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Expression of the multidrug resistance-associated protein
(MRP) and chemoresistance of human non-small-ceiliung
cancer cells

W. Berger, L. Elbling, E. Hauptmann, M. Micksche. Institute for Tumor
Biology/Cancer Research, Dept. Applied & Experimental Oncology, Vienna
University, Austria

Purpose: Human non-small-eell lung cancer (NSCLC) IS conSidered a
chemotherapy-relractory malignancy. Using 11 unselected NSCLC cell
lines, expression and drug-transporting activity of the mU~ldrug resis•
tance-associated protein (MRP), mediating a multidrug resistance (MDR)
phenotype, as well as its correlation with chemoresistance were analysed.

Methods: MRP mRNA and the corresponding protein were detected by
RT-PCR and immunoblot, respectively. Southem hybridisation was used to
analyse MRP gene amplification. Functional activity 01 MRP was determined
by drug accumulation studies using 3[H]daunomycin and calcein as MRP
substrates and probeneCid, genistein, benzbromarone, N-ethylmalelmide
and verapamil as MRP-modulators. Chemosensitivity was evaluated by an
MTT-based survival assay.

Results: The MRP gene is Intrinsically expressed at markedly varying
intensity In NSCLC cells. Two cell hnes expressed MRP at levels com•
parable to those detected in drug-selected control cell lines (GLC4/ADR,
HL-60/AR), however, without MRP gene amplification. Functional analysis
revealed a transporting activity 01 MRP, correlating significantly with the
gene expression data. Moreover, a signillcant correlation between MRP ex•
pression and chemoresistance against daunomycin, doxorubicin, etopOSide
and vinblastin, but not cisplatin was detected.

Conclusion: Our data suggest that MRP may be involved in the intrinsic
MDR phenotype 01 NSCLC cells.

animals was free 01 metastases. 100% of Inhibition 01 Ca2+ active transport
was observed.

The AK-2t23 radlosensillzer exhib~s slgnillcant antlmetastallc effect
which is suggested to be related to the inhibition 01 active calcium transport.

In vivo resistance of murine leukemia P388 towards platinum
complexes

S. Goncharova, T. Raevskaya, V. Sen', N. Konovalova. Institute of
Chemical Physics of RUSSian Academy of Sciences, Russia

Numerous attempts have been done to synthesize novel platinum drugs
with improved therapeutic leatures. We synthesized previously the plat•
inum complex with diaminonitroxyl radlcal-PtIl(DAPO)Ox, which displayed
the more antitumor activity in tumor-bearing mice and less overall and
specific toxicity than CDOP. The purpose 01 this work was to examine com•
paratively development 01 P388 leukemia resistance to these drugs. The
resistance was induced by successive transplantations 01 tumor cells Irom
mice treated by each drug, with the stepwise Increase 01 doses. There were
obvious differences in duration 01 resistance development to CDDP and
PlII(DAPO)Ox - at 5th and 11th generations respectively. ReSistant sub•
strains exhibited the mutual cross resistance to CODP and Pt(DAPO)Ox.
Tumorogenlclty 01 resistant and parent strains was similar. ReSistance was
not disappeared during 16 generations in the absence 01 own drug. The
resistant substrains retained the high sens~ivlty to ADR, DAU, VCR. They
had the cross resistance to ThioTEPa. One substrain (P3881DAPO) main•
tained the high sensitivity to MTX Whereas the other showed the cross
resistance to this drug. P3881DAPO, but non P3881CDDP, had a collateral
sensitivity to etoposide. Thus, the introduction 01 nitroxyl radical in platinum
complex results In the delay 01 resistance development and certain changes
01 chemosensitivity.

This work was supported by Intem. Sci. Tech. Centre, ProjecI123-94..
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Influence of melatonin on mutagenicity and anti-tumor effect
of cyclophosphamide and nitrosomethylurea In mice

SA Musatov1.2, S.V. Rosenleld1 , E.F. Togo', V.S. Mikheev',
V.N. Amsimov2. 'Department of Medical Biology and Genetics, I.P. Pavlov'
St. Petersburg State Medical University; 2Laboratory of Experimental
Tumors. N.N. Petrov Research Institute of Oncology, SI. Petersburg, Russia

Purpose: We examined the ability 01 pineal hormone melatonin (MLT) to
modulate the mutagenicity 01 N-nitrosomethylurea (NMU) and cyclophos•
phamide (CP) in the tests lor chromosome aberrations (ChA) in bone
marrow cells and sperm head anomalies (SHA) in mice.

Methods: Animals were killed 24 h (lor ChA) or 17 days (for SHA) after
single injections 01 MLT (5 mglkg, s,c,), NMU (50 mglkg, i.p.), CP (200
mglkg, i,p.) or co-administration 01 MLT and NMU or CPo

Results: MLT reduced the level 01 ChA (%) lrom 15.9 (NMU) and 13.7
(CP) to 4.5 and 4.3, respectively (p < 0.05). Similarly, SHA Irequency (%)
was reduced from 18.6 (NMU) and 17.7 (CP) to 9.9 and 6.1. Exposure
to MLT (20 mgl1, in drinking water at night) alone or in combination with
NMU (50 mglkg, Lp. xl) or CP (200 mglkg, Lp. xl) failed Inlluence s.c.
transplanted carcinoma Ehrlich size in comparison to relevant controls.
However, MLT slgmlicantly increased the life-span of CP-treated mice.

Conclusion: MLT has antimutagenic effect and potentiates anti-tumor
action 01 CPo
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Inhibitory effect of radiosensltizer AK-2123 on experimental
hepatic metastases and CA2+ active transport

N.P, Konovalova', L.M. VOlkova', L.V. Tat'yanenko
'
, R.A. Kotel'nikova

"T.N. Yakushchenk01 , T.V. Kaglya2. 'Institute of Chemical Physics Russian
Academy of Sciences; 2 Kinki Invention Center, Kyoto. Japan

The purpose 01 the work Is identilication 01 new active agents for treatment
colorectal cancer hepatometastases,

The effect 01 radiosensltizer AK-2123 (nltro-lriazole) on hepatometastases
and on Ca2+ active transport was studied.

The metastases were induced by intrasplenlc Injection ot colon ade•
nocarcinoma cells in singenlc mice. Tha average number 01 colonies in
control and treated groups was estimated on day 22, The active transport
01 calcium ions by the (Ca2+-Mg2+)-dependent ATP-ase 01 sarcoplasmic
reticulum was evaluated pH-metrically.

The average number of metastases in control and treated (10 mg/kg)
groups was 15.8 ± 2.1 and 3.8 ± 1.5 respectively. The part 01 treated
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Antitumor effect oxygenic complexes of cobalt

V. Simkevi~iene, Z. Stanlulyte, A. Palalma. Department of Technology of
Bioorganic Compounds, Institute of Biochemistry. 2600 Vilnius, Lithuania

Purpose: The main objective in this work was to study the tOXicity and
antitumor actiVity 01 transition metal complexes (oxygen carriers); since
it is supposed that these substances concrete as sources 01 superoxide
and hydroxyl radicals that can destroy DNA. The 3 new cobalt complexes,
containing jointly a molecular oxygen, amino acids and tetraazomacrocyclic
ligands were examined.

Methods: TheSe compounds: I. (cobalt, imidazole, lysine and molec•
ular oxygen), II. (cobalt, histidine and molecular oxygen), III. (coba~,

tetraazomacrocyclic ligand and molecular oxygen) were synthesized by
J. Bratu~ko and J. Stukalina, Institute 01 Physical Chemistry, Ukraine. The
acute toxicity was determined in the intact mice. Ascite and solid tumor mod•
els were used: leUkemia L 1210 (L 1210), Ehrlich ascile carcinoma (EAC)
and Lewis lung carcinoma (LLC). Mice were injected intraper~oneally with
compounds in various dose levels during 4-5 days. The antitumor effect 01
the compounds was measured as percentage tumor growth or metastases
inhibition and percentage increase in Iile span.

Results: In acute toxicity test was determined that maximal tolerated
doses were I and 11-200 mglkg, 111-400 mglkg. Treatment L 1210 and EAC
lalled to increaSe the life span, In spite 01 EAC marked Inhibitory effect on
asclte volume (40-90%). All compounds didn't Inhibit the growth 01 primary
tumor LLC, and only one 01 them (III) showed a slgnillcant reduction In the
development 01 metastases LLC (80.6%).

Conclusion: One 01 the oxygenic complexes III (cobalt. tetraazomacro•
cyclic ligand and molecular oxygen) was lound to have therapeutic effect
on mouse Lewis lung carcinoma Inhibiting the metastases growth.
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8-CI-cAMP Induction of differentiation and apoptosls In Y·79
human retinoblastoma cell line

G. Fasslna1.2, M.G. Alulgl', T. Call, S, Genl/eman', O.M. Noonan',
A. Albini'. 'Dept. of Exp. Oncology, Istituto Nazlonale Ricerca suI Cancro;
2Centro dl NeurofisiologiB Cerebra/e. G.N.R.• Genoa. Italy; 3NEI. NIH.
Bethesda, USA

Purpose: Treatment 01 retinoblastoma cells with Certain agents Induces a
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Results: Three of the above compounds exhibited an ICso values similar
to that for clsplalln against the three solid cell lines (Hep-2. RD & HeLa).
Whereas. better cytotoxicity was achieved by these compounds against the
four cell lines when compared with both the carbOplatin and the oxaliplatin
(the reference standards used in this study).

Conclusion: The present results are encouraging, yet, further studies
are required to confirm them by uSing at least one of the known NCI-models
like B16 melanoma or sarcoma 180.

Metphosphane - A potent anticancer agent

Z Stanlulyte, A. Palalma. V. LaukaitJs, V. Simkeviciene. Department of
Techn%gy of Bloorgantc Compounds. Institute of Biochemistry, Vilnius.
Lithuania

Purpose: During the last several years the number of active new anticancer
agents among denvatives of dlethylenimidophosphoryl- and thlophospho•
ryl-amino-cyclohexylalcanoic acids were synthesized and examined. Con•
tinUing our research we prepared N,N' -tetramethyldlamlda-N"-ethylenimido•
phosphate (metphosphane) with the aim to verify its antineoplastic activity.

Methods: Tumor models were used: Iymphoidlc leukemia L1210 (L1210).
murine asclte tumor NKlLy (NKlLy), Ehrlich asclte carcinoma (EAC). Lewis
lung carcinoma (LLC), carcinoma Jensene (CJ), sarcoma M-1 and 45
(S-M-l and 5-45), carcinoma Herene (CH), cholangioma PC-1 (ChPC-1).
lymphosarcoma Phss (PL), carcinosarcoma Walker 256 (W-256). Treatment
of tumor-beanng anrmals with metphosphane was generally inrtiated on the
2-3 days follOWing solid tumor implant or 24 h after ascite tumor Inoculation
and continued for a period 7-10 days. The antitumor effect was measured
as percentage of tumor growth (TG) Inhibition or percentage increase in life
span (LS).

Results: The experimental data heve shown that metphosphane did not
increase the LS of mICe with L-1210, EAC and LLC, but inhibited growth of
ascite volume and reduced the tumor cell counts The mean white cell counts
in the treated animals were significanHy lower compare to the untreated
animals. The TG of rats With wide spectrum of solid tumors treated with
metphosphane was decreased 7~98%, and W-256 was Inhibited 100%.
Some preclinrcal examination 01 thiS agent IS made too.

Conclusion: Metphosphane IS active anticancer agent in experiment.
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Influence of long-term storage of freshly explanted tumor
cells on In vitro soft agar cloning

R. Peler'. N Adolphsen
'
, H. Depenbrock', G. Budak' , P. Schmid2,

N. Brack2, J Rastetter', A.-R. Hanauske
'
. 1Klintkum rachts der tsar dar

Techn. Untv. Munchen; 2Stfldtisches Krankenhaus Munchen-Harlaching.
Germany

The purpose of the present study was to Investigate the Viability, clonogenic•
Ity and chemosensitivity of freshly explanted tumor cells when stored in liqUid
nitrogen using a soft agar cloning system. Fresh tumor cells obtained by
stenle standard procedures as part of routine clintcal measures were cloned
In the presence of cllntcally relevant concentrations of a variety of antitumor
agents. Allquots of the cells were cryopreserved in culture medium con•
taining 10% OMSO by freezing at a rate of -1°C/min to -6°C/min down
to -175'C and then stored In liqUid nitrogen. After thawing and DMSO
removal, the cells were cloned as described above. Viability, clonogenicity
and chemosensitiVIty were Investigated before and after various periods of
N2-storage. For longitudinal studies. 14 tumors were Investigated end 10
clinical antitumor agents were used. After a freezing period of 2 hours the
Viability of the cells was reduced by 8.9% and cfonogenitlcity was reduced
by 22% In untreated controls. However, the chemosenSitivity pattem was
not changed. Experiments were repeated every 6 weeks and 528 deter•
minations are available. Long-term storage of the cells up to 42 weeks
had no further influence on Viability, clonogentclty and chemosensitivity. 61
additional tumors were also Investigated by independent Investigators after
various storage penods In liquid nitrogen. Again, no Influence of N2-storage
on chemosensitivity and clonogentticlty was observed. We conclude that
storage of freshly explanted human tumor cells in liquid nitrogen is a simple
and easy way to preserve samples for the preclinical evaluation of new
antitumor agents.

partial differentiation to cell types resembling those of the mature retina. The
effects of 8·CI-cAMP on the Y-79 retinoblastoma cell line growth inhlbluon.
differentiation and apoptosis were tested in vitro.

Methods: Y-79 cells were treated With Increasing doses of 8-GI-cAMP
for growth inhibition. Apoptosls was evaluated by DNA laddenng, acridine
orangelethidium bromide uptake and TUNEL assays.

Results: Y-79 cells treated with B-CI-cAMP produced short branching
processes, whereas dlbutyryl-eAMP induced differentiation toward a glial
cell type. 8-CI-eAMP treatment Increased expression of the neuronal marker
Neuron Specific Enolase, while dibutyryl-cAMP increased the glial marker
Glial Acidic Flbnllary Protein. Y-79 cell proliferation was strongly Inhibited by
8-CI-cAMP at concentrations as low as 10-25 j.LM. 8-CI-cAMP decreased
expression of the RI regulatory subunit of cAMP-dependent protein kinase
A, Which IS produced In abnormal quantities by Y-79 cells. Finally. 8-GI-eAMP
significantly Increases the rate of apoptosls of Y-79 cells in a dose-dependent
manner.

Conclusions: These data suggest that 8-GI-cAMP can be a potential
agent in the therapy of retinoblastoma.
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Effect of j3-lnterferon on vascular density, local metabolism
and alkaline phosphatase activity in normoxla and hypoxia

R. Demir', L. Plasswilm2, J. Hoper'. I/nsfltut fur Physi%gie und
Karriio/ogie der Friedrich-A/exander-Universitat, Er/angen. Germany;
2/nstitut fur Radio-Onko/ogie, Basel, Switzer/and

Purpose: While interferon's (IFN) are known to inhibit cellular proliferation
rate, hypoxia is Mown to stimulate endothelial cell proliferation. In order
to find out whether or not the angiogenic effect of hypoxia weakens the
Inhibitory effect of /i-interferon expenments were performed In the early
chick embryo.

Materials and Methods: For thiS study fertilised crossbred White-Ply•
mouth-Rocks x Sussex' eggs were Incubated in a commercial incubator In
air (20.9% oxygen. normoxia), 10"/. oxygen (mild hypoXia) or 5% oxygen
(severe hypoxia). After 48 hr of incubation, the egg shell was opened and
33000 IU interferon /3 were added locally 4B hr later. vascular density, local
metabolism and activity of alkaline phophatase were determined In vivo.

Results: Vascular density was found to be significantly reduced in areas
treated With /3-interferon. This was observed in normoxia as well as In mild
hypoxia. Simultaneously local metabolism decreased. Activity of alkaline
phosphatase showed highest values in untreated eggs incubated In 10"/.
oxygen. Treatment With Interferon caused a significant reduction in AP
activity. In severe hypoxia the anlJangiogenic effect of /i-Interferon was
abolished.

Conclusion: /i-interferon decreased metabolic actiVity of tissue as well
as vascular density as long as the local oxygen availability is above a critical
level. At the same time the activity of AP is reduced. This may be due to
an a~ered synthesis of extracellular matrix. Below a critical oxygen supply
the inhibitory effect of interferon IS overwhelmed by the angiogenic effect of
hypoxia.
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New dimethyltin (IV) compounds and their complexes with
nitrogen containing ligands of antitumour activity

Luay J. Rashan, Talal A.K. AI-Allaf. University Mosul, Mosu/, Iraq

Purpose: Organolin (IV) compounds and their complexes With various
ligands have been investigated by many researchers and found to have
a range of anli-tumour actiVity against certain types of tumour cell hnes.
In thiS study. a large number of new Me2Sn (IV) compounds and their
complexes with various nitrogen containing ligands were syntheSized and
their activrties were examined.

Methods: The dimethyltin (IV) compounds, MB2SnX2, where X2 = C20.,
02(CO)2CH2, 02(CO)2(C6Hl1 )2, 02(CO)2(C(CH3!J}2 and 02(CO}2C•
CH2CH2CH2 and their complexes of the general formula Me2SnX2.L (or
l2). where L = nrtrogenous ligand, have been synthesized and charac•
terized physicochemically and spectroscopically. The cytotOXIC activities of
these compounds were evaluated in vitro uSing the MTI-assay against
four tumour cell hnes, one fluid suspension (Pm-leukemia) and three solid
human cell lines (Hep-2, larynx; RD, embryonal rhabdomyosarcoma and
HeLa, cervical carcinoma cells).
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