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A non-crosslinking platinum—acridine hybrid agent shows enhanced
cytotoxicity compared to clinical BCNU and cisplatin in
glioblastoma cells
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Abstract—Using clonogenic survival assays, we demonstrated that a new platinum-acridine hybrid agent, PT-ACRAMTU, is cyto-
toxic in SNB19 and U87MG glioblastoma cells at low-micromolar concentrations. PT-ACRAMTU is more cytotoxic than
ACRAMTU (the platinum-free acridine), acts in a time and dose dependent manner, and appears to generate an apoptotic response
in both cell lines on the basis of increased caspase-3 activity.

© 2004 Elsevier Ltd. All rights reserved.

Each year approximately 190,000 people in the United HzN/_\NH BE
States are diagnosed with a primary or metastatic brain ot 2

tumor. Glioblastoma multiforme (GBM), the most s o s

aggressive form, will account for the majority of deaths L /\/n ‘ L /\/n ‘
(see, for instance, http://www.braintumor.org). Current ” 'l“ | N ” ’l“ | N
treatment strategies for glioblastomas include surgical ZNH =N
resection or debulking followed by radiation therapy O O
alone or in combination with chemotherapy.! Despite (a) ACRAMTU (b) PT-ACRAMTU

this multi-modality therapy, the median survival of all

patients with glioblastomas is only 9-12 months with HsN_  NHj H ',\‘/'O
negligible survival rates at three years.' Because current ot o~ NN
therapeutic strategies are largely ineffective, novel strat- o o I

egies, and therapies must be developed. Here, we report (c) Cisplatin (d) BCNU

the biological activity of a novel platinum-acridine

agent in two glioblastoma cell lines. Unlike class-
ical platinum drugs, which cross-link purine bases
in DNA,?2 our prototypical drug, PT-ACRAMTU
(Fig. 1; ACRAMTU = 1-[2-(acridin-9-ylamino)ethyl]-
1,3-dimethylthiourea), acts through a dual ‘monocoordi-
native’—intercalative binding mode.? (The Pt-S linkage
in PT-ACRAMTU is resistant to nucleophilic attack by
nucleobase nitrogen, rendering ACRAMTU a typical
nonleaving group.>*) Furthermore, the conjugate exhib-
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Figure 1. Structures of the drugs studied.

its unprecedented binding to adenine at 5’-TA and 5'-
GA sites in ~20 percent of the adducts formed in native
DNA.*> PT-ACRAMTU has shown activity in a vari-
ety of cancers including cisplatin sensitive and resistant
ovarian, nonsmall cell lung, colon, leukemic, and pan-
creatic cell lines.®® Because of the unprecedented
DNA damage profile and the previously demonstrated
ability of PT-ACRAMTU to induce cytotoxicity in var-
ious cell lines, we studied the effect of PT-ACRAMTU
on glioblastoma cells.

In order to assess the cytotoxicity of ACRAMTU and
PT-ACRAMTU in SNBI19 and U87MG glioblastoma
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Table 1. ICs, values (uM) for glioblastoma cell lines®

Compounds SNB19 USTMG

ACRAMTU 2.46 £0.01 1.83 £0.04
PT-ACRAMTU 0.37 £ 0.06 0.75£0.04
BCNU 23712074 1.42 £0.11
Cisplatin 0.81 £0.03 0.49 £0.09

# Determined in clonogenic survival experiments. Cells were treated for
24h. ICsp (uM) values are concentrations of drug required to inhibit
cell growth by 50%. ICso values were determined using CalcuSyn.
Each ICs is the average of three individual experiments *SEM.

cell lines, clonogenic survival assays were conducted.’
As in previous in vitro assays,®® 24h drug incubations
were performed. ICso values were determined from sur-
viving fractions and are reported in Table 1. PT-AC-
RAMTU showed a cytotoxic effect in both cell lines
with ICsy values of 0.37 £0.06 and 0.75 £ 0.04 for
SNB19 and U87MG cells, respectively. These values
are 6.7-fold and 2.5-fold lower, respectively, than the
1C5q values for ACRAMTU, the platinum-free interca-
lator. As had been observed previously,” the linking
of the monofunctional platinum moiety to ACRAMTU
results in a significant enhancement of the cell-killing
effect.

To determine if the length of PT-ACRAMTU exposure
affected cell survival, additional clonogenic survival as-
says were conducted with both SNB19 and US7MG cell
lines (Fig. 2). Cells were treated for various incubation
times (1, 8, and 24 h) with PT-ACRAMTU at drug con-
centrations ranging from 0-10puM. A 1h PT-ACRAM-
TU drug incubation did not have a significant effect
on cell survival in either SNB19 or US7MG cells. A dose
and time dependent effect was observed however in
SNBI19 cells with longer incubation times. While the
ICsq value for the 1h incubation was 13.3 uM, the ICs,
value for the 8h incubation was 1.58 uM. The lowest
1Cs, value observed (0.37uM) in SNBI19 cells was fol-
lowing the 24h PT-ACRAMTU incubation. U87MG
cells also showed low ICsq values following a 24 h incu-
bation (0.75uM). Curiously, in this cell line the surviv-
ing fraction of cells at the 8h time point showed
values similar to the 1h data.

Using clonogenic survival experiments, the cytotoxicity
of PT-ACRAMTU was also compared with that of
1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU), a chemo-
therapeutic agent typically used in the clinic to treat glio-
blastoma patients, and cisplatin, the first generation
platinum drug. SNB19 and U87MG cells were incu-
bated with PT-ACRAMTU, BCNU, and cisplatin for
24h. 1Csq values are reported in Table 1. PT-ACRAM-
TU appears to be a more cytotoxic drug in both cell
lines as evidenced by the lower ICs, values; however,
there appears to be a differential effect of BCNU and
cisplatin in the glioblastoma cell lines. BCNU is a more
effective drug in US7MG cells compared to SNB19 cells.
While there is a 6-fold higher I1Cs, value for BCNU in
the SNB19 cell line, the difference in the US7MG cell
line is only 2-fold. Cisplatin appears to be a more effec-
tive drug in SNB19 cells compared to US7MG cells,
with an almost 2-fold difference between the two cell
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Figure 2. Clonogenic survival assay. (A) SNBI9 and (B) US7MG
glioblastoma cells were plated at various densities and exposed to PT-
ACRAMTU for various incubation times [1 h (circles), 8 h (triangles),
and 24h (squares)]. No treatment controls were also plated. Drug was
then removed and following a 14 day incubation, cells were fixed and
stained. ICsq values were determined using CalcuSyn. Each ICsy is the
average of three individual experiments *SEM.

lines. Shorter incubation times with both drugs pro-
duced much higher ICs, values in both cell lines (data
not shown).

A cell viability assay was used to study the effect of AC-
RAMTU and PT-ACRAMTU on normal cells:!°
SNB19 cells and rat astrocytes were incubated with AC-
RAMTU, PT-ACRAMTU, and cisplatin. Cell viability
was determined by trypan blue exclusion and is reported
in Figure 3. Neither ACRAMTU nor PT-ACRAMTU
affected the viability of normal astrocytes even at the
highest concentration of 16 uM. In contrast, both drugs
reduced viability in the SNB19 cells in a dose-dependent
fashion. In contrast, cisplatin had very little effect on
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Figure 3. Trypan blue exclusion assays of primary rat astrocytes (top
panel) and SNB19 glioblastoma cells (bottom panel). Preliminary data
were generated with rat astrocytes due to difficulties with identifying
growth media for normal human astrocytes (NHA). Cells were plated
and treated with ACRAMTU, PT-ACRAMTU, or cisplatin for 24 h at
various concentrations (0 pM, solid columns; 2uM, diagonal columns;
4uM, cross-hatched columns; 8uM, horizontal columns; 16uM,
dotted columns). Cell viability was determined by trypan blue
exclusion. The average of three individual experiments *SEM is
shown.

SNBI19 cells. Similar results have been reported previ-
ously for the structurally related platinum-bisintercalat-
ing agent, PT-(ACRAMTU),."!

In order to determine if an apoptotic response was gen-
erated following PT-ACRAMTU treatment, activation
of caspase-3, an enzyme involved in the apoptotic path-
way, was monitored.!? In SNB19 cells, a dose dependent
response of caspase-3 was observed, while US7MG cells
also had increased levels of caspase-3. Similar levels of
caspase-3 were observed at 1uM PT-ACRAMTU in
both cell lines (Fig. 4).

Glioblastoma multiforme is difficult to control clinically
with median survival of only 9-12 months. While several
chemotherapy drugs are currently used in the treatment
of GBM including platinum based drugs (cisplatin, car-
boplatin), nitrosoureas (BCNU, CCNU), temozolo-
mide, procarbazine, and taxol, not all tumors respond
to these therapies and efficacy has been limited due to
issues of drug availability (blood brain barrier), associ-
ated toxicities, and drug resistance mechanisms.! While
new methods are currently being developed in regard
to drug delivery, additional chemotherapy agents with
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Figure 4. Caspase-3 Activity Assay. SNB19 (top panel) and US7MG
(bottom panel) glioblastoma cells were plated at a density of 2 x 10°
cells and then treated with various concentrations (0.1, 0.5, and
1.0uM) of PT-ACRAMTU for 24h. A ‘no treatment’, a 10pM
etoposide, and a 10 Gy radiation control were also plated. At 24h, all
cells were harvested and the caspase-3 activity was measured using the
Clontech ApoAlert Caspase-3 Colorimetric Assay kit. The average of
three individual experiments £SEM is shown.

unique mechanisms of action need to be tested. PT-AC-
RAMTU, breaks the existing paradigm for active com-
plexes that cross-link formation occurs with the N7
positions of adjacent purine bases in the major groove.?
In addition to its distinct dual mode of binding (metala-
tion plus intercalation), it appears to act by multiple
mechanisms including possible topoisomerase inhibition
and inhibition of transcription.!3!*

In this study, we have demonstrated that ACRAMTU
and PT-ACRAMTU show cytotoxic activity in two glio-
blastoma cell lines that are typically difficult to kill. As
in previous studies, it appears addition of the Pt moiety
produces a drug that is more active than the unmodified
reversible intercalator, ACRAMTU. ICs, values of
0.37uM and 0.75uM in SNBI19 and U87MG cells,
respectively, were obtained. Previous ICs, values for
PT-ACRAMTU ranged from 80nM in pancreatic
PANC-1 cells to 9.6 uM in C13* cisplatin resistant ovar-
ian cells.® %15 PT-ACRAMTU also appeared to be more
cytotoxic than BCNU in the cell lines tested, however,
when PT-ACRAMTU was compared to cisplatin, the
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1Cso for PT- ACRAMTU was 2-fold lower and 1.6-fold
higher than cisplatin in SNB19 cells and U87MG cells,
respectively (Table 1).

We have shown that there is a time and dose dependent
cytotoxic effect with PT-ACRAMTU; a 24 h incubation
with PT-ACRAMTU generates the best cytotoxic re-
sponse. While both ACRAMTU and PT-ACRAMTU
intercalate quickly into the DNA base stack, irreversible
covalent binding of the platinum in PT-ACRAMTU, a
relatively slow binding step,” appears to be responsible
for the greatly enhanced cytotoxicity. This data corre-
lates well with data acquired in cell-free systems, which
indicate PT-ACRAMTU binds to and inhibits tran-
scription and endonucleolytic cleavage of plasmid
DNA in a time dependent manner.'4

To determine if an apoptotic response was triggered fol-
lowing PT-ACRAMTU treatment, a marker of apopto-
sis was monitored. Caspase-3 is activated in both cell
lines following exposure to PT-ACRAMTU. In
SNBI19 cells, the caspase-3 levels are dose dependent
and mirror the cell kill observed in the clonogenic sur-
vival experiments at drug concentrations <1 uM (see in-
set of Fig. 2A). This contrasts the situation for US7MG
(Figs. 2B and 4, bottom), where high caspase-3 levels do
not seem to translate into enhanced cell growth inhibi-
tion. In addition, the cytotoxic response in U87MG ap-
pears to be delayed compared to SNBI9, possibly
indicating differences in the apoptotic pathways'® in
the two cell lines.

In conclusion, we have shown that PT-ACRAMTU and
ACRAMTU can generate a cytotoxic response in GBM
cell lines that is similar to other solid tumor cell lines,
but may not affect normal cells. Thus, PT-ACRAMTU
and its derivatives’ may be useful chemotherapy agents
in the treatment of GBM, as well as other solid tumors.
Further studies will be performed using a nude mouse
model to determine the in vivo effects of this hybrid
drug.
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