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BW502U83, an arylmethylaminopropanediol (AMAP),
showed to be partially cross-resistant in a P-glycopro-
tein-positive and in a P-glycoprotein-negative, doxorubl-
cin-resistant cell line, while no cross-resistance was
noticed in a cisplatin-resistant cell line. Interstrand
cross-links were not observed, but BW502U83 induced ex-
tensive DNA strand breaks. In a feasibility study the effect of
intra-arterially BW502U83 was tested. One patient with a
hepatocellular carcinoma showed partial remission and
signs of a tumor lysis syndrome, another patient with a
hepatocellular carcinoma improved clinically. A patient with
soft tissue sarcoma had stable disease. Transient increase in
SGOT, SGPT and LDH were observed, but no systemic side
effects.

Key words: Arylmethylaminopropanediol, BW502U83, DNA
strand breaks, intra-arterial treatment.

Introduction

Progress in the treatment of malignancies with che-
motherapeutic drugs has slowed down because of
intrinsic and acquired drug resistance. Approaches
aimed at solving this problem include the search for
new chemotherapeutic drugs that evade drug resis-
tance, either alone or in combination with resistance
modifying agents, or the administration of high-
dose chemotherapy systemically or locally.*2

A new drug that could combine these options is
BW502U83 (Figure 1). It belongs to a heterogenous
group of compounds, mostly multicyclic and sub-
stituted with an arylmethylaminopropanediol, also
called AMAPs. All AMAPs display significant activity
in a broad range of murine and human tumor mod-
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els.>* The working mechanism has not yet been
fully identified, but DNA intercalation and topo-
isomerase Il inhibition, and membrane directed
activity have been described.>® In vitro cross-resis-
tance with DNA intercalating agents was found, al-
though partial activity was demonstrated in some
intercalator-resistant tumor cells.?

Phase 1 studies with intravenous BW502U83
showed a very high maximum tolerated dose. This
high tolerance was thought to be the result of very
rapid glucuronidation in humans, presumedly tak-
ing place in the liver.” Dose-related toxicities con-
sisted of transient cardiac conduction delay,
occurring at a dose of 2000 mg/m?, and of pulmon-
ary distress leading to death in three patients at a
dose of 6500-8000 mg/m?%3? Interest in this drug
has waned as a result of these findings. However,
the interesting properties of BW502U83 give an op-
portunity for an alternative pharmacological ap-
proach. When delivered locally, i.e. intra-
arterially, high drug levels may be reached in the
tumor with minimal systemic toxicity because of
presumed hepatic detoxification. This approach
may be feasible in the palliative or neo-adjuvant
setting.

To elucidate the modes of action and of resistance
of this drug, and the feasibility of its local admin-
istration, we studied BW502U83 in vitro and a fea-
sibility study of local administration was done in
patients.

Materials and methods

Chemicals and DNA

BW502U83 was a gift from Wellcome (Beckenham,
UK). RPMI 1640 medium was obtained from Gibco

© 1995 Rapid Communications of Oxford Ltd



OH
NH——CH,
OH
OCH,CH,OH

Figure 1. Structure of BW502U83.

(Paisley, UK), Dulbecco’s modified Eagle medium
(DME) and Ham’s F12 were from Flow Laboratories
(Irvine, UK). 3-(4,5-Dimethylthiazol-2-yD-2,5-di-
phenyltetrazolium bromide (MTT) was purchased
from Sigma (St Louis, MO). Amiodarone was ob-
tained from Sanofi (Maassluis, The Netherlands),
doxorubicin from Farmitalia Carlo Erba (Milan, Ita-
ly) and mitoxantrone from Lederle (Etten-Leuer, The
Netherlands). Ethidium bromide was purchased
from Serva (Heidelberg, Germany) and fetal calf
serum (FCS) from Sanbio (Uden, The Netherlands).

Cell lines

COLO 320 is a cell line derived from a human
adenocarcinoma of the colon.'® It has a doubling
time of 23.8 h. In COLO 320, the presence of
P-glycoprotein was demonstrated with the mono-
clonal antibodies C219 and JSB-1."! GLC4 is a hu-
man small cell lung carcinoma cell line derived from
a pleural effusion and kept in continuous culture.
GLC4-Adr is its doxorubicin resistant subline. GLC4
and GLC4-Adr have doubling times of 16.5 and
21.8 h, respectively. GLC4-Adr has an atypical mul-
tidrug resistance phenotype and does not show
overexpression of MDRI mRNA or P-glycopro-
tein,'*'3 but has an energy-dependent efflux pump,
different from P-glycoprotein, and overexpression
of a 110 kDa, mainly cytoplasmic, localized pro-
tein. 1416 Moreover, in this cell line the so-called
multidrug resistance associated protein (MRP) is
overexpressed, which is a member of the energy-
dependent superfamily of transport systems, to
which also the MDRI gene belongs.'”"'® GLC-4-
CDDP is a subline of GLC4 with an acquired resis-
tance for cisplatin, its doubling time is 28 h, it has an
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increased glutathione, decreased DNA platination
and increased repair of platinum adducts.'®?

The topoisomerase 1 activity in these four cell
lines is equal.?! The topoisomerase II activity of
GLC4-Adr is 3-fold reduced compared with GLC4
and in GLC4-CDDP slightly enhanced compared
with GLC4. The topoisomerase II activity in COLO
320 is comparable with that of GLC4-Adr.'>?! All
cell lines were cultured in RPMI 1640 medium and
10% FCS in a humidified atmosphere with 10% CO,
at 37°C.

Drug sensitivity assay

The microtiter tetrazolium assay (MTA) is depen-
dent of the cellular reduction of MTT by the mito-
chondrial dehydrogenase of viable cells to a blue
formazan product which can be measured spectro-
photometrically.?*?>A total volume of 0.1 ml was
used per microculture well (96-well microtiter well
plates; Nunc, Gibco, Paisley, UK). Cells (6250/well
for COLO 320, 5000/well for GLC4, 12 500/well for
GLC4-Adr and 15 000/well for GLC4-CDDP) in loga-
rithmic growth phase were incubated in culture
medium with doxorubicin, mitoxantrone and
BW502U83 or with the combination of BW502U83
and the P-glycoprotein efflux blocker amiodarone
(1 h). Experiments were performed with either con-
tinuous or 1 h incubation. In the case of 1 h incu-
bation, after 1 h the cells were washed three times
by removal of medium after centrifugation (10 min,
180 @ followed by addition of fresh medium. Cell
survival was estimated on day 4. Experiments were
performed two to four times in quadruplicate.

Fluorometric analysis of DNA unwinding
(FADU) for DNA strand breakage detection

This assay is based on detection of drug-induced
DNA strand breaks by alkaline unwinding and de-
termination of ethidium bromide fluorescence on a
Kontron spectrofluorometer (excitation wavelength
at 525 nm and emission wavelength at 580 nm) as
described.?*%* Cells (respectively GLC4, GLC4-Adr
and COLO 320) were incubated with increasing
concentrations of BW502U83 for 1 h. The concen-
trations used were based on the previous results of
the MTAs for each cell line. In order to stop the 1 h
incubation, the cells were washed three times with
ice-cold phosphate buffered saline (PBS, 0.14 M
NaCl, 2.7 mM KCI, 6.4 mM NaH,PO,4 and 1.5 mM
KH,PO4 pH 7.4). Results were expressed as D
(percentage double-stranded DNA) = (F— F;,)/
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(Fpax— Fmin) X 100, where F is the fluorescence of
the sample, Fn, is the background fluorescence
determined in samples that were sonicated at the
beginning of the unwinding period in order to in-
duce maximal unwinding and F,,, is the fluores-
cence of samples kept at pH 11.0, which is below
the pH needed to induce unwinding of DNA. All
experiments were performed at least three times in
duplicate.

Ethidium bromide fluorescence cross-link
assay

Renaturation of DNA after heat denaturation and
rapid cooling is related to the extent of DNA
cross-linking. Ethidium bromide can stain double-
stranded renaturated DNA selectively, which can be
measured by fluorescence spectrophotometry.26
For this experiment COLO 320 cells were incubated
for 1, 2, 3 and 4 h with different concentrations of,
respectively, BW502U83 and cispiatin, of which the
formation of DNA interstrand cross-links with this
assay was previously demonstrated.'®? To stop the
incubation period, cells were washed three times
with ice-cold PBS and subsequently lysed over-
night. Measurements were performed as descri-
bed.?® Results were expressed as percentage
fluorescence, which represents the amount of DNA
interstrand cross-links. The experiments were per-
formed three times in duplicate with 1 h incubation
and once with incubation up to 4 h.

Clinical feasibility study

Patients with histologically confined malignancies
not curable with standard therapy were included
in the study. All patients gave informed consent.
An angiogram was performed to identify feeding
arteries and, subsequently, the catheter was left in
place for the local infusion. A starting dose of
BW502U83 of 3 g/m* was chosen for the first two
patients based on previous phase 1 studies.® It was
infused over 24 h in 500 ml 5% glucose. Patients
were retreated after at least 4 weeks. The dose was
escalated within the patient when no toxicity occur-
red. Toxicity was evaluated according to standard
WHO criteria.”’ Efficacy of the treatment was eval-
uated using standard WHO criteria including radi-
ological techniques and, in addition, follow-up of
serological tumor markers. Patients went off study
in case no more clinical improvement was reached
after every second course. The study was approved
by the local medical ethical committee.
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Results

The results of the cell survival studies are shown for
the four cell lines in Table 1. There is limited cross-
resistance for BW502U83 in the doxorubicin-resis-
tant GLC4-Adr compared with GLC4. Whereas this
cell line is 3- and 1.8-fold cross-resistant for
BW502U83 after, respectively, 1 h and continuous
incubation, the factor cross-resistance is 91 for 1 h
doxorubicin and 6 for 1 h mitoxantrone. In GLC4-
CDDP no obvious difference was found in the cy-
totoxicity of doxorubicin, mitoxantrone or
BW502U83 compared with GLC4. In COLO 320
co-incubation with 10 pM amiodarone for 1 h did
not change the IDs, of BW502U83 (results not
shown). Previously, we have demonstrated that in
COLO 320 the ID5o of 1 h doxorubicin decreased
1.6-fold with 10 pM amiodarone and 4.2-fold with
50 pM amiodarone.!! In the same cell line, the IDsg
of 1 h mitoxantrone decreased 2.0- and 2.3-fold,
respectively, with 10 and 50 pM amiodarone.?®
Figure 2 shows the results of the percentage of dou-
ble-stranded DNA after 1 h incubation of GLC4,
GLC4-Adr and COLO 320 with different concentra-
tions of BW502U83. At IDs, concentrations of
BW502U83 for each cell line, respectively, about
60% in GLC4, 45% in GLC4-Adr and 20% in COLO
320 of DNA breaks were demonstrated. In the ethi-
dium bromide cross-link assay no DNA interstrand
cross-links were observed in COLO 320 after 1-4 h
incubation with BW502U83 at 80 and 320 pM,
whereas a rise in interstrand cross-link formation
after increasing concentrations or longer exposure
to cisplatin was found. After 1 h incubation the un-
treated cells showed 22% fluorescence; the cells
incubated with 75 and 100 pM cisplatin demonstra-
ted 30.0 and 30.7% fluorescence, respectively,
and after 4 h demonstrated 35.0 and 43.7%,
respectively.

Clinical feasibility study
The patients received a total of eight courses.

Patient 1. A 20 year old man with an a-1-fetoprotein
producing hepatocellular carcinoma had previously
been treated with chemotherapy containing bleo-
mycin, etoposide and cisplatin without a tumor re-
sponse. This patient received two courses of
BW502U83, 3 g/m? each, at 4 week intervals. Be-
fore each course the patient underwent ateriogra-
phy with placement of a catheter in the hepatic
artery. Neither subjective toxicity nor hematological
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Table 1. IDso = SD (uM) after 1 h or continuous incubation (n = 2—4 in quadruplicate)

Cell lines Cisplatin Doxorubicin Mitoxantrone BW502U83 BW502U83
(continuous) (1h) (1 h) (1 h) (continuous)
GLC4 1.4 =03 0.33 + 0.07 0.25 * 0.09 29.2 + 5.1 3.3+05
GLC4-Adr 14 +03 30.1 + 80 1.53 = 0.19 895+79 58 0.2
GLC4-CDDP 103+ 3 0.19 = 0.04 0.31 = 0.13 33.7+45 32*09
COLO 320 42 + 0.2 1.69 = 0.37 0.37 = 0.02 425 + 143 6.0 * 0.9
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Figure 2. Percentage double-stranded DNA * SD after
1 h incubation with BW502U83 (n = 3 in duplicate).

toxicity of the drug was observed. However, a
marked reversible increase in lactic dehydrogenase
and also a rise, although less pronounced, in other
liver enzymes was measured (Table 2). The subse-
quent rapid increase in the blood levels of potas-
sium and uric acid were compatible with the
presence of a tumor lysis syndrome. Probably sec-
ondary to this event, a reversible partial renal in-
sufficiency developed after the first course. In the
second course, renal insufficiency could be pre-
vented by prehydration and allopurinol. Again a
transient, but less pronounced, increase in lactic

dehydrogenase (to a maximum of 4257 U/l on the
second day after administration of BW502U83) and
a transient doubling in values of SGOT and SGPT
were observed. Other toxicity was not noticed in
this patient. Physical examination revealed about
50% reduction in liver size after both courses. This
partial remission was confirmed by arteriography,
which also excluded an occlusion of the hepatic
artery as a cause of the remission. The clinical and
radiographic remission was also reflected in a de-
crease in a-1- fetoprotein (from 580 000 ug/l on day
0 to a minimum of 165000 pg/1 on day 12 after the
first course; from 290000 pg/l at the start of the
second course to 170000 pg/1 1 week later). Some
weeks after the second course the condition of the
patient deteriorated, he developed ascites and died
from a hepatorenal syndrome.

Patient 2. A 29 year old man with a hepatocellular
carcinoma without the production of a-1-fetopro-
tein. He underwent a laparotomy for the evaluation
of operability which appeared technically impossi-
ble. An intra-arterial catheter with a subcutaneous
access port was left behind in the hepatic artery. He
was in pain and bedridden most of the day before
the start of treatment. He received four courses of 3,
5,7.5 and 7.5 g/m?, respectively. Computed tomo-
graphy showed stable disease, but the clinical con-
dition of the patient improved significantly. After
the first course a very slight, 1 day long, increase

Table 2. Biochemical profile of patient 1 following the first intrahepatic arterial infusion of

3 g/m? BW502U83

Patient 1 Day 0 Day 1 Day 2 Day 7 Day 28
Sodium (132-144 mmol/) 137 132 132 125 129
Potassium (3.6—4.8 mmol/l) 49 5.0 5.2 6.0 5.9
Urea nitrogen (3.3-6.7 mmol/l) 42 45 6.2 245 7.2
Creatinine (62-106 umol/) 73 52 77 262 70
Uric acid (0.1-0.45 mmol/) 0.52 0.64 1.0 0.36
Alkaline phosphatase (13—120 U/) 2015 2260 3363 2995 2452
Lactic dehydrogenase (114-235 U/l) 1215 8310 15723 2325 1628
SGOT (040 UN) 150 704 1382 120 213
SGPT (0-30 UN) 105 231 514 153 95
Bilirubin total (3—25 umol/) 35 39 39 70 109
Bilirubin direct (0-5 pmol/) 20 34 27 51 90
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in SGOT and SGPT, but not in lactic dehydrogenase,
was noticed. After the second course a transient 3-
fold increase in SGOT, SGPT and lactic dehydrogen-
ase was observed, whilst after the third course
only an isolated transient doubling of SGOT and
SGPT was measured. After the fourth course a
transient maximal 10-fold rise in SGOT and SGPT,
and a 2- to 3-fold rise in alkaline phosphatase, y-
glutamyl transferase and lactic dehydrogenase on
the second day after the administration of
BW502U83 were measured. Other side effects were
not observed.

Patient 3. A 25 year old woman with an alveolar soft
part tissue sarcoma localized in the pelvis and
metastases in the lung. She was pretreated with
chemotherapeutic regimens containing cisplatin,
doxorubicin, methotrexate and ifosfamide without
signs of regression. Her major clinical problem was
pain due to a local invasion of the pelvic muscles.
Arteriography revealed two feeding arteries, the last
lumbar artery and the left internal iliac artery. In the
first course both arteries were cannulated and in
both arteries 2.5 g/m? BW502U83, thus a total dose
of 5 g/m? was infused over 24 h. The catheter po-
sition was confirmed afterwards by radiography. Six
weeks later the second course of 7.5 g/m® was
given in the internal iliac artery only. There was
no clinical toxicity except for a slight transient
erythematous rash of the left leg. Apart from a
transient doubling of the previously normal lactic
dehydrogenase, no hematological, renal or hepatic
toxicity was observed. After both courses she had
stable disease.

None of the patients had alterations on electro-
cardiography, during or after treatment. Pulmonary
dysfunction was also not noticed.

Discussion

Cell lines with doxorubicin resistance (GLC4-Adr
and COLO 320) are partially cross-resistant to
BW502U83, which seems not to be influenced by
the presence of P-glycoprotein as there was limited
cross-resistance for the MDR-related drug doxoru-
bicin in COLO 320 and there was no increase in
cytotoxicity by adding amiodarone, an agent effec-
tive in the circumvention of P-glycoprotein-medi-
ated drug resistance.!' The lowered activity of
topoisomerase II in GLC4-Adr might have played
a role in the decreased cytotoxicity of BW502U83
in this cell line. Cross-resistance is, however, low
(3.0-fold) in comparison with that for doxorubicin
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(91-fold). Cross-resistance in a cisplatin-resistant
cell line was not noticed. In the tested cell lines
the patterns of cytotoxicity of mitoxantrone and
BW502U83 were similar. Previously, Carter and
Bair also observed a pattern of AMAP action in
MCF-7 cells resembling not only that of mitoxan-
trone, but also that of doxorubicin.® The working
mechanism of the drug seems to be related to
interaction with DNA. There is an extensive DNA
damaging effect as shown by DNA strand breaks,
which is probably not the direct cause of cell death
as there is no relation between the amount of DNA
strand breaks and cytotoxicity in our cell lines. Bel-
lamy et al. also found no such correlation with an
alkaline elution assay.®> DNA interstrand cross-links
could not be demonstrated. Although the exact me-
chanism of action of BW502U83 is not fully eluci-
dated, the presence of extensive DNA strand
breaks, its activity in cisplatin-resistant tumor cells,
and the very low level of cross-resistance in P-gly-
coprotein-positive and -negative MDR cell lines
suggest that this mechanism differs from the
mechanism of most clinically used chemotherapeu-
tic drugs.

The clinical part of this study, with intra-arterially
administered BW502U83, showed unexpected re-
sults. The drug was tolerated in very high dosages
without serious systemic toxicity. Although transi-
ent rises in liver enzymes were observed in both
patients with a hepatocellular carcinoma, the rise in
lactic dehydrogenase in all three patients is prob-
ably not a sign of toxicity, but suggests an effect on
the tumor. In patient 1 this effect seems to have been
very pronounced. In this patient a tumor lysis syn-
drome very likely took place after the first course
because of the transient renal failure combined with
a rise in uric acid, occurring after the impressive rise
in serum lactic dehydrogenase, and the fact that
after the second course, which was administered
after prehydration and allopurinol, no repeat of de-
terioration of renal function was observed. Toxicity,
such as QT interval prolongation on ECG and pul-
monary distress, which has been described after
high-dose intravenously administered BW502U83,
was not observed.® Thus, the concept of local treat-
ment with a drug which is rapidly detoxified avoid-
ing systemic toxicity seems feasible, although this
patient population is too small to draw conclusions
about efficacy. More patients would need to be trea-
ted in this way in order to define the optimal dose
and treatment schedule. It would also be necessary
to investigate whether the response in the first pa-
tient is specific for an a-1-fetoprotein producing
hepatocellular carcinoma.?®



Conclusion

BW502U83 has limited cross-resistance in cell lines
with various types of drug resistance. It produces
extensive DNA breaks, but this does not explain its
mode of action. Intra-arterial treatment of tumors
with a high dosage of this drug without life-threat-
ening toxicity is possible.
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