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Summary. Using a range of cell lines of murine and human
tumour origin in which relatively modest levels (2- to
17-fold) of drug resistance have been selected in vitro by
exposure to a range of standard antitumour drugs, we
compared the cytotoxic effects of doxorubicin (DOX) and
mitoxantrone (MITO). In general, significantly lower con-
centrations of MITO than of DOX were required to
achieve comparable cytotoxicity, confirming previously
published data. MITO appears more generally effective
against the murine L35178Y drug-resistant sublines than
DOX, although there was no expression of collateral sensi-
tivity to this newer agent. In the various human tumour
lines there was a lack of cross-resistance to both DOX and
MITO in two 5-fluorouracil (FU)-resistant lines and one
of two cisplatin (CDDP)-resistant cells, but cross-resis-
tance was expressed in one subline resistant to vincristine
(VCR) and two etoposide (VP-16)-resistant sublines. One
murine and two human DOX-resistant sublines were effec-
tively killed by MITO, whilst DOX proved effective
against the human MITO-resistant subline. This apparent
lack of cross-resistance between DOX and MITO in these
resistant sublines expressing low levels of resistance in vit-
ro therefore appears to contrast with previous reports in-
volving highly multidrug-resistant DOX-selected sublines.
However, since the latter lines generally exhibited pro-
found cross-resistance to VCR and definite cross-resis-
tance to VP-16, this may at least in part dictate their re-
sponses to MITO. Therefore, attempts to use experimen-
tally derived drug-resistant sublines for preclinical drug
screening should be approached with caution, since pat-
terns of drug response appear to be influenced by the level
of drug resistance expressed. The need remains to deter-
mine which type of model system provides the most rele-
vant clinical information.

Introduction

Identification of antitumour drugs that will effectively kill
drug-resistant tumour cells is one of the major objectives
of pre-clinical screening programmes. With the definition
of the phenomenon of multidrug resistance (MDR), char-
acterized by the simultaneous expression of resistance to a
number of structurally unrelated compounds [2, 3, 6, 25,
26], the search for drugs specifically effective against such
MDR cells has intensified. Many of these MDR cell lines
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have been experimentally derived such that high levels of
resistance (frequently greater than 100-fold) are expressed
to the selecting agent [3, 6, 12, 26].

Although there is some preliminary evidence that the
MDR phenotype may be expressed in certain tumour sam-
ples taken directly from patients [5, 11], the need remains
to conclusively demonstrate that tumour cells expressing
lower levels of resistance, which may be more frequently
encountered clinically, express identical patterns of drug
response to these highly resistant MDR cells. The drugs
generally implicated in the MDR phenotype include the
anthracyclines, dactinomycin, the Vinca alkaloids and ep-
ipodophyllotoxins [25]. Certain recent publications have
also included the newer agent mitoxantrone (MITO) in
this category, reporting cross-resistance between doxorubi-
cin (DOX) and MITO [12, 23, 24, 30]. However, in other
publications [7, 29, 31] and in initial studies from our labo-
ratory [10, 20], we found a certain lack of cross-resistance
between these two anthraquinone compounds. Since
MITO is now undergoing active clinical evaluation, includ-
ing testing of patients previously treated with DOX [1, 8,
30, 32], we considered it worthwhile to identify any differ-
ential effectiveness of MITO or DOX in overcoming
experimentally induced drug resistance in a series of
cell lines expressing relatively modest levels (i.e. <20-fold)
of drug resistance, which we consider to be clinically
relevant.

Materials and methods

Drugs and chemicals. The following drugs were kindly do-
nated for our studies: DOX by Farmitalia Carlo Erba (St.
Albans, Hertfordshire, UK); methotrexate (MTX), vincris-
tine (VCR) and MITO (Novantrone) by Lederle Laborato-
ries (Gosport, Hampshire, UK); 5-fluorouracil (FU) from
Roche Products (Welwyn Garden City, Hertfordshire,
UK); vindesine (VDS) by Eli Lilly and Company Limited
(Basingstoke, Hampshire, UK); and etoposide (VP-16) by
Bristol-Myers Products (Slough, UK). Cisplatin (CDDP)
and the tetrazolium salt (MTT) were purchased from Sig-
ma Chemical Company (Poole, Dorset, UK). Media and
sera were obtained from Gibco-Biocult (Renfrewshire,
Scotland). Low-gelling-temperature agarose was obtained
from Uniscience Limited (Cambridge, UK), and Bacto-
agar, from Difco Laboratories (Michigan, USA).

Cell culture. The cell lines used and the orders of resistance
expressed to each selective agent are listed in Table 1. The



141

Table 1. Comparative in vitro cytotoxic effects of mitoxantrone and doxorubicin

Cell line origin Subline used References IC5, values (ng per m)©
(Resistance Index?) (Resistance Index)*
MITO DOX
Murine L5178Y lymphoblasts: Parental 0.095 8.5
DOX-resistant (x 2.5) [17] 0.090 (x 0.95) 21 (x2.5)
MTX-resistant (x17) [16] 0.077 (x 0.8) 0.65 (x0.1)
FU-resistant (x 8) [13] 0.090 (x 0.95) 33 (x04)
VCR-resistant (x4) [14] 0.130 (x 1.4) 50 (x6)
VDS-resistant (x7) [14] 0.150 (x 1.6) 86 (x10)
CDDP-resistant ~ (x 3) [15] 0.090 (x 0.95) 85 (x 1)
Human breast carcinoma: Parental [15] 8.1 12
MCEF-7 DOX-resistant (x 4)b 142 (x 1.8) 50.5 (x 4.2)
VCR-resistant (x 14) [22] 50 (X 6.2) 50 (x4.2)
Human ovarian carcinoma: Parental *0.53 9
TR170 DOX-resistant (x2) [21] *0.52 (x 1) 21 (x2.3)
CDDP-resistant (X 2) [21] *0.53 (x 1) 8 (x09)
Human colon carcinoma: Parental 2.2 6
LoVo FU-resistant (x7) [15] 1.3 (x0.6) 6 (x1)
Human colon carcinoma: Parental [18] 2.2 10
COLO 205 FU-resistant (x 4)b 25 (x L. 13 (x1.3)
Human tongue carcinoma: Parental 043 8.7
HN-1 VP 16-resistant (x4 [22] 25 (x5%8) 234 (x2.7)
Human teratoma of the testis: Parental 0.60 1.9
SuSa VP 16-resistant (x9) [22] 1.08 (x 1.8) 29 (x 1.5
Human bladder carcinoma: Parental *2.75 *32.5
RT112 CDDP-resistant (% 3) [4] *1.5 (% 2.7) *45  (x 14)

2 The Resistance Index is defined as the ratio of the ICs, values of the parental and resistant sublines for each drug tested

b See Materials and methods

¢ These values were derived from full dose-response curves following 24-h drug exposures. Cell survival was assayed by clonogenic assay,
except for those values preceded by an asterisk, where growth inhibition assays were used

sources of the MCF-7 and COLO 205 cells kindly pro-
vided for this study are detailed in previous publications
[15, 18]. The parental RT112 and SuSa cells were obtained
from Dr. J. R. W. Masters, Institute of Urology (London,
UK). Details of growth conditions and the colony-forming
assay methodologies adopted for determining the effects
of drugs on cell survival are provided in the references cit-
ed in Table 1.

The DOX-resistant subline of MCF-7 cells was derived
by exposure of the parental line to six 24 h pulsed treat-
ments with 50 ng/ml (an ICy drug concentration that re-
duced survival by 90% as judged by clonogenic assay). Cell
populations were permitted to repopulate and resume log-
arithmic growth between each drug treatment. The FU-
resistant subline of COLO 205 cells was established by the
continuous exposure of cells in vitro to increasing concen-
trations of FU, commencing at 0.2 ug/ml and reaching a
final concentration of 0.5 pg/ml; resistant cells were then
cloned and subsequently maintained in 0.2 ug/ml FU. The
VP-16-resistant subline (designated VPC2) of SuSa cells
was established by the continuous exposure of cells in vit-
ro to increasing concentrations of VP-16, ranging from 50
to 80 ug/ml. Resistant sublines were cultured for at least 2
weeks in drug-free medium before their drug responses
were assessed.

All of the data listed in Table 1 were derived after the
exposure of cells in vitro to a range of drug concentrations
for 24 h only. The ICs;, (drug concentration required to re-

duce cell survival by 50%) values quoted were derived
from full dose-response curves. These were constructed
with each point derived from triplicate cultures, with the
overall scatter of values required to produce a <1 log cell
kill never exceeding 10%. The Resistance Index (RI) is de-
fined as the ratio of the ICsy values of the parental and re-
sistant sublines for each drug tested. In general, since the
overall scatter of data points did not exceed 10%, RI val-
ues of < 1.3 were considered indicative of a lack of cross-
resistance. Since we had previously established that results
derived from both clonogenic and growth inhibition as-
says were comparable for TR170 cells [21], this simpler
procedure was used when evaluating MITO and a similar
assay was carried out on the RT112 cell lines for both
drugs.

A MITO-resistant subline of the MCF-7 cells was es-
tablished by exposure in vitro to six 24-h pulsed exposures
to 20 ng/ml, an ICy, drug concentration, as described
above for the DOX-resistant subline. The MTT assay [27]
was used to establish patterns of in vitro drug sensitivities,
with a 4-day continuous exposure to the drug, followed by
a 2-h incubation with 0.25 mg/ml MTT.

Results

The results are summarized in Table 1. In the murine cell
lines, as previously reported [13, 16], DOX was highly ef-
fective at overcoming resistance to both MTX and FU,
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Fig. 1. The cytotoxic effects, as judged by
MTT assay, of continuous exposure to
a range of concentrations of DOX or
MITO on drug-resistant sublines of the
MCF-7 human breast tumour cell line.
Each point represents the mean of at least
16 estimations = SEM, with the experi-
ment repeated twice. O O paren-
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with both of these resistant sublines expressing collateral
sensitivity to the drug. However, DOX was ineffective
against VCR- and VDS-resistant cells, with an apparent
expression of significant cross-resistance between DOX
and both of these Vinca alkaloids [14]. We now report a
lack of cross-resistance between DOX and CDDP in this
murine model system. Evaluation of MITO against this
same panel of murine cell lines showed that (a) to achieve
equivalent cytotoxicity against the parental L5178Y cells,
approximately 100 times less MITO than DOX was re-
quired, and (b) the range of ICs, values for MITO in these
seven sublines was very narrow, i.e. 2-fold, contrasting
with the approximate 132-fold range observed with DOX,
suggesting that MITO is generally more effective against a
series of different drug-resistant L5178Y sublines than
DOX. Cross-resistance to MITO was not observed in the
DOX-resistant subline.

We next carried out a similar comparison in a series of
human tumour sublines, derived such that they expressed
relatively low levels of drug resistance. Amongst the differ-
ent tumour types, the parental lines exhibited a 17-fold
range of sensitivity to DOX, with the SuSa cells proving
particularly sensitive to this drug, and a 19-fold sensitivity
range to MITO. In general, significantly lower concentra-
tions of MITO than of DOX were required to achieve
comparable cytotoxic effects, as reported using the murine
sublines. A general lack of significant cross-resistance was
observed when DOX was tested against two FU-resistant
colon carcinoma cell lines and two lines expressing CDDP
resistance, one derived from an ovarian carcinoma
(TR170), and the other, from a transitional bladder carci-
noma (RT112). MITO was also effective against the two
FU-resistant cell lines, with collateral sensitivity being ex-
pressed in the case of the LoVo subline as well as against
the CDDP-resistant TR170 subline. However, significant
cross-resistance between MITO and CDDP was evident in
the CDDP-resistant RT112 line. Both MITO and DOX
proved ineffective against VCR-resistant MCF-7 cells and
the VP-16-resistant HN-1 subline, and there was some
cross-resistance expressed in the VP-16-resistant SuSa sub-
line. However, a certain lack of cross-resistance between
MITO and DOX was again observed, since MITO was
highly effective against a DOX-resistant TR170 subline
and the resistance index to MITO was only 1.8 in the
4-fold DOX-resistant MCF-7 subline.

To investigate further this certain lack of cross-resis-
tance between these two drugs, we developed a MITO-re-

MITOXANTRONE  (ng per mi)

tal MCF-7 cells; B————- B DOX-resis-
tant subline; A A MITO-resistant
subline

100 150

sistant MCF-7 subline. Using the MTT assay, we showed
(Fig. 1) not only that DOX-resistant cells were effectively
killed by MITO, but also that MITO-resistant cells were
susceptible to DOX.

Discussion

We evaluated the in vitro cytotoxic effects of DOX and
MITO in a series of experimentally induced drug-resistant
murine and human tumour cell lines. We showed that, in
general, significantly lower concentrations of MITO than
of DOX were required to achieve comparable cytotoxic ef-
fects. This was particularly true of certain murine cell
lines, where ICs, values for the two drugs differed by fac-
tors as great as 100- to 400-fold. However, in the human
tumour cell lines, differences were more modest, ranging
from approximately 3-fold in the LoVo cells, confirming a
previous observation by Drewinko et al. [9] using 1-h drug
exposures, to 20-fold in the HN-1 cells. The main ex-
ception appeared to be the MCF-7 cells, which exhibited
very similar sensitivities to both drugs, as judged by both
clonogenic and MTT assays. These differences in the hu-
man lines are therefore more comparable with the approx-
imately 4- to 6-fold lower levels of MITO (12-14 mg/m?)
than of DOX (50-75 mg/m?) that are currently used in
clinical studies [1, 8, 28, 32].

In the series of murine L5178Y resistant sublines, it is
particularly noticeable that the ICs, values for MITO fell
within a very narrow range, suggesting that this drug was
generally effective against all of these drug-resistant cells,
although there was no expression of collateral sensitivity
to this newer agent. These observations were in marked
contrast to the wide range of responses to DOX. However,
the same pattern was not evident amongst the series of hu-
man cell lines derived from different tumour types. The
range of ICs values for DOX was approximately 27-fold,
but if the hypersensitive SuSa cells are excluded the range
becomes relatively narrow, i.e. 8-fold, comparable with
the 6-fold figure previously reported for a larger series of
18 human tumour cell lines [19]. However, the range of
1Cso values was much larger for MITO, being approxi-
mately 120-fold.

As in the murine sublines, in the human sublines
MITO was effective in killing FU-resistant cells and both
DOX- and CDDP-resistant ovarian carcinoma cells
(TR170), but this was not the case for the CDDP-resistant
bladder carcinoma cells (RT112). MITO also proved more



Table 2. Degrees of cross-resistance to vincristine, VP-16 and mi-
toxantrone expressed by certain DOX-selected multidrug-resistant
human tumour cell lines

Cell line Resistance Indices Reference
(origin)

DOX VCR VP16 MITO
MES-SA(Dx5) 100 240 30 60 [12]
(sarcoma)
K562/ADM 134 630 44 79 [29]
(myelogenous
leukemia)
NCI-H69/LX4 85 1060 88 15 [30]
{small-cell

lung cancer)

cytotoxic against the DOX-resistant MCF-7 subline than
DOX itself, appearing to confirm our previous report that
MITO overcame DOX-resistance in an SK-OV-3 human
ovarian carcinoma cell line [20]. We also provided evi-
dence that there is a certain lack of cross-resistance be-
tween DOX and MITO in human MCF-7 sublines ex-
pressing relatively modest levels of resistance to either
DOX (x 4) or MITO (x 5). However, cross-resistance was
noted between MITO and the Vinca alkaloids; it was only
slight in the two murine sublines but was marked in the
more highly VCR-resistant human MCF-7 subline. Two
human VP-16-resistant sublines also proved to be cross-
resistant to MITO.

These results therefore indicate that, working with a se-
ries of cell lines derived from either the murine L3178Y
lymphoma or a range of human tumours expressing rela-
tively modest levels of drug resistance, certain generalisa-
tions can be made: (a) tumour cells in which resistance to
VCR has been induced by VCR exposure generally appear
cross-resistant to both DOX and MITO; (b) tumour cells
in which resistance to VP-16 has been induced by exposure
to VP-16 generally express some cross-resistance to both
agents; and (c¢) tumour cells in which resistance to DOX
has been induced by DOX exposure appear less cross-re-
sistant to MITO. One of the clinical implications suggested
by these findings is that, whilst pre-treatment with VCR or
VP-16 might argue against the subsequent use of MITO,
prior exposure to DOX should not automatically preclude
the use of MITO as second-line treatment, and vice versa.
The latter observation appears to be borne out by recently
reported clinical cross-over studies using these two drugs
[, 28]

These data therefore appear to argue against automati-
cally including MITO in the list of drugs to which MDR
cells are likely to express cross-resistance. The fact that
others have reported cross-resistance to MITO in their hu-
man MDR cells [12, 29, 30] may be not directly associated
with the MDR phenotype, but could perhaps be related to
the fact that these DOX-selected MDR sublines generally
express significant cross-resistance to VCR and VP-16 (see
Table 2). This use of human tumour cell lines expressing
modest orders of drug resistance may therefore provide
rather different information relating to patterns of drug re-
sistance and collateral sensitivity than that obtained using
very highly drug-resistant sublines. However, the need re-
mains to determine which system provides the most clini-
cally relevant information.

10.

12.

13.

14.

15.

16.

17.

18.

143

References
1.

Allegra JC, Woodcock T, Woolf S, Henderson IC, Bryan S,
Reisman A, Dukart G (1985) A randomized trial comparing
mitoxantrone with doxorubicin in patients with stage IV breast
cancer. Invest New Drugs 3: 153

. Bech-Hansen NT, Till JE, Ling V (1976) Pleiotropic pheno-

type of colchicine-resistant CHO cells: cross-resistance and
colateral sensitivity. J Cell Physiol 88: 23-31

. Beck WT (1984) Cellular pharmacology of Vinca alkaloid re-

sistance and its circumvention. Adv Enz Reg 22: 207-227

. Bedford P, Shellard SA, Walker MC, Whelan RDH, Masters

JRW, Hill BT (1987) Differential expression of collateral sen-
sitivity or resistance to cisplatin in human bladder carcinoma
cell lines pre-exposed in vitro to either X-irradiation or cis-
platin. Int J Cancer 40: 681-686

. Bell DR, Gerlach JH, Kartner N, Buick RN, Ling V (1985)

Detection of P-glycoprotein in ovarian cancer: a molecular
marker associated with multidrug resistance. J Clin Oncol 3:
311-315

Biedler JL, Chang T, Meyers MB, Peterson RHF, Spengler
BA (1983) Drug resistance in Chinese hamster lung and
mouse tumor cells. Cancer Treat Rep 67: 859867

. Cheng CC, Zbinden G, Zee-Cheng RK-Y (1979) Comparison

of antineoplastic activity of amino-ethylaminoanthraquinones
and anthracycline antibiotics. J Pharm Sci 68: 393-396

. De Jager R, Cappelaere P, Armand JP, Keiling R, Fargeot P,

Bastit P, Van Glabbeke M, Renard J, Earl H, Rubens R, Stu-
art-Harris R, Smith I, Smyth J, Mathe G (1984) An EORTC
phase II study of mitoxantrone in solid tumors and lympho-
mas. Eur J Cancer Clin Oncol 20: 1369-1375

. Drewinko B, Yang L-Y, Barlogie B, Trujillo JM (1983) Com-

parative cytotoxicity of bisantrene, mitoxantrone, ametan-
trone, dihydroxyanthracenedione, dihydroxyanthracenedione
diacetate and doxorubicin on human cells in vitro. Cancer
Res 43: 26482653

Gibby EM, Boyse O, Hill BT (1987) Selective interactions of
verapamil with anthraquinones in adriamycin-sensitive and
-resistant murine and human tumour cell lines in vitro. Can-
cer Chemother Pharmacol 20: 5-7

. Gerlach JH, Bell DR, Karakousis C, Slocum HK, Kartner N,

Rustum YM, Ling V, Baker RM (1987) P-Glycoprotein in hu-
man sarcoma: evidence for multidrug resistance. J Clin Oncol
5: 14521460

Harker WG, Sikic BI (1985) Multidrug (pleiotropic) resis-
tance in doxorubicin-selected variants of the human sarcoma
cell line MES-SA. Cancer Res 45: 4091-4096

Hill BT (1983) Preclinical screenings for drugs effective
against 5-fluorouracil-resistant cells with a murine L5178Y
cell line in vitro. J Natl Cancer Inst 71: 335-340

Hill BT, Whelan RDH (1982) Establishment of vincristine-re-
sistant and vindesine-resistant lines of murine lymphoblasts
in vitro and characterization of their patterns of cross-resis-
tance and drug sensitivity. Cancer Chemother Pharmacol 8:
163-169

Hill BT, Whelan RDH (1986) Spirogermanium — a novel an-
titumour agent expressing a lack of cross-resistance in vitro
with a range of “standard” antitumour drugs. Invest New
Drugs 4: 359365

Hill BT, Goldie JH, Price LA (1973) Studies concerned with
overcoming resistance to methotrexate, a comparison of the
effects of methotrexate and 2,4-diamino-5-(3’, 4'-dichlorophe-
nyl)-6-methylpyrimidine (BW 50197) on the colony-forming
ability of L1578Y cells. Br J Cancer 28: 263-268

Hill BT, Price LA, Goldie JH (1976) The value of adriamycin
in overcoming resistance to methotrexate in tissue culture.
Eur J Cancer 12: 541-549

Hill BT, Whatley SA, Bellamy AS, Jenkins LY, Whelan RDH
(1982) Cytotoxic effects and biological activity of 2-aza-8-ger-
manspirof4, 5]-decane-2-propanamine-8,8-diethyl-N,N-dime-
thyl dichloride (NSC 192965; Spirogermanium) in vitro. Can-
cer Res 42: 2852-2856



144

19.

20.

2L

22.

23.

24.

Hill BT, Whelan RDH, Hosking LK, Ward BG, Gibby EM
(1984) The value of human tumor continuous cell lines for in-
vestigating aspects of the methodologies used for in vitro drug
sensitivity testing. In: Saimon SE, Trent JM (eds) Human tu-
mor cloning. Grune and Stratton, Orlando, pp 487-496

Hill BT, Whelan RDH, Gibbey EM (1985) Comparative eval-
uation of Novantrone using a series of drug-sensitive and
drug-resistant mammalian cell lines. In: Ishigami J (ed) Re-
cent advances in chemotherapy-anticancer section. Proceed-
ings of the 14th International Congress of Chemotherapy, Kyo-
to, Japan. University of Tokyo Press, Tokyo, pp 319-320
Hill BT, Whelan RDH, Gibby EM, Sheer D, Hosking LK,
Shellard SA, Rupniak HT (1987) Establishment and charac-
terization of three new human ovarian carcinoma cell lines
and initial evaluation of their potential in experimental che-
motherapy studies. Int J Cancer 39: 219-225

Hill BT, Whelan RDH, Hosking LK, Shellard SA, Bedford P,
Lock RB (1988) Interactions between antitumour drugs and
radiation in mammalian tumor cell lines: differential drug re-
sponses and mechanisms of resistance following fractionated
X-irradiation or continuous drug exposure in vitro. Natl Can-
cer Inst Monogr 6: 177-181

Inaba M, Nagashima K, Sakurai Y (1984) Cross-resistance of
vincristine-resistant sublines of P388 leukaemia to mitoxan-
trone with special emphasis on the relationship between in
vitro and in vivo cross-resistance. Gann 75: 625-630
Johnson RK, Broome MG, Howard WS, Evans SF, Pritchard
DF (1983) Experimental therapeutic and biochemical studies
of anthracenedione derivatives. In: Rozencweig M, Von Hoff
DD, Staquet MJ (eds) New anticancer drugs: mitoxantrone
and bisantrene. Monograph Series of the European Organiza-

25.

26.

27.

28.

29.

30.

31

32.

tion for Research on Treatment of Cancer, vol 12. Raven
Press, New York, pp 1-28

Kaye S, Merry S (1985) Tumour cell resistance to anthracyc-
lines: a review. Cancer Chemother Pharmacol 14: 96—-103
Ling V, Kartner N, Sudo T, Siminovitch L, Riordan JR
(1983) The multidrug resistance phenotype in Chinese ham-
ster ovary cells. Cancer Treat Rep 67: 869-874

Mosmann T (1983) Rapid colorimetric assay for -cellular
growth and survival: application to proliferation and cytotox-
icity assays. J Immunol Meth 65: 55-63

Pratt CB, Vietti TJ, Etcubanas E, Sexauer C, Krance RA, Ma-
honey DH, Patterson RB (1986) Novantrone for childhood
malignant solid tumors. Invest New Drugs 4: 43-48

Tsuruo T, lida-Saito H, Kawabata H, Oh-Hara T, Hamada H,
Utakoji T (1986) Characteristics of resistance to adriamycin in
human myelogeneous leukemia K562 resistant to adriamycin
and in isolated clones. Gann 77: 682-692

Twentyman PR, Fox NE, Wright KA, Bleechen NN (1986)
Derivation and preliminary characterisation of adriamycin
resistant lines of human lung cancer cells. Br J Cancer 53:
529-537

Wallace RE, Murdock KC, Angier RB, Durr FE (1979) Activ-
ity of an novel anthracenedione, 1,4-dihydroxy-3,
8-bis[2-[(2-hydroxyethyl)-aminolethyljJamino]-9, 10-anthrace-
nedione

Weiss GR, Arteaga CL, Bailes JS, Koeller J, Shenkenberg
TD, Von Hoff DD (1986) New anticancer agents. In: Pinedo
HM, Chabner BA (eds) Cancer chemotherapy 8. Elsevier,
Amsterdam, pp 129-183

Received December 23, 1987/ Accepted July 3, 1988



