not produce chromatid breakage
during G, phase but do so during S
phase. Guanazole (5), another inhibitor
of ribonucleotide reductase, does not
cause breakage in either S or G, phase,
even at doses that produce inhibition
of cell proliferation.

Several kinds of DNA polymerases
have been described (6). Studies in
bacterial (2) and animal (7) systems
have indicated that ara-C does not in-
hibit DNA polymerase 1, the enzyme
probably involved in dark repair of
DNA breakage induced by ultraviolet
radiation. These data suggest that
chromatid breakage induced by ara-C
during G, phase is related to inhibition
of scheduled DNA synthesis. These re-
sults are consistent with our previous
evidence that such breakage is reduced
by treatment with ultraviolet radiation
before ara-C is given (8). Chromatid
breakage induced by aza-C may be the
result of incorporation into DNA poly-
nucleotides.
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