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immenfassung

Ersuchten in vitro die Wirkung von
rschiedenen im Gehim vorkom-
Substanzen auf menschliche
inde: U251-BCNU resistente Glio-
cllen, die von einem hochgradig
gén Gehirntumor stammen, und de-
pginormales Pendant, CRL 1656
St n. Die Zytokine IL-4 und IL-10
i n%«m zusammen mit IL-6), die

SR
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ng der Glioblastomzellen stark
hlngegen sich die normalen
( 44 n viel weniger vermehrten. Das
lf Annkrebsmmel PB-100 hemmte

) ., igen Zellen ab, wihrend die nor-
WZEllen nicht beeintrichtigt wurden.

JBCNL; ﬁ, (1,3- bis [2-chloroethyl] -1
fofourea), PB-100 (Flavopereirine),
‘@i(Desoxyribonukleinsiure), IL-4
erfetkin-4), IL-6 (Interleukin-6), IL-10
Tl in-10).

' 11 lines: U251-BCNU-resistant
§§§' astpma cells, derived from a highly
hign t cerebral tumor, and, as their nor-
iterparts, CRL 1656 astrocytes. The
IL-4 and IL-10 (alone or together
[I:-6), the catecholamine neuro-
xatbzs dopamine and epinephrine, the
< By | id 4 hormones progesterone and
°§J ; wtg%fé}bne all significantly stimulated
} S it tlphcatxon of the glioblastoma cells, but
Jeidliancel to a much lesser extent
‘uluplxcauon of normal astrocytes. The
&I;gcnvg anticancer agent PB-100 inhibited
LB S ;§t1mulatory effects. In addition, it
L ke "qt‘)f’x doFe—dependemly kill over 98% of the

* ‘Ellgnant cells while not affecting normal

Keywords

BCNU (1,3- bis [2-chloroethyl} -1 nitro-
sourea), PB-100 (flavopereirine), DNA (de-
soxyribonucleic acid), IL-4 (interleukin-4),
IL-6 (interleukin-6), IL-10 (interieukin-10).

Introduction

Numerous biological substances
involved in normal physiological
processes may enhance cancer cell
proliferation. In many cases, the
unbalance caused by excessive
production of a substance boosts
tumor development, and often the

tumor itself is the overproducer, .

setting in motion a self
perpetuating process. For instance,
we showed that U 251 cells derived
from the highly malignant human
brain tumor, BCNU resistant
glioblastoma, produce much
higher amounts of interleukin-6
(IL-6) than the CRL 1656 astrocyte
line . chosen as their normal
(noncancer) counterparts [1]. We
also demonstrated that IL-6 exerts
a differential effect on malignant
and normal cell multiplication,
highly  increasing that of

lesser extent that of astrocytes [2].
This means that in vivo the
influence of such mitogens on
tumor development may also
spread to bystander normal cells.

In previous experiments we had
traced such effects to the activity of
carcinogens and physiological
carcinogen-like mitogens on DNA
secondary structure [3-6] (see
Discussion). As an outcome of this
research, we were able to find a

number of selective anticancer
agents of natural origin, which
bind to cancer DNA but not to nor-
mal DNA and in this way are
nontoxic for normal cells. There is
a particularly urgent need for such
selective agents in brain tumor
therapy as the few known
anticancer drugs which cross the
blood-brain barrier are toxic for
normal cells [7,8].

We recently showed that our
anticancer agent PB-100 may kill
in vitro up to 99% U251 glio-
blastoma cells while it has no
effect on CRL 1656 astrocytes at
the same concentration [2]. In
addition, PB-100 dose-depend-
ently inhibits the mitogenic
activity of the key multifunctional
cytokine, IL-6, glioblastoma cells
and astrocytes; cellular IL-6
production is not abolished by the
drug, but its levels are brought and/
or kept down to physiological
values [2].

In this paper, we investigate the
differential effect on U251 glio-

~ blastoma cells and CRL 1656
glioblastoma cells, but also to a

astrocytes of six substances
involved in crucial physiological
processes, notably in the brain: the
cytokines IL-4 and IL-10, which
take part in the regulation of IL-6
production; two neuromediators,
the catecholamines L-dopa and
epinephrine; and the steroid
hormones  progesterone  and
testosterone, which 'in addition to
their natural activities are also used
for cancer therapy. The effect of
PB-100 on malignant and normal
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cell proliferation in the presence of
these agents is then discussed.

Materials and Methods

Chemicals and biological
molecules A

Grade A chemicals: Prolabo, Lyon,
France. Trypsin, RPMI 1640
culture medium, fetal calf serum,
glutamine: Gibco, Grand Island,
NY, USA. Recombinant human IL-
4 and IL-10: Pepro Tech. Inc.,
USA. IL-6: Boehringer Mann-
heim, Germany. Progesterone,
testosterone, dopamine, epine-
phrine: Sigma Chemical Co., St.
Louis, MO, USA. PB-100 was
purified in our laboratory.

Cell lines

Human BCNU-resistant gliobla-
stoma cell line U251: Swedish Cell
Collection, Uppsala, Sweden. Nor-
mal astrocyte line CRL 1656 Mpf:
American Type Culture Collection,
Rockville, MD, USA.

Culture techniques

Cells were grown at 37°C in an
incubator. Stock cultures were
maintained by continuous passage
in RPMI 1640 medium containing
10% fetal calf serum. Culture
medium was changed three days
after seeding and subsequently
twice a week. Absence of

Tab. 1: Effects of IL-4 and IL-10 on multiplication of human
glioblastoma cells (U 251) and normal astrocytes (CRL 1656).
Human BCNU-resistant glioblastoma cells (U 251) and normal

mycoplasma and bacteria was
checked every three months. For
experiments, each cell type was
subcultured in 6-well tissue culture
plates (9.8 cm? wells) starting from
a 4x10* inoculum. Cell viability,
determined using trypan blue, was
99% to 100% at start of
experiments.

Growth stimulation and
inhibition

Increasing  concentrations  of
filtration-sterilized substances
under test were added to cultures
and incubated for 48h. Then
0.05 ml trypsin solution in 0.05%
EDTA were added to each well
and, following a five minute
incubation, trypsinization was
stopped by addition of 4 ml RPMI
per well. Cells were detached from
culture plates and counted with a
Coulter counter. All experiments
were performed three times and
each in triplicate.

Results

Effects of interleukin-4 and
interleukin-6 on in vitro
multiplication of human U 251
glioblastoma cells and CRL 1656
_normal astrocytes

After recently demonstrating that
in vitro IL-6 differentially stimu-
lates multiplication of these two

Tab. 2: Effects of IL-4, IL-6 and IL-10 on multiplication of of i\l@ i
glioblastoma cells (U 251) and normal astrocytes (CRL 16

12> Y

cell lines, more markedly’ o
enhancing that of U 251 cells [2);:1.
we investigated the effect of -two, |z,
cytokines involved in the regu-s_:
lation of IL-6 synthesis: IL-4 and 1,
IL-10.
Tab. 1 shows that, whenitested .
separately, these cytokmeg! ‘both ¥
induce a dose-dependent intieaseg

of glioblastoma cell multlphﬁagog,,a \‘“’
Using IL-4, malignant cell fumb
increase reaches 26% Hdr..
cytokine concentration of {
ml and 70% for 10 ng/ml§Usi
IL-10, increase of ghobl [OMm?
cell number ranges from 36g’o°’for
cytokine concentration of lﬂﬁ/
and 60% for 20 ng/ml. Foﬁﬁeg*é
same cytokine concentration$;, nor-
mal cell number increase i Gmuéh‘?l
lower, ranging respectivelffufro );g
2.75% to 20% for IL-4 anﬂ%a
about 7.25% to 13% for IL-1D. %;

Tab. 2 indicates results of &Qi)‘ana o3
ments in which IL-4 on onéiband e o ;
and IL-10 on the other wasyfested $£35,. -
together with IL-6, a much;morgl.
active cell prohferatlon enharicer: i
When IL-6 is tested aléihe, 24 ,.@

v
concentration

of 02ngfm1. s e’%"

sufficient to induce a 70% iticze
of glioblastoma cell number}.
can be seen from data in the!
this cell number increase f3
74% using 5 ng/ml IL-4 %pd‘ by& o
only 50% using 10 ng/ml 4,
6 alone induces a 42% i 1ncr

astrocytes (CRL 1656) were grown for 48h at 37°C in the absence
and presence of ng/ml concentations of IL-4 or IL-10. Cell number
increase (%): mean values of three separate experiments.

man BCNU-resistant glioblastoma cells (U 251) an@ﬂb |2
astrocytes (CRL 1656) were grown for 48h at 37°C in the,

and presence of ng/ml concentrations of IL-4, IL-6 or ILH{(j
either alone or together as indicated. Cell number incref{§es

mean values of three separate experiments.

Interleukines U 251 CRL 1656
Cell number Increase % Cell number Increase %
IL4 ng/ml
0 PO .
0.5 260 + 989 275 + 045
1 283 1 586 695 + 170
5 500 = 11.19 1606 + 288
10 700 + 383 20.01 + 148
iL-10 ng/ml
0 — ———
1 B0 + 1.83 727 + 345
5 380 + 279 675 + 3.84
10 500 t 276 1019 + 054
20 600 2z 193 1310 = 4.15

(v
Interleukines u2s1 CRL 1658 2.3
Call pumber increase % Cell number inct

IL-6 ng/m! + (L-4 ng/ml

0 0 - -—

0 S 847 = 1129 6.42

0.2 0 7117 207 42.47

0.2 5 1802 + 3.83 1630

02 10 N9 + 318 2007
IL-8 ng/mi + IL-10 ng/ml

0 — -

0 10 2 o 278 339

0.2 0 ny £ 20 Q49

0.2 10 3162 392 955

0.2 20 2881 ¢ 118 1554
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| normal astrocytes; this increase is

reduced by 61% using 5 ng/ml IL-4

| and by 50% using 10 ng/m] IL-4.
4 IL~6.sinduced enhancement of

’mahgnant and

i

normal cell

- multiplication is similarly reduced

asingtIL-10: for glioblastoma cells

f;l,O':l' ag/ml IL-10 decrease this

gdhancicment by 55% and 20 ng/ml

10 by 60%; corresponding
I _’_re, for normal astrocytes are
2}-- nd 60%, implying that IL-

scontrary to IL-4, differentially
gﬁ‘bils IL-6  activity on
i b@stoma cells and normal
tocytes. Taken together, these
Te u‘ﬁ‘sj suggest a complex compe-

......

Effects of dopamine, epine-
phrine and PB-100 on in vitro
multiplication of human U 251-
BCNU-resistant glioblastoma
cells and CRL 1656 normal
astrocytes

In view of their central activity in
the brain, we investigated the
effect of  dopamine  and
epinephrine on multiplication of
glioblastoma cells and astrocytes.
It is both dose-dependent and

differential. Fig. 1 indicates
dopamine mitogenic  activity.
Enhancement of tumor cell

multiplication begins with 10 ng/
ml dopamine and becomes
maximum for 200 ng/ml. Astrocyte
multiplication slightly increases
using 10 ng/ml dopamine, reaches
a maximum of 20% for 50 ng/ml
and then progressively drops back
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j‘lés (CRL 1656) were grwon for 48h at 37°C in the absence
resence of increasing ng/ml concentrations of dopamine.
r of cells (% variation): mean values of three separate
'menls U 251 SD: + 8.34. CRL 1656 SD: +4.74.

to control values for 200 ng/ml
dopamine.

Epinephrine (Fig. 2) already mark-
edly enhances glioblastoma cell
multiplication at a concentration of
10 ng/ml, inducing a maximum
two fold increase at 20 ng/ml;
effect then slightly decreases, but
cell multiplication remains high
above control values. Epinephrine
poorly affects astrocytes with
maximum activity at 50 ng/ml.

It may be seen from Figs. 3 and 4
that inhibition of glioblastoma cell
multiplication by PB-100 is dose-
dependently decreased by increas-
ing concentrations of dopamine
and epinephrine. Thus, the 98%
inhibition caused by 50 pg/ml of
PB-100 alone drops to 75% using
10 ng/ml dopamine or epinephrine.
PB-100 does not suppress the

E4 uas1

[zl CRL 1656

100 150 200

EPINEPHRINE (ng/mi)

Fig. 2: Effects of epinephrine on multiplication of human
glioblastoma cells (U 251) and normal astrocytes (CRL 1656). Ex-
perimental conditions are the same as in Fig. 1. Epinephrine was
used at increasing ng/ml concentrations as indicated. Cell number
(% variation): mean values of three separate experiments. U251
SD: +7.86. CRL 1656 SD: + 7.22.
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Fig. 3: Effects of PB-100 and dopamine on multiplication of human glioblastoma cells (U 251) and normal astrocytes (CRL 1656). Human |
BCNU-resistant glioblastoma cells (U 251) and normal astrocytes (CRL 1656) were grown for 48h at 37°C in the absence (controls) and |

presence of indicated concentrations of dopamine (ng/ml) and PB-100 (pg/ml). Number of cells (% variation): mean values of three separate
experiments. U 251 SD: + 3.97. CRL 1656 SD: £ 7.52.
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Fig. 4: Effects of PB-100 and epinephrine on multiplication of human glioblastoma cells (U 251) and normal astrocytes (CRi,.ﬂ_lﬁS@)_‘.-‘.
Experimental conditions are the same as in Fig. 3. Epinephrine was used at ng/ml concentrations and PB-100 at pg/ml concentrations. Ce
number (% variation): mean values of three separate experiments. U 251 SD: + 5.85. CRL 1656 SD: £ 7.11.
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g -;miiéi}ii%:‘slighter effect of dopamine

.. ~| on'normal astrocyte multiplication.

" L-dopa, which only slightly
| stimulates  glioblastoma  cell
’fmiglﬁﬁlication (data not shown), is

e 5.ffn5i¥§ansfomw into dopamine in
~| fhebrain though, in other tissues, it

. [fis¥decarboxylated, yielding dop-
1 i nef which in turn is turned into

e g}"gphrine and norepinephrine
B13].

P ;ﬁf of progesterone, testo-
% % phe and PB-100 on in vitro
§ : y*ﬁ jlication of human U 251
" .glioblastoma cells and CRL 1656

oD
101 THal astrocytes

little effect on normal astrocytes,
progesterone being slightly more
active than testosterone.

In the absence of the hormones,
dose-dependent PB-100 inhibition
of glioblastoma cell multiplication
ranges from 60% for a 25 pg/ml
concentration of the anticancer
agent to 98% for 50 pg/ml. In the
presence of either progesterone or
testosterone, these figures fall to
about 25% and 50% using the
above respective PB-100 con-
centrations (Figs. 5 and 6). This is
indicative of competition between
PB-100 and the steroid hormones.

251 glioblastoma cells not only
produce more IL-6 than CRL 1656
normal (noncancer) astrocytes, but
respond twice as well to the
cytokine’s mitogenic effect [1]. We
also demonstrated that our
selective anticancer agent PB-100,
which is able to kill over 98%
glioblastoma cells at pg/ml
concentrations while not affecting
normal astrocytes, could inhibit
IL-6 mitogenic activity in both cell
types as much as it was in above
physiological levels [1].

Results presented here describe the
differential effect in vitro of six
other biological substances which
are present and active in the brain

5. ?A‘t,‘.fﬁk/ml concentrations both
v L N

5’| progesterone and  testosterone Discussion and might thus influence brain
*.x0¢ | doge-dependently stimulate glio-  Although it is not often reported, tumor development.
“(e ¢ ‘|-blastoma cell multiplication. It many important  biological The cytokines IL-4 and IL-10 are
a -’\’f‘;‘,@ “may be seen from Tab. 3 that for substances differentially enhance closely involved in IL-6 regulation
it ;j:. sproge§terone  malignant  cell malignant and normal cell [18-20]. Both are mainly produced
% B S <

“nuriber already increases by about
-A4%@ with. 5 ng/ml hormone,
.plateaus at around 50% from 15 to
.50'ng/ml and finally reaches 67%
| :with <100 ng/ml. Effect of testo-

. |-incréaSe of glioblastoma cell
;"i'i;(i!tiglication; this increase then
|-plateguis at 37% between 15 and
| 25 rig/ml and rises to 57% at 100

ﬂglrg’ll: The two hormones have

multiplication. They are more
mitogenic for cancer than for nor-
mal cells, and in many cases this
activity is amplified because the
tumor tissues themselves

cytokine interleukin-6  (IL-6),
known to be a growth factor for
various malignancies [16,17]. In a
recent paper, we showed that in
vitro human BCNU-resistant U

by Th-2 lymphocytes, which are
implicated in allergy and
hypergammaglobulinemia.  Like
all cytokines they have multiple
and varied effects. Among its

stefoné starts at the same 5 ng/ml  overproduce the mitogen. This is various activities, IL-4 is a
| ‘@ondc¥ritration, inducing a 30% the case for instance for the powerful regulator of the

production of other cytokines such
as IL-1, IL-6, IL-8, TNF, INF
gamma. Almost all types of cells
carry IL-4 receptors. Some mouse
tumors secrete high amounts of IL-

Tab. 4: Effects of IL-4, IL-10 on presence of PB-100 on
multiplication of human glioblastoma cells (U 251) and normal
astrocytes (CRL 1656). Human BCNU-resistant glioblastoma cells
(U 251) and normal astrocytes (CRL 1656) were grown for 48h at
"37°C in the absence (controls) and presence of indicated
concenrations of IL-4 and IL-10 (ng/ml) and PB-100 (ug/ml).
Number of cells (% variation): mean values of three separate

R R
R T'?M%ffects of progesterone and testosterone on multiplication
! %\ intan glioblastoma cells (U 251) and normal astrocytes (CRL
* % :3 a;ji??uman BCNU-resistant glioblastoma cells (U 251) and
] o '“f ia ;%strocytes (CRL 1656) were grown for 48h at 37°C in the
ofie; and presence of ng/ml concentrations of either
gstdrone or testosterone. Cell number increase (%): mean
three separate experiments.

- experiments.
™ g Compounds U281 CRL 1656
$ SlerpldiHormones U 261 CRL 1658 Cell number increase Cell number Increase
3 fmﬁg Cell number increase %  Cell number increase % ; or decressa% or decrease%
sgesterone ng/ml PB1CO + L4
=0 — —- pgimt  ngimi
£ 2 443 + 685 1092 + 1138 0 0 —_ —
50 2+ 655 1550 + 747 0 10 +4850 = 679 42035 + 374
533 6.7 1683 = 12.24 125 10 457 + 395 201 + 349
e ) R 548 z 115 1303 & 776 25 10 4601 t+ 238 +844 =z S17
S 3 5 - 100 8672 + 575 1105 = 5.02 50 10 7681 t 205 +1062 < 499
" |} Testosterone ng/mi PB 100 + IL-10
. L a0 - — pg/ml ng/mt
310 % 375 71 + 243 0 0 —— —
373 : 1028 79 1 S$13 0 20 +7797 + 805 4680 ¢t 448
374 & 3N 86 1z 643 125 20 42220 = 4.97 +044 t 1.98
460 = 339 49 = 7.04 25 20 72209 £ 565 +567 % 1.30
573 % 548 49 t 478 50 20 6427 + 168 +911 * 092
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Fig. 5: Effects of PB-100 and progesterone on multiplication, of human glioblastoma cells (U 251) and normal astrocytes (CR.L 1656) >
Human BCNU-resistant glioblastomna cells (U 251) and normal astrocytes (CRL 1656) were grown for 48h at 37°C in the absence (conLrols) P s
and presence of ng/ml concentrations of progesterone and p1g/ml concentrtions of PB-100. Cell number (% variation): mean values‘of 1hrec ja @
different experiments. U 251 SD: £ 9.99. CRL 1656 SD: £ 9.54. '
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Fig. 6: Effects of PB-100 and testosterone on multiplication of human glioblastoma cells (U 251) and normal astrocytes (CRL 165
Experimental conditions are the same as in Fig. 5. Testosterone was used at ng/ml concentrations and PB-100 at pg/ml concemrauons .C
number (% variation): mean values of three separate experiments. U 251 SD: + 4.86. CRL 1656 SD: + 10.10. ‘; 3
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4. This cytokine was reported to
inhibit IL-6 induced myelomatous
cell proliferation and to exert an
anticancer activity in mice through
.cytotoxic CD 8+ cell activation
[21,22] and it was tested with some
'success in patients suffering from
4 mségs;ant tumors [23,24].

' Th-2.and B lymphocytes, but also
g gc @ted

monocytes-macro-
geg, are IL-10 producers. Addi-
.IL-4 inhibits this monocyte
gl 0", production. A number of
and human tumors were
to synthesize IL-10 [25].

2 ;&paper we demonstrate that

IL-4 and IL-10° dose-

; *dep‘endcntly increase the amount
. pof ghoblastoma cells by up to
¥5 fabout 60% and that of normal
. %@smcytes by only up to 10-20%

{(Tab.- '1). Enhancement of both

catlon by IL-6 was

'ﬁ mnggomzed by either IL-4 or
gﬂ_’nﬁﬁ; maximum decrease of

ﬁ;mmge ic effect being 70% in

2§ 1 ; @n Tastoma cells and 40% in nor-

" adtrocytes (Tab. 2). These dif-

/ ‘tbreﬁ‘ual effects might be linked to
S distingt cytokine receptor levels in
‘“fnﬁilgnant and normal cells. IL-6 is

Jo rrgogz powerful mitogen than the
:| ofher fwo cytokines, being active at

1 concentrations, while IL-4

by a.n%"IL-IO prove mitogenic at ng/

s |2ml%; ‘eoncentrations

fg;’oﬁcentratlons PB-100 at pg/
v still dose-
pendently inhibits cancer cell

fh "hcatlon in the presence of

;;IL-6 and IL-10; yet these
§tbkines compete to some extent
1 'the anticancer agent (Tab. 4).

wie 1 The: ~icatecholamine  neurome-

;T (ors ephinephrine and do-
et 30, , which are essential to the

SRATE nervous system, were
';‘.v% '{eﬁo ted to exert a dose-dependent,
{(ﬁ . |-tibsie “specific modulating effect
Ky F nmRNA synthesis by brain
ey MK o1 hatin; they were postulated to
~\“‘-% 3 ind%&ither to DNA itself or to
e fatin acidic proteins [13]. In

xpenments these catechol—

al mitogenic effect on glioblastoma
cells and normal astrocytes, too,
being much more active on the first
than on the second type of cells.
They are also dose-dependently
effective at ng/ml concentrations.
And the stimulatory activities of
both epinephrine and dopamine
compete with the inhibitory effect
of PB-100 on malignant cell
multiplication (Figs. 1 to 4).

We observed similar, differential
dose-dependent activities at ng
concentrations when  testing
progesterone and  testosterone
(Figs. 5 and 6). Steroid hormones,
which are used for chemotherapy
of certain human hormone
dependent cancers, are known for
their ability to behave as
carcinogens for their physiological
target tissues when they are present
in excessive or unbalanced
amounts [26-28], and nuclear
receptors for testosterone and
estradiol are also present in many
non target human organs, such as
the brain [29-31]. The interplay of
cytokines, catecholamines and
steroid hormones seems implicated
in the regulation of multiple
cerebral processes [29,30,33].

In vitro all of the six tested
substances have in common the
following properties: they are
mitogenic for both cancer and nor-
mal cells, but much more for the
first than the second; they are
active at very low, ng/ml
concentrations; and they compete
in some way with PB-100. Does
this competition occur at receptor
level? Interleukins and cate-
cholamines bind to cell-surface
receptors, while steroid hormones
bind to nuclear receptors. We
recently showed that PB-100
readily enters glioblastoma cells
and rapidly concentrates in their
nucleus, particularly -in nucleoli,
but cannot even cross the cell
membrane of normal astrocytes
(manuscript in preparation). We
might assume that part of the
inhibition of the mitogens by PB-

100, especially that concerning
enhancement of normal cell
multiplication, could take place at
cell membrane level.

Yet the common feature shared by
the mitogens and the anticancer
agent is the ability to modify DNA
secondary structure. Years ago as
an outcome of long series of
experiments comparing cancer cell
DNAs with their normal
counterparts [3-5], we demon-
strated that 260 nm UV absorbance
of cancer DNA was always higher
than that of the corresponding nor-
mal DNA, meaning that cancer
DNA contained numerous broken
H-bonds, and that long stretches of
its strands were thus permanently
separated. This had several
implications: one was that the
isolated strand stretches were
becoming easily accessible to mul-
tiple endogenous or exogenous
molecules, and another was that
the newly exposed strands carried
many normally unused initiation
sites for replication and gene
expression, accounting  for
enhanced multiplication and
dysregulated protein synthesis. In
contrast, non malignant DNA
strands separaté only transiently
and locally for replication and gene
expression so that its chains are
“closed” most of the time and
much less accessible than the
“open”, receptive chains of cancer
DNA. We demonstrated a close
correspondence between increase
of cancer DNA UV absorbance
(hyperchromicity), enhancement
of in vitro cancer DNA replication
and increased cancer cell
multiplication [1,5]. We reported
that many substances, including
known carcinogens and natural
substances with carcinogen-like
activity, such as steroid hormones,
were more highly active on cancer
than on normal DNA [5). Indeed,
this stood out as a characteristic
property of carcinogens. These
findings account for the higher
mitogenic  effect exerted on
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astrocytes by interleukins-4, -6,
and -10, dopamine and epin-
ephrine, progesterone and testo-
sterone.

After devising an in vitro test
(Oncotest) based on our fundamen-
tal findings we looked for, and
found, a number of natural
substances which were able to
bring back together the separated
cancer DNA strands as evidenced
by the decrease of these agents
induced in UV absorbance, DNA
replication and cancer cell
multiplication [1,2,4). The char-
acteristic  property of these
anticancer molecules is that they
bind to malignant DNA, but not to
normal, noncancer DNA, and thus
do not affect normal cells. They are
both highly selective for malignant
cells and nontoxic for normal, even
rapidly dividing cells, which are
usually damaged by classic
chemotherapy and radiotherapy.
The selective anticancer agent PB-
100 is a plant derived beta
carboline alkaloid, chemically well
defined [4]. We demonstrated
lately [34] that it binds to G and A
rich DNA clusters. Such clusters
are known to exist around most
initiation sites for DNA replication
or gene expression (mRNA
synthesis). We must remember that
due to extensive strand separation
such initiation sites have become
both numerous and accessible in
malignant DNA [26]. This can
explain why one compound, PB-
100, is able to inhibit the mitogenic
activities of molecules as different
as cytokines, catecholamines and
steroid hormones, which are active
on genes distributed at different
locations throughout the genome.
As a practical application of
experiments described in this
paper, attention should be paid to
levels of the various tested
mitogens in patients suffering from
brain tumors, for not only can these
agents increase malignant cell
proliferation, but they can also

PB-100 proves highly active on
BCNU-resistant glioblastoma cells
and is only very partially inhibited
by the tested -carcinogen-like
mitogens. However, drug dosage
must take account of this
inhibition. In view of its selectivity
and efficacy, and its ability to cross
the blood-brain barrier, PB-100
should prove useful in brain cancer

therapy. -
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