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Abstract. The chemicals 9,10-dimethylbenzanthracene (DMBA), ethionine, daunorubigin,
actinomycin D, 1-(2-chloroethyl-1)-nitrosourea (CCNU), steroids, croton oil and dimetfiyl-
sulfoxide (DMSQ) were used in order to correlate their effect on the in vitro synthesis of
normal and cancer DNA, on DNA strand separation and on accelerated in vivo multiplication
of cancer cells. All of the compounds tested strongly stimulate the synthesis of cancer DNA in
vitro catalyzed by DNA-dependent DNA polymerase I and measured as an acid-precipitable
labeled product. Under the same conditions, the synthesis of DNA originating from healthy
tissues is only slightly enhanced, except in the case of croton oil and DMSO. These substances
are¢ almost equally active on cancer and normal DNA. Although both cancer and normal DNA
contain a large amount of double-stranded regions, the extent of DNA strand separation
measured by the increase in UV absorbance (hyperchromicity) in the presence of each com-
pound tested is much higher for all cancer DINA than for corresponding normal DNA. In
contrast, DMSQO and croton oil do not appear to distinguish cancer DNA. from normal DNA.
Additive and differential effects of various compounds on cancer DNA strand separation can
be observed. Small doses of DMBA and CCNU stimulate the multiplication of Ehrlich ascites
tumor cells in vivo in mice. There is thus a possible correlation between DNA strand separa-
tion, DNA synthesis, multiplication and differentiation of cancer cells in the presence of the
above compunds, which is different from the response of normal ceils to these compounds.

Introduction N DNA and RNA polymerases. Accelerated
multiplication as well as differentiation of

Normal cell growth and division process normal and cancer cells require highly in-
(at given intervals) involves physiologically creased DNA, RNA and protein synthesis
regulated unwinding and separation of DNA  whose initial step is DNA strand separation.
double strands in order to allow access to  Using the Oncotest [2] for the screening of
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carcinogenic compounds, we have shown
that "carcinogens strongly stimulate in vitro
cancer DNA synthesis, but only slightly stim-
ulate normal DNA synthesis. Low concentra-
tions of carcinogens can also stimulate the
multiplication of cancer cells in animals i1, 3]
and plants [35, 20]. On the other hand, it has
been reported that actinomycin D I21] and
tumor-promoting agents such as phorbol
derivatives induce terminal differentiation
in promyelocytic leukemia cells {18, 21]
when used at very low concentrations.
Dimethylsulfoxide (DMSO) which is terato-
genic in animals [8, 12], also induces ery-
throid celi differentiation in murine-virus-
infected erythroid leukemia cells [14, 28] as
well as terminal differentiation of human
promyelocytic leukemia cells [10]. Similar re-
sults were obtained with steroids [28]. Al-
though morphological, biological and immu-
nological changes induced by phorbol deriva-
tives or DMSO have been characterized, no
precise mechanism of action has been pro-
posed.

In order to account for enhanced in vitro
cancer DNA synthesis [2] and accelerated
multiplication of vegetable [5, 20] and mam-
malian [1, 3, 21] cancer cells in the presence
of carcinogens, anticancer drugs or various
other compounds such as DMSQ, croton oil
and steroids, we attempted to establish possi-
ble correlations between in vitro cancer DNA
synthesis, in vivo cancer cell multiplication
and in vitro DNA strand separation cata-
lyzed by the above compounds.

Materials and Methods

The following reagents were used: pancreatic
RNase A and RNase T, (Worthington Inc.. N.J.,
USA): 9.10-dimethyl-1,2-benzanthracene (DMBA:
Nutritional Biochemicai Co.. Cleveland, Ohio, USA);
dl-ethionine {Hoechst, Paris. France): Lomustine (1-

[2-chloroethyl]-3-cyclohexyl-1 Jnitrosourea;  {CNU;
Bellon, Paris, France), 5-FU (Hoffmann-La Roche,
Basel, Switzerland); daunorubicin (gift from Dr
R. Maral. Rhéne-Poulenc, Ivry/S, France); estradiol
and testosterone (gifts from Dr. Ray, Institui Pasteur,
Paris, France); lauryl sulfate (Serlabo, Paris, France);
DMSO (Merck, FRG); croton oil (Corporation phar-
maceurique frangaise, Melun, France); actinemycin D
{Merck, Sharp & Dohme, Rahway, N.J., USA).

Animals: Swiss mice (ifa Credo, Orleans,
France).

Origin of DNA: after excision, healihy and can-
cerous human tissues (breast, lung, neurocarcinomal,
cancer celis (Ehrlich ascites tamor cells) or normal tis-
sue from monkey brain, mouse spieen or duck spleen
were frozen at 20 °C and then gently broken down in
7 §5C solution. DINA was extracted first using phenol
and then chloroform in the presence of lauryl sulfate,
as previously described [2, 26]. RNA, which contami-
nates DNA preparations, was practically eliminated
by incubation with RNase A and T, RNase (20 pzand
10 units/mi, respectively) for 30 minat 36 °Cia 1 SsC
solution. RNase was then removed by several chloro-
form treatments, each of which was followed by cen-
trifugation in an SSI Sorval centrifuge (5.000 g for
10 min). DNA was precipitated with 2 vol of 96%
alcohol, dissolved in 2 SSC solutien, and dialyzed
against this same solution for 24 h at 4 °C. Purified
DNA (absorbance at 260/280 = 2.1) was stored at
_20 °C for several months without lasing its polymer-
ized form. Before use, DNA was dialysed against dis-
tilled water for 2 i at 4 °C in order to ¢liminate salts
which could interfere in the experiments io be carried

out.

Characterization of DNA

The RNA content, determined by the orcinol reac-
tion [4], is lower than 10%. Protein content makes up
less than 1.0% [22]. The hyperchromic effect on incu-
bation with NaOH is 30-42% for the DNA used. In
the ultracentrifuge or in an alkaline sucrase gradient
the material forms an essentially homogeneous peak
ranging between 26 and 36 S and a small one of 2.5-
428,

Isolation of DNA-Dependent DNA Polymerase I

(EC 2.7.7.7}

Since DNA-dependent DNA polymerase 1 from
Escherichia coli synthesizes DINA by the same mecha-
nism as the corresponding enzyme from mammalian
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tissues, we used this enzyme for the in vitro DNA
assay system {2]. The enzyme was parily purified by
ammonium sulfate precipitation and by two passages
in a DEAE-cellulose column as previously described
[4]. The enzyme preparation 280/260 ratio should
range between 1.5 and 1.7.

In vitro DNA Synthesis

The incubation conditions for in viro DNA syn-
thesis have been described elsewhere [2]. The amount
of acid-precipitable H-labeled DNA (TCA 5% solu-
tion) was determined in the absence or presence of the
compound to be tested. The acid-precipitable product
was filtered on a Millipore GF/C glass filter, washed
and dried. Its radioactivity was then measured with a
Packard liquid spectrometer.

UV Absorbance of DNA

DNA was dissolved in a 0.01 A7 Tris-HCI buffer
solution (pH 7.65). The substances to be tested were
dissolved in 10 p! of the same buffer and were then
added to the blank and the DNA solution. The mix-
ture was gently agitated at room temperature and its
UV spectrum deterreined. The concentrations indue-
ing the maximal increase in UV absorbance at 260 nm
were determined. UV absorbance was also measured
at pH 7.60, 7.70. 7.75, 7.80 and 7.95.

Stimulation of Ehrlich Ascites Tumor Cells in

Mice by DMBA or CCNU

Mice were infected with 10° Ehrlich ascites tumor
cells by intramuscular injection (i.m.). One group
served as controls and the other group was treated with
low doses of DMBA, administered daily to the same
inoculation site for 5 consecutive days. The mice were
weighed at various intervals (indicated on fig. 10} and
on the 20th day they were sacrificed. After excision,
the tumors were weighed. For treatment with CCNU,
Ehrlich ascites tumor cells (10%/mouse) were inocu-
lated intraperitoneally (i_p.). One group served as con-
trols and the other group was treated i.p. with 20G ug
every other day, over 15 days.

Results

In the present study, we have investifated

three effects of the substances tested: (1) in

vitro synthesis of normal and cancer DNA;

(2) in vitro strand separation of both types of
DNA, and (3) stimulation in vivo of tumor
cell multiplication.

In vitro Synthesis of Cancer and Normal

DNA

Dose-response curves are illustrated m fig-
ure . DMBA, ethionine and CCNU strongly
stimulate the in vitro synthesis of Ehrlich
ascites tumor DNA, while these substances
exhibit only a slight enhancing effect on nor-
mal DNA synthesis. For actinomycin IJ and
daunorubicin, there is a strong stimulation of
breast cancer DNA synthesis with a linear
increase in the first portion of the curve fol-
lowed by a decrease in DNA synthesis, which
indicates that at high concentrations these
compounds prevent DNA-dependent DNA
polymerase from exerting its polymerizing
activity. Both actinomycin D and daunotubi-
cin only slightly enhance the synthesis of nor-
mal breast DNA. Ethionine also enhances
cancer DNA synthesis and poorly that of nor-
mal DNA, while I-methionine 1s completely
inert. When cancer DNA from breast tissues
(a steroid hormone target tissue) was used as
template, testosterone and estradiol, at doses
higher than physiological concentrations,
stimulated DNA synthesis. which is more
important in the presence of testosterone
(fig. 1). In this respect. normal breast DINA
responds weakly to both steroids, When we
used cancer and normal DNA from lung tis-
sues or other tissues {not steroid hormone
target tissues). the stimulating action of ste-
roid hormones. although detectable, was far
less effective than with breast cancer DNA
except for neurocarcinoma DNA whose in
vitro synthesis 15 strongly stimulated by tes-
tosterone. Although different in nature, all
steroids and carcinogens exhibit a common
eifect. They strongly stimulate cancer DNA
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in vitro synthesis. In contrast to carcinogens,
drugs and steroids, croton oil and DMSO are
almost equally effective on both cancer and
normal DNA, as shown in figure 1.

DNA Strand Separation in the Presence

of Carcinogens or Other Compounds

In the double DNA helical structure,
DNA strands are maintained by hydrogen
ponds which can be broken at a relatively
high alkaline pH, resulting in an increase in
UV absorbance. As shown ia figure 2, there is
no increase in UV absorbance when cancer
DINA or normal DNA is mncubated alone at
pH 7.60, 7.70 or 7.80. However, beyond pH

Absorbance at 260 nm, ° increase

--—- Normal DNA
------ Normal DNA +DMBA

407 cancer DNA
—x= Cancer DNA+OMBA
30 - /x
X
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-Fig. 2. Cancer and normal DNA strand separation
at different pH values. Further explanations in text.
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Fig.3. Cancer ( ) and normal (——-)
DNA strand separation in the presence of
DMBA. Effect of ionic strength. Ehrlich ascites -
temor DNA (20 psg) and normal mouse or
monkey spleen DNA (20 pg/ml) were each dis-
solved in 1 mi of 10-2M HCI-Tris buffer
(pH 7.65) coniaining various concentrations of
NaCl as indicated. For each NaCl concentra-
tion, 10 ug of DMBA were used. The absor-
bance was measured at 260 nm. The DNA
samples were read against a blank cuvette con-
taining Na(Cl at given concentrations and 10 pg
of DMBA/mL.

Fig. 4. Ehrlich ascites/tumor DNA and
spleen  DNA strand separation. Effect of
IDMBA or ethionine. UV absorbance of DNA
was measured in the absence or presence of
each compound.

Fig. 5. Cancer and normal DNA strand sep- L
aration. Effects of actinomycin D and CCNU. |
The effect of actinemvcin was determined on i
human neurocarcinoma DNA and normal i
monkey brain DNA. The effect of CCNU was i
determined on Ehrlich ascites tumor DNA and §
normal mouse spleen DNA. i
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Table 1. Comparison of the effects of daunorubicin, dl-ethionine and l-methionine on capcer DNA strand

separation 7
DNA Absorbance at 260 nm, % increase
daunorubucin l-methionine, 100 pg dl-ethionine, 100 pg
Breast cancer DNA, 20 pgt 21 0 . i3
Breast cancer DNA, 20 pg? 20 0 -
Ehrlich ascites tumor DNA, 20 ug 19 0 17

! 4 pg daunorubicin added.

?  The daunorubicin-treated DNA (footnote 1) was dialyzed (see text) and then reincubated with 4 ug dauno-

rubicin and F-methionine, respectively.

7.85, there is a strong increase in UV absor-
bance for cancer DNA but not for normal
DNA. In the presence of DMBA (10 pg/ml),
cancer DNA undergoes complete DNA
strand separation while strand separation of
normal DNA is weakly increased (fig. 2).
Ionic strength plays an important role in this
phenomenon (fig. 3). NaCl prevents hy-
drogen bond breakage by carcinogens.

As shown in figure 4, a progressive in-
crease in UV absorbance of human breast
cancer DNA dissolved in 0.01 M Tris buffer
(pH 7.65) is induced by increasing concentra-
tions of DMBA which, also in the case of
Ehrlich ascites tumor DNA, can lead to a
35% hyperchromic effect while, in the case of
duck or monkey spleen DNA, ie. normal
DNA, this effect is about 39%.

Ethionine, a potent carcinogen used at
rather high-concentrations, also induces sepa-
ration of DNA strands isolated from Ehrlich
ascites cells with a maximal ipcrease in hy-
perchromicity which is of the order of 17%
while this increase is about 3% in the cae of
duck or monkey spleen DNA; I-methionine
has no effect at all in this respect (table I).

b3

Known as anticancer drugs and also
known as carcinogens [11, 27‘3‘1 29]. CCNU or
actinomycin I> induce a strong separation of
the strands of cancer DNA and act weakly on
normal DNA (fip. 5). DMBA, ethionine,
CCNU and actinomycin D separate to a dif-
ferent degree the strands of a given cancer
DNA (fig. 4, 5), thus producing resuits which
sugest the existence of different reactive sites
on a given cancer DNA. These differences
might be responsible for the difference in
kinetics and extent of cancer DNA strand
separation induced by different substances.
When human breast cancer DNA was incu-
bated in the presence of increasing concentra-
tions of either estradiol, DMSQ, testosterone
or daunorubicin (fig. 6) we observed that es-
tradiol produces a weak increase in UV ab-
sorbance while testosterone or daunorubicin
is more efficient (with different kinetics) and
DMSQG is in between (fig. 6). These results
suggest that breast cancer DNA possesses dif-
ferent reactive sites whose nature is not yet
known.

To verify that a compound such as dauno-
rubicin, which, at a given concentration, in-
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- duces breast cancer DNA sirand separation
with a hyperchromic effect of 20% does not
provoke DNA chain breaks, daunorubicin-
treated DNA was dialyzed against 2 $5C
solution for 24 h (with two changes) at 4°C
and finally for 2h against distilled water.
Reincubation of such DNA with daunorubi-
cin resulted in DNA strand separation corre-
sponding to the same hyperchromicity (20 %)
as that obtamed with freshly prepared breast
cancer DNA (tableI). In contrast, normal
breast DNA reacts poorly with all of these
compounds, as judged by a slight increase
(3%} in hyperchromicity. These resulis sug-
gest that some compounds may induce the
occurrence of destabilized regions in the dou-
ble helical structure of DNA and conse-
quently modify either the replication or
transcription of DNA.

The effects of testosterone or estradiol on
DNA strand separation are of particular in-
terest. In fact, testosterone strongly increases
UV absorbance in breast cancer DINA but not
in other types of DINA, normal or cancer-
related. However, human neurocarcinoma
DNA appears to be an exception. As shown
in figure 7, estradiol-induced slight neurocar-
cinoma DNA strand separation can be fur-
ther increased by successive additions of tes-
tosterone, 5-FU and daunorubicin. This, fi-
nally, leads to.a 30% increase in UV absor-
bance, which represents a very high degree of
DNA strand separation. These resuits indi-
cate that the compounds tested here do not
interact with the same binding sites on DNA
and 1that each of the various compounds can
contribute differently to DNA strand separa-
tion. The physiological, state of a cell, de-
pending on its environment, may lead to the

binding of different molecules to DNA and .

thus sensitize the DNA to different exoge-
nous compounds.

The effects of croton oil and DMSO on
DNA strand separation showed the same
characteristics as their effect on in vitro syn-
thesis of DNA, i.e. they did not distinguish
between normal and cancer DNA. Figure 8
shows that increased concentrations of
freshly prepared croton oil solution induce a
progressive increase in the hyperchromicity
of both human neurocarcinoma DNA and
healthy brain DNA. In both cases, there is a
40% increase in UV absorbance, while the
mcrease observed in the presence of alkali is
of 42%. In addition, strand separation in
healthy monkey spleen DNA, partially in-
duced by croton oil, can be further increased
by the addition of DMBA. It should be noted
that DNA strand separation inducéd'by Cro-
ton oil is quite low at pH 7.60 but is highly
visible at pH 7.65 or 7.70. Increased concen-
trations of freshly prepared DMSO also in-
crease the UV absorbance of both cancer and
normal DNA (fig. 9).

Carcinagenic Substances Stimulate in

vivo the Multipfication of Ehrlich Ascites

Tumor Cells

The third aim of our studies was 10 corre-
late the in vitro observations on those carcin-
ogens that are able to stimulate cancer DNA
synthesis in mice and thus to accelerate can-
cer cell multiplication. As a matter of fact,
increased in vitro DNA synthesis should lead
to stimulation of in vivo cancer ceil multipli-
catton in the presence of these carcinogens.
We have tested the effect of DMBA and
CCNU on tumor development in mice inoc-
ulated with Ehrlich ascites tumor cells. One
group of mice received low doses of DMBA
in the intramuscular inoculation site for 5
consecutive days. As shown in figure 10, the
average weight of DMBA-treated mice rap-
idly increased compared to controls. On the
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20th day, the mean tumor weight of control
mice was 4.5 = 0.03 g and that of DMBA-
treated mice was 10.8 £ 0.5 g This experi-
ment was duplicated with CCNU, but in this
case mrice were inoculated i.p. The mean
weight increase of CCNU-treated mice
(100 pg CCNU/mouse.administered i.p. ev-
ery other day over a period of 15 days) was
10.5 g and that of control mice was 6 g.

These experiments demonstrate a good
correlation between the stimmulating effect of
DMBA or CCNU on in vitro cancer DNA
synthesis, DNA strand separation and the in
vivo multiplication of cancer cells.

Conclusion and Discussion

From the results obtained, it is obvious
that, under the same experimental condi-
tions, most of the compounds used intervene
much more efficiently in cancer DNA syn-
thesis than in the synthesis of normal DNA.
This shows that these compounds, at the con-
centrations used, do not modulate the activ-
ity of DNA-dependent DNA polymerase but
that some molecular mechamsms must exist
by which these compounds interact particu-
larly with cancer DNA and thus lead to the
increase or decrease of DNA synthesis. This
raises the question: why do the compounds
tested so greatly increase the in vitro synthe-
sis of cancer DNA but only slightly that of
normal DNA? DNA synthesis in vitro ap-
pears 1o be correlated with in vitro DNA
strand separation. Both processes are dose-
dependent and, for some compounds, there
are optimal concentrations above which
there is no further increase in in vitro DNA
synthesis or in vitro DNA strand separation.
The extent of DNA strand separation de-
pends not only on the ionic strength and pH

but also on the nature and concentrations of
the compound used. For instance, in the pres-
ence of DMBA or CCNU, strand separation
of Ehrlich ascites tumor DNA can be practi-
cally complete while, under the same experi-
mental conditions, it is rauch less pro-
nounced in the presence of ethionine or dau-
norubicin. These results show that an interac-
tion between the above compounds and can-
cer DNA takes place that results in the break
of hydrogen bonds which maintain the dou-
ble strands of DINA. This observation and the
fact that the strands of cancer DNA once sep-
arated by daunorubicin (20% increase in
hyperchromicity) can reassociate and then
separale again to the same extent show that
no DNA chamn breaks (covalent ]inﬁgﬁ) oc-
curred under our experimenial conditions.
This conclusion 15 strengg"thened by the obser-
vation that I-methionine, which is not carcin-
ogenic, has no hyperchromic effect either on
cancer DNA or on normal DNA. From these
data we concluded that carcinogenic com-
pounds, which exhibit only a slight effect on
the DNA originating from various healthy
tissues, recognize cancer DNA much betier
than normal DNA. In this respect, the effect
of steroids apears to be more restricted than
that of known carcinogens. Here we showed
thati testosterone, which is poorly active with
several cancer and normal DNA in vitro syn-
theses and DNA strand separation, is partic-
ularly active with breast cancer DNA (hor-
mone target tissue DNA): this is true also for
daunorubicin. Estradiol has a limited effect.
It was reported that steroids are able to in-
duce adenocarcinoma of the breast [19], to
stimulate the growth of breast cancer [15, 23]
and to induce erythroid differentiation in leu-
kermia cells [14]. In patients receiving andro-
gens, an increase of polynuclears or hemato-
toxicity was observed in the presence of those
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drugs [31]. These results, and the results
which show the additive effects of the above
compounds on human neurocarcinoma
DNA strand separation, suggest that ail can-
cer DNA must possess some particular sites
different for various DNA. The high suscep-
tibility of cancer DNA to the compounds
tested indicates that the double helical struc-
ture of cancer DNA might be destabilized, for
instance by methylated bases whose level
could be higher in cancer than in normal
DNA. This view is compatible with the ob-
servation [13] that the presence of methy-
lated adenine residue in DNA destabilizes
the double helices in proportion to the fre-
quency of occurrence of these residues. On
the other hand, molecules such as peptides or
amino acids bound in a different concentra-
tion to cancer and normat DNA, may partic-
ipate in the stabilization and/or destabiliza-
tion of the structure of a given DNA.

Of particular interest are the observations
made with croton oil [source of phorbol de-
rivatives; 16] and DMSO which, at low con-
centrations, are capable of enhancing DNA in
vitro synthesis and strand separation not only
of cancer DNA but also of normal DNA.
When DNA strand separation is moderately
induced by low doses of croton oil, the addi-
tion of DMBA further increases this process.
It was demonstrated that the phorbol esters
(isolated from croton oil), at high concentra-
tions and in the absence of any other carcino-
gen, may lead to a low cancer incidence [16]
and that the burst of DNA synthesis induced
in skin by croton oil is preceded by a smaller
and shorter stimulation of RNA and protein
synthesis [1 7], a fact which should be related
to the appearance of cances cells in animals
[6. 24}: it has been reported that croton oil is
required as a promoter in the carcinogenesis
initiated by a carcinogen [25]. Both croton oil

derivatives and DMSQ are capable of induc-
ing differentiation of some cancer cell lines
[14, 18]. Of particular interest is the observa-
tion that in human leukemic HL 60 cells,
phorbol derivatives, at low concentrations,
induced differentiation to macrophages
whereas actinomycin D, which is carcino-
genic in vitro [2] as well as in vivo [27],
induced. differentiation to grannlocytes [21].
This drug is also capable of inducing neurite
formation in mouse neurcbiastoma cells [1].

QOur in vitro observations on DNA synthe-
sis and strand separation correlate with the
multiplication of cancer cells. In fact, DMBA
or CCN1J, at relatively low concentrations,
markedly stimulate the multiplication of Ehr-
lich ascites tumor cells in mice, while dauno-
rubicin, cyclophosphamide or DMBA stimiu-
Jate the multiplication of Grown gall tumor
cells in plants, only when used at low concen-
tralions: at higher concentrations, they in-
hibit tumor development [20]. These results
might be connected with observations ob-
tained in clinical studies for cancer treatment
with chemotherapeutic agents. In order to kiil
cancer cells, sequential use of different drugs
is commonly advised in therapy. 1t is con-
ceivable that different drugs contribute to
separate the sirands of cancer DNA above a
certain threshold (as we showed in vitro;
fig. 7); once this is accomplished, the path-
ways for synthesis are disconnected and the
cell 1s expected to die.

On the other hand. the relative resistance
of DNA from healthy tissues to undergo in
vitro DNA strand separation in the presence
of carcinogens or other compounds might be
connected with the fact that the effect of car-
cinogens never leads to instant cancer. It was
reported that induction of cancer cells proba-
bly needs persistent gene activation and that
the appearance of cancer cells is an additive
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and cumulative process [7, 19]. It is conceiva-

“ble that carcinogens and carcinogen-like sub-

stances "bind to some particular DNA se-
quences when used at low concentrations and
might persistently tend to locally separate the

double hefical structure of normal DNA cells, .

thus permitting transcription of DNA into
RNA up to a threshold which permits cell
growth with new phenotypic expression. This
threshold may correspond to a ‘switch’ [30]
allowing a cell to be modified and survive.
Beyond this point, complete DNA strand
separation may occur and thus lead to cell
death. _

On the basis of the results reported and
discussed here, showing that chemically un-
related compounds do induce, to various ex-
tents, in vitro DNA strand separation and
promote differentiation of particular cancer
cells, it is conceivable that DNA strand sepa-
ration is an obligatory step in the process
required for the activation and expression of
the genes. It strengthens the concept [9] that
various molecules present in the cytoplasm of
a cell may participate in the establishment of
the cell programs, as recently suggested in the
principles of automation during animal de-
velopment.
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