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Abstract-The biochemical changes responsible for acquired resistance to cisplatin (DDP) are 
not fully understood. We have developed DDP-resistant sublines of COLO 316 human ovarian 
carcinoma cells in vitro and characterized a number of biochemicalfeatures of these cells. Following 
selection with either continuous 50 nM DDP (COLO/DDP,,, cells) or intermittent 1 (*M DDP 
(COLO/B, COLO/C, or COLO/D cells) the onret of resistance was rapid. The resistance of the 
COLO/B cells gradually fell f rom 14-fold to 5-fold over 6 months in drug-free media. Both 
selection procedures produced cells exhibiting broad cross-resistance to other platinum analogs, 
natural products and alkylating agents. There was no sign$cant change in thegrowth rate (doubling 
time = 36 h, cloning efficiency (28%), protein content (0.55 mg/lO” cells), or morphology of 
these cells. Cell cycle distributions of log-phase cells were similar (60% G/G,, 35% S, 5% G,/M) 
as determined by flow cytometry. Glutathione (GSH) levels, while not elevated in COLO-B cells 
at low levels of resistance (2-3-fold), were 30% elevated at higher levels of resistance (g-fold). 
However, GSH levels in COLO/DDP50 cells with 13.fold resistance were 2.3-fold elevated. The 
resistance of both cell gpes could be partially reversed by extended depletion of GSH with ~,t- 
buthionine-S,R-sulfoximine. COLO/D cells had a 48% decrease in DDP accumulation at 1 h 

while COLO/DDF’j,, cells had no change in DDP accumulation. The cross-resistance proJiles, 
GSH biochemist9 and DDP accumulation data indicate that acquired DDP-resistance is a 
complex, multifactorial response in these cells. The speciJic combination of mechanisms expressed in 
these cells appears to depend upon the selection procedure. 

INTRODUCTION 
CISPLATIN (DDP) is an important drug for the 
treatment of human ovarian, testicular, bladder 
and head and neck cancers [ 11. Despite the good 
response rates of these tumors to DDP, the emerg- 
ence of DDP resistance is a common consequence 
of therapy [2-4]. Acquired resistance to DDP thus 
presents a serious barrier to the successful manage- 
ment of these diseases. The rational approach to 
the prevention, reversal, or circumvention of DDP 
resistance requires a fundamental understanding of 
the mechanisms involved. The biochemical and 
genetic mechanisms of DDP resistance, however, 
are not yet fully understood. 

We have been interested in defining the origins 
of DDP resistance in human ovarian carcinoma. A 
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number of useful models have been dcvcloped in 
human ovarian carcinoma cells for the study of 
DDP resistance [5-91. We have generated DDP- 
resistant 2008 human ovarian carcinoma cells in 

vitro and found that most of the resistance can 
be attributed to decreased drug accumulation [5]. 
DDP-resistant A2780 ovarian carcinoma lines have 
also been developed by selection in vitro [ 7-91. These 
cells have elevated glutathione (GSH), increased 
unscheduled DNA synthesis and changes in their 
folate metabolism [7-g]. Their resistance could be 
reversed by GSH depletion with n,L-buthionine- 
S,R-sulfoximinc (BSO) [7]. DDP-resistant cells 
(PE04) from a DDP-refractory ovarian carcinoma 
patient were also recently described and compared 
to a sensitive line (PEO 1) established from this same 
patient prior to chemotherapy [lo]. These DDP- 
resistant cells had elevated GSH and GSH transfer- 
ase. DDP-resistant KF- 1 cells have also been gencr- 
ated, but the possible mechanisms of resistance 
remain uncharacterized [ 111. In this paper we 
describe the development and characterization of 
DDP-resistant sublincs of COLO 316 human 
ovarian carcinoma cells. 
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MATERIAL AND METHODS 

Drugs and chemicals 
DDP, carboplatin, iproplatin, ( 1 ,Z-diaminocyclo- 

hexane)platinum( II) malonate (DACH malonate), 
trans-diamminedichloroplatinum( II) (transDDP), 
etoposide, melphalan, mitomycin C and adriamycin 
were obtained from the Drug Synthesis and Chemis- 
try Branch, Division of Cancer Treatment, NC1 
(Bethesda, MD). Bleomycin was obtained from 
Bristol-Myers Co. (Syracuse, NY) and 4-hydro- 
peroxycyclophosphamide was obtained from Dr 
Michael 0. Colvin of the Johns Hopkins Oncology 
Center (Baltimore, MD). 3-0-[methyl-3H]n-glucose 
(79 Ci/mmol) was obtained from NEN Research 
Products (Boston, MA). 

Cell lines 
COLO 316 cells established from a patient with 

serous cystadenocarcinoma of the ovary were used 
in these studies [ 121. Cells were grown as monolayer 
cultures in RPM1 1640 medium supplemented with 
10% heat inactivated fetal calfserum, 2 mM freshly 
added glutamine and intermittently with penicillin/ 
streptomycin (Irvine Scientific, Santa Ana, CA). 
Cultures were equilibrated with humidified 5% 
CO2 in air at 37°C. Cells were screened for myco- 
plasma with a Gen-probe mycoplasma detection kit 
(Fisher, Tustin, CA). 

Two approaches were taken to the development 
of DDP-resistant sublines in COLO 3 16 cells: intcr- 
mittent high dose exposure and continuous low dose 
exposure. For high-dose exposure, subconfluent cul- 
tures were treated with 1 pm DDP in complete 
medium. After 3 days, the cells were passaged 1: 1 
and allowed to recover (2-4 weeks). When the cells 
returned to an actively dividing, healthy state, their 
sensitivity to DDP was determined by clonogcnic 
assay on plastic, as previously described [ 131, and 
they were retreated with DDP. Three derivations 
were conducted and these cells are designated 
COLO/B, COLO/C and COLO/D. For low-dose 
exposure, cells in exponential growth were passaged 
twice per week in medium containing 50 nM DDP. 
This is the concentration causing 50% inhibition of 
colony formation (IQ) for DDP, as determined by 
clonogenic assay in which the drugs were left in the 
medium for the full period of colony formation. 
The sensitivity to DDP for this subline, designated 
COLO/DDP,,, was monitored at routine intervals 
(every five passages). 

Cross-resistance projiles 
Sensitivity to DDP and a panel of anticancer 

agents was determined by continuous exposure 
clonogenic assay [ 131. Resistance was determined 
by the ratio of the IQS. 

Flow cytometry 
Cells were trypsinized with 0.05% trypsin- 

EDTA and resuspended in 0.9% saline containing 
1 mg/ml ribonuclease I (Sigma) and 0.01% Triton 
X-100. After 1 h, propidium iodide (Calbiochem, 
San Diego, CA) was added to give a final concen- 
tration of 5.0 pg/ml and the cells were analyzed on 
a Cytofluorograf 50 with a 2151 data handling 
system (Ortho Diagnostics Systems, Westwood, 
MA). Stained cells were excited with the laser tuned 
to 488 nm and an output of 250 mW. Fluorescence 
was detected through a 630 nm bandpass filter. A 
cytogram of propidium iodide fluorescence peak vs. 
area was used to eliminate doublets. Distribution of 
cells in cell cycle compartments was analyzed by 
the constant method (Ortho). Forward scatter was 
determined on intact, unstained cells. 

Biochemical methods 
Protein was determined by the method of Bradford 
with bovine serum albumin as standard [ 141. GSH 
was determined as previously described [ 151. GSH 
levels were determined as the average of values 
obtained over sequential days when cells were in 
log-phase growth. Cell volumes were determined 
with 3-@[methyl-“HID-glucose by the method of 
Kletzien et al. [ 161. 

Chromosome analysis 
Karyotypes were performed either by Dr Deborah 

Saxc at the Agouron Institute (San Diego, CA) or 
Mr Mark Bogart in the Department of Medicine, 
University of California, San Diego. Cells were 
harvested by standard cytogenetic techniques and 
the chromosomes stained with Giemsa. 

Growth rates 
Parental and resistant cells were seeded into six- 

well plates (9.6 cm2, Costar). Each day wells were 
trypsinized and cell numbers determined with a 
Coulter counter. 

DDP accumulation 
Accumulation of DDP was determined in parent 

and resistant cells with unlabeled DDP, as described 
[5]. Cells were seeded into 100 mm tissue culture 
plates and when the cells approached confluency 
the medium was replaced with 5 ml RPM1 1640 
containing 200 pM DDP. After 1 h incubation, the 
medium was aspirated, the monolayers washed 
once with 4°C 0.05% trypsin-EDTA, and then 
trypsinized with 5 ml of 37°C 0.05% trypsin- 
EDTA for 6 min. The trypsinized cells were added 
to 10 ml of 4°C complete medium and centrifuged 
for 3 min at 500 g. The cell pellet was resuspended 
in 10 ml 4°C PBS and centrifuged again. The cell 
pellet was then resuspended in 1.0 ml 4°C 0.9% 



Cisplatin Resistance 621 

saline and sonicated for 30 s at a power setting of 3 
and a 30% duty cycle (5 W pulsed) (Sonifier 450, 
Branson, Danbury, CT). One hundred ~1 were 
removed and mixed with 100 ~1 1 N NaOH for 
protein determination. The remaining cell lyzate 
was then analyzed for Pt by atomic absorption 
spectroscopy using a Perkin-Elmer 373 atomic 
absorption spectrophotometer equipped with a 
2200 graphite furnace (Perkin-Elmer, Norwalk, 
CT). The following heating program was used: 
90°C for 50 s, ramp to 1300°C in 10 s and hold for 
30 s, 2500°C under maximum power for 7 s. 

GSH depletion 
BSO was added to flasks of cells to give a final 

concentration of 50 PM. Control flasks received no 
BSO. After 24 h, cells were trypsinized and diluted 
to give 80 cells/ml in complete medium. BSO treated 
cells were diluted into medium that contained 
50 p,M BSO. Five ml of suspended cells were 
plated into 60 mm polystyrene tissue culture dishes 
(Becton Dickinson Labware, Oxnard, CA). Fifty ~1 
of DDP stock solutions were added to triplicate 
plates at each drug concentration. Control plates 
received diluent alone. Plates were incubated in 5% 
CO, in air at 37°C. After 24 h the medium was 
removed in all the plates and replaced with fresh 
medium containing no drugs or BSO. After an 
additional 13 days, plates were fixed with methanol 
and stained with Giemsa. Colonies of over 60 cells 
were counted macroscopically. Statistical signifi- 
cance of dose modification factors (DMF) were 
determined by l-tests on grouped data. 

RESULTS 

Generation of DDP resistance 
We generated resistant sublincs of COLO 316 

cells by two separate selection procedures. When 
cells were selected monthly with 1.0 PM DDP, a 
concentration that kills six logs of parent cells, 
the DDP-resistance appears rapidly and steadily 
increases (Fig. 1). Cells surviving the first selection 
were already 2-3-fold resistant. Although there was 
variation in the rate of development of resistance in 
the three derivations, a general upward trend in the 
level ofresistance was found. However, in two casts, 
COLO/C and COLO/D cells, and possibly in the 
COLO/B cells, resistance fell with continued selcc- 
tion. In the case of COLO/B and COLO/C cells 
we believe these declines may be attributable to 
mycoplasma contamination (uide infru). The 
maximum resistance obtained was 17-fold. In the 
absence of DDP selection, the resistance of COLO/ 
B cells gradually declined over the course of 6 
months from I4-fold to 5-fold (Fig. 2A). The linear 
regression line through these points wasy = 0.082x 
+ 18.63 (r = 0.77). Although some drift in the IC~~~ 
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Fis. 1. Development of DDP resistance in COLO 3 16 cells selected @ 
intermittent hish dose exposure. Cells were exposed to I .O p,M DDP at 
approximate 1 month intervals. When healthy cultures were n-established, 
DDP-resistance was determined by clonogenic assay on plastic. Lines 
represent three separate derivations of resistant cells: (W) COLO/B, (+) 

COLO/c; (A) COLO/D. 

value for COLO 316 cells was noted, the majority 
of this declining resistance was indeed due to the 
decreasing ICKY values of the COLO/B cells 
(Fig. 2B). The other approach taken to the develop- 
ment of DDP-resistance was to expose the cells 
chronically to a concentration of DDP that kills 
50% of the cells in a clonogenic assay. Initially there 
was no change in resistance when the cells were 
passaged in 50 nM DDP (Fig. 3). After 10-15 
passages, however, the resistance began to develop 
and steadily increased. The highest resistance 
obtained was 16-fold. Similar to the observations 
made with intermittent selection, further selection 
after this high level of resistance was obtained, led 
to decreases in resistance. 

Growth characteristics 
Both COLO/B and COLO/DDP,,, cells had 

doubling times of 36 h which were identical to the 
parent COLO 316 cells. There was no significant 
change in the cloning efficiency (28%) or morph- 
ology of these cells. Flow cytometry did not reveal 
any differences in the cell cycle distribution of these 
cells (Table 1). Forward scatter was also the same 
in the sensitive and resistant cells indicating that 
there were no obvious differences in the cell size or 
cell surface properties of the trypsinized cells. The 
protein content of all three cell types was 
0.55 2 0.03 mg/lO” cells. 

Karyo@es 
Karyotypic analysis confirmed that the resistant 

cells were of COLO 316 origin [lo]. No double 
minute chromosomes or homogeneously staining 
regions, indicative of gene amplification, were 
observed (data not shown). In addition, no gene 
rearrangements or deletions were identified in the 
resistant cells that were not present in the parent 
cells. 
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Fig. 2. Stability of DDP resistance in COLO 316 cells selected by intermittent high concentration exposure. 
After seuen selections with I.0 PM DDP, COLO/B cells were cultured in the absence of DDP and the 
resistance followed for 6 months. (A) Fold resistance, line calculated by linear regression. (B) Actual Q, 

valuesfor COLO 316 cells (4); andfor COLO/B cells (A). 
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Fig. 3. Development of DDP resistance in COLO/DDP,,, subline. 
COLO 3 16 cells were passaged twice per week in 50 nM DDP and the 
development of resistance determined by clonogenic assay. Lines represent 

two independent derivations. 

Table 1. Flow cytometric analysis of COLO 316, COLO/B and 
COLO/DDP50 cells 

Cell 

Cell cycle compartment Forward scatter 
Mean channel 

Go/G, S G,/M No. + SD 

COLO 316 63.2% 33.8% 3.1% 36.9 + 11.3 
COLO/B 62.2 34.0 3.8 39.0 k 12.6 
COLO/DDP, 57.7 36.3 6.0 37.9 + 13.5 

Cross-resistance 
Cross-resistance to a variety of antitumor agents 

was determined for both sublines. Both COLO/B 
and COLO/DDP,, cells had high levels of cross- 
resistance to carboplatin (Table 2). Lower but sig- 
nificant cross-resistance to the analogs transDDP, 
DACH malonate and iproplatin was also found 
(Table 2). Both cell types were also cross-resistant 
to a variety of other DNA interactive drugs, includ- 
ing the alkylating agents mitomycin C, melphalan, 
and 4-hydroperoxycyclophosphamide, and the 
natural products etoposide, bleomycin and Adria- 
mycin@. The major difference between these two 

cell types was seen against bleomycin. Collateral 
sensitivity was not seen to any of the agents tested. 

DDP accumulation 
Accumulation of platinum in cells exposed to 

200 p,M DDP was measured in subconfluent cul- 
ture of the three cell types. Both COLO/D and 
COLO/DDP,, cells were 3.5-fold resistant at the 
time these studies were conducted. The accumu- 
lation after 1 h in the parent COLO 316 cells was 
465 4 76 pmol/mg protein (n = 5) (Table 3). After 
normalizing to minor differences in cell volumes, 
accumulation in the COLO/D and COLO/DDP,, 
cells were 52 and 101% of the parent cells respect- 
ively (Table 3). 

GSH studies 
COLO/B cells with 2-3-fold levels of resistance 

did not have elevated GSH [ 131. When these cells 
were selected further for higher levels of resistance, 
however, small elevations in GSH were found 
(Table 4). At a level of g-fold resistance the GSH 
was elevated 30% over that in parental cells. How- 
ever, GSH levels in COLO/DDPs, that were 13- 
fold resistant were elevated 2.3-fold. The resistance 
of 3-6-fold resistant COLO/D and COLO/DDP,, 
cells could be partially reversed by depletion of 
GSH during DDP exposure (Table 4). However, 
GSH depletion did not return the sensitivity of 
resistant cells to that of the untreated parent cells. 
In addition, the effect was not specific for the 
resistant cells; GSH depletion produced similar 
DMFs in all cell types. Our previous reports on GSH 
depletion in these cells used a depletion protocol that 
removed the BSO at the time of DDP exposure 
[ 13, 151. The prolonged GSH depletion protocol 
used here gave a DMF of 1.8 + 0.1 (n = 3) for 
COLO 316 cells that was statistically different 
(P < 0.01) from our previously reported DMF of 
1.2 + 0.2 (n = 6) [15]. The DMF of 1.7 + 0.4 
(n = 3) obtained with prolonged GSH depletion 
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Table 2. Cross-resistance of COLO/B and COLO/DDP50 cells 
to other antitumor agents. Resistance was determined by clonogenic 

assay on plastic and is reported as the ratio of the ICKY 

Drug 
‘c-,1, 111 Fold-resistance 

COLO 316* COLO/B COLO/DDP,,, 

DDP 0.05 11.4 7.9 
transDDP 6.0 4.2 >4.2t 
carboplatin 0.18 9.7 10.8 
DACH malonate 0.27 3.0 3.5 
iproplatin 0.66 2.5 4.5 
melphalan 0.19 4.5 3.5 
l-hydroperoxy- 

cyclophosphamidr 0.28 2.4 2.1 
mitomycin C 4.0 &I >4.ot 3.4 
etoposide 0.19 1.8 2.6 
bleomycin 28 pU/ml 6.7 2.7 
Adriamycin@ 0.07 nh4 2.1 2.3 

*Reported as @f unless indicated otherwise. 
tIndicates dose response line was insuficient to calculate an 

5,). 

for COLO/D cells, however, was not statistically 
different (P > 0.05) from our previously reported 
value of 1.2 + 0.2 (n = 3) for these cells [ 151. 

DISCUSSION 
We have developed DDP-resistant sublines of 

COLO 316 human ovarian carcinoma cells in vitro 
by two selection procedures. We chose selection 
procedures that may closely parallel conditions that 
select for DDP resistance in vivo. During i.p. chemo- 
therapy, outer layers of ovarian carcinoma nodules 
are exposed to high concentrations of DDP. Inner 
regions of a tumor mass, however, may be exposed 
to much lower concentrations of DDP, due to poor 
vascularization and diffusion-limited delivery of 
DDP, following either i.v. or i.p. dosing. Since the 
biochemical mechanisms of DDP resistance that 
develop may bc contingent upon the selection proto- 
col, as has been found with methotrexate [17], 
we chose to select cells with both high and low 
concentrations of DDP. The number of exposures 
required to generate significant resistance, as well 
as the concentration of DDP used, were well within 

the scope of what is actually administered to pati- 

ents. The development of resistance after intermit- 
tent selection with high concentrations of DDP was 
rapid, indicating, that if similar events transpire in 
the patient, then ovarian tumors have the potential 
for rapidly acquiring biochemical changes that pro- 
tect them from DDP. The chronic selection pro- 
cedure with low concentrations of DDP required 
a similar amount of time to dcvclop significant 
resistance as the intermittent selection, although 
the actual number of fresh DDP exposures was 
much greater. 

The apparent stability of the rcsistancc indicated 
that the mechanisms could be attributable to hcri- 
table gcnctic alterations. However, no chromosomal 
changes could be detected by karyotypic analysis, 
as might be expected from the relatively low level of 
resistance examined. The DDP rcsistancc could not 
be attributed to alterations in the growth charactcr- 
istics of these cells since the doubling time, cloning 
efficiency and the percentage of cells in each cell 
cycle compartment were indistinguishable bctwecn 
resistant and parent cells. 

The three curves in Fig. 1 showed variation dur- 
ing the development of resistance. \l’ith COLO/C 
cells the resistance decreased with further selection 
and in another cast, COLO/D cells, high levels of 
resistance were not attained. The reasons for this 
variation are not known. Howcvrr, one possibility 
may be the prcscncc of mycoplasma. COLO/B 
and COLO/C cells were found to bc mycoplasma 
contaminated at the eleventh and ninth selection 
and these cultures were terminated. It is possible 
that mycoplasma caused the loss of resistance in 
the COLO/B, COLOK and COLO/DDP,,, cells. 
However, resistance also appeared to decline in 
COLO/D cells and these were free of mycoplasma. 
Nonetheless, WC have observed no dillercnccs in the 
growth properties, the effects of GSH dcplction on 
DDP sensitivity, or DDP accumulation in myco- 
plasma-contaminated versus mycoplasma-fret 

cells. 
COLO/D cells had markrdly dccrcascd drug 

accumulation compared to parrnt COLO 316 cells. 

Table 3. Cisplatin accumulation and cell volumes of parent and cisplatin-resistant cell,. 
Cells were exposed to 200 pM cisplatin for Ih in RPMI 1640 medium. Volume ~‘a.( 

determined by the method of Kletzien et al. [ 161 

Cell 

Cell volume 

kl/mg 
protein (n) 

DDP accumulation 
pmol/mg 
protein (n) pmol/pl 

COLO 316 8.5 k 0.6 (3) 465 -c 76 (5) i4.7 I 09 
COLO/D 9.1 r 3.0 (3) 258 - 120*(4) 28.4 52 
COLOIDDP,,, 8.1 k 1.3 (3) 448 t 77 (3) 55.3 101 

*Significantly different from COLO 316 cells at P < 0.05, as drtcrminrd by a /-test 
on grouped data. 



624 P.A. Andrews, M.P. Murphy and S.B. Howell 

Table 4. Glutathione levels in DDP-resistant cells and effect of glutathione depletion on DDP 
sensitivity 

Cell 
Fold- 

resistance 
GSH 
level* 

Fold- 
resistance 

DMFt 

(fl) 

COLO 316 
COLO/B 
COLO/D 
COLO/DDP,,, 

- 1.0 - 1.75 + 0.08 (3): 
7 1.3 - - 

- 3.5 1.70 t 0.41 (3)s 
13 2.3 3.5 1.57 + 0.18 (4) 

*Relative to parent COLO 316 cells with levels of 25-40 nmol/lO” cells depending on 
confluency. Levels were determined on log-phase cells. 
tDose modification factor of GSH depletion, defined as IC,,, control cells/m,,, GSH depleted 
cells. 
$Significantly ditferent (P < 0.01) from previously reported value [ 151, as determined by a 
t-test on grouped data. 
$Not significantly different (P > 0.05) from previously.reported value 1151, as determined 
by a t-test on grouped data. 

The fact that accumulation can be decreased by 
50% suggests that the entry of DDP may involve 
more than simple passive diffusion, as was suggested 
to be the case for the dipyridine analog of DDP 
[ 181. A growing body of evidence indicates that 
DDP accumulation may involve membrane trans- 
port mechanisms and that one target for DDP 
cytotoxicity may be the plasma membrane [ 19-221. 
Numerous DDP-resistant sublines that have 
decreased DDP accumulation have now been 
reported [5, 6, 23-281. The diminished accumu- 
lation of DDP is thus a common mechanism of DDP 
resistance. Altered DDP accumulation was clearly 
a contributing factor to the resistance of COLOI 
D cells, but, considering the degree of resistance 
attained, it is likely that there are other factors as 
well. Investigation ofthe mechanisms whereby DDP 
enters cells, and how these are modified in resistant 
cells, is an intriguing direction for further research. 

In addition to their differences in DDP accumu- 
lation, COLO/D and COLO/DDPse cells varied in 
their GSH content. The level in the COLO/DDP,,, 
cells was much higher than either the COLO 316 
or COLO/D cells. An explanation for this difference 
is that GSH may well be an important defense 
mechanism against continuous DDP exposure. 
Constant DDP treatment may keep GSH elevated 
as in COLO/DDPs, cells, but when DDP is absent, 
as in COLO/D cells, GSH levels drift downward. 
These COLO/D cells must then remain resistant 
due to other factors, such as decreased DDP 
accumulation. It should be noted that COLO/D 
cells take 3-4 weeks to resume normal growth after 
intermittent high dose DDP exposure. At least a 
month had therefore elapsed since the last DDP 
selection before GSH levels, or any of the other 
studies described, were conducted. It is possible 
that GSH levels are more elevated immediately 
following selection in COLO/D cells. An alternative 
explanation for the difference in GSH levels may be 

that markedly elevated GSH develops in cells only 
after exposure to initially low concentrations of 
DDP. Acute exposure ofcells to high concentrations 
of DDP may require cells to make more drastic 
alterations in their phenotype to protect themselves 
against this cytotoxic insult. Elevated GSH may not 
provide the protection needed to face such a serious 
selection pressure and thus is not expressed in 
COLO/D cells. Although the resistance of both 
cell types could be partially reversed by extended 
depletion of the GSH levels, this effect was not 
specific for the resistant cells. Parent COLO 316 
cells also were significantly sensitized by this 
depletion protocol. These data indicate that, 
although elevated GSH may play some role in 
DDP resistance, there are also other mechanisms 
involved. The prolonged GSH depletion protocol 
used for these studies produced enhanced potenti- 
ation ofDDP cytotoxicity, compared to our previous 
reports [ 13, 151. This improvement of the DMF 
from 1.2 to 1.7 was small, however. We have also 
observed a similar enhancement of the DMF with 
the prolonged GSH depletion protocol in 2008 and 
2008/DDP human ovarian carcinoma cells [29]. 

In summary, resistance to DDP can be rapidly 
developed in COLO 3 16 human ovarian carcinoma 
cells. Several biochemical mechanisms of resistance 
may arise and the relative importance of each 
appears to be influenced by the selection protocol. 
Resistance can be partially attributed to decreased 
accumulation and partially to elevated GSH. Other 
potential mechanisms of DDP-resistance remain to 
be investigated. The cell lines described in this 
report will be useful models for the conduct of these 
studies. 
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