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ABSTRACT

The uptake of cw-[l4C]dichloro(ethylenediamine)platinum(II) (cis-
DEP) is reduced in m-diamminedichloroplatinum(II) (<-/.v-l)l)l')-rcsisi-
ant 1.1210 cells |l .1210/1)1)1' (SRI)) in comparison to cw-DDP-sensitive

I.I210 cells (LI210/0). A difference in uptake is observed as early as 6
min after addition of c/V["C]DEP and increases to approximately 3-fold

after 30 min. This reduction in uptake is reflected in a decrease in the
binding of platinum to DNA isolated from c/s-DDP-treated cells as

measured by atomic absorption spectroscopy and in the quantity of
intracellular cÃÃ-DEPmetabolites as measured by high-performance li

quid chromatography. Similar differences in uptake are observed between
ascitic L1210/0 and L1210/DDP (SRI) cells in vitro and in vico, showing
that the differences in uptake are not due to an artifact of the culturing
process. The differences in ci'j-DEP uptake between the two cell lines

were relatively unchanged during 7 mo in culture; however, both cell lines
exhibited altered sensitivities to ciVDEP during extended culturing. No
difference was observed in the efflux of cii-DEP by the two cell lines.

Similarly, no difference in nonprotein and total sulfhydryl contents was
observed between I.I 210/0 and L1210/DDP (SRI) cells. The difference
in uptake (3-fold) of m-DEP between L1210/0 and L1210/DDP (SRI)

cells may not account fully for the observed differences in sensitivity of
the two cell lines to cw-DDP (18-fold) and m-DEP (19-fold). A portion

of the resistance may be due to differences in the capacity of the two cell
lines to survive in the presence of platinum damage.

INTRODUCTION

cis-DDP2 is a chemotherapeutic agent with activity against
numerous animal and human tumors. The interaction of cw-
DDP with DNA has been implicated as the major cytotoxic
action of the drug. While considerable effort has been devoted
to elucidating the mechanism of action of cis-DDP during the
past 20 yr, only recently have studies concerning the biochem
ical basis of resistance to cis-DDP been published. Bacterial
resistance to cis-DDP appears to be due to increased efficiency
of excision of the damaged sequence (1); however, the details
of tumor resistance are less certain. The studies of tumor
resistance to cis-DDP have dealt primarily with three areas of
investigation: drug-induced DNA cross-linking, transport of
drug and amino acids, and inactivation of drug by thiol com
pounds.

Mouse L1210/DDP leukemia when treated with cw-DDP
exhibited reduced amounts of in vitro DNA cross-linking (DNA
interstrand and DNA protein) in comparison to similarly
treated LI210/0 cells (2). The DNA interstrand cross-linking
correlated with both in vivo and in vitro cytotoxicity. There
appeared to be no difference between sensitive and resistant cell
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lines in the kinetics of cross-link formation and removal. Cor
relation between DNA cross-linking and cytotoxicity has been
reported for human normal, transformed, and tumor cell lines
exposed to cis-DDP (3, 4). However, at equitoxic doses of cis-
DDP, L1210/DDP cells displayed a 6-fold increase in total
DNA cross-links and a 9-fold increase in DNA interstrand
cross-links in comparison to LI 210/0 cells (5). Analysis of the
DNA adducts formed in LI210/0 and L1210/DDP cells ex
posed to cw-[3H]DEP revealed no differences in quantity or

type of platinum adducts (6). Resistance under equitoxic con
ditions would appear to be due to differences in capacity of the
cells to repair or circumvent the damage.

Reduced transport of cis-DDP in c/s-DDP-resistant cells in
comparison to c/s-DDP-sensitive cells has been reported for
LI210 leukemia (7-13), P388 leukemia (11), human ovarian
carcinoma (14, 15), and human squamous cell carcinoma (16).
Differences in transport of neutral amino acids have also been
observed between c/s-DDP-sensitive and -resistant LI210 leu
kemia cells (17) and c/s-DDP-sensitive and -resistant human
chronic myelogenous leukemia K562 cells (18). cw-DDP uptake
has been shown to correlate with sensitivity to cw-DDP in vitro
in HeLa, Chinese hamster, HaK (Syrian hamster kidney) (19),
and human prostate tumor cells (20). HeLa cells, which were
7.2 times more sensitive to cis-DDP than HaK cells, contained
4.4 times more platinum when exposed to cis-DDP than simi
larly treated HaK cells. PC3MA2 human prostate tumor cells,
which were 2.4 times more sensitive to cis-DDP than DU 145
human prostate tumor cells, accumulated approximately 3
times more '"Pt when exposed to cis-['"Pt]DDP than similarly

treated DU 145 cells.
The role of GSH and metallothionein in cis-DDP resistance

has also been investigated. L-Phenylalanine mustard-resistant
L1210 cells, which are cross-resistant to cis-DDP, have elevated
GSH levels. Depletion of the GSH content by treatment with
buthionine sulfoximine increased the cis-DDP sensitivity of the
resistant cells to that of the sensitive cells (LI210/0) similarly
pretreated (8). While there have been reports of elevated levels
of GSH (12, 15, 21, 22) and GSH transferase (21) in c/s-DDP-
resistant cell lines in comparison to c/s-DDP-sensitive lines, it
is uncertain whether GSH is a component of resistance to cis-
DDP (12, 23, 24). Depletion of GSH content by treatment with
buthionine sulfoximine reduced the IC50 dose of cis-DDP 3.2-
fold in a human ovarian carcinoma cell line resistant to cis-
DDP; however, the effect of GSH depletion on the sensitivity
of the corresponding c/s-DDP-sensitive cell line was greater
(4.3-fold) (22). Cell lines selected for resistance to cadmium
contain high levels of metallothionein and exhibit cross-resist
ance to cis-DDP (25). However, no cell lines obtained by
selecting for resistance to cw-DDP have been reported to have
elevated levels of metallothionein in comparison to the parent
cell lines.

The results of this study show that cis-DDP uptake is reduced
in L1210/DDP (SRI) cells in comparison to LI210/0 cells,
which results in reduced levels of intracellular drug metabolites
and in reduced levels of drug binding to intracellular DNA.
These studies have been reported in preliminary form (9, 13).
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DIFFERENTIAL UPTAKE OF C/5-DDP BY L1210 LEUKEMIA

MATERIALS AND METHODS

Drugs and Chemicals. cw-DDP and 1,2-diaminocyclohexylpla-
tinum(II) dichloride were obtained through the Drug Synthesis and
Chemistry Branch, Division of Cancer Treatment, National Cancer
Institute (Bethesda, MD). cis-DEP was synthesized from ethylenedia-
mine dihydrochloride (Aldrich Chemical Co., Milwaukee, WI) and
K2PtCl4 (Aldrich) following the procedure of Robins (26). cis-['4C]DEP
was synthesized by the same procedure using [l4C]ethylenediamine

(Amersham Corp., Arlington Heights, IL) and further purified by
HPLC. CM-[MC]DEP was dissolved in 0.9% NaCl and applied to a
Spherisorb ODS 10-/im column (Universal Scientific Inc., Atlanta,
GA). The cis-['4C]DEP was eluted with water, while [l4C]ethylenedia-
mine and an unidentified [14C]-labeled reaction product were eluted
with 50 HIMNH4H2PO4 containing 20% methanol. The isolated cis-
[14C]DEP (>98% radiochemical purity) was stabilized with 0.9% NaCl
solution and stored at 4Â°C.The concentration of cw-['4C]DEP solutions

was determined spectrophotometrically at 290 nm, using a molar
absorptivity of 200 NT'crn"1 (26). Two preparations of cÂ«-[14CjDEP

were used, having specific activities of 0.65 and 2.37 Ci/niol.
In Vivo Maintenance of Cells. LI210/0 cells, obtained from the

National Cancer Institute Tumor Bank, Frederick Cancer Research
Facility (Frederick, MD), were maintained in DBA/2 mice by weekly
transfer of IO5 ascitic cells. L1210/DDP (SRI) cells were similarly

maintained in CD2FÂ¡mice, which were treated i.p. on the fourth day
after implantation with a single suboptimal dose of cis-DDP (5 mg/
kg). The L1210/DDP (SRI) line was isolated from CD2F, mice bearing
i.p. implants of 10s LI210/0 cells which were treated i.p. with 3.5 mg/
kg c/i-DDP on Days 1, 5, and 9 postimplant. When half of the mice
had died, tumor cells were harvested from a survivor that showed frank
accumulation of ascites fluid. Transplant of 10s cells to healthy mice
and a single treatment with 5 mg/kg en I)l>!' on Day 4 postimplant

were continued weekly thereafter. Survival times in test groups of mice
given an optimal treatment with 8 mg/kg cis-DDP on Day 1 postim
plant showed partial resistance at the first passage. Comparative in vivo
studies, at the time of the work reported here, indicated that the 1,1210
DDP (SRI) cell population typically increased by 1 to 3 orders of
magnitude (10-1000) during optimal cw-DDP therapy, while the parent
LI210/0 cell population was reduced by 2 to 5 orders of magnitude.
When not being used, the resistant cells were stored in liquid nitrogen.
When removed from storage, the cells were implanted in CD2F, mice
and held without treatment for one passage generation before being
treated with 5 mg/kg cis-DDP as before.

In Vitro Maintenance of Cells. Mice bearing LI210/0 or LI210/
DDP (SRI) cells were killed 6 days after implantation of 10s cells and

the ascitic cells harvested aseptically and appropriately pooled. Aliquots
of the ascites fluid were added to culture flasks containing Fischer's
medium containing 20% horse serum, 50 MM/3-mercaptoethanol, pen
icillin (5 x IO5units/1), streptomycin (50 mg/1), and gentamicin sulfate

(50 mg/1). An inoculum of cells was transferred to fresh medium once
every 2-3 days to maintain the cells in exponential growth. The cells
were used for studies between the third and twelfth week in culture.

Drug Uptake. Cultured L1210/0 and L1210/DDP (SRI) cells were
collected by centrifugation (200 x g-,5 min), washed, and resuspended
in Fischer's medium containing 1% horse serum at a density of approx
imately 2 x IO6cells/ml. The cell suspensions were exposed to various
concentrations of c/'i-[l4C]DEP at 37Â°C.At various time intervals after

drug addition, 1 nil aliquots of the cell suspensions were transferred
into 1.9-ml polyethylene centrifuge tubes containing 0.6 ml of 1lisio
paque-1077 (Sigma Chemical Co., St. Louis, MO), Puck's Saline G

(1:1). The tubes were centrifuged for 2 min at 12,800 x g and the
supernatants carefully removed. The tube tips were clipped into scintil
lation vials, the cell pellets digested overnight with Soluene 350 (Pack
ard Instrument Co., Downers Grove, IL), and the radioactivity deter
mined. As a control, the procedure was performed with incubation
mixture containing no cells. There was no detectable 14Cin the clipped

tube tips. Preliminary studies revealed that greater than 94% of the
cells were recoverable in the cell pellets.

Mice bearing LI210/0 or L1210/DDP (SRI) cells were killed 6 and
7 days, respectively, after implantation of 5 x IO3cells. Prior to killing

the mice, 1 ml of sterile saline was injected i.p. into each mouse to

facilitate collection of the cells. The ascitic cells were harvested using a
heparinized syringe and appropriately pooled. The cells were collected
by centrifugation, resuspended in 0.017 M Tris, pH 7.2, containing
0.75% NH4C1, incubated at 4Â°Cfor 1 min to lyse erythrocytes, and

then collected by centrifugation. The cells were washed twice and then
resuspended in Fischer's medium containing 1% horse serum at a
density of approximately 2 x IO6cells/ml. The uptake of drug by the

isolated cells was determined as described above.
Mice bearing L1210/0 or L1210/DDP (SRI) cells were killed 5 and

6 days, respectively, after implantation of 5 x IO3cells. Prior to killing,
the mice were treated i.p. with cw-['4C]DEP at a dose of 6 mg/kg.

Thirty min after treatment, 1 ml of sterile saline was injected i.p. into
each mouse and the ascitic cells were harvested using a heparinized
syringe. The isolated cells were immediately assayed for I4Cas described

above. The size of implantation of LI 210 cells was chosen to minimize
contamination of the ascites fluid with erythrocytes.

Drug Efflux. Cultured L1210/0 and L1210/DDP (SRI) cells were
exposed to approximately equitoxic concentrations of cis-['4C]DEP at
37Â°Cas described above. After 60 min the cells were collected by
centrifugation and resuspended in fresh media (37*C). At various time

intervals, I ml aliquots of the cell suspensions were removed for the
determination of cell-associated I4C as described above.

Drug Binding to DNA. Cultured LI210/0 and L1210/DDP (SRI)
cells were collected by centrifugation, washed, and resuspended in
Fischer's medium containing 1% horse serum at a density of 7 x IO5

cells/ml. The cell suspensions were exposed to appropriate concentra
tions of cis-DDP at 37Â°Cfor 1 h. The cells were collected by centrifu
gation, washed 2 times with phosphate-buffered saline (4"( '), and stored
at â€”20Â°C.The DNA was isolated according to a modification of the
Kirby procedure (27). The dried fibers were hydrolyzed for l h at 70Â°C

in a minimal volume of l N HC1. An aliquot was removed and its DNA
content estimated from the absorbance at 260 nm (27). The values were
multiplied by an empirically determined factor of 0.863 which corrected
absorbance values for hydrolysis of the DNA. The hydrolyzed DNA
samples were analyzed for platinum content by atomic absorption
spectroscopy (Model 551 spectrometer equipped with a graphite fur
nace atomizer and deuterium arc background correction; Instrumenta
tion Laboratories, Lexington, MA) using hexachloroplatinic acid as a
standard.

Cell Survival. Cultured L1210/0 and L1210/DDP (SRI) cells were
collected by centrifugation, washed, and resuspended in Fischer's me
dium containing 1% horse serum at a density of 5 x 10s cells/ml. The

cell suspensions were exposed to graded concentrations of drug for l h
at 37Â°C.The cells were then collected by centrifugation, washed, and
resuspended in Fischer's medium containing 20% horse serum, 50 MM

/3-mercaptoethanol, 0.15% agarose, and sodium pyruvate (100 mg/1).
Cell counts were performed using a Coulter Counter Model ZH (Coul
ter Electronics, Inc., Hialeah, FL). The suspensions were incubated at
37Â°Cin a humidified 5% CO2:95% air mixture for 6 to 7 days and the

numbers of colonies determined microscopically.
Sulfhydryl Content. Ascitic cells were harvested from mice bearing

LI 210/0 or L1210/DDP (SRI) cells. The cells were freed of erythro
cytes, washed, and then homogenized in 0.02 M EDTA, pH 4.7. The
total and nonprotein sulfhydryl contents were determined using 5,5'-
dithiobis(2-nitrobenzoic acid) according to the procedure of Sedlak and
Lindsay (28).

Metabolism of cw-DEP. Intracellular concentrations of cii-[14C]DEP

and its metabolites were measured according to a modification of the
procedure of Scanlon et al. (29). Cultured LI210/0 and L1210/DDP
(SRI) cells were collected by centrifugation, washed, and resuspended
in Fischer's medium containing 1% horse serum at a density of approx
imately 1.5 x 10' cells/ml. The cell suspensions were exposed to 50
MMcÂ«-['4C]DEP(specific activity of 2.37 Ci/mol) for 30 or 60 min at
37Â°C.The cells were collected by centrifugation, washed 3 times with

cold phosphate-buffered saline, and resuspended in 0.5 ml of cold 7%
TCA. The suspension was ultrafiltered (0.45 MUÃ•)and the fÃltrate
chromatographed on a strong cation exchange column (Partisil-10
SCX; Whatman, Inc., Clifton, NJ). The column was eluted with a linear
gradient of potassium phosphate, pH 3.5, from 0.03 to 0.3 M, at a flow
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DIFFERENTIAL UPTAKE OF CIS-DDP BY LI210 LEUKEMIA

rate of 1 ml/min. Fractions (1 ml) were collected and assayed for I4C

and/or reactivity with calf thymus DNA.
For measuring reactivity with DNA, 0.5 ml of each fraction was

incubated for 18 h at 37"C with 0.2 ml of 1 HIMpotassium phosphate

buffer, pH 7, containing calf thymus DNA (1 mg/ml) in 1.9 ml
polyethylene centrifuge tubes. The solutions were cooled, adjusted to a
final TCA concentration of 7%, and incubated at 4Â°Cfor 1 h. The

precipitates were collected by centrifugation and washed twice with
cold 7% TCA. The supernatants were carefully removed and the tube
tips (containing the precipitates) clipped into scintillation vials. The
precipitates were digested overnight with Soluene 350 and the radio
activity was determined. Preliminary studies showed that reactivity of
cw-[l4C]DEP and its aquated derivatives with DNA was the same in

0.03 M potassium phosphate, pH 3.5, and in 0.3 M potassium phos
phate, pH 3.5.

[uC]Monoaquomonochloroethylenediamineplatinum(II) was pre
pared by incubating cw-[14C]DEP in water at pH 4.0 for 48 h at room
temperature, while [I4C]diaquoethylenediamineplatinum(II) was pre
pared by incubating cw-['4C]DEP in water at pH 4.0 for 48 h at room

temperature with a 10% molar excess concentration of AgNOj (29).
Miscellaneous. Statistical analysis was performed using a two-tailed

analysis of variance. Analysis of cell size distribution was performed
using a Coulter Counter Model ZH.

RESULTS

The sensitivity of the cultured cells to m-DDP and m-DEP
is shown in Fig. 1. The ratio of IC5ofor the resistant line to the
ICso for the sensitive line was 18 for m-DDP and 19 for cis-
DEP. m-DDP was approximately 2 times more cytotoxic than
m-DEP. Both cell lines were equally sensitive to 1,2-diamino-
cyclohexylplatinum(II) dichloride (data not shown) which is
active in vivo against both leukemias (30). Fig. 2 shows the
stability of the sensitivities of both cell lines to cis-DEP. After
culturing for 5 to 7 mo, LI210/0 cells became 3- to 4-fold more
resistant to cw-DEP, while L1210/DDP (SRI) cells became 2-
fold more sensitive to cw-DEP. As a result, cells which had
been in culture for more than 12 wk were not used in the
studies. Table 1 shows the results of studies measuring the
binding of platinum to DNA isolated from m-DDP-treated
sensitive and resistant cells. For the three concentrations of m-
DDP examined, LI210/0 cells bound 2.5 Â±0.2 (SE; n = 9)
times as much platinum to their DNA as did L1210/DDP

I

200

Drug Concentration (Â«M>

300

Fig. 1. Sensitivity of L121 O/O(O) and L1210/DDP (SRI) (â€¢)cells to cÃÃ-DEP
and cij-DDP. Cells were exposed to appropriate concentrations of drug for l h
at 37'C and cell survival was measured by the technique of soft agar cloning.

Points, mean values of quadruplicate samples; bars, SE.
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Fig. 2. Effect of extended culturing on the sensitivities of LI 210/0 (O) and
L1210/DDP (SRI) (â€¢)cells to cis-DEP. ICW values were determined graphically
from plots of log percentage of cell survival versus drug concentration. Each point,
results of a single survival curve. The ratio of the 1CÂ»for L1210/DDP (SRI) cells
to that for LI 210/0 cells (A) was determined for each set of points.

Table 1 Binding ofcis-DDP to LI210 cellular DNA

LI210/0 and L1210/DDP (SRI) cells were exposed to various concentrations
of cis-DDP at 37'C for 1 h. The isolated DNA fraction was analyzed for platinum

by atomic absorption spectroscopy and DNA content by \..,,,, â€žâ€ž,.

L1210/0

L1210/DDP(SRI)cis-DDP

concentration
(UM)20

4060

20
40
60DNA(Mg

Pt/g)2.3
Â±0.2Â°(5)'

3.7 Â±0.7 (4)
6.1 Â±1.7(4)
1.1 Â±0.1(3)
1.7 Â±0.4(3)
2.2 Â±0.3 (3)

' Mean Â±SE.
'' Nos. in parentheses represent the no. of determinations on separate cultures.

(SRI) cells. m-DDP concentrations below 20 MMwere exam
ined but the DNA-associated platinum for m-DDP-treated
L1210/DDP (SRI) cells was below the limits of detection using
atomic absorption spectroscopy.

Of the various platinum complexes synthesized, m-DEP has
been shown to be effective in inhibiting the growth of LI 210/0
leukemia but not L1210/DDP leukemia (30) and to exhibit the
same interaction with DNA as observed for m-DDP (31). The
ethylenediamine moiety provides a convenient means of radio-
labeling an active platinum agent. The platinum-ligand bond
appears to remain intact in vitro (32, 33). Therefore, the distri
bution of I4C should provide a good measure of the distribution
of the drug in vitro. Fig. 3 shows the uptake of m-['4C]DEP by
LI210/0 and LI210/DDP (SRI) cells at 37Â°C.For a m-DEP
concentration of 90 MM,the uptake of 14Cby L1210/0 cells was

approximately 3 times more than the uptake by LI210/DDP
(SRI) cells. After a 1-h treatment at various m-DEP concentra
tions (60, 90, and 120 MM),the uptake of 14Cby LI210/0 cells
was 2.8 Â±0.2 (SE; n = 6) times more than the uptake by L1210/
DDP (SRI) cells. This difference is not significantly different
(P > 0.5) from that observed between the two cell lines for the
1-h binding of m-DDP to DNA isolated from m-DDP-treated
cells. The efflux of m-['4C]DEP from L1210/0 and L1210/

DDP (SRI) cells is shown in Fig. 4. No difference was observed
between the two cell lines at 30 or 60 min (P > 0.5). At 2 h,
LI 210/DDP (SRI) cells retained slightly more 14Cthan L1210/

0 cells (P< 0.01).
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DIFFERENTIAL UPTAKE OF C/S-DDP BY L1210 LEUKEMIA

Ã• 16

L1210/DOP ISRI)

Fig. 3. Uptake of m-["CJDEP by LI210/0 and L1210/DDP (SRI) cells at
37"C. Cell-associated I4C was determined as described in "Materials and Meth
ods." Points, mean values of duplicate samples; SE, less than 10%.

Time (h)
Fig. 4. Efflux of cw-|'4C]DEP from L12IO/0 (O) and LI210/DDP (SRI) (â€¢)

cells at 37'C. L1210/0 and L1210/DDP (SRI) cells were exposed to 90 and 180
MMris-['4C]DEP, respectively, for l h at 37"C. Retention of cell-associated "C
was determined as described in "Materials and Methods." Points, mean values of

two experiments performed in duplicate; bars, SE. In the first experiment, L1210/
0 and LI210/DDP (SRI) cells bound initially 6.7 and 9.8 ng cis-DEP/10' cells,

respectively, while in the second experiment, the two cell lines bound initially
11.3 and 10.1 ngcis-DEP/lO6 cells, respectively.

To ensure that the observed differences in uptake of 14C

between cultured LI210/0 and L1210/DDP (SRI) cells were
not an artifact of the culturing process, the uptake of cis-[I4C]-

DEP by ascitic cells was measured both in vitro and in vivo.
The in vitro uptake of I4C by ascitic LI210/0 cells, after a 1-h
treatment at 37Â°Cat a cis-DEP concentration of 90 /Â¿M,was

3.2 Â±0.3 (SE; n = 4) times more than the uptake by ascitic
L1210/DDP (SRI) cells. The in vivo uptake of I4C by L1210/0

cells was approximately 2 times more than the uptake by
L1210/DDP (SRI) cells. LI210/0 cells contained 8.9 Â±1.1 ng
cis-DEP/10" cells (SE; n = 8), while L1210/DDP (SRI) cells
contained 4.4 Â±0.4 ng cis-DEP/IO6 cells (SE; n = 9). Earlier
pharmacokinetic studies of cis-['4C, '"PtJDEP in mice revealed

that for kidney, liver, intestine, and plasmacytoma ADJ/PC6
(implanted s.c.) the metal-ligand bond appears to be labile (33).
The lability of the metal-ligand bond would not be expected to
be a problem for the protocol used in these studies (i.e., 30 min
after i.p. injections to mice bearing ascitic cells). Therefore, the

differences in uptake of I4C between cultured L1210 cells are

comparable to the differences observed between ascitic LI210
cells in vitro and in vivo.

In order to examine further the differences in uptake of cis-
DEP between LI210/0 and L1210/DDP (SRI) cells, the initial
uptake of cis-DEP was measured. The results are shown in Fig.
5A. After a 2-min exposure to cii-[14C]DEP, both cell lines

exhibited the same uptake of drug. After 6- and 11-min expo
sures, the uptake of cis-[14C]DEP by L1210/0 cells was approx

imately 60 and 70%, respectively, greater than that by L1210/
DDP (SRI) cells. After 30 min of exposure, L1210/0 cells
contained 2.6 times as much 14Cas L1210/DDP (SRI) cells,

which is similar to values obtained for drug exposures of 60
and 120 min. The efflux of cis-['4C]DEP by the two cell lines

was also examined at early times (Fig. SB). No differences were
observed at 2.5, 5, 10, and 30 min after exposure to drug.

Since both LI210 cell lines exhibited altered sensitivities to
cis-DEP after culturing for extended periods of time, the effect
of extended culturing on the difference in uptake of cis-DEP
was investigated (Fig. 6). In contrast to cis-DEP sensitivity, the
differences in cis-DEP uptake between the two cell lines were
relatively unchanged during the 7 mo in culture. The two cell
lines did not differ significantly in cell size during the 7 mo in
culture.

In order to support further the hypothesis that LI210/0 and
L1210/DDP (SRI) cells differ in their uptake of cis-DEP, the
intracellular concentrations of cis-[14C]DEP and its metabolites

were measured in the two cell lines after exposure to 50 Â¿IMcis-
[I4C]DEP for l h at 37Â°C.The TCA-soluble fraction from cis-
[I4C]DEP-treated LI210/0 cells contained 2.3 Â±0.3 ng cis-
DEP/IO6 cells (SE; n = 2) which was 1.77 times that from

similarly treated L1210/DDP (SRI) cells (1.3 Â±0.1 ng cis-
DEP/106 cells). The ratio of cis-[14C]DEP uptake by L1210/0

cells to that of L1210/DDP (SRI) cells was 2.3 Â±0.3 (SE) for
the two experiments. Analysis of the TCA-soluble fraction from
treated LI210/0 cells by HPLC yielded the chromatogram

20 30

Time (min)

Fig. 5. A, initial uptake of f/s-[14C]DEP (90 UM)by LI210/0 (O) and L1210/
DDP (SRI) (â€¢)cells at 37'C. Cell-associated "C was determined as described in
"Materials and Methods." Points, mean values of duplicate samples; bars, SE. B,
initial efflux of cÂ«-[I4C]DEPfrom L1210/0 (O) and L1210/DDP (SRI) (â€¢)cells
at 37'C. L1210/0 and L1210/DDP (SRI) cells were exposed to 40 and 90 MM
cw-['4C]DEP, respectively, for I h at 37"C. Retention of cell-associated I4C was
determined as described in "Materials and Methods." Points, mean values of
duplicate samples; bars, SE. L1210/0 and L1211)1)1)1' (SRI) cells bound initially
7.7 and 6.9 ng cis-DEP/10' cells, respectively.
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Fig. 6. Effect of extended culturÃngon the difference in uptake of cis-DEP by
L12IO/0 (O) and L1210/DDP (SRI) (â€¢)cells. L1210 cells were exposed to 90
MMcÂ£s-[MC]DEPfor l h at 37'C and the cell-associated 14C determined as
described in "Materials and Methods.** Points, mean values of duplicate samples;
SE, less than 8%. The ratio of the l-h uptake for LI 210/0 cells to that for L1210/
DDP (SRI) cells (A) was determined for each set of points.
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Fig. 7. Analysis of intracellular ci'j-DEP and its metabolites in L12IO/0 cells

by HPLC. L1210/0 cells were exposed to 50 UMcÃÃ-('4C]DEPfor l h at 37'C
and the TCA-soluble fraction analyzed by HPLC using a strong cation exchange
column. Retention volumes for cii-DEP (PtenClj), monoaquomonochloroethy-
lenediamineplatinum(II) (PtenClaq*), and diaquoethylenediamineplatinum(II)
(Ptenaqz**) are shown. Recovery of radioactivity from the HPLC column was
47%. A similar chromatogram was obtained for ci'j-DEP-treated L1210/DDP

(SRI) cells with recovery of radioactivity being 57%.

shown in Fig. 7. A similar chromatogram, having the same
retention volumes of the peaks and the same size of peaks in
relation to other peaks in the same chromatogram, was obtained
for cis-DEP-treated L1210/DDP (SRI) cells. Attempts were
made to identify the various metabolites using the monoaquo
and diaquo forms of cis-['4C]DEP. The monoaquo and diaquo

forms, eluting at 12 and 20 ml, respectively, did not correspond

to any of the cis-DEP metabolites. Chromatography of mixtures
of cis-DEP metabolites and the aquated forms did not alter any
of the elution volumes. In order to determine whether any of
the cis-DEP metabolites was reactive toward DNA, HPLC
fractions were incubated with calf thymus DNA overnight. No
binding of I4C to DNA was observed for any HPLC fractions

obtained from either cell line except for the fraction eluting at
5 ml (elution volume for cis-DEP). However, the monoaquo
and diaquo forms of cis-DEP that were generated by incubating
cis-['4C]DEP in water and isolated by HPLC reacted equally

(27% of the added radioactivity) with calf thymus DNA.
Since there have been reports of elevated levels of GSH in

cis-DDP-resistant cells in comparison to cis-DDP-sensitive
cells (12, 15, 21, 22), the total and nonprotein sulfhydryl
contents of LI210/0 and L12IO/DDP (SRI) cells were deter
mined. LI210/0 cells contained 1.9 and 12.0 ^mol sulfhydryl
groups/g packed cells for nonprotein and total sulfhydryl con
tents, respectively. L1210/DDP (SRI) cells had similar
amounts, 2.1 and 11.3 Â¿Â¿molsulfhydryl groups/g packed cells
for nonprotein and total sulfhydryl contents, respectively.

DISCUSSION

The evidence presented indicates that the uptake of cis-DEP
and cis-DDP is reduced in L1210/DDP (SRI) cells in compar
ison to LI210/0 cells. This reduction is reflected in a decrease
in the quantity of intracellular cis-DEP metabolites and in the
binding of cis-DDP to DNA isolated from cis-DDP-treated
cells. LI210/0 and L1210/DDP (SRI) cells do not differ in
their efflux of cis-DEP. Studies measuring initial uptake of cis-
DEP reveal a dramatic reduction in cell permeability to cis-
DEP in L1210/DDP (SRI) cells in comparison to LI210/0
cells. Possibly cis-DDP and cis-DEP interact differently with
the plasma membranes of LI210/0 cells than with those of
L1210/DDP (SRI) cells. This difference in interaction could in
turn effect a difference in subsequent uptake of drug. Interac
tions between cis-DDP and various components of the plasma
membrane have been reported (29, 34-38).

In order to measure the binding of cis-DDP to DNA isolated
from cis-DDP-treated LI210/0 cells, it was necessary to use
drug concentrations that were 7 to 20 times the clonogenic
IC50. In contrast, the drug concentrations for the same studies
with L1210/DDP (SRI) cells were 0.4 to 0.9 times the IC50.
The observed differences in the amount of platinum bound to
DNA between LI210/0 and L1210/DDP (SRI) cells could be
due to the drug concentrations used (i.e., at lower drug concen
trations no difference would be observed). However, the differ
ences in initial rates of drug uptake between the two cell lines,
which are comparable to the differences in binding of platinum
to DNA, were observed at concentration x time values that
would be expected to effect minimal cytotoxicity in LI210/0
cells.

The uptake of cis-DEP by L1210 cells was nonlinear for all
concentrations investigated. This is similar to that observed for
the uptake of cis-['95mPt]DDP by L1210/0 cells (29). Explana
tions for the nonlinear uptake of cis-DEP by LI 210 cells could
be efflux of cis-DEP and its metabolites and/or a reduction in
cell permeability to cis-DEP. However, the basis for the nonlin-
earity of uptake was not addressed in these studies. The mech
anism^) by which cis-DDP enters a cell is still unclear. While
there are reports that cis-DDP enters cells by passive diffusion
(39, 40), there are also proposals that cis-DDP enters cells by
a carrier-mediated transport system (37, 38).

Eastman and Illenye had reported no difference in uptake of
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cis-DDP between LI210/0 and L1210/DDP cells (41). How
ever, a recent report by the same group stated that each of three
L1210/DDP cell lines with varying degrees of resistance to m-
DDP displayed about a 50% reduction in accumulation of m-
[3H]DEP in comparison to L1210/0 cells (12). Reduced trans
port of cis-DDP or m-DEP in cis-DDP-resistant cells in com
parison to cis-DDP-sensitive cells has been reported in prelim
inary form for LI210 leukemia (7-11, 13), P388 leukemia (11),
human ovarian carcinoma (14, 15), and in final form for a
human squamous cell carcinoma (16). However, there are re
ports of unaltered or only slightly altered transport of m-DDP
between c/'s-DDP-sensitive and -resistant cell lines (17, 18).

The in vitro and in vivo studies using ascitic cells show that
the observed differences in uptake are not due to an artifact of
the culturing process. Interestingly, the amount of I4C associ

ated with ascitic cells in vivo 30 min after a 6 mg/kg dose of
cis-DEP was comparable to that associated with cultured cells
30 min after an exposure to 90 Â¿Ã•Mcis-DEP at 37Â°C.An optimal

dose of cis-DEP is 20 mg/kg on Days 1, 5, 9, and 13 (30).
Therefore, exposure of cells to 90 pM cis-DEP for l h at 37Â°C

would appear to be pharmacologically relevant.
The difference in uptake of m-DEP was a stable character

istic of LI210/0 and L1210/DDP (SRI) cells in culture for 7
mo. However, the relative resistance of the two cell lines
changed while in culture. As a result, cells which had been in
culture for more than 12 wk were not used in the studies.
Interestingly, the relative resistance to c/s-DEP between sensi
tive and resistant cells in culture for 5 to 7 mo was comparable
to the differences in uptake of cis-DEP.

The studies with the intracellular metabolites of cis-DEP
were disappointing. While cis-DEP-treated L1210/DDP (SRI)
cells contained less intracellular cis-DEP and metabolites than
similarly treated LI210/0 cells, we were not able to identify
aquated metabolites of m-DEP. Scanlon et al. (29) showed that
for LI210/0 cells exposed to c/s-[195mPt]DDP for 30 min intra
cellular platinum was predominantly in the m-DDP form with
25 to 35% of the platinum comigrating with the monoaquo
form and a trace with the diaquo form. No studies were reported
concerning the reactivity of the intracellular platinum species
with DNA or some other nucleophilic molecule. The low spe
cific activity of the cis-DEP used in these studies prevented
examination of treated cells at time points earlier than 30 min
in order to observe possible reactive platinum species. The
metabolism of m-DEP would appear to be the same in both
cell lines. Real differences between the metabolite profiles,
however, might be obscured by the low recoveries of radioactiv
ity from the HPLC column (50-60%) and/or the high propor
tion of cell-associated m-DEP that was TCA soluble (30-40%).

No difference in nonprotein and total sulfhydryl contents
was observed between LI210/0 and L1210/DDP (SRI) cells.
The level of GSH was not elevated in cis-DDP-resistant cell
lines derived from human squamous cell carcinoma (23) or
human ovarian carcinoma (24) when compared to the parent
cis-DDP-sensitive cell lines. This is in contrast to reports of
elevated levels of GSH in some m-DDP-resistant cells (12, 15,
21, 22). A report from Eastman's group stated that GSH levels

were about 1.7-fold elevated in two L1210/DDPcell lines when
compared with LI210/0 cells (12). These m-DDP-resistant
cells are 50- and 100-fold resistant as measured by the technique
of growth inhibition. A preliminary report may provide an
explanation for observed differences in GSH content between
m-DDP-sensitive and -resistant cells. Andrews et al. (15) re
ported that GSH levels, while not elevated in m-DDP-resistant
human ovarian carcinoma cells at low levels of resistance (2- to

3-fold), were 1.3- and 2.3-fold elevated at higher levels of cis-
DDP resistance (9- and 13-fold, respectively). These cell lines
with higher levels of m-DDP resistance could be partially
sensitized (4-fold resistance remaining) by depletion of GSH
with buthionine sulfoximine. Fas tman's 1.1210/1)1) 1' cells ap

pear to possess multiple mechanisms of m-DDP resistance
(i.e., reduced uptake of drug, elevated GSH levels, and increased
repair of DNA damage) (12). Possibly, the portion of the total
m-DDP resistance due to elevated GSH levels would be absent
in L1210/DDP cells with lower levels of resistance. Our L1210/
DDP (SRI) cells, which displayed approximately 9-fold resist
ance to cis-DDP as judged by the technique of growth inhibi
tion, were selected in vivo at an optimal dose of m-DDP.
Eastman maintains his L1210/DDP cells in culture in the
presence of various concentrations of cis-DDP (1, 2, 5, and 10
tig/ml) which results in 20-, 30-, 50-, and 100-fold resistance
(as measured by the technique of growth inhibition) (5, 12). Are
such highly resistant cells indicative of the in vivo situation or
is one or more of their mechanisms of resistance unrelated to
the i/i v/vo situation? Are elevated GSH levels a result of
exposure to high cis-DDP concentrations and not a relevant in
vivo factor? Clearly, GSH can afford protection against cis-
DDP cytotoxicity, but there is no convincing evidence that
GSH is a component of in vivo resistance to cis-DDP.

The difference in uptake of cis-DEP between cis-DDP-sen-
sitive and -resistant cells may not account fully for the observed
differences in sensitivity of the two cell lines to cis-DDP and
c/s-DEP. Earlier DNA cross-linking data suggested the exist
ence of a more critical cytotoxic lesion that is not detectable by
the technique of alkaline elution, probably DNA ministrami
cross-links (5). Resistance to cis-DDP may be due in part to
differences between sensitive and resistant cells in the quantity
and type of these lesions and/or a differential removal of these
lesions. Recent studies have characterized the interaction of cis-
[3H]DEP with the DNA of L1210/0 and L1210/DDP cells (6).
DNA purified from cis-['H]DEP-treated cells was digested to

deoxyribonucleosides and platinated derivatives and the com
ponents were separated by HPLC. The same profiles were
obtained for both LI210/0 and L1210/DDP cells. Resistance
may be due in part to differences in the capacity of cells to
survive in the presence of the same quantity and type of plati
num adducts. Either DNA repair or DNA replication mecha
nisms would appear to be important. Therefore, drug uptake
and repair or circumvention of drug-induced DNA damage
appear to be the areas of study that warrant further investigation
in order to elucidate further the biochemical basis of resistance
to cis-DDP.

ACKNOWLEDGMENTS

The author would like to thank Doris Adamson for maintaining cells
in culture, Dr. Kim Baughman for performing platinum analyses,
Sharon Blount for technical assistance, Tom Herren for performing
radioassays, Linda Muglach for manuscript preparation, and Mary
Trader for maintaining cells in mice. The author would also like to
thank Dr. Robert Struck for critical reading of the manuscript.

REFERENCES

1. Â»rulliiik,.1.. Urbankova, M.. and Krckulova, A. The effect of cis-dichloro-
diammineplatinum(II) on EscHerichia coli B: the role ut /il. exr and her
markers. MutÃ¢t.Res., 17:13-20, 1973.

2. Zwelling, L. A., Michaels, S., Schwartz, H., Dobson, P. P., and Kohn, K. W.
DNA cross-linking as an indicator of sensitivity and resistance of mouse
LI210 leukemia to cu-diamminedichloroplatinum(II) and L-phenylalanine
mustard. Cancer Res., 41: 640-649, 1981.

6554

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/24_Part_1/6549/2958582/cr04724p16549.pdf by guest on 19 M

ay 2023



DIFFERENTIAL UPTAKE OF CIS-OOP BY L12IO LEUKEMIA

3. Erickson, L. C, Zwelling, L. A., Ducore, J. M., Sharkey, N. A., and Kohn,
K. W. Differential cytoloxicity and DNA cross-linking in normal and trans
formed human fibroblasts treated with cÃº-diamminedichloroplatinum(II).
Cancer Res., 41: 2791-2794. 1981.

4. Laurent, G., Erickson, L. C., Sharkey, N. A., and Kohn, K. W. DNA cross-
linking and cytotoxicity induced by cii-diamminedichloroplatinum(II) in
human normal and tumor cell lines. Cancer Res., 41: 3347-3351, 1981.

5. Strandberg, M. C., Bresnick, E., and Eastman, A. The significance of DNA
cross-linking to m-diamminedichloroplatinum(II)-induced cytotoxicity in
sensitive and resistant lines of murine leukemia L1210 cells. Chem. Biol.
Interact., 39:169-180, 1982.

6. Eastman, A. Characterization of the interaction of cii-dichloro(eth-
ylenediamine)platinum(II) with the DNA of sensitive and resistant M 2 Id
cells. Proc. Am. Assoc. Cancer Res., 25: 367, 1984.

7. Belehradek, Jr., J., Paoletti, J., Foka, M., Thonier, M., and Leon, B. Studieswith rÃÃ-diamminedichloroplalinum(ll) (ci'iPt (-resistant cultured tumor cells.

Proc. Am. Assoc. Cancer Res., 26: 337, 1985.
8. Hromas, R. A., Barlogie. B., Meyn, R. E., Andrews, P. A., and Burns, C. P.

Diverse mechanisms and methods of overcoming cu-platinum resistance in
L12IO leukemia cells. Proc. Am. Assoc. Cancer Res., 26: 261, 1985.

9. Waud, W. R., and Blount, S. R. Biochemical studies on resistance to cis-
platinum (c/j-DDP) in L12IO leukemia. Proc. Am. Assoc. Cancer Res., 26:
260, 1985.

10. Hromas, R. A., North, J. A., and Burns, C. P. (-Â»-Platinumuptake in L1210
leukemia cells resistant and sensitive to the drug. Proc. Am. Assoc. Cancer
Res., 27: 263, 1986.

11. Kraker, A. J., Steinkampf, R. W., and Moore, C. W. Transport of cu-Pt and
ci'.v-I'ianalogues in sensitive and resistant murine leukemia cell lines. Proc.

Am. Assoc. Cancer Res., 27: 286, 1986.
12. Richon, V. M., Schulte, N., and Eastman, A. Multiple mechanisms of

resistance to cii-diamminedichloroplatinum(II) in murine leukemia L1210
cells. Cancer Res., 47: 2056-2061, 1987.

13. Waud, W. R. Biochemical studies on resistance to a'Ã-platinum (ci'i-DDP) in

L1210 leukemia. Proc. Am. Assoc. Cancer Res., 27: 262, 1986.
14. Andrews, P. A., Kim, R. W., Murphy, M. P., and Howell, S. B. Altered

cisplatin metabolism in cisplatin-resistant 2008 human ovarian carcinoma
cells. Proc. Am. Assoc. Cancer Res., 27: 270, 1986.

15. Andrews, P. A., Murphy, M. P., and Howell, S. B. Characterization of cii-
platin-resistant COLO 316 human ovarian carcinoma cells. Proc. Am. Assoc.
Cancer Res., 27: 289, 1986.

16. Teicher, B. A., Holden, S. A., Kelley, M. J., Shea, T. C., Cucchi, C. A.,
Rosowsky, A., Henner, W. I >..and Frei, E., III. Characterization of a human
squamous carcinoma cell line resistant to m-diamminedichloroplatinum(II).
Cancer Res., 47: 388-393, 1987.

17. Gross, R. B., and Scanlon, K. J. Amino acid membrane transport properties
of L1210 cells resistant to cisplatin. Chemioterapia, 5: 37-43, 1986.

18. Shinoya, S., Lu, Y., and Scanlon, K. J. Properties of amino acid transport
systems in K562 cells sensitive and resistant to c/s-diamminedichloropla-
tinum(II). Cancer Res., 46: 3445-3448, 1986.

19. Eichholtz-Wirth, H., and Hietel, B. The relationship between cisplatin sen
sitivity and drug uptake into mammalian cells in vitro. Br. J. Cancer, 54:
239-243, 1986.

20. Metcalfe, S. A., Cain, K., and Hill, B. T. Possible mechanism for differences
in sensitivity to m platinum in human prostate tumor cell lines. Cancer
Lett., 31: 163-169, 1986.

21. Wolf, C. R., Hayward, I. P., Lawrie, S. S., Adams, D. J., Laudonio, A. R.
R., Mclntyre, M. A., Buckton, K. E., and Smyth, J. F. cu-Platinum sensitive
and resistant ovarian adenocarcinoma cell lines derived from the same
patient. Proc. Am. Assoc. Cancer Res., 26: 338, 1985.

22. Hamilton, T. C., Winker, M. A., Louie, K. G., Batist, G., Behrens, B. C.,
Tsuruo, T., Grotzinger, K. R., McKoy, W. M., Young, R. C., and Ozols, R.
F. Augmentation of adriamycin, melphalan, and cisplatin cytotoxicity in

drug-resistant and -sensitive human ovarian carcinoma cell lines by buthion-
ine sulfoximine mediated glutathione depletion. Biochem. Pharmacol., 34:
2583-2586, 1985.

23. Holden, S. A., Teicher, B. A., Cucchi, C. C., and Frei, E., III. Cross-resistance
patterns and the mechanism of resistance of a human head and neck squa
mous carcinoma cell line resistant to m-diamminedichloroplatinum(II) (CP).
Proc. Am. Assoc. Cancer Res., 26: 343, 1985.

24. Andrews, P. A., Murphy, M. P., and Howell, S. B. Differential potentiation
of alkylating and platinating agent cytotoxicity in human ovarian carcinoma
cells by glutathione depletion. Cancer Res., 45:6250-6253, 1985.

25. Bakka, A., Endresen, L., Johnsen, A. B. S., Edminson, P. D., and Rugstad,
H. E. Resistance against cis-dichlorodiammineplatinum in cultured cells with
a high content of metallothionein. Toxicol. Appi. Pharmacol., "/ 215-226,
1981.

26. Robins, A. B. The reaction of "C-labeled platinum ethylenediamine dichlor-
ide with nucleic acid constituents. Chem. Biol. Interact., 6: 35-45, 1973.

27. Kinoshita, N., and Gelboin, H. V. Aryl hydrocarbon hydroxylase and poly-
cyclic hydrocarbon tumorigenesis: effect of the enzyme inhibitor 7,8-benzo-
flavone on tumorigenesis and macromolecule binding. Proc. Nati. Acad. Sci.
U. S. A., 69: 824-828, 1972.

28. Sedlak, J., and Lindsay, R. H. Estimation of total, protein-bound, and
nonprotein sulfhydryl groups in tissue with Ellman's reagent. Anal. Biochem.,
25: 192-205, 1968.

29. Scanlon, K. J., Safirstein, R. L., Thies, H., Gross, R. B., Waxman, S., and
Guttenplan, J. B. Inhibition of amino acid transport by cu-diamminedichlo-
roplatinum(II) derivatives in L1210 murine leukemia cells. Cancer Res., 43:
4211-4215,1983.

30. Burchenal, J. H., Kalaher, K., Dew, K., and Lokys, L. Rationale for devel
opment of platinum analogs. Cancer Treat. Rep., 63: 1493-1498, 1979.

31. Eastman, A. Characterization of the adducts produced in DNA by cis-
diamminedichloroplatinum(II) and cu-dichloro(ethylenediamine)plat-
inum(II). Biochemistry, 22: 3927-3933, 1983.

32. Taylor, D. M., Jones, J. D., and Robins, A. B. Metabolism of platinum [14C]
ethylenediamine dichloride in the rat. Biochem. Pharmacol., 22: 833-839,
1973.

33. Robins, A. B., and Leach, M. O. Pharmacokinetics of therapeutic doses of
isotopically labeled platinum antitumor agents in the mouse and rat. Cancer
Treat. Rep., 67: 245-252, 1983.

34. Prasad, S. B., and Snellii. A. Effect of cu-dichlorodiammineplatinum(II) on
the agglutinability of tumor and normal cells with concanavalin A and wheat
germ agglutinin. Chem. Biol. Interact., 36: 355-367, 1981.

35. Juckett, D. A., and Rosenberg, B. Actions of cu-diamminedichloropla-
tinum(II) on cell surface nucleic acids in cancer cells as determined by cell
electrophoresis techniques. Cancer Res., 42: 3565-3573, 1982.

36. Aggarwal, S. K., and Niroomand-Rad, I. Effect of cisplatin on the plasma
membrane phosphatase activities in ascites sarcoma-180 cells: a cytochemical
study. J. Histochem. Cytochem., 31: 307-317, 1983.

37. Byfield, J. E., and Calabro-Jones, P. M. Carrier-dependent and carrier-
independent transport of anti-cancer alkylating agents. Nature (Lond.), 294:
281-283, 1981.

38. Byfield, J. E., and Calabro-Jones, P. M. Further evidence for carrier-mediated
cell uptake of c/5-dichlorodiammineplatinum (CDDP). Proc. Am. Assoc.
Cancer Res., 23: 167, 1982.

39. Gale, G. R., Morris, C. R., Atkins, L. M., and Smith, A. B. Binding of an
antitumor platinum compound to cells as influenced by physical factors and
pharmacologically active agents. Cancer Res., 33:813-818, 1973.

40. Ogawa, M., Gale, G. R., and Keirn, S. S. Effects of cu-diamminedichloro-
platinum (NSC 119875) on murine and human hemopoietic precursor cells.
Cancer Res., 35: 1398-1401, 1975.

41. Eastman, A., and Illenye, S. Murine leukemia LI 210 cell lines with different
patterns of resistance to platinum coordination complexes. Cancer Treat.
Rep., 68: 1189-1190,1984.

6555

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/24_Part_1/6549/2958582/cr04724p16549.pdf by guest on 19 M

ay 2023




