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ABSTRACT

Structural modifications to develop olivacine analogs with reduced cross-resistance and side
offects resulted in the discovery of S 16020-2. This drug showed a very potent cytotoxic effet
in vitro and a high therapeutic antitumor activity in vive. 60 % of P388-bearing mice were
cured following the administration of 60 mg/kg/day (with an intermittent schedule) x3. The
drug was still significantly active against the resistant P388/VCR model while adriamycin was
totally inactive. Three intermittent injections of 40 mg/kg induced 100 % cure in established
Lewis lung carcinoma. Xenografts of human H-69 small cell lung carcinoma and H460 non
small cell lung carcinoma were significantly sensitive t0 § 16020-2. These properties deserve
further pharmacotoxicological studies.

INTRODUCTION

Ellipticine and its analogs are known 1o induce DNA damage, chromosomal aberations and
sister chromatid associated with cytotoxicity in target tumeor cells (Pommier et al, 1985 ;
Auclair et al. 1987 : Pommier et al, 1988 ; Noviello et al., 1994) probably acting as
topoisomerase 1I poisons ( Pommier et al., 1985).

Ellipticine is 2 weak DNA binder and the addition of substituants such as 9-hydroxy group
increases both DNA binding, G.C. base-pair selectivity of binding and in vitro Ccytotoxicity
(Auclair 1987, Schwaller et al., 1989). Non-intercalating analogs of ellipticine are inactive as
antitumor agents, supporting the hypothesis that intercalation is necessary but not sufficient
for antitumor activity. Extension of ellipticine series by the synthesis of various heterocyclic
derivatives bearing [(dialkylamino)alkyljamino side chains led to a number of new derivatives
which display high antitumor properties in experimental models (Nguyen et al,, 1987 : Bisagni
et al., 1988 : Atassi et al., 1989 ; Nguyen et al,, 1992). In all cases, the basic side chains seem
to play a key role, either to increase or to confere the antitumor properties. This observation
prompted Bisagni's group to undertake the synthesis of the 1-(N-substituted carbamoyi)-9-
methoxy-(and 9-hydroxy)-6H-pyrido{4,3-blcarbazoles of the biological active chromophore
olivacine {Jasztold-Howorko et al., 1954),

This structural modification to develop olivacine analogs with reduced cross-resistance and
fess side effects resulted in the discovery of S 16020-2 or 5,6-dimethyl-O-hydroxy-1 {N,N-
dimethylamino-ethylaminocarbony!)-6Hpyridof 4 3-bjcarbazole dichloro hydrate (fig.1).

This paper reports the antitumor properties of § 16020-2 both in vitro and In Vivo tumor
models including resistant ceil lines, 2 murine solid tumor and human tumor xenografts in
nude mice.
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FI1G. 1 : Chemical structure of S 16020

MATERIAL AND METHODS
Drugs

Adriamycin was purchased from Farmitalia (France) and elliptinium acetate from Pasteur
Vaccins (France). S 16020-2 was synthesized by E. BISAGNI's group (Jasztold-Howorko et
al., 1994). For in vitro tests, the 3 compounds were solubilized at 10-2M in distilled water,
aliquoted and stored at -20°C. The solutions were thawed just before the experiments. For in
vivo studies, the drugs were solubilized in distilled water and diluted with saline. The drugs
were administered in 0.1 ml per 10 g animal weight at the doses indicated in the figures.

Cell lines and proliferation assavs (MTA)

NCI-H460, a non small cell lung carcinoma from human origin, and P388, murine
lvmphocytic leukemia, cell lines were obtained from NCI. The multidrug resistant subline
P388/VCR-20, which resistance was induced in our laboratories, is described in Pierré et al.,
1992 ; Léonce et al., 1992, .

Cells were cultivated in RPMI 1640 medium supplemented with 10 % of complemented fetal
calf serum, 2 mM L-glutamine, 100 U/ml penicillin, 100 pg/ml streptomycin and 10 mM
Hepes, pH = 7.4. Cells were grown in this complete cuiture medium at 37°C in 5 % COy /
95 % air. All medium and supplements were from Gibco (France).

The MTA {microculture tetrazolium assay) is a colorimetric assay based on the reduction of a
tetrazoliurn salt by the mitochondrial enzvmes of the respiratory chain. For details on its
application, refer to Aley et al., 1988 ; Pierré et al., 1991. The percentage of growth was
calculated as IC50 (concentration of drug inhibiting the growth of malignant cells by 50 %).

Mice and in vivo tumor models

Female B6D2F1 (C57B1/6 x DBA2) |, inbred DBA2 (P388 leukemia) and C57B16 (Lewis lung
carcinoma, LLC) were used in murine tumor models. Nude femal athymic mice congenic of
swiss strain homozygous for the nude gene (nu/nu) were used for NCI-H460 non small cell
lung carcinoma xenograft, NSCLC and NCI-H69 a small cell Jung carcinoma xenograft,
SCLC. All mice were purchased from Iffa Credo (France). The conditions of the experiments
as well as the doses and schedule of treatment are indicated in the results. The tumors were
measured twice a week in two dimensions. Volume of sc tumors was calculated according to
the formula 0.5 x length x width2. The VU/VO value was determined for all individual tumors.
V0 is the initial volume and Vt is the volume at the indicated time t. The median VUVO values
for each group of mice at each measurement time were used to draw the tumor growth curve.
Needless to say that regression exists when VO is greater than Vi
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FIG. 2: Inhibition of H460 cells growth by S 16020-2 ({J).
It is determined by a proliferation inhibition assay expressed as percentage of untreated
controls. Cytotoxicity of adriamycin (ADR) (B) and elliptinium acetate (ELP) (A) is

represented.
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FIG. 3 : Inhibition of P388 sensitive ({J, A) and P388/VCR-20 resistant (®,4) leukemia

cells proliferation by exposure to variant concentrations of S 16020-2 and adriamycin
(ADR)
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FIG. 6 : Therapeutic effect of S 16020-2 against the Lewis lung carcinoma in mice.

The tumor was implanted SC on day 0 and the drugs were administered on days 3,7 and 11.
The IV route was used for S 16020-2 while the IP route was used for reference compound,
endoxan. The curves represent the percentage of survival mice in treated and control groups.

2) NCI-H460 non small cell lung carcinoma xenograft

Tumor fragments were transplanted SC bilaterally in the flanks of nude mice by a 10-
gauge needle. When the tumor reached an average of 4-6 mm in diameter (considered
day 0), S 16020-2 and ADR were administered IV on days 0,7,14. Fig. 7 shows the
tumor growth curves of treated groups in comparison with the control group. In the
groups of $16020-2 treated mice, we observed an important antitumor effect at 90 and
60 mg/kg/day while ADR, administered at the optimal dose of 10 mg/kg/day appeared
less active.

3) NCI-H69 small cell lung carcinoma xenograft

The methodology was the same as for NCI-H460. S 16020-2 showed an important
dose-dependent tumor growth inhibition (fig. 8). In this experiment, S 16020-2 at
60 mg/kg/day showed the same activity obtained by ADR at the optimal dose of
9 mg/kg/day while the optimal dose of S 16020-2 was the most active treatment.
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DISCUSSION

Under the experimental conditions used (continuous exposure of H460 and P388 cells),
S 16020-2 was a potem cytotoxic compound as potent as ADR, while it was more potent in
the P388/VCR-20 cell line, which has a pure classical MDR p‘mmf&pé‘ These results suggest
that S 16020-2 might retain a good activity on pure classical MDR lines because of its poor
recognition by the P-glycoprotein which is super- LXPI‘L»\LKJ in the typical 1 I)ri lines {the
activity against this line was also confirmed in hw while ADR was totally inactive
The antitumor effect of § 16020-2 against the murine ium carcinoma LLC and the 2 NCI ing
xenografts (H360 (NSCLC) and H69 (SCLO)) may suggest a relative selectivity towards lung
carcinomas.
Preliminary results obtained by LE MEE et al. 1994 showed that S 16020-2 was able 0
mtercalate into DNA and to interact with ts)puisomcrase 1. This result sug ges that S 16020-2
shares the same mechanism of action with ADR and other topoisomerase 1 inhibitors. The
observation of a high therapeutic effect of § 16020-2 on advanced murine tumors such as the
highly metastatic Lewis lung carcinoma and the important tumor growth inhibition in human
lung adenocarcinoma xenografts, may be explained by the formation of very highly stable
DNA dmg enzyme complex specific sequences of DNA. This explanation is just an
hypothesis which need to be demonstrated before describing the real mechanism which
induces this high antitumor effect. However, this attractive property of S 16020-2 may deserve
further pharmacological and toxicological studies in preparation to an eventual phase I clinical
investigation.
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FIG. 7 : Antitumor activity of § 16020-2 against NCI-H460 (NSCLC) buman tumor
xenograft in nude mice.
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FIG. 8 : Antitumor activity of § 16020-2 against NCI-H6%9 (SCLC) human tumor
xenograft in nude mice.

Curves represent the tumor growth of treated groups in comparison with the control group.

BIBLIOGRAPHY

ATASSIG., DUMONT P., PEPIN O., GROS O. and GROS P. (1989)
SR95325B, a new ellipticine derivative highly active against established murine solid tumors.
Proc. Am. Assoc. Cancer Res. 30: 317

ATASSI G, PEPIN O., DUMONT P. and GROS P. (1989)
SR-93325A (BD84) : a new antitumor agent
Invest. New Drugs 7 1 457

ALLEY M.C., SCUDIERO D.A., MONKS A, HURSAY M.L., CZERWINSKI M.j. FINE
D.L., ABBOTT BJ., MAYO J.C,, SCHOEMAKER R.H. and BOYD M.R. (1988)

Feasibility of drug screening with panels of human tumor cell lines using microculture assay
Cancer Res. 48 : 589

AUCLAIR C. (1987).
Multimodal action of antitumor agents on DNA : the ellipticine series.
Arch. of Biochem. Biophys. 258 : 261.

BISAGNIE.  NGUYEN C.H., PIERRE A, PEPIN O, DECOINTET P. and GROS P. (1988)
I-amino-substituted 4-methyl-5H-pyrido[4,3-b] indoles (y-carbolines) as tricyclic analogues
of ellipticine : a new class of antineoplastic agents

J. Med. Chem. 31 : 398




ATASS! — PIERAE ~ GUILBAUD — KRAUS-BERTHIER - SAINT-DIZIER ~ BISAGN! 149

5»\37"’0i D-HOWORKO R, LAUDRAS €, PIERRE A, ATASST G, GUIL E)*x{ BN,
KRAUS-BERTHIER L., LEONCE 5, ROLLAND Y., PROST IF. a;d”i‘w\(y\? (1994

roxy-3- meiwl {and  3,6-dimet! "—&imvﬂjx
boxamides, a new promising se

Synthesis amd evaluarion of
blcarbazole-1-N-{{dialkylamino) al
olivacin den, vd’.,':\ 23
I Med. Chen 37 : 2445

kﬂ.

LE MEE S, \/L\i\x{DV ITS
SABLON A {)*\L( IERJ
In vitro studies of S 16020-2, ‘bazole
{st conference on DNA mpmsmmer;shes in therapy, New-York, 3-6/10

lerivative

LEONCE 5., "’EER’RE A., ANSTETT M, PEREZ V., GENTON A, BIZZARIL 1P, and
ATASSIG. (1992

Effects of a new mazizmz‘smmmpaper%ﬁme derivative on adriamyein accurnulation and retention
in cells displaving P-glycoprowein-mediated multidrug resistance

Biochem. Pharmacol. 44 1 1707

_amino-substituted 4-methyl-SH-pyrdo[3.4', 4,5]pyrrolo[3,

‘

NGUYEN C.H, BISAGNIE., PEPIN O, PIERRE A and DE ‘C
B

antineoplastic agents
J. Med. Chem. 30: 1642

NGUYEN C.H., LAVELLE F., RIOU LF, BISSERY M.C. ]
1\‘()')%

rurxlm SAR in ¢
benzofe]pyridol4,3-b] indole
Anticancer Drug I 7

he new antitumor l-aminoe  substi

NOVIELLO E.. ALUIGI M.G., CIMOLI G., ROVINI E., MAZZONI A, PARODIL 5, DE
SESSA F.and RUSSO P (10~>4;

Sister-chromatid  exchanges, chromosomal  aberr
wepoisomerase 11 targeted dxugs in @ers:' ve
ovarian cancer cells. Correlations with ormat

~1

Mutation Res. 31 ¢ 21

v produced

O-DX3Y hun

PEREZ V., PIERRE A LE :
Caractérisation in vitro de Vactivitg
multidrogue

Bull, du Cancer 80 : 310

PIERRE A., KRAUS-BERTHIER L., ATASST G, CRO \WIETLE G,
BERLION M, and BIZZARIJ P.( “%‘Qi‘

Preclinical antitursor activity of a new vinca atkaloid derivative, 5 12
Cancer Res. 31 : 2312




150 MARMARA UNIVERSITES| ECZACILIK DERGISI

PIERRE A., DUNN T.A, KRAUS-BERTHIER L., LEONCE S., SAINT-DIZIER D.,
REGNIER G., DHAINAUT A., BERLION M., BIZZARI J.P. and ATASSI G (1992)

In vitro and in vivo circumvention of multidrug resistance by Servier9788, a novel
triazinoaminopiperidine derivative

Invest. New Drugs 10 : 137

POMMIER Y., ZWEILLING L.A., KAO-SHAN C.S., WHANG-PENG J. and BRADLEY
M.O. (1985).

Correlations between intercalator-induced DNA strand breaks and sister chromatid exchanges,
mutations and cytotoxicity in chinese hamster cells.

Cancer Res. 45 : 3143,

POMMIER Y., KERRIGAN D., COVEY J.M., KAO-SHAN C.S. and WHANG-PENG J.
(1988)

Sister chromatides exchanges, chromosomal aberrations and cytotoxicity produced by
antitumor topoisomerase II inhibitors in sensitive (DC3F) and resistant (DC3F/9-OHE)
chinese hamster cells.

Cancer Res. 48 - 512,

SCHWALLER M.A., AUBARD J., AUCLAIR C., PAOLETTI C. and DODIN G. (1989)
The G-C base pair preference of 2-N-methyl-9-hydroxy elliptinium.
Eur. J. Biochem. 181 : 129




