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over-expression. Irofulven has demonstrated efficacy including partial and
complete responses against the MV522 lung carcinoma xenograft model,
an aggressive metastatic tumor that is refractory to treatment with standard
chemotherapeutic agents. In this study, irofulven and gemcitabine (a pyrim-
idine antimetabolite) were combined to elucidate the efficacy of these two
agents against MV522 lung carcinoma in vitro and in vivo. As determined
by median-effect principle analyses, additive and synergistic antitumor ac-
tivity was observed in viiro when MV522 cells were treated for 48 hours
concurrently with combinations of irofulven (ranging from 25 to 250 ng/ml)
and gemcitabine (ranging from 0.5 to 8 ng/ml). Female athymic nude mice
implanted subcutaneously with MV522 tumors were treated with irofulven
and/or gemcitabine on an intermittent dosing schedule (q3dx4). Mice ad-
ministered 20 mg/kg/d of gemcitabine demonstrated 2 partial responses
(PR) (mean tumor shrinkage of 69%), whereas 40 mg/kg/d gemcitabine pro-
duced 2 PR (mean tumor shrinkage of 42%). Irofulven given at 3 mg/kg/d
demonstrated no PR or CR (mean tumor growth inhibition (TGI) of 43 %)
and at 4.5 mg/kg/d doses displayed a mean TGl of 48% with 1 CR. In con-
trast to the limited activity produced by this sub-MTD dosing as monother-
apy, marked antitumor activity was observed when the two agents were
combined. Irofulven administered at doses of 3 mg/kg/d combined with 40
mg/kg/d gemcitabine produced 6 PR (mean tumor shrinkage 57%) and 1
CR. Furthermore, administration of 4.5 mg/kg doses of irofulven plus ei-
ther 20 mg/kg or 40 mg/kg gemcitabine demonstrated 3 PR (mean tumor
shrinkage 67%) and 6 CR, or 2 PR (mean tumor shrinkage 79%) and 8 CR,
respectively. Minimal body weight loss (maximum -6.3%) demonstrated the
limited toxicity of this combination. In summary, the combination of iroful-
ven and gemcitabine produces greater than additive antitumor activity. This
combination is currently being evaluated in a Phase | clinical trial.
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Characterisation of the roles of Topoisomerase | and Il in the
mechanism of action of novel anti-tumour agents XR11576
(MLN576) and XR5944 (MLN944)
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Topoisomerase | and Il (Topo | and Topo Il) are the targets of many anti-
tumour agents currently used in the clinic. Their main mechanism of cy-
totoxicity involves stabilising an otherwise reversible DNA-topoisomerase
covalent complex (cleavable complex). Collisions of DNA tracking proteins
convert these complexes into permanent single or double strand breaks
thus triggering cell death. XR11576 (MLN576) and XR5944 (MLN944) are
two novel DNA targeting agents with potent activity against a panel of hu-
man tumour cell lines and human tumour xenografts in mice. Both com-
pounds retain good activity in cell lines expressing either P-gp or MRP
multidrug resistance In vitro cleavage data shows XR11576 and XR5944
stabilise cleavable complexes for both Topo | and Topo Il in a dose depen-
dent fashion. The agents are also able to overcome ’atypical’ resistance
due to down-regulation of Topo Il alpha. These data therefore suggest that
XR11576 and XR5944 can act as 'dual’ inhibitors of both Topo | and Topo II.
Cleavable complex formation by XR11576 and XR5944 has been analysed
in human leukaemic K562 cells using the TARDIS assay. Data obtained
showed that both drugs induced cleavable complex formation for both Topo
| and Topo Il (alpha and beta) in a dose and time dependent manner. The
levels of XR11576 and XR5944 induced cleavable complexes were signif-
icantly higher than untreated controls. Interestingly, the cleavable complex
formation was detectable only after a minimum of 24 hours of drug expo-
sure and, at present, the reason for the marked time dependency remains
unclear. XTT growth inhibition assays were performed at comparable ex-
posure times to the TARDIS assay to correlate cytotoxicity with cleavable
complex formation. Future studies will further investigate the role of Topo |
and Topo Il in XR11576 and XR5944 induced cell death.
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Release of GST-pi promoter hypermethylation and activity of
brostallicin in human prostate cancer cells
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The a-bromoacrylic DNA minor groove binder brostallicin (PNU-166196), is
a new promising anticancer agent which has shown an outstanding preclin-
ical activity profile and is currently in Phase Il clinical evaluation. Differently
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from several antineoplastic drugs, the activity of brostallicin is increased,
either in vitro or in vivo, in cells expressing high levels of glutathione (GSH)
and glutathione S-transferases (GST). Among the isoenzymes, GST-pi is
the stronger activator of brostallicin efficacy. It has been reported that in a
high percentage of human prostate cancers, the levels of GST-pi are neg-
ligible because of hypermethylation of the promoter region of GST-pi gene.
Evidences have been provided that the treatment of prostate cancer cells
with DNA methyltransferase inhibitors resulted in a demethylation and ac-
tivation of the GST-pi gene and, consequently, the intracellular level and
activity of the GST-pi protein increases. The cytotoxic activity of brostallicin
has been tested against the non-GST-pi-expressing human prostate can-
cer cell line (LNCaP) where the GST-pi promoter is completely methylated.
Brostallicin is five times less cytotoxic on LNCaP cells compared with the
GST-pi-expressing (with methylated promoter) Du145 human prostate can-
cer cells (ICsp 200 and 38 ng/ml, respectively). Aim of this work was to ver-
ify in vitro whether treatment with agents releasing the expression of GST-pi
such as 5'aza-2'deoxy cytidine, procainamide or HDAC inhibitors could ac-
tivate the expression of GST-pi in LNCaP cells and, consequently, increase
the antitumor activity of brostallicin. Our results indicate that pre-treatment
with procanaimide (7 days pretreatment, a scheme previously reported to
induce hypomethylation of GST-pi promoter) results in an increased cytotox-
icity of brostallicin compared to untreated LNCaP cells. These data indicate
that the association of brostallicin with hypomethylating agents could be
synergistic in prostate cancer cells
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Psorospermin (Ps) is a natural product isolated from the African plant
Psorospermum febrifugum. This compound was previously shown to be
active against drug-resistant leukemia lines and AIDS-related lymphoma
(Cassady, J.M., et al. JNCI, Vol #53, 23-41). Previous studies have also
shown that Ps alkylates the N7 position of guanine weakly, but in the pres-
ence of Topo I, alkylation is greatly enhanced at specific sequences de-
termined by Topo Il (Kwok, Y., et al., PNAS, Vol #95, 13531-13536). Be-
cause of this distinctive mechanism of action and activity profile in the NCI
Compare program, we synthesized the diastereomeric pairs of O5-methyl-
(+)-(2’'R,3'R)-Ps (PsMeO). The diastereomeric pair enriched in the active
compound showed in vitro activity in AML (ICso = 0.3 M), CML (0.4 uM),
multiple myeloma (0.3 M), pancreatic (0.6uM), breast (2 uM), and ovar-
ian cancers (0.7 uM). Cytotoxicity studies using matched pairs of multidrug
resistant and wild-type tumor cell lines showed the resistant cells were con-
siderably more sensitive to PsMeO than the selecting agent (doxorubicin,
mitoxantrone). Cell cycle studies show a reduced number of cells in G1 and
G2 and a concurrent increase of cells in S phase, suggesting that PsMeO
accelerates G1/S entry and/or delays cell exit from S to G2/M stages. Apop-
tosis was also increased 6-12 hours post treatment. To determine whether
the drug effects we and others have observed in vitro can be achieved fol-
lowing the systemic administration in vivo, we examined the antitumor ac-
tivity of PsMeO in severe combined immune deficient (SCID) mice bearing
established human pancreatic cancer MiaPaCa-2 xenografts. There was a
considerable decrease in tumor volume in mice treated with PsMeO com-
pared to untreated controls. These results, together with the Topo Il alky-
lation specificity and activity in several tumor types, demonstrate PsMeO
to have a unique mechanism of action that distinguishes it from current
chemotherapeutic agents.
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We have designed and synthesized four new fluoroquinoanthroxazines
(FQAs) in order to investigate the combined effect of single compounds hav-
ing dual mechanisms of action; i.e., G-quadruplex-interactive compounds
with topoisomerase |l poisons. We have extended the aromatic system of
A62176 by introduced a naphthyl group at the cis(C) or trans (T) depending
on the orientation of the extension. Also the chirality at the 3-C aminopyrro-
lidine carbon in these compounds yields two enantiomers, S- and R-, and
therefore four novel stereocisomeric FQAs were prepared: FQA-CS, FQA-



