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Tumor promoters accelerate the proliferative capacity of tumor cells (1) although at high concentrations they may induce
carcinogenesis in animals (2). Recently it was shown that TPA, ( 12-0-tetradecanoyl-phorbol-13-acetate), the tumor
promo(ing phorbol ester, appears to act in a’similar fashion on normal;e’fl')bryonal diploid and cancer cells (3). TPA induces
differentiation of leukemic cells (4), activates silent genes for specilic r-RNA synthesis in hybrid cells (5) and promotes
cell proliferative capacity or phenotypic cellular changes (6). Here we report the in vitro effect of TPA on DNA secondary
structure and DNA in vitro synthesis. o

Materials and methods: DNAs fram Jdissues or cells.and bacteria were isolated and purified by the phenol method (8,
9). Buffalo rat liver and grafted hepatoma tissues (Morris 7777) from’three animals were excised and separately used for
DNA isolation. Breast cancer and healthy tissues (4 cases) as well. as neurocarcinoma DNA (2 cases) originated from
patients treated by chemotherapy before exeresis. Total leukocytes were taken from three patients with acute myeloblastic
leukemia (60 000—100 000 celis/mm?), whilst normal leukocytes came from healthy human beings (6000—8000
cells/mm?). Wild strain of Salmonella typhimurium LT, and His~ mutants (TA 1538, 1537, 1535) were cultured in shaken
nutrient medium described elsewhere (8). Exponentially growing cells were used for DNA isolation.

Conditions for DNA chain opening (hyperchromicity) were as follows. UV absorbance at 260 nm of cancer and control
tissue DNA, as well as of His~ mutant DNA and wild type DNA (His*) (20 pg in 1 ml of Tris-HCI buffer 10-2M pH 7.65),
was m?uured at room temperature before and after addition of TPA or a-phorbol. Blank cuvettes contained the
equivalent amount of the same compounds. Contact between DNA and TPA or a-phorbol was 1 min with gentle shaking.
The results are expressed as UV absorbance increase (see also ref.9).

The incubation conditions for in vitro DNA synthesis have been described elsewhere (7, 8). Incubation time was 10 min
at 36 °C. The amount of acid precipitable 3H-labelled DNA (TCA, 5% solution) was determined in the absence and
presence of TPA or a-phorbol. The acid precipitable product was filtered on a millipore (GF/C glass filter, washed with
TCA solution and dried. Its radioactivity was then measured with Packard liquid spectromelter.
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Figure 1 (left): Effect of TPA on DNA strand separation. Cancer DNA (rat hepatoma); normal DNA (rat liver); leukemic DNA (to1ad leukocytes

Jrom acute myeloid leukemic patients); leukocyte DNA (healthy humans): Hiss DNA (murant TA1538); His* DNA (wild 1ypé 0f5. typhimurium

LT2). Figure 2 (right): in vitro DNA synthesis in the absence and presence of TPA. His- DNA (mutant TA 1538); His* DNA (wild type of S.
typhimurium L72). Leukemic DNA (total leuykocytes from acute myeloid leukemic patients). Leukocvie DNA (healthy humans).

Results and discussion: Incubation of DNA from rat hepatoma tissues and leukemic cells with increasing
concentrations of TPA resulted in a high increase of UV absorbance measured at 260 nm (figure 1). Hyperchromic
increase of the same order of magnitude was also observed with DNA from human breast cancer and neurocarcinoma
(results not shown here). Rat liver DNA responded to TPA but to a small degree (figure 1). The same was true for healthy
monkey brain and spleen DNAs (not- shown here). DNA from normal leukocytes appeared to resist TPA action (figure
1). Since His~ mutants of S. typhimurium, used for testing the mutagenic effect of carcinogens (10), undergo ii;{vitro strand
separation in the presence of these compounds (9), we tested the in vitro effect of TPA on DNAs isolatédTfom His-
mutants and DNA of wild type. Figure 1 shows that TPA indeed induced strand separation of His- DNA (DNA from three
mutants) but not of His* DNA. TPA-induced chain opening in DNAs from His- mutants as well as from cancer cells
correlated with increased in vitro DNA synthesis (figure 2). DNAs from cancer tissues and from His- mutants of S.
typhimutium have in common a destabilized physicochemical structure which may react with TPA and different
carcinoglenic compounds depending on the pH and nature of the implicated molecules (8, 9). In contrast a-phorbol, which
is inactilve in cell proliferation and/or differentiation, has no effect either on DNA in vitro strand separation or in DNA in
vitro synthesis (figure 3).
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Different authors have reported that various drugs induce the appearance of single strand regions in the nuclear DNA of
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animal cells (11, 12), in DNA maintained in in vitro conditions (13) and increase the number of initiation sites on DNA of
cancer cells cultures in vitro (14). We have recently demonstrated that croton oil induces strand separation in DNAs
isolated from mammalian cancer and healthy tissues (9) and that carcinogens destabilize His- DNA from S. typhimurium
(8). DNA in vitro synthesis occuring in the presence of TPA is the consequence of in vitro strand separation in local areas of
DNAs isolated from cancer tissues and from some healthy tissues among those tested so far. These results may explain for
skin and embryonal cell increased proliferative capacity in nude mice treated with TPA (2) or in vitro accelerated growth of
tumor cells in the presence of this agent (1, 2). TPA may induce the synthesis of a set of proteins in normal fibroblasts and
increases their amount in fibroblasts from patients with Bloom syndrome (15). The correlation between DNA strand
separation, DNA in vitro synthesis and cell proliferation, already shown with carcinogens (9) is observed also with TPA.

TPA induces the expression of silent ribosomal genes in hybrid cells (5), an event which requires DNA strand separation,

necessary for transcription. o~ 2
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Figure 3: Absence of effect of ce-phorbol on DNA in vitro synthesis and DNA strand
separation. For the origin of DNAs used, see legend to figure 1.

The in vitro response of DNA from His- mutants of S. typhimuriumto TPA might at first sight appear surprising. It should
be recalled that these mutants respond to many carcinogenic compounds whilst wild strain of S.typhimurium does not (10).
Our data described for carcinogens (8) and those reported here suggest that mutations in Salmonella strains have locally
led to destabilized segments of DNA chains. TPA used in in vitro conditions further separates His- DNA chains but not in
His* DNA. a-Phorbol was inactive with all DNAs used here.
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