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ABSTRACT

Adozelesin is a highly potent alkylating agent which has entered clinical
trials based on its unique mechanism of action and broad-spectrum anti-
tumor activity in vÃ¬vo.V79 cells resistant to adozelesin (V79/AdoR) were

not resistant to the alkylating agent cisplatin but showed the phenotypic
and genotypic characteristics of multidrug resistance. Thus V79/AdoR was

cross-resistant to several structurally and functionally unrelated drugs,

resistance was reversed by verapamil, and the resistant cell line expressed
mtlr m KN'A and p 170 glycoprotein. Also, adozelesin uptake and the

amount of drug alkylated to DNA was much lower in the resistant cell line
as compared to the sensitive parent. However, even with the same amount
of drug bound to DNA (10 fmol/ug DNA) the survival of V79/S (= 15%
survival) was much lower than that of V79/AdoR (=80%). Therefore the
resistance of V79/AdoK cannot be explained solely by the multidrug re

sistance mechanism (i.e., lower drug uptake and less drug alkylation to
DNA), which suggests that multiple mechanisms may account for resis
tance to adozelesin.

V79/AdoR showed different levels of cross-resistance to several adoze

lesin analogues. The analogues could be divided into 2 groups; those with
very low partition coefficients (log P < 2 as compared to 2.74 for adoze
lesin) had low levels of cross-resistance, whereas analogues with higher
partition coefficients (log P > 2.4) were cross-resistant to adozelesin.

INTRODUCTION

Adozelesin (U-73975) is a synthetically derived analogue of the
highly potent, alkylating antitumor antibiotic CC-1065 (1). CC-1065
binds nonintercalatively in the minor groove of double-stranded DNA
at A-T-rich regions followed by covalent bonding with N-3 of adenine
in preferred base sequences (2, 3). Although CC-1065 showed mod

erate antitumor activity in vivo, it was not evaluated clinically because
it caused delayed deaths in mice at therapeutic doses (4). Adozelesin
is one of many CC-1065 analogues (5-7) with excellent broad-spec

trum antitumor activity in vivo without causing delayed deaths (8).
Based on its superior solubility and stability in aqueous formulations,
its in vivo antitumor activity, and its unique mechanism of action,
adozelesin has been entered in clinical trials.

Development of tumor cells resistant to antineoplastic agents is
obviously clinically significant. When resistance to one drug was
associated with cross-resistance to several structurally unrelated drugs
it was termed multidrug resistant (9-12). This resistant phenotype was
characterized by cross-resistance to structurally unrelated agents (9),

reversal of resistance with verapamil (13), decreased intracellulardrug
concentration by decreased drug uptake or increased efflux (14), and
amplification or overexpression of one or more /Â»i/r-associated genes
(15). It must be realized that these characteristics pertain to P-glyco-
protein-mediated multidrug resistance. MDR2 usually develops in

response to large, hydrophobic, natural product molecules, whereas
cells resistant to known alkylating agents are usually not multidrug
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resistant (16). The MDR phenotype of adozelesin-resistant V79 cells

reported here was presented previously as an abstract (17).

MATERIALS AND METHODS

Cell Culture. V79 cells (Chinese hamster lung fibroblast: obtained from
Dr. Ralph E. Durand. British Columbia Research Center, Canada) were grown
as monolayer cultures as described previously ( 18). Adozelesin-resistant V79
cells (V79/AdoR) were grown in medium containing 0.5 ng/ml of adozelesin.

To maintain exponential growth, cells were subcultured prior to reaching 5
X lO^AZS-cm2flask. Monolayers were harvested by washing with phosphate-
buffered saline and then incubating at 37Â°Cwith a trypsin solution (0.05%

trypsin and 0.02% EDTA). Since V79 cells clump readily, cells were dispersed
while suspended in trypsin solution in order to obtain a single cell suspension.
The medium was added and cells were redispersed and counted using a Coulter
counter (Coulter Electronics, Inc., Hialeah, FL). Cells were seeded 48 h prior
to the experiments.

KB-3-1 (parent) and KB/VI (vinblastine-resistant human epidermoid car

cinoma) cell lines were obtained from Dr. M. Gottesman (National Cancer
Institute. NIH. Bethesda. MD) and grown in Dulbecco's modified Eagle's

medium with 10% fetal calf serum (19). KB/VI was maintained in I ug/ml of
vinblastine.

Cell Survival and Growth Inhibition Assay. Cell survival after drug
exposure was determined by a colony formation assay (20). To determine
survival after short-term (2 h) drug exposure, cell monolayers were exposed to

drug, following which cells were harvested, centrifuged, washed, and planted
(200 to IO4 cells) in 6-well Linbro plates. To determine survival after contin
uous exposure to drug, cells (200 to IO4 cells) and drug were added to 6-well

Linbro plates. Plates were incubated for colony formation, and the colonies
were stained and counted (20). Cloning efficiencies of V79/S and V79/AdoR

cells were approximately 70% and 30â€”45%,respectively. Cloning efficiency of

the untreated (control) cells was normalized to 100%. and the cloning effi
ciency of the treated cells was expressed as a percentage of control survival.
For each drug concentration, duplicate cultures were used. Vehicle or solvent
controls were run with each experiment.

Growth inhibition of V79/S and V79/AdoR cells was determined by expos

ing duplicate cultures to adozelesin. Variation between experiments was gen
erally less than 10% for a given mean value. The percentage of growth
inhibition was calculated as:

100 - 100 x
Cell no. in treated flask at 72 h - cells planted

Cell no. in control at 72 h - cells planted

Adozelesin Uptake and DNA Alkylation. Cellular uptake of adozelesin
and subsequent DNA alkylation by the drug has been described previously
(18). In brief, to determine cellular uptake after drug exposure, cells were
dissolved in an equal volume of 0.1 NNaOH:0.4% sodium dodecyl sulfate (1:1
v/v). Samples were then suspended in Ready-Safe and counted in a scintillation
counter. Drug uptake was expressed as fmol ['H]drug equivalents based on the

initial specific activity of labeled adozelesin. To determine DNA alkylation,
cellular DNA was isolated and the level of [*H]ado/.elesin quantitated. DNA

concentrations were determined by a Hoechst 33258 dye binding assay (21)
procedure using a model TKO-IOO DNA fluorometer (Hoefer Scientific In

strument Company. San Francisco, CA). DNA alkylation by adozelesin was
expressed as |-'H]drug equivalents bound/ug DNA.

RNA Isolation and Northern Analysis. Total RNA was isolated from cell
cultures by lysis with guanidine thiocyanate followed by ultracentrifugation
over a CsCl cushion (22. 23). Ten |jg RNA were glyoxylated and run on a 1.5%
agarose gel in 10 HIMNaH2PO4 buffer (pH 6.8). RNA was transferred to a
GeneScreen filter membrane (NEN) by electroblotting in 40 HIMTris-acetate
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and 1 HIMEDTA. After complete transfer, the damp blot was wrapped in SarÃ¡n
Wrap, and the RNA was cross-linked to the membrane under shortwave UV
light at 1200 uW/cm2 for 2.5 min, for a dose of 1.6 y/rrr (24).

A 3.4-kilobase EcoRl fragment containing human MORI coding sequence

(25) was used to probe for MDR sequences. Hybridization with an 800-base
pair Pstl fragment of a human ÃŸ-tubulincomplementary DNA clone was used

as a standard to quantitate the amount of mRNA per lane. These complemen
tary DNA probes were radiolabeled by random primer extension (26) to a
specific activity above 1 X IO9cpm/ug. Filters were hybridized and washed as

described (27).
Western Analysis. Proteins were transferred from sodium dodecyl sultate-

polyacrylamide gels to nitrocellulose membrane, blocked in 3% milk/
phosphate-buffered saline, and reacted with C2I9 mouse monoclonal antibody

(diluted to 0.5 ng/ml in 10 niMTris. 0.5 MNaCl with 3% bovine serum albuminl
overnight at 4Â°C.The blot was washed in 10 mm Tris plus 0.5 MNaCl and then

treated with rabbit anti-mouse IgG for I h at room temperature. The blot was
washed again, treated with I25l-protein A for I h, then washed before being
exposed to Kodak X-Omat AR film at -80Â°C with intensifying screens.

Source of Materials. Adozelesin (U-73975, molecular weight, 502.2; the
Upjohn Company) was dissolved at 100 ug/ml and stored fro/en in dimethy-

lacetamide. Adriamycin (Sigma) was dissolved in 0.01 M glucuronic acid.
Cisplatin (clinical sample containing 1 mg cisplatin, 9 mg NaCl, and 10 mg
mannitol) was dissolved in 10 ml sterile H;O. Colchicine (Sigma) was also
dissolved in sterile H2O. Vinblastine (Eli Lilly and Company. Indianapolis, IN)
and actinomycin D (Calbiochem-Behring Corporation, La Jolla, CA) were both

dissolved in 100% ethanol. Drugs were diluted in medium immediately prior
to adding to cells. All medium components (minimum essential medium,
trypsin-EDTA, fetal calf serum, etc.) were obtained from Irvine Scientific.

Verapamil hydrochloride and BSO were obtained from Sigma (St. Louis, MO).
CPI Analogues Tested for Cross-Resistance to U-73975. All CPI ana

logues (U-56314, U-76915, U-81524. U-68749, U-75559, U-77779, U-76074,
and U-80244) were obtained from Dr. R. C. Kelly (the Upjohn Company),

dissolved in dimethyl sulfoxide at 100 ug/ml, and stored frozen. The structures
of these analogues are shown in Fig. 1. The general structural features of the
CPI analogues are as follows: CC-1065 (U-56314) is the parent compound and

comprises three pyrroloindole subunits (A. B. and C ring systems) linked by

amide bonds (1). The left-hand subunit (A ring) contains the reactive cyclo-
propyl ring, which forms an adduci with the N-3 of adenine in DNA. U-76915
(ent-CC-1065) is the enantiomeric form of CC-1065 (6). All of the analogues
are based on the A-ring either in the form of spiro cyclopropyl cyclohexadi-
enone (CC-1065, U-76915, U-68749, U-75559. U-76074, U-73975) or its HCI
opened form (U-77779, U-81524) or the urethane prodrug form (U-80244).
The B and C ring systems vary significantly between the analogues. U-68749
has a quinoline B-ring system and has no C ring system (28). Adozelesin and
U-76074 are analogues in which the tricyclic pyrroloindole B and C ring
systems of CC-1065 have been converted to indole (B ring) and benzofuran (C
ring) (6). Carzelesin (U-80244) is a urethane prodrug of the HCI opened form
of U-76074. U-75559 and U-77779 contain two cyclopropapyrroloindole sub-
units which are linked in U-75559 by a C-8 alkane dicarboxylic acid and in
U-77779 by a urea-linked pair of indole dicarboxylic acids (29, 30). U-81524

is different from all the other analogues in containing a triplex of pyrrazole
rings related to analogues of the minor groove binder distamycin (31).

Estimation of Partition Coefficients of CPI Analogues. Partition coeffi
cients were estimated by previously described methods (32-35). High-perfor

mance liquid chromatography was carried out with a Beckman 344 system and
an Altech Versapack 10 urn C,s silica column (2.4 x 250 mm) run at a flow rate
of 1.5 ml/min. Values of log P. the octanol:water partition coefficient, were
estimated from reversed-phase retention times (a-e) in 45:55, 50:50, and 55:45
(v/v) acetonitrile:0. l M pH 7.4 aqueous phosphate buffer system, using H-al-
kanones as standards (/-/). Tâ€žwas determined by the elution time of uracil.

RESULTS

Development of V79 Cells Resistant to Adozelesin. Resistant
cells developed after exposing parent V79/S cells continuously to
increasing levels of adozelesin starting at 0.0125 ng/ml. Cells were
maintained at each drug concentration for at least 2 passages. Drug
dose was escalated in small increments until growth stopped and the
cells appeared damaged (swollen and vacuolated). Cells were then
allowed to recover in fresh drug-free medium. The procedure was

repeated at a higher dose. After 6 months, cells grew in the presence
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Fig. I. Structure of CC-1065, adozelesin. and several analogues.
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of 0.5 to 1 ng/ml adozelesin. Cells were cloned, and 3 distinct colonies
were subcultured to develop resistant cell lines V79/5, V79/9, and
V79/12. Resistant cell line V79/12 (designated V79/AdoR) was main

tained in medium containing 0.5 to 1 ng/ml adozelesin and used in
further experiments.

Growth inhibition and cell survival after continuous exposure to
adozelesin is shown in Fig. 2. Adozelesin caused 50% growth inhi
bition of V79/S and V79/AdoR at 0.004 and 0.44 ng/ml and 50%

lethality (LD50) at 0.008 and 0.5 ng/ml, respectively. Growth of V79/
AdoR was completely inhibteed at 2 ng/ml compared to the complete

inhibition of V79/S at 0.025-0.05 ng/ml. After 2 h exposure, the
LD50s of adozelesin for V79/S and V79/AdoR were 0.12 and 14
ng/ml, respectively. Therefore, V79/AdoR was about 60-120 times

more resistant to adozelesin than V79/S. Even in the absence of
adozelesin V79/AdoR grew at a slower rate (doubling time of 37 h)

than V79/S (doubling time, 10 h).
V79/AdoR Cells are Multidrug Resistant. Table 1 shows the

MDR phenotype of V79/AdoR since it was cross-resistant to structur

ally unrelated drugs such as actinomycin D, Adriamycin, colchicine,
and vinblastine. V79/AdoR had a very low level of cross-resistance to

the alkylating agent cisplatin.
Multidrug resistance correlates with the amplification and overex-

pression of the mdr gene(s). Fig. 3/4 shows that the mdr transcript was
barely detectable in RNA from V79/S but gave a strong signal in 3
separate resistant clones, V79/5, V79/9, and V79/12. The level of
expression of mdr mRNA was similar in all 3 resistant clones. Sim
ilarly. Western blot analysis showed a significant increase in the level
of p 170 glycoprotein in resistant cell lines as compared to sensitive
cells (Fig. 3fi). Again the level of p 170 glycoprotein appears similar
in all 3 cell lines.

The multidrug-resistant human carcinoma cell line KB/VI (18) was
also cross-resistant to adozelesin. KB/VI was about 200-fold more

0.01
Ify 0.5 1.0 1.5 2.0 0.2 0.4 0.6 0.8 1.0

Adozelesin (ng/ml)

Fig. 2. Cell survival (A] and growth inhibition (fll after continuous exposure to
adozelesin. Growth inhibition was measured after 4 days' exposure to the drug. Cell

survival was measured by counting colonies formed after 8 days incubation in the
presence of adozelesin.

resistant to vinblastin and 10-fold more resistant to adozelesin
= 43 pg/ml) than KB 3-1 (LDW = 4.5 pg/ml).

Reversal of Resistance by Verapamil. Fig. 4 shows that verapa-
mil reversed the resistance of V79/AdoR to adozelesin. Verapamil was
more toxic to V79/AdoR (verapamil LDSO = 0.4-0.8 ug/ml) than

V79/S (verapamil LD50 > 10 ug/ml) (Fig. 4A). Greater sensitivity of
multidrug resistant cells to verapamil as compared to their parent
sensitive cell line has been reported (36. 37).

Fig. 4B shows the effect of verapamil-adozelesin combinations on
the survival of V79/AdoR cells. The effects of 2-drug combinations on

cell survival are easier to interpret when one of the drugs is used at a
nontoxic dose. We determined that the nontoxic dose for verapamil
was at 0.5 ug/ml for continuous exposure. Fig. 4B shows that when
V79/AdoR is exposed continuously to adozelesin plus a nontoxic (0.5

ug/ml) dose of verapamil there is a small but consistent increase in
adozelesin toxicity. Under similar exposure conditions, the toxicity of
Adriamycin for V79/AdoR increased about 2.2-fold in the presence of

verapamil compared to its absence. Verapamil was nontoxic to V79/
AdoR at even 10 ug/ml when cells were exposed for 3 or 22 h. Fig. 4C
shows that V79/AdoR cells were not killed by 2 h of exposure to 2

ng/ml of adozelesin alone as compared to 99.9% cell kill when cells
are preincubated with 10 ug/ml verapamil prior to 2 h of exposure to
2 ng/ml of adozelesin. With prior exposure to verapamil, the sensi
tivity of V79/AdoR (LD50 = 0.3 ng/ml for 2 h exposure) approached

that of V79/S (LD50 = 0.12 ug/ml).

Effect of BSO. Because cells can become resistant to alkylating
agents by increasing the level of glutathione-related metabolites (38),

we determined the effect of BSO treatment on adozelesin toxicity.
BSO lowers cellular glutathione levels and thereby increases the sen
sitivity of resistant cells to alkylating agents. V79/AdoR cells exposed

to BSO (30 UM) and adozelesin simultaneously for 24 h did not
become significantly more sensitive to adozelesin.

Intracellular Uptake of Adozelesin and DNA Alkylation. Mul
tidrug-resistant cells often contain a lower level of intracellular drug

due to efflux by p 170 glycoprotein. Fig. 5 compares cellular uptake of
adozelesin in V79/S and V79/AdoR cells after a 2-h exposure to

different concentrations of the drug. Intracellular adozelesin uptake
and amount of drug covalently bound to DNA were proportional to
drug concentration in medium. At the same drug concentration (e.g.,
1 ng/ml) V79/S accumulated (865 fmol/106 cells) about 15 times more
drug than V79/AdoR (52 fmol/106 cells). Also at 1 ng/ml the level of

drug covalently bound to DNA was greater in V79/S (56.6 fmol/ug
DNA) than in V79/AdoR (1.67 fmol/ug DNA) (Fig. 5). The greater
accumulation of adozelesin in V79/S (5611 fmol/106 cells) as com
pared to V79/R (96 fmol/106 cells) was obvious even after 10 min of

exposure to 20 ng/ml of drug.
Fig. 6 correlates cell survival to the amount of adozelesin bound to

DNA in the same experiment. Even with the same amount of drug
bound to DNA (e.g., 10 fmol/ug DNA) the percentage survival of
V79/S (=15%) was much lower than that of V79/AdoR (80%). There
fore, the resistance of V79/AdoR cannot be explained solely by lower

drug uptake and a lesser amount of drug binding to DNA. These
results may imply differences in drug-DNA interaction (e.g., differ

ences in DNA repair) or other sites of adozelesin action that we have

Table 1 Resistance of V79/Ado" to adozelesin and other antilumor drugs

Cells were exposed continuously to drugs during colony formation.

LDÂ«,(ng/ml)"

V79/S
V79/AdoK
V79/AdoK:V79/SAdozelesin0.016

1.4
86Actinomycin

D=6>200

>35Adriamycin29
4200

140Colchicine6.4
1180

184Vinblastine3.4
>200

>60Cisplatin500
13802.8

' LO.Â«,,lethal to 90% of cells.
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1234

Fig. 3. A, level of mdr-l mRNA in Northern blot
of V79/S and V79/AdoR cells. A radioaclive mdr-l

complementary DNA probe was used to identify
mdr-l mRNA. Lanes 1^1. V79/S, V79/5, V79/9,
and V79/12 ( = V79/AdoR), respectively. Cyclo-

phillin A was also probed and used as a standard. B,
level of p 170 glycoprotein determined by Western
blot. Lanes I and 3, KB-3-1 (sensitive); Lanes 2
and 4, KB-V1 ; Lane 5, V79/S; Lane 6. V79/5; Lane
7, V79/9; Lane S. V79/12 (= V79/AdoR).

200

not considered. It clearly shows that resistance to adozelesin occurs by
mechanisms besides that of P-glycoprotein-mediated MDR.

Cross-Resistance of V79/AdoRto Other CPI Analogues. Table2
presents the cross-resistance of V79/AdoR to several adozelesin ana

logues with different degrees of hydrophobicity. Two of the analogues
(U-77779 and U-80244) are also scheduled for clinical trial. Since the
p 170 glycoprotein in MDR cells is more efficient in effluxing hydro-
phobic than hydrophilic compounds, we expected that the resistance
of V79/AdoR would be correlated to the hydrophobicity of the com
pound. Table 2 shows that in general, analogues (U-77779, adozelesin,
U-76074, U-80244, U-75559) with high partition coefficients (log
P > 2.4) show a higher increase in resistance (i.e., a high ratio) and
that analogues (U-68749, U-56314, U-81524) with lower partition
coefficients (log P < 2) have a much smaller increase in resistance.
U-76915 (ent-CC-1065) is one compound that falls outside this pat
tern. It has a low partition coefficient but a high cross-resistance. The
characteristics of ent-CC-1065 that differentiate it from CC-1065 are
further elaborated under "Discussion."

DISCUSSION
The adozelesin-resistant cell line (V79/AdoR) was 60-100-fold

more resistant than the parent (V79/S) cell line, irrespective of
whether the level of resistance was measured following long-term (8
days) or 2-h exposure to the drug or growth inhibition and cell sur

vival were the measured end points.
V79/AdoR had the expected phenotypic and genotypic characteris

tics (9, 14)of P-glycoprotein-mediated multidrug resistance: (a) Cells
were cross-resistant to several structurally and functionally unrelated
drugs. The level of resistance to these drugs was in the same range as
resistance to the selecting drug adozelesin. (b) There was significant
overexpression of mdr mRNA and of the pl70 glycoprotein. (c)
Intracellular drug accumulation was much lower in resistant cells as
compared to sensitive cells (4). Verapamil reversed drug resistance
and made V79/AdoR almost as sensitive as V79/S.

Since cells resistant to alkylating agents are usually not multidrug
resistant, the MDR phenotype of V79/AdoR was unexpected. How

ever, unlike most alkylating agents, adozelesin is a large hydrophobic

Fig. 4. Effect of verapamil on lethality of ado
zelesin. A, lethality of verapamil alone for V79/S
and V79/AdoR. Cells were exposed continuously to

verapamil. B, lethality of adozelesin Â±verapamil
for V79/AdoR cells. Cells were exposed continu

ously to different concentrations of adozelesin with
and without verapamil (0.5 [ug/ml = 1.02 UM).C,
lethality of adozelesin Â±verapamil for V79/AdoR

cells when cells were preincubated with verapamil
(10 jug/ml = 20.4 UM) for 3 or 22 h, following
which adozelesin was added for 2 h. Verapamil was
present during adozelesin exposure.

Verapamil Toxicity
for V79/S, V79/R

Resistance Reversal,
Continuous Exposure

Verapamil

Resistance Reversal,
Prior Exposure

Verapamil

100

CO

0.1

-â€¢ â€¢¿�-

V79/S

V79/R

- Verapamil - Verapamil

Verapamil

02468 10 0 1 2
Verapamil ug/ml U-73975 ng/ml
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molecule that probably meets the structural requirement for interact
ing with the efflux protein gplVO. Two other MDR cell lines, KB/VI
and CHR-C5 (39), were also resistant to adozelesin.

The greater toxicity of verapamil for V79/AdoR (LD5() = 0.4 ug/ml)

as compared to V79/S (LD5() > 10 pg/ml) has been observed with
other MDR cell lines (36, 37). Cano-Gauci and Riordan (36) reported

that the parent Chinese hamster ovary cells tolerated 80 UMverapamil,
whereas 2 (JMverapamil was cytotoxic to multidrug-resistant clones.

Our results agree with other studies which show that cells resistant
to one alkylating agent are not often cross-resistant to other alkylating
agents (16). V79/AdoR showed a very low level of cross-resistance to

cisplatin. Similarly BSO did not significantly alter the toxicity of
adozelesin for V79/AdoR. BSO has been used to reduce cellular

glutathione levels and thereby modulate resistance to alkylating agents
(38, 39). Therefore, our results suggest that glutathione/glutathione-
5-transferase is not likely to be involved in adozelesin resistance.

Table 2 Cross-resistance of V79/Ador lo other CPI analogues"

4000

3000

Ã¶ 2000

E 1000

Uptake

400

300

200

100

4 8 12
U-73975 ng/ml

16 20

Fig. 5. Cellular uptake of |'H]adozelesin by V79/S and V79/AdoR cells. Cells were
exposed lo different levels (0.25-20 ng/ml) of (3H]adozelesin for 2 h. following which

cellular uptake of adozelesin was measured and is expressed as fmol drug equivalents/
IO6cells. DNA was then isolated from the cells, and the level of drug bound covalently

to DNA was measured and is expressed as fmol drug equivalenls/ug DNA.

100

10

CO

5Â«

0.1

V79/R

V79/S

10 20 30

fmole/ug DNA

40 50

Fig. 6. Correlation between level of drug bound covalently to DNA and cell survival.
The amount of |'H]adozelesin bound covalently to DNA was obtained from Fig. 5. Cell

survival at those drug concentrations was determined simultaneously with the uptake
experiment.

CompoundU-68749

U-56314 (CC-1065)
U-81524LD5,/>V79/S36

0.12
21(ng/ml)V79/AdoR150

0.7
170Ratio'

(V79/R:V79/S)4.2

5.8
8.1Log/"*0.97

Â±0.13
1.43 Â±0.44
1.92 Â±0.26

U-76915 (ent-CC-1065) 0.013 0.4 30.X 1.43 Â±0.44

U-75559U-73975
(Adozelesin)U-77779U-76074U-802440.0110.020.00250.090.121.61.40.15>3>31457060>30>302.39

Â±0.362.5
Â±0.312.75

Â±0.353.44
Â±0.365.03
Â±0.19

" Structures of these compounds are shown in Fig. 1.
h LD5o values are for continuous exposure of V79/S and V79/AdoR to the drugs.
' Ratio = LDW of V79/AdoR:LD50 of V79/S. The ratio shows the increase in resistance

of a test compound to V79/AdoR as compared to V79/S. A high ratio for the test
compound, similar to the value for adozelesin, indicates high cross-resistance between the
test compound and adozelesin.

(/ P, partition coefficient. Increase in P indicates increased hydrophobicity.

The correlation between hydrophobicity of the drug molecule and
resistance of V79/AdoR was also tested with several CPI analogues. In

general, analogues with a high partition coefficient (log P > 2.4)
showed high cross-resistance to adozelesin. Analogues with a low
partition coefficient (log P < 2 for U-56314, U-68749, and U-81524)
had a low level of cross-resistance. Zsido et al (40) also reported
significant differences in the resistance of the MDR cell line CHR-C5

to CC-1065 as compared to adozelesin, U-77779 and U-80244.
CHR-C5 had a much lower level of resistance to CC-1065 than to the

other CPI analogues.
Ent-CC-1065, the unnatural enantiomer of CC-1065, showed a

rather high level of cross-resistance although it had a low partition
coefficient. Previous studies (see below) showed that ent-CC-1065
behaves differently from CC-1065 in many respects. Hurley et al. (41)
showed that although CC-1065 and ent-CC-1065 formed similar co-

valent adducts, the drugs lay in opposite directions along the minor
groove. Although both CC-1065 and ent-CC-1065 favored A-T-rich

DNA, they had different sequence requirements for the covalently
modified adenine. Ent-CC-1065 also increased the melting tempera
ture of DNA much less than did CC-1065. Both possessed antitumor
activity in vivo, but ent-CC-1065 did not cause delayed death whereas
CC-1065 did. However, we cannot explain the differences in the
cross-resistance patterns of CC-1065 and ent-CC-1065 (Table 2) in

terms of the molecular differences mentioned here.
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