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ABSTRACT 

The human ovarian cancer cell lines A2780 and A2780/CP70 were 
studied to investigate the cellular basis for their relative sensitivities to 
tetrachloro(DL-trans)-l,2-diamminecyclohexaneplatinum(IV) (ormaplatin). 
Cells were exposed to ormaplatin for 1 h in all experiments. As assessed by 
colony formation assays, the A2780/CP70 cell line [50% inhibitory dose 
(ICso) = 3.6 pM] was 9.5-fold more resistant to ormaplatin than the A2780 
cell line [IC5o = 0.38 pM]. For cisplatin, the ICso doses were 40 and 3 I~M, 
respectively. Both cell lines were treated with ormaplatin at doses ranging 
from 0.10 to 40 pM, for the purpose of studying drug accumulation and 
effiux, and DNA adduct formation and repair. When these cell lines were 
treated at their respective ICso doses, drug accumulation was greater in 
the resistant cells. When treated at equal pM doses, the sensitive cells 
formed 8-fold more DNA adduct than the resistant cells. When cells were 
treated with ormaplatin so as to achieve equivalent levels of platinum- 
DNA modification, sensitive cells removed 53% of the platinum-DNA 
damage in the first 6 h after drug exposure, compared to 68% in the 
resistant cells. We conclude that in human ovarian cancer cells made 
resistant to cisplatin, there is moderate cross-resistance to ormaplatin. 
This cross-resistance is not explained by differences in drug accumulation 
but is associated with reduced platinum-DNA adduct formation, which 
may be attributable in part to cytosolic inactivation of drug. 

INTRODUCTION 

Ormaplatin 2 is a Pt(IV) complex containing DACH carder ligand. 
Ormaplatin is less nephrotoxic in animals than cisplatin (1, 2) and is 
effective against a broad range of cisplatin-refractory tumors grown 
in vitro (2, 3). The efficacy of ormaplatin has been demonstrated in 
mice bearing L1210 leukemia cells (2-4), in primary human ovarian 
cancer cells (5), and in several cisplatin-resistant cell lines (6-8). The 
effective cytotoxicity and lack of cross-resistance against cells made 
resistant to cisplatin make it a promising agent for clinical develop- 
ment. The potential clinical utility of ormaplatin is currently under 
study, inasmuch as phase I clinical trials are currently ongoing (9, 10). 

In culture medium or within the cell, ormaplatin is thought to 
undergo very rapid protein sulfhydryl-dependent reduction to form its 
reactive Pt(II) species Pt-DACH (2, 4, 11). It then behaves in a manner 
similar to that of other Pt(II) analogues. Inside the cell, the half-life of 
the rate of the displacement reaction of Pt-DACH ranges between 12 
and 15 min, which is 6-10-fold faster than that observed extracellu- 
larly (2, 11). In tissue culture media, both ormaplatin and Pt-DACH 
produce similar biotransformation products (11), whereas in cells the 
uptake and metabolism of these complexes differ. Chaney's group 
(12, 13), using high performance liquid chromatography monitored 
the intracellular uptake and metabolism of these complexes in murine 
leukemia L1210 cells. In these cells, there was preferential uptake 
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of ormaplatin at early times at a rate 3-4-fold greater than that of 
Pt-DACH. Intracellular metabolism of ormaplatin yielded three 
biotransformation products; two were unique only to ormaplatin- 
treated cells; and small amounts of one product was seen in Pt-DACH- 
treated cells (12). In a similar fashion, Mauldin et al. (13) monitored 
the metabolism of Pt-DACH over 24 h in L1210 cells. At early times 
of drug exposure, most intracellular drug existed unchanged, after 
which it was gradually complexed to amino acids throughout the 24-h 
monitoring period. They also observed at early times an abundance of 
a platinum-glutathione complex, which increased with increasing plat- 
inum concentration; platinum-amino acid complex levels were unaf- 
fected. By using high performance liquid chromatography and DNA 
binding assays, these investigators identified the major DNA-reactive 
biotransformation product as an aquachloro complex which was grad- 
ually, but not completely, replaced over time mostly by stable amino 
acid complexes with negligible DNA-binding activity and several 
unknown DNA-reactive products. It remains unclear as to the char- 
acterization of the DNA-reactive biotransformation products and their 
relation to cytotoxicity. 

Some studies suggest that ormaplatin may require intracellular ac- 
tivation by a sulfhydryl-dependent reduction to a Pt(II) analogue 
which elicits antitumor activity (11, 14). In tissue culture, ormaplatin 
undergoes rapid reduction activation with a v2 of 5-15 min, whereby 
protein sulfhydryl groups in serum-supplemented culture media are 
the major reducing agents ( l l ) .  The binding kinetics of ormaplatin 
with human plasma proteins and bovine serum albumin, as reported 
by LeRoy and Thompson (15), indicates that its binding reaction with 
protein occurs quickly via a direct nucleophilic attack and that this 
reaction can occur prior to aquation. 

Eastman and Richon (16) observed that ormaplatin was cytotoxic to 
cisplatin-sensitive and -resistant murine leukemia L1210 cells and 
suggested that the cytotoxic effect of ormaplatin requires a non-rate- 
limiting reduction that can occur in the culture medium or intracellu- 
larly. In addition, by incubating DNA with ormaplatin and various 
concentrations of glutathione, Eastman and Richon showed that glu- 
tathione mediated the activation of ormaplatin, which then reacted 
with DNA. They suggested that the rate of reaction of reduced drug 
with DNA is controlled by the dissociation of the two remaining 
chloride ligands of the Pt(II) species (14). The platinum-DNA adducts 
formed appear to be similar to those formed by cisplatin (16). 

Cellular resistance to platinum drugs involves multiple mechanisms 
(17). Most evidence on the biological activities of platinum analogues 
indicates that their cytotoxicities result from interactions with DNA, 
producing platinum-DNA lesions which inhibit DNA replication 
(17-19). In human ovarian cancer cell lines A2780 and A2780/CP70, 
the major contributors to cisplatin resistance in vitro are reduced drug 
accumulation and enhanced DNA repair (20-22), the latter of which 
appears to be the prevalent mechanism in these cells. In this study, we 
sought to determine the effect of ormaplatin on human ovarian cancer 
cells that differ with respect to their levels of resistance to cisplatin. 

MATERIALS AND METHODS 

Cell Culture. The ovarian cancer cell lines A2780 and A2780/CP70 have 
been described previously (21) and were used in all experiments. Cells were 
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cultured in monolayer using RPMI 1640 supplemented with 10% fetal calf 
serum, 0.2 unit/ml of human insulin, and penicillin/streptomycin (GIBCO, 
Grand Island, NY). Cells were grown in a humidified 5% CO2 mixture with 
ambient air at 37~ Sensitivity to ormaplatin was assessed by colony forma- 
tion assays using 6-well plates, each well 35 mm in diameter. Cells were plated 
at 500 cells/well and drug treatments were performed as l-h drug exposures on 
the day after plating. Ormaplatin was initially dissolved in phosphate-buffered 
saline at 1 mg/ml, and dilutions from this solution were made in media to 
obtain the desired drug treatment concentration. Cells were allowed to grow for 
7-10 days, at which time colonies were stained with a methylene blue solution 
of 0.167 g % in absolute methanol. Visible colonies were counted by hand. 
Drug treatments were done in triplicate at each dose in each individual exper- 
iment. The value obtained in wells where no drug was added was assigned the 
value of 100% growth. 

Cellular Drug Accumulation. Cisplatin-sensitive and -resistant cell lines 
were treated in monolayer with ormaplatin drug doses of 5, I0, 20, or 40 pM 
for 1 h for the purpose of measuring cellular accumulation of drug. After l-h 
drug exposures, cells were immediately harvested and "wet-ashed" according 
to the method of McGahan and Tyczkowska (23), and total cellular drug 
accumulation was measured by AAS and assessed as pg of platinum/106 cells. 

In separate experiments the volume consumed by 106 cells of each cell line 
was assessed in six replicates. This was determined by centrifugation of 6 • 
106 cells into a pellet in a graduated centrifugation tube. Cells were spun at 
2000 rpm for 20 min. 

Measurement of Rates of Cellular Drug Accumulation and Efllux. 
A2780 and A2780/CP70 bell lines were treated at their respective IC5o doses 
for the purpose of measuring cellular drug accumulation and effiux. Cells were 
exposed to ormaplatin for 1 h in all experiments. To measure drug accumula- 
tion, cells were harvested at 15, 30, 45, and 60 min during the l-h drug 
exposure. Total cellular accumulation was assessed as both pg platinum/106 
cells and as the percentage of maximal drug accumulation (total drug accu- 
mulation at 60 min). To measure drug effiux, cells were treated for 1 h and 
aliquots were harvested immediately and at 1, 3, and 6 h after drug removal. 
Total cellular drug was assessed as pg platinum/106 cells. The percentage of 
total cellular drug accumulation and percentage of effiux in these two cell lines 
were compared by assigning the value of 100% to that drug level achieved 
at the end of the drug treatment and assessing all other values relative to the 
100% value. 

Measurement of Platinum in Cellular DNA. In one set of experiments, 
we sought to establish the relationship between ormaplatin dose and platinum- 
DNA adduct formation in the sensitive and resistant cell lines. Both cell lines 
were treated in monolayer with ormaplatin doses of 5, 10, 20, or 40 IJM for 1 
h, and ceils were harvested immediately and frozen at -20~ until DNA 
isolation. DNA was isolated using cesium chloride density gradient centrifu- 
gation (24) and measured at 260 nm. Total platinum per unit DNA was 
measured by AAS (25). 

In another set of experiments, we assessed the ability of these cells to 
remove platinum from cellular DNA. Cells were plated in T-150 flasks (Costar, 
Cambridge, MA) and allowed to grow in log phase with changes of fresh media 
twice weekly. Cells were labeled with a [3H]thymidine concentration of 
0.1 laCi/ml of media for 24 h, after which fresh media were placed onto the 
cells, and further incubation was carried out overnight. At this time, cells 
were exposed to the specified concentrations of ormaplatin for 1 h. After 3H 
labeling, an aliquot of cells was harvested before drug treatment (time zero 
control). Following a 1-h drug exposure, cells were harvested at 0 (immedi- 
ately at the end of ormaplatin exposure) 1 h, 3 h, 6 h, and 24 h. Cells were 
frozen immediately at -20~ until DNA isolation. In experiments designed to 
compare adduct removal after equal levels of DNA damage, the A2780 cell line 
was treated with 10 IJM ormaplatin and the A2780/CP70 cell line was treated 
at 20 pM. 

Total cellular DNA was isolated using cesium chloride density gradients, 
yielding DNA which was 99.6% free of contamination (24). This DNA was 
dialyzed against four exchanges of distilled water over 36--48 h. DNA was then 
measured by absorbance at 260 nm. [3H]Thymidine content was assessed by 
liquid scintillation counting and platinum content was assessed by AAS. A 
decrease in the specific radioactivity of DNA (@m/lag DNA) at each time point 

compared to that obtained at 1 h represents the amount of replication that 
occurred. This ratio was used to determine the platinum content of nonrepli- 
cated DNA. 

R E S U L T S  

Differences in Survival between Cell Lines. The  relative sensi- 

tivities of  the two cell lines to ormapla t in  and to cisplatin,  as assessed 

by co lony format ion,  are shown  in Fig. 1. Data obta ined with cisplat in 

have been reported previously  (20). In the A2780  cell l ine the IC5o for 

ormapla t in  is 0.38 IJM and the IC5o for cisplatin, is 3.0 pM (Fig. IA). 

In the A2780 /CP70  cell line the IC5o of  ormaplat in  is 3.6 IJM and that 

of  cisplatin is 40.0/aM (Fig. 1B). The  IC5o drug doses  for the two cell 
lines differ by 9.5-fold for ormapla t in  (0.38 v e r s u s  3.6 [aM) and by 

13-fold for cisplatin (3.0 v e r s u s  40 IJM). The  A2780  cells are 7.9-fold 

more  sensit ive to ormapla t in  than cisplatin,  and in the A2780 /CP70  
cells the dif ference is 1 l -fold.  

Assessment of Tota l  C e l l u l a r  Accumulation of D r u g .  We mea-  

sured cellular  accumula t ion  of  ormapla t in  in the two cell l ines after 

def ined  drug exposures .  Fig. 2 shows these data with each data point  

represent ing the mean  ___ SD of  four or six separate determinat ions .  In 

A2780  cells, there is an increase in cellular p la t inum levels with 

increasing drug concentra t ion which  approaches  linearity. Linear  re- 

gression analysis up to the dose of  40 laM yields the equat ion y = 11.0x 

+ 15.5, r = 0.96. In A2780 /CP70  cells, there was a m u c h  greater  
increase in cellular  p la t inum levels with increasing drug concentra-  

tions. The  relat ionship be tween  ormapla t in  drug dose  and total cel lular  

accumula t ion  also approaches  linearity, with the l inear regress ion 
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Fig. 1. Sensitivity to ormaplatin (TDDP) and cisplatin (CDDP) was assessed by 
colony formation assay in A2780, wild type cells (A) and A2780/CP70 cells (B). Cells 
were plated at 500 cells/well; drug exposures were for 1 h in triplicate wells; cells were 
grown for 7-10 days; visible colonies were counted by hand; and values were expressed 
relative to those wells where no drug was used (100% control value). 
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Fig. 2. Total cellular accumulation of drug was measured in A2780 wild type cells and 
A2780/CP70 cells following defined drug exposures for 1 h. Cells were washed with 
phosphate-buffered saline, trypsinized, and "wet-ashed," and total platinum content was 
measured using AAS with Zeeman background correction. Each data point is the mean _ 
SD (bars) from four or six separate determinations. 
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Fig. 3. Cellular drug accumulation (A) and efflux (B) were determined in A2780 and 
A2780/CP70 cells during and following IC5o drug exposures for 1 h. The ICsos were: 
A2780, 0.38 t.~; A2780/CP70, 3.60/aM. Cells were treated as described in the text. Each 
data point is the mean of four separate determinations. Absolute values for drug uptake in 
the respective cell lines are shown in Fig. 2. 

equation of y = 87.8x + 182.0, r = 0.98. Based on the slopes of the 
linear regression equations, there is an 8-fold difference in ormaplatin 
drug accumulation between these two cell lines. Further, the resistant 

cell line accumulated more drug. We compared total cell volumes of 
6 x 106 cells ofA2780 and A2780/CP70 cells, using six replicates of 
each. For both cell lines, 0.033 ml was consumed by this number of 
cells. 

Measurement of Rates of Cellular Drug Accumulation and 
Efflux. We measured the rates of total drug accumulation (Fig. 3) 

during 1-h exposures to ICso drug doses in the two cell lines. Platinum 
concentrations are expressed in the figure as a percentage of maximal 

drug accumulation and each data point represents the mean of four 
determinations. After 1 h, the A2780 cells accumulated 50.0 +__ 8.8 pg 
platinum/106 cells (9.1 ng platinum/ml) of total cellular drug and the 
A2780/CP70 cells accumulated 226.1 __ 64.0 pg platinum/106 cells 

(41.1 ng platinum/ml). As shown in Fig. 3A, the two cell lines accu- 
mulated drug at similar rates over the 1-h time period, although the 

cells differed in several respects. Cellular accumulation in the resistant 

cells was rapid, compared to the sensitive cells. At 15 min of the 1-h 
exposure, platinum levels did not reach detection threshold in A2780 

cells, while the A2780/CP70 cells accumulated 19.7% of its maximal 
drug level. However, this difference in percentage of maximal drug 
accumulation was no longer present at 30 min into the drug treatment. 
Also, the resistant cells accumulated about 5-fold more drug than the 
sensitive cells when both are treated at their ICso doses. 

We also measured drug efflux in these cells over 6 h, after 1-h 

treatments with ICso drug doses. Over the time period observed, 
absolute levels of drug changed more rapidly in the resistant cells. 
However, when expressed as the percentage of maximal drug accu- 
mulated, the sensitive cells effluxed drug more quickly (Fig. 3B). At 

1, 3, and 6 h after treatment, the sensitive cells had removed 47.1, 
72.6, and 78.7% of total accumulated cellular platinum at the respec- 
tive time points. At the same time points the resistant cells removed 
8.0, 50.2, and 65.3% of total accumulated cellular platinum. These 
data indicate that the sensitive cells had a rate of drug efflux over the 
first 3 h that was 2-fold greater than the resistant cells. 

Measurement of Drug-DNA Binding after Defined Drug Expo- 
sures. Shown in Fig. 4 are the levels of platinum-DNA adduct formed 
following equivalent laM drug doses in the sensitive and resistant cell 
lines. For the resistant cell line, Pt-DNA adduct formation increases 
with increasing drug concentration, and the relation between drug 

dose and adduct level approaches linearity, with a linear regression 
equation of y = 0.24x + 0.65, r = 0.98. In the sensitive cell line, 

Pt-DNA adduct formation also increases with increasing drug con- 
centration, and the relation between drug dose and adduct level also 
approaches linearity up to the dose of 40 pM (y = 0.64x + 1.26, 
r = 0.99). Based on the slopes of the linear regression equations, 
approximately 2.6-fold more ormaplatin is needed in the resistant cells 
to attain the same level of DNA damage as in the sensitive cells. 
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Fig. 4. Total DNA-bound platinum was measured in A2780 wild type cells and A2780/ 
CP70 cells following defined drug exposures for 1 h. Cells were harvested immediately 
after drug exposure. DNA was isolated by cesium chloride buoyant density gradient 
centrifugation, and total platinum content was measured by AAS with Zeeman back- 
ground correction. Each data point is the mean - SD (bars) of four separate determina- 
tions. 
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Table 1 Comparative analyses of DNA adduct level with celhdar accumulation 
of ormaplatin in A2780, wild O'pe and A2780/CP70 cell lines 

Drug dose Drug accumulation" DNA damage j' 
Cell line ( t . I M )  (pg Pt/106 cells) (pg Pd~ag DNA) 

A2780 0 0.0 + 0.0 0.0 _ 0.0 
5 41.82 + 11.06 1.73 _+ 1.52 

10 111.47 �9 27.36 4.24 _+ 1.94 
20 143.81 + 18.75 10.60_+ 1.11 
40 450.26 _+ 141.37 24.92 _+ 7.14 

A2780/CPT0 0 0.0 _+ 0.0 0.0 - 0.0 
5 338.27 _+ 91.08 0.0 _+ 0.0 

10 432.60 _+ 132.60 1.98 _+ 0.51 
20 1461.70 _+ 223.78 3.58 _+ 1.18 
40 3440.54 _+ 895.56 9.36 _+ 3.50 

a After 1-h drug exposures, cells were treated as described in the text, and ormaplatin 
accumulation was assessed using AAS. Values represent the mean _+ SD of four to six 
separate determinations. 

t, Following drug exposures, DNA was isolated as described in the text and platinum 
levels were measured by AAS. Values represent the mean _+ SD of three or four separate 
determinations. 

Comparative analyses of DNA adduct level with cellular accumu- 
lation in these two cell lines indicate several interesting features 
(Table 1). When the total intracellular levels of ormaplatin are equal 
between these cells, the DNA platination level in the sensitive cells is 
more than 12-fold greater than that in resistant cells. Specifically, 
when A2780 cells accumulate 450 pg drug/106 cells, the platinum- 
DNA adduct level equals 24.9 ___ 7.1 pg platinum/lag DNA; and when 
the A2780/CP70 cells accumulate 432 pg drug/106 cells, the platinum- 
DNA adduct level equals 2.0 ___ 0.5 pg platinum/lag DNA. Based on 
these observations, the relationship between DNA damage levels and 
total cellular drug accumulation differs markedly in these two cell 
lines, These data therefore suggest that in contrast to what was ob- 
served for cisplatin (20), cytosolic inactivation may be a major factor 
in determining the difference between these cell lines in the amount of 
DNA-bound drug. 

Removal of Platinum from Cellular DNA. The two cell lines 
were compared for their respective ability to remove Pt-DNA adducts 
from cellular DNA over a 24-h time period (Fig. 5). In this approach, 
we compared the sensitive cell line with the resistant cell line after 
both were treated with ormaplatin to achieve the same level of DNA 
bound drug. 

As shown in Fig. 5A, after a 10 laM dose in the A2780 cell line, the 
peak platinum level measured was 3.3 __+ 1.7 pg/lag DNA. This was 
followed by a 6-h phase of rapid removal from cellular DNA to a level 
of 1.5 ___ 1.2 pg/lag DNA. There was a slow rate of adduct removal 
during the remainder of the 24-h observation period, at which time 
levels measured 0.8 ~ 0.6. For the A2780/CP70 cell line (Fig. 5A, 
closed diamonds), 20 laM ormaplatin was required to reach an equiv- 
alent level of DNA damage as observed in the A2780 cell line, 3.9 _ 
0.7 pg/lag DNA. A rapid phase of adduct removal occurred over the 
next 6 h to a level of 1.2 ___ 0.6 pg platinum/lag DNA. This was 
followed by a slow rate of removal during the remainder of the 24-h 
observation period, to the level of 0.6 _+ 0.6 pg platinum/lag DNA. 

When viewed as a percentage of the maximal value of platinum 
bound to DNA (Fig. 5B), the sensitive cell line removed 53% of its 
total platinum load in the first 6 h, whereas the resistant cell line 
removed 68%. Because of the error bars obtained at each time point, 
it appears that the amount of platinum removed from cellular DNA 
during the first 24 h after exposure is about the same for the two cell 
lines. Thus, the relative rates of removal of platinum from cellular 
DNA are similar in both cell lines. In addition, a portion of the adduct 

DISCUSSION 

In this study, cisplatin-sensitive A2780 and resistant A2780/CP70 
cell lines were assessed for their respective characteristics of orma- 
platin drug accumulation and efflux, the relationship between drug 
dose and DNA damage level, and DNA repair. When assessed for 
ormaplatin cytotoxicity, the resistant cells (IC5o 3.6 ~v~) were 9.5-fold 
more resistant to ormaplatin than the sensitive cells (IC5o 0.38 ~rM). 
A2780/CP70 cells (IC5o 40 pM) are 13-fold more resistant to cisplatin 
than A2780 cells (IC5o 3 laM). For both cell lines, ormaplatin is more 
cytotoxic than cisplatin and the magnitude of increased sensitivity to 
ormaplatin was greater in the resistant cells ( l l . l - fold for A2780/ 
CP70 and 7.9-fold for A2780). Resistant cells exhibited a moderate 
degree of cross-resistance to ormaplatin. 

When these cell lines were treated with a range of doses of orma- 
platin, there was a greater increase in drug uptake but reduced levels 
of platinum-DNA damage in the resistant cell line compared to the 
sensitive cell line. When treated at their respective biologically equiv- 
alent (IC5o) doses, the percentage of drug effiuxed was greater in the 
sensitive cells than in the resistant cells. When both cell lines were 
loaded to the same level of DNA-bound ormaplatin, both cell lines 
removed platinum from cellular DNA at relatively similar rates. 

Cellular resistance to platinum compounds involves multiple mech- 
anisms, which include: (a) altered cellular accumulation of platinum; 
(b) elevated levels of glutathione and/or metallothionein; (c) reduced 
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Fig. 5. The removal of elemental platinum from cellular DNA with time was assessed 
in the two cell lines. Cell~ were labeled via overnight incubation with [3H]thymidine- 
containing media (0.1 pCi/ml), washed with phosphate-buffered saline, replenished with 
fresh unlabeled media, and again incubated overnight, after which cells were treated at 
respective ormaplatin drug concentrations. The A2780 cell line was incubated with 10 ~tM 
ormaplatin for 1 h so as to attain a level of DNA modification equivalent to that seen in 
the resistant cell line after 20 pM drug exposure. Cells were harvested at defined times after 
a l-h drug exposure. DNA was isolated, total platinum per unit DNA was measured (A) 

load persists in both cell lines for at least 24 h after ormaplatin and percentage of repair was assessed (B). Each data point is the mean of three or four 

exposure, separate determinations. 

245 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/2/242/2451670/crs0530020242.pdf by guest on 19 M

ay 2023



ORMAPLATIN IN HUMAN OVARIAN CANCER CELLS 

DNA platination; (d) enhanced DNA repair; and (e) tolerance to 
unrepaired DNA lesions (17-19). Altered drug transport and elevated 
glutathione levels appear to contribute to platinum resistance in some 
cell lines, whereas neither mechanism appears to correlate with the 
level of resistance (8, 18-22). In contrast to cisplatin, ormaplatin does 
not appear to influence cellular glutathione levels (26), which may be 
a contributing factor to the increased sensitivity to ormaplatin ob- 
served in cisplatin-resistant cells. Chaney (27) has reported that drug 
sensitivity may be carrier ligand specific, whereas changes in drug 
uptake are not. Changes in drug accumulation appear to result from 
generalized changes in membrane permeability (27). A number of 
mammalian cisplatin-resistant cell lines exhibit only partial or no 
cross-resistance to ormaplatin or other DACH complexes (1-4, 6-8, 
11). In this study, A2780/CP70 cells exhibit moderate cross-resistance 
to ormaplatin. 

The major factor in the cytotoxicity of platinum compounds is the 5. 
binding to DNA. Studies with human ovarian cancer cell lines (28, 
29), human small cell lung cancer cell lines (30), and cultured human 
glioma cells (31) indicate that the levels of platinum-DNA adducts 6. 
formed is a good correlate for cytotoxicity. In a study of the compar- 
ative effects of ormaplatin and cisplatin in Escher i ch ia  coli,  Razaka 

7. 
et  al. (32) showed that at equal levels of drug exposure, the intracell- 
ular level of ormaplatin was 10-fold greater than that of cisplatin. In 

8. 
addition, at equal intracellular levels of drug, ormaplatin formed about 
one-half the number of DNA adducts compared to cisplatin. When 
both drugs platinated DNA to the same level, the cytotoxicity of 9. 
ormaplatin was identical to that of cisplatin. 

These two cell lines have been studied for cisplatin sensitivity and 10. 
resistance. The A2780/CP70 cell line expresses a 2-fold reduction in 
cisplatin drug accumulation, enhanced drug effiux, and 2-fold reduced 
DNA platination compared to sensitive cells (20). In addition, resistant 11. 
cells are 2-fold more efficient at repairing cisplatin-DNA lesions in 
cellular DNA than the parent sensitive cells (20-22). In this current 12. 
study, ormaplatin had unexpected effects on cellular accumulation and 

13. 
DNA platination. At equal levels of drug exposure, resistant cells 
developed an 8-fold increased level of intracellular drug which did not 

14. correspond to an increased level of DNA-bound platinum in cellular 
DNA, as compared to sensitive cells. At equal intracellular levels of 15. 
ormaplatin, sensitive cells formed over 12-fold more DNA adduct 
than resistant cells, which indicates that in resistant cells a large 
fraction of cellular drug was inactivated and/or made unavailable to 16. 

react with DNA. Enhanced cellular effiux does not explain this ob- 
servation, since sensitive cells effiuxed drug more quickly than resis- 17. 
tant cells. 

In this study, one cannot fully distinguish between avid binding of 18. 
ormaplatin to cellular components versus  simple uptake and effiux of 
the drug. Increased cellular accumulation of ormaplatin was observed, 

19. 
and this phenomenon has been reported by Rahman et  al. (2), with 
murine leukemia L1210 cells, and by Chaney (27), with platinum- 
resistant variants of human carcinoma A2780 and HCT8 cell lines. 20. 
While the usual route of ormaplatin activation is extracellular and 
rapid (11), the 2-fold elevated level of intracellular glutathione, a 

21. characteristic of the cisplatin-induced phenotype of this resistant cell 
line (21, 33), may have contributed to the differences in cellular drug 
uptake and effiux and Pt-DNA adduct formation compared to sensitive 

22. 
cells. Glutathione may modulate platinum cytotoxicity by inactivating 
platinum drugs through direct binding, quenching of monoadducts, 
and increasing DNA repair activity (11-13, 33). Whereas acquired 23. 
cisplatin resistance in human ovarian cancer cells is associated with 
enhanced DNA repair (20-22), ormaplatin-induced DNA damage is 24. 
repaired with equal proficiency in the sensitive cells. Thus, in human 
ovarian cancer cells, cellular inactivation of drug and reduced orma- 25. 
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platin-DNA adduct formation appear to be the primary determinants 
of increased resistance to ormaplatin. 

REFERENCES 

1. Smith, M. A., Smith, J. H., Litterst, C. L., Copley, M. P., Uozumi, J., and Boyd, M. 
R. In vivo biochemical indices of nephrotoxicity of platinum analogs tetraplatin, 
CHIP, and cisplatin in the Fischer 344 rat. Fund. Appl. Toxicol., 10: 62-72, 1988. 

2. Rahman, A., Roh, J. K., Wolpert-DeFilippes, M. K., Goldin, A., Venditti, J. M., and 
Woolley, P. V. Therapeutic and pharmacological studies of tetrachloro(d,l-trans)l,2- 
diaminocyclohexane platinum (IV) (tetraplatin), a new platinum analogue. Cancer 
Res., 48: 1745-1752, 1988. 

3. Wilkoff, L. J., Dulmadge, E. A., Trader, M. W., Harrison, S. D., Jr., and Griswold, D. 
P., Jr. Evaluation of trans-tetrachloro-1,2-diaminocyclohexane platinum(IV) in mu- 
rine leukemia L1210 resistant and sensitive to cis-diamminedichloroplatinum(II). 
Cancer Chemother. Pharmacol., 20: 96-100, 1987. 

4. Anderson, W. K., Quagliato, D. A., Haugwitz, R. D., Narayana, V. L., and Wolpert- 
DeFilippes, M. K. Synthesis, physical properties, and antitumor activity of tetraplatin 
and related tetrachloroplatinum(IV) stereoisomers of 1,2-diaminocyclohexane. Can- 
cer Treat. Rep., 70: 997-1002, 1986. 
Alberts, D. S., Garcia, D., Roe, D., Fanta, P., Liu, R., and Salmon, S. Lack of 
tetraplatin cross resistance with cisplatin against epithelial ovarian cancers obtained 
from more than 70 patients with advanced disease. Proc. Am. Assoc. Cancer Res., 32: 
2434, 1991. 
Hills, C. A., Kelland, L. R., Abel, G., Siracky, J., Wilson, A. P., and Harrap, K. R. 
Biological properties of ten human ovarian carcinoma cell lines: Calibration in vitro 
against four platinum complexes. Br. J. Cancer, 59: 527-534, 1989. 
Kendall, D., Alberts, D., and Peng, Y-M. Activity of tetraplatin isomers against 
cisplatin sensitive and resistant human tumor cell lines. Proc. Am. Assoc. Cancer Res., 
30: 469, 1989. 
Richon, V., Schulte, N., and Eastman, A. Multiple mechanisms of resistance to 
cis-diamminedichloroplatinum(II) in murine leukemia L1210 cells. Cancer Res., 47: 
2056-2061, 1987. 
Saphner, T. J., Tutsch, K. D., Arzoomanian, R. Z., Tombes, M. B., Robins, H. I., and 
Spriggs, D. R. Phase I trial of tetraplatin. Proc. Am. Assoc. Cancer Res., 32: 1201, 
1991. 
O'Rourke, T., Rodriguez, G., Cagnola, J., Von Hoff, D. Phase I trial of tetraplatin 
(NSC 363812) administered daily for five consecutive days every 28 days. In: Sixth 
International Symposium on Platinum and Other Metal Coordination Compounds in 
Cancer Chemotherapy, p. 298, 1991. 
Gibbons, G. R., Wyrick, S., and Chaney, S. G. Rapid reduction of tetrachloro- 
(DL-trans)- 1,2-diaminocyclohexaneplatinum(IV) (tetraplatin) in RPMI 1640 culture 
medium. Cancer Res., 49: 1402-1407, 1989. 
Gibbons, G., Chaney, S. G., and Holbrook, D. J. Intracellular biotransformation of 
tetraplatin in the L1210 cell line. Proc. Am. Assoc. Cancer Res., 30: 46, 1989. 
Mauldin, S. K., Gibbons, G., Wyrick, S. D., and Chaney, S. G. Intracellular biotrans- 
formation of platinum compounds with the 1,2-diaminocyclohexane carrier ligand in 
the L1210 cell line. Cancer Res., 48: 5136-5144, 1988. 
Eastman, A. Glutathione-mediated activation of anticancer platinum(IV) complexes. 
Biochem. Pharmacol., 36: 4177-4178, 1987. 
LeRoy, F. A., and Thompson, W. C. Binding kinetics of tetrachloro-l,2-diaminocy- 
clohexaneplatinum(IV) (tetraplatin) and cis-diamminedichloroplatinum(II) at 37~ 
with human plasma proteins and with bovine serum albumin. Does aquation precede 
protein binding? J. Natl. Cancer Inst., 81: 427-436, 1989. 
Eastman, A. and Richon, V. In: D. C. H. McBrien and T. F. Slater (eds.), The 
Association for International Cancer Research Symposium No. 4, Washington, DC: 
Oxford Press, p. 91, 1986. 
Reed, E., and Kohn, K. W. Cisplatin and platinum analogs. In: B. A. Chabner (ed.), 
Cancer Chemotherapy: Principles and Practice, Philadelphia: J. B. Lippincott Co., 
465-490, 1990. 
Scanlon, K. J., Kashani-Sabet, M., Miyachi, H., Sawers, L. C., and Rossi, J. Molec- 
ular basis of cisplatin resistance in human carcinomas: model systems and patients. 
Anticancer Res., 9: 1301-1312, 1989. 
de Graeff, A., Slebos, R. J., and Rodenhuis, S. Resistance to cisplatin and analogues: 
mechanisms and potential clinical implications. Cancer Chemother. Pharmacol., 22: 
325-332, 1988. 
Parker, R. J., Eastman, A., Bostick-Bruton, E, and Reed, E. Acquired cisplatin 
resistance in human ovarian cancer cells is associated with enhanced DNA repair of 
cisplatin-DNA lesions and reduced drug accumulation. J. Clin. Invest., 87: 773-777, 
1991. 
Behrens, B. C., Hamilton, T. C., Masuda, H., Grotzinger, K. R., Whang-Peng, J., 
Louie, K. G., Knudsen, T., McKoy, W. M., Young, R. C., and Ozols, R. E Charac- 
terization of a cis-diamminedichloroplatinum(II)-resistant human ovarian cancer cell 
line and its use in evaluation of platinum analogues. Cancer Res., 47." 414-418, 1987. 
Masuda, H., Ozols, R. E, Lai, G-M., Fojo, A., Rothenberg, M., and Hamilton, T. C. 
Increased DNA repair as a mechanism of acquired resistance to cis-diamminedichlo- 
roplatinum(II) in human ovarian cancer cell lines. Cancer Res., 48:5713-5716, 1988. 
McGahan, M. C., and Tyczkowska, K. The determination of platinum in biological 
materials by electrothermal atomic absorption spectroscopy. Spectrochim. Acta, 42B: 
665--668, 1987. 
Flamm, W. G., Bimstiel, M. L., and Walker, P. M. B. In: G. Birnie and S. M. Fox, 
(eds.), Subcellular Components. Preparation and Fractionation, London: Butterworth 
and Co., Ltd., pp. 129-155, 1969. 
Reed, E., Sauerhoff, S., and Poirier, M. Quantitation of platinum-DNA binding in 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/2/242/2451670/crs0530020242.pdf by guest on 19 M

ay 2023



ORMAPLATIN IN HUMAN OVARIAN CANCER CELLS 

human tissues following therapeutic levels of drug exposures. Atomic Spectrosc., 9: 
93-95, 1988. 

26. Muller, M. R., Wright, K. A., and Twentyman, P. R. Differential properties of cisplatin 
and tetraplatin with respect to cytotoxicity and perturbation of cellular glutathione 
levels. Cancer Chemother. Pharmacol., 28: 273-276, 1991. 

27. Chaney, S. G. Carrier ligand effects in platinum-resistant cell lines. In: Sixth Inter- 
national Symposium on Platinum and Other Metal Coordination Compounds in 
Cancer Chemotherapy, p. 67, 1991. 

28. Durand, R. E. Distribution and activity of antineoplastic drugs in a tumor model. J. 
Natl. Cancer Inst., 81: 146--152, 1989. 

29. Boven, E., Schluper, H. M. M., van der Vijgh, W. J. E, and Pinedo, H. M. The role 
of human ovarian lines in the selection of clinically active platinum (Pt) compounds. 
Invest. New Drugs, 5: 59, 1987. 

30. Hosper, G. A. P., Mulder, N. H., de Jong, B., de Ley, L., Uges, D. R. A., Fichtinger- 

Schepman, A. M. J., and Scheper, R. J. Characterization of a human small cell lung 
carcinoma cell line with acquired resistance to cis-diamminedichloroplatinum(II) in 
vitro. Cancer Res., 48: 6803-6807, 1988. 

31. Yung, W. K. A., Siddik, Z. H., Newman, R. A., and Steck, P. A. Cytotoxicity and 
intracellular platinum level of cisplatin, carboplatin and tetraplatin in cultured human 
glioma cells. Proc Am Assoc. Cancer Res., 29: 343, 1988. 

32. Razaka, H., Salles, B., Villani, G., and Johnson, N. P. Toxicity, mutagenicity and 
induction of recA protein in Escherichia coli treated with cis-diamminedichloroplat- 
inum(II) and cis-diamminetetrachloroplatinum(IV). Chem-Biol. Interact., 60: 207- 
215, 1986. 

33. Lai, G-M., Ozols, R. E, Young, R. C., and Hamilton, T. C. Effect of glutathione on 
DNA repair in cisplatin-resistant human ovarian cancer cell lines. J. Natl. Cancer Inst., 
81: 535-539, 1989. 

247 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/2/242/2451670/crs0530020242.pdf by guest on 19 M

ay 2023


