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Multiple Drug Resistance in the Human Ovarian 
Carcinoma Cell Line OAW42-A 

Alice Redmond, Elizabeth Moran and Martin Clynes 

A new muitidrug-resistant variant (OAW42-A) of a h u m a n  ovar ian  carcinoma line has been selected by exposure 
to increasing concentrations of doxorubicin. The variant is resistant to doxorubicin, vincristine (but surpr is ingly  
not to colchicine) ,  e topos ide ,  t enopos ide  and  also to cisplatin (a drug not  usual ly  involved in classical  mul t id rug  
resistance), but not to 5-fluorouracil. Overexpression of P-glycoprotein in the resistant line was demonstrated by 
immunofluorescence and western blotting. Direct evidence for P-glycoprotein as a determinant of resistance was 
provided by t r ans fec t ion  with a specific an t i sense  o l igonucleot ide .  Reversa l  was incomple te  and  this ,  a long with 
the pattern of cross-resistance observed, suggests  that  addi t ional  mechanisms of resistance may also be involved. 
Subs tan t ia l  c lonal  var ia t ion  in resistance exists within the cell fine. 
E u r J  Cancer, Vol. 29A, No. 8, pp. 1078-1081, 1993. 

INTRODUCTION 
OVARIAN CARCINOMA in humans often responds well initially to 
combination chemotherapy, but unfortunately the cancer often 
reappears in a form which is resistant to a wide range of drugs. 

Multiple drug resistance (MDR) in human cancer and in 
cancer cells in vitro has thus far been principally associated 
with overexpression of a membrane efflux glycoprotein (P- 
glycoprotein, P-170), [1-3], alterations in glutathione-related 
enzyme levels, [4, 5], or reduced or altered expression of a 
topoisomerase II enzyme [6]. Other mechanisms of MDR, for 
example, non-P-glycoprotein efflux-related proteins [7, 8], and 
alterations in cellular calcium levels [9] exist. Studies on tissue 
from ovarian carcinoma patients suggest that P-glycoprotein 
overexpresion and possibly also reduction in topoisomerase II 
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activity may relate to acquired and intrinsic drug resistance in 
ovarian carcinomas in vitro [ 11-13]. 

Bradley et al. [14] selected a range of MDR variants of 
the human ovarian carcinoma cell line SKOV3 by growth in 
increasing concentrations of vinca alkaloids. All but one of 
16 variants selected overexpressed P-glycoprotein. At lower 
resistance levels, mdr-1 m R N A  and protein were overexpressed, 
whereas at intermediate levels mdr-1 gene amplification was also 
observed. In one of the most resistant variants, P-glycoprotein 
levels were much higher (relative to other variants) than would be 
expected from mRNA levels and gene copy number, indicating 
possible control at the post-translational level (e.g. increase in 
half-life of the protein). Different glycosylated forms of P- 
glycoprotein are known to exist [15] but the relevance of this 
form of post-translational modification to stability and half-life 
of P-glycoprotein is unknown. Bernard et al. [16] have also 
isolated by exposure to vincristine a variant of a human ovarian 
carcinoma line which overexpresses P-glycoprotein. Lau et al. 
[17] have described a variant of the human ovarian carcinoma 
cell line ES-2, selected by exposure to cyanomorpholino doxoru- 
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bicin, which has low-level resistance to the selective agent 
and also to doxorubicin, etoposide, bleomycin, cisplatin and 
carmustine; and a 2-fold resistance to ionising radiation. Chemo- 
resistance was attributed at least in part to an increase in cellular 
glutathione levels and in glutathione-related enzymes (including 
glutathione S-transferase-~r) and to increased repair of chemi- 
cally-induced DNA cross-linkages. 

This paper describes the selection and partial characterisation 
of a new MDR variant of the human ovarian carcinoma line 
OAW42. 

MATERIALS AND METHODS 
Cells 

OAW42 is a cell line derived from human cystadenocarcinoma 
of the ovary obtained from the ECACC (8507310) (European 
collection of animal cell cultures, PHLS, Porton Down, Salis- 
bury, U.K.). OAW42 was cultured in DMEM/HAM's F12, at 
37°(2 in medium supplemented with 5% fetal calf serum (FCS) 
and 20 mmol/l Hepes (Sigma H-9139). 

Toxicity assays 
Toxicity was assessed by the acid phosphatase method [18] as 

described in the legend to Table 1. 

Adaptation of M D R  variants 
To generate the resistant variant, doxorubicin was added (at a 

concentration permitting approximately 5% survival) until the 
cells appeared healthy and attaining high numbers; the drug 
concentration was then doubled. This process was continued 
until, after 15 months, the cells were growing in 0.85 ~tg/ml 
doxorubicin. 

Cloning efficiency assay 
Cells in exponential phase of growth were plated at 100 

cells/500 txl per well in a 24-well plate (Costar 3524). Doxorub- 
icin at varying concentrations was added 24 h later. The plates 
were incubated for 10 days at 5% CO2 at 37°C, then stained for 
exactly 10 min with 0.25% crystal violet and dried thoroughly. 
Colonies ~ 25 v.m in diameter were counted. 

Table 1. Cross resistance patterns of OA W42-A (0.95 i.tg/ml) 

Fold-resistance 
ICso nmol/l OAW42 OAW42-A OAW42 * 

Doxorubicin 26.36 +- 1.7 1812 -+ 82.9 68.7 
Etoposide 33.1 +- 4.5 187 -+ 21.2 5.7 
Tenoposide 82.9 -+ 9.9 233 -+ 17.41 2.9 
Vincristine 1.2 +- 0.09 3.5 -+ 0.3 2.8 
Cisplatin 583 -+ 12.9 5349 -+ 283.25 9.2 
5-Fluorouracil 6917 -+ 619 7095 -+ 84.55 1.02 
Colchicine 31.7 -+ 3.9 33 -+ 2.54 1.04 

Toxicity is expressed as the 50% inhibitory concentration (in units of 
10 6 x mmol/I, i.e. nanomolar). *ICso OAW42-A/ICso OAW42 for 
each drug. 
Cells were seeded at 106 cells per 75 cm 2 flask, 2 days prior to assay, and 
fed on the following day. For the toxicity assay, 2 x 103 cells were 
plated in 100 ~1 medium per well of 96-well plates and 24 h later, drug, 
at 2 x concentration was added. The cells were incubated for 5 days, 
and cell number was then assessed using the acid phosphatase method 
[18]. 

lmmunofluorescence and western blotting 
The methods (including design of appropriate controls) used 

with C219 monoclonal antibodies have been described in detail 
elsewhere [ 19]. 

Antisense oligonucleotides 
The sequences of the oligomers used in this study were: d5' 

(GTC CCC TTC AAG ATC CAT)3' antisense oligomer; d5' 
(ATG GAT CTT GAA GGG GAC)3' sense oligomer. These 
sequences represent the first 18 bases of the human mdrl coding 
sequences. Details of oligonucleodde treatment of cells are given 
in the legend to Fig. 1. 

RESULTS 
Cross resistance patterns of OA W42oA at 0.95taglml doxorubicin 
selective concentration 

OAW42-A was found to be cross resistant to the classical MDR 
drugs, doxorubicin, etoposide, tenoposide and vincristine, but 
not to 5-fluorouracil or colchicine (Table 1). OAW42-A cross 
resistance patterns are unusual in that the highest level of 
resistance (apart from the selective agent doxorubicin) is to 
cisplatin. Doxorubicin resistance in OAW42-A was found to be 
unchanged after 3 months in the absence of the drug, signifying 
a genetically stable population. 

Clonal variation 
Cloning assays indicated the presence of different populations 

in OAW42-A. There is 90% survival up to 0.75 pxg/ml doxorub- 
icin; between 0.75 ~g/ml and 1.0 Izg/ml doxorubicin, survival 
reduces to 50%, then plateaus out to 35% at 1.5 p.g/ml doxorub- 
icin, 26% at 2 p.g/ml and 8% at 3 ~g/ml. 

Immunochemical detection of P- 170 
Approximately 60% of the population was positive for C219 

immunofluorescence in OAW42-A, indicating the presence of a 
heterogenous population. No fluorescence was noted in the 
parental cell line OAW42. 

Analysis for P-170 glycoprotein by western blotting 
Immunoreactive P-170 was evident in OAW42-A, but not in 

the sensitive cell line. The level ofC219 staining on western blot 
was, however, lower than in other MDR lines known to express 
high levels of P-170, such as CHrC5. 

Transfection of antisense and sense oligonucleotides 
No change in doxorubicin resistance was seen after culture 

with sense oligomers for OAW42-A but increased doxorubicin 
sensitivity occurred after treatment with antisense oligomers 
(Fig. 1). Enhanced reversal of resistance was observed when, in 
addition to pretreatment, the oligonucleotide was included in 
the assay medium during the doxorubicin toxicity assay for 
OAW42-A. 

DISCUSSION 
The adapted line OAW42-A is resistant (in comparison to the 

parental line OAW42), to doxorubicin (69×), etoposide (6x), 
tenoposide (3 ×), vincristine (3 x) and also to cisplates (9 x). It is 
not resistant to 5-fluorouracil nor (surprisingly, in view of 
the vincristine resistance) to colchicine. Cross-resistance to 
doxorubicin, vincristine and epipodophylotoxins is consistent 
with P-glycoprotein involvement in resistance, but the relatively 
high level of resistance to the selecting agent, doxorubicin, as 
well as the quite high level of resistance to cisplatin (not usually 
associated with 'classical' MDR) suggests that other mechanisms 
may be operative in this line. Resistance to doxorubicin was a 
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Fig. 1. Cells were set up in 25 cm 2 flasks at a density of 4 × 106 cells 
per flask. All culture and assay medium was prepared with 10% heat 
inactivated FCS,  (heat treated at 65"C for 15 min), to efiminate serum 
nucleases.  Ofigomers were added at a dose  of 80 ixg per flask on the 
first day, and 40 gtg per flask on the second and third days. Growth 
medium volume per flask was 3.0 ml. After pretreatment with oligonu- 
cleotide the cells were plated at a density of 2 x 103 cells/100 lull in 
each well of  a 96-well plate. Doxorubicin at varying concentrations 
was added 24 h after plating the cells.  A 4-day incubation period was 
used to test for doxorubicin sensitivity. Five assays  were set  up for 
each cell line: a control doxorubicin toxicity profile; antisense and 
sense pretreatment without oligomer ( -  oligo) present in the toxicity 
assay; and antisense and sense  with ofigomer ( +  oligo) also present 
in the toxicity assay.  Oligomers were prepared at a concentration of 
40 Itg per 3 ml and 2 gti of  this solution added per 100 itl on each of 
the 4 days of the toxicity assay.  The  doxorubicin concentrations may 
be converted to molar concentrations according to the equation - -  I 
ILg/ml = 1.72 × 10 -3 mmol/I. (a) Effect of  sense  ofigomers in OAW42- 

A. (b) Effect of  antisense ofigomers on OAW42-A. 

genetically stable trait, since it was maintained after 3 months 
and 10 passages in the absence of drug. 

Immunofluorescence and western blotting show that OAW- 
42-A cells overexpress P-glycoprotein (recognised by C219 
monoclonal antibody). Transfection with an antisense oligonu- 
cleotide specific for the first 15 bases of the human mdr-1 gene 
results in partial reversal of resistance. This proves conclusively 
that overexpression of P-glycoprotein is not merely associated 
with, but actually has a causal role in resistance in this cell line. 
Control experiments involving transfection with the correspond- 
hag sense sequence had no effect on resistance, confirming that 
the effect observed with the antisense sequence was specific. 
The fact that reversal by the antisense treatment was only partial 
suggests that P-glycoprotein overexpression is not the only 
mechanism of resistance in this cell line, although use of stable 
antisense constructs would be desirable to elucidate this point, 
since factors related to cellular concentration of oligonucleotide 
and the half-life of P-glycoprotein in the cells [20] could play a 
role in the incomplete nature of the reversal. Verapamil, a 
calcium channel blocking agent, known to block P-glycoprotein- 
mediated drug efflux [1] also causes only partial (3-fold) reversal 
of doxorubicin toxicity ha OAW42-A (and reversal in the parental 
line is 1.9-fold) (A. Redmond and M. Clynes, unpublished), 
giving further support to the existence of additional resistance 
mechanisms in this cell line. 

Experiments involving clonal growth of OAW42-A suggest 
that some subpopulations are more resistant and some less 
resistant than would be expected from the selective concentration 
of drug. It is hypothesised that the less drug-resistant population 
may survive as a result of metabolic co-operation with more 
resistant cells which are more actively extruding drugs. Under 
conditions of clonal growth, such co-operation could not occur, 
and sensitive cells could not form colonies. If such clonal 
variation occurs also in vivo, it could have significant implications 
for the effectiveness of chemotherapy. 

The OAW42-A line described here should provide a useful 
addition to the battery of lines available to investigate mechan- 
isms of MDR and improved treatment in human ovarian carci- 
noma. 
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Treatment Results, Survival and Prognostic 
Factors in 109 Inflammatory Breast Cancers: 

Univariate and Multivariate Analysis 
Jocelyne Attia-Sobol, Jean-Pierre Ferd6re, Herv6 Cur6, Fabrice Kwiatkowski, 

Jean-Louis Achard, P. Verrelle, Viviane Feillel, Monique De Latour, 
Claudine Lafaye, Claire Deloche, Jacques Dauplat, Anne Doly, 

Raymond Rozan and Philippe Chollet 

Between 1978 and 1987, 109 pat ients  wi thout  metas ta t ic  disease were t reated by induct ion chemothe rapy  for  
inf lammatory  breas t  cance r  (IBC) o r  "neg lec ted"  locally advanced  breast  cancer  (LABC):  62 pat ients  had a 
clinical h is tory o f  rapidly growing turnouts  (doubling t ime ~ 4 months)  and inf lammatory  signs; converse ly ,  the 
47 neglec ted  pat ients  had  local  inf lammation with a longer  his tory o f  LABC.  103 pat ients  were fully evaluable.  All 
pat ients  received the same  induct ion  c h e m o t h e r a p y  with doxorubic in ,  vincrist ine,  cyc lophosphamide  and 5- 
f luorouracil .  After  six cycles ,  locoregional  t rea tment  was by rad io therapy  if a comple te  or  nearly comple te  
response  had been  obta ined ,  and total m a s t e c t omy ,  with pre or  pos topera t ive  rad io therapy ,  in o ther  cases .  T h e  
c h e m o t h e r a p y  after  local  t r ea tment  compr i sed  o f  six cycles  for  L A B C  and 12 cycles  for  IBC (six without  
doxorubicin) .  Wi th  a median  fol low-up o f  120 months ,  the median overall  survival (OS) t ime was 70 mon ths  as 
against  45 mon ths  for  d isease-free  survival (DFS) .  N o  difference was observed  for  OS and D F S  between L A B C  
and IBC. T h e  regional  r ecu r r ence  rate  was 24% (15% for  rad io therapy  alone).  20 fac tors  o f  potent ial  prognost ic  
significance were  evaluated  by univariate and multivariate analysis.  Fo r  D F S  and OS,  univariate analysis 
suggested  a worse  p rognos t i c  significance for  "peau  d ' o r a n g e "  appearance  o f  the skin, clinical evidence  o f  node  
involvement  and p o o r  r e sponse  to c h e m o t h e r a p y  after  three cycles ,  on  m a m m o g r a p h i c  criteria. T h e  cumulat ive 
dose  o f  doxorubic in  af ter  three cycles  s eemed  to have a significant effect  on  OS (P  < 0.03) but  was too closely 
corre la ted  with age to draw definite conc lus ions .  In  the mult ivariate analysis,  "peau  d ' o range" ,  menopausa l  s taus 
and clinical node  involvement  pred ic ted  D F S .  "Peau  d ' o r a n g e "  and clinical node  involvement  also predic ted  OS.  
Our  results  indicate that  IBC and L A B C  do not  behave differently when t rea ted  with our  p rocedure .  
E u r J  Cancer,  Vol. 29A, No.  8, pp. 1081-1088, 1993. 

INTRODUCTION 
INFLAMMATORY BREAST cancer (IBC) is an uncommon cancer 
constituting only 1-4% of breast cancer cases in western coun- 
tries [1]; most of our knowledge comes from retrospective and 
prospective (single-armed) studies, devoid of control groups. 
IBC is characterised by a high rate of locoregional and mainly 
metastatic failures, which occur rapidly. With well-managed 

locoregional treatment (surgery and/or radiotherapy) alone the 
overall survival (OS) may not exceed 5% at 5 years [1, 2]. 
Therefore, IBC has been considered to be a systemic disease, 
i.e. with micrometastasis at the time of diagnosis, requiring 
systemic treatment with combination chemotherapy. This effec- 
tively improves OS to within the range of 30-50% at 5 years 
[2-5]. 


