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Abstract

Purpose  Overexpression of Bcl-2 family members as
well as deregulated apoptosis pathways are known hall-
marks of lung cancer. Non-small cell lung cancer (NSCLC)
cells are typically resistant to cytotoxic chemotherapy and
approaches that alter the balance between pro-survival and
pro-death Bcl-2 family members have shown promise in
preclinical models of NSCLC.

Methods Here we evaluated the effects of a novel pan-
Bcl-2 inhibitor GX15-070 on NSCLC survival and when
combined with epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitors as well as traditional cytotoxic
agents. GX15-070 is a small molecule agent that binds anti-
apoptotic Bcl-2 proteins and interferes with their ability to
interact with pro-apoptotic proteins. We evaluated the effect
of GX15-070 and correlated the effect on EGFR status as
well as Bcl-2 family protein expression.

Results We show that GX15-070 can disrupt Mcl-1:Bak
interactions in lung cancer cells. We identified differential
sensitivity of a panel of lung cancer cells to GX15-070 and
no clear relationship existed between EGFR status or Bcl-2
family protein expression and sensitivity to GX15-070.
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GX15-070 could induce apoptosis in a subset of lung can-
cer cell lines and this correlated with the effects on cell via-
bility. GX15-070 combined with gefitinib was synergistic
in a cell line dependent on EGFR for survival but GX15-
070 could not reverse resistance to gefitinib in cell lines not
dependent on EGFR for survival. Finally, we observed syn-
ergy between GX15-070 and cisplatin in NSCLC cells.
Conclusions Based on these results, GX15-070 can trig-
ger apoptosis in NSCLC cells and can enhance chemother-
apy-induced death. These data suggest that clinical trials
with GX15-070 in combination with cytotoxic chemother-
apy are indicated.

Keywords Mcl-1 - Bcl-2 - GX15-070 - Lung cancer -
Apoptosis - Chemotherapy

Introduction

Overexpression of anti-apoptotic Bcl-2 family members and
deregulation of pathways that regulate pro-apoptotic family
members have been observed in lung cancers [1]. It is now
the general consensus that the relative ratio of pro-apoptotic
to anti-apoptotic family members ultimately dictate the
cell’s fate toward survival or death [2, 3]. The Bcl-2 family
consists of three main subfamilies including Bcl-2, Bel-xL,
and Mcl-1 which inhibit apoptosis, the Bax subfamily con-
sisting of Bax, Bak, and Bok that promote apoptosis, and the
BH3-only subfamily consisting of Bid, Bim, Bad, and others
that also promote apoptosis [4, 5]. Elevated levels of Bcl-xL
and to some extent Bcl-2 have been observed in non-small
cell lung cancer (NSCLC) [6-18]. Cellular models have
demonstrated a role of Bcl-2 proteins in maintaining lung
cancer survival and control of apoptosis in response to cyto-
toxic chemotherapy [19-24]. Inhibition of Bcl-2 or Bcl-xL
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with antisense oligonucleotides can trigger apoptosis in lung
cancer cells [19-24]. Similarly, enforced Bcl-2 overexpres-
sion can prevent apoptosis resulting from inhibition of the
epidermal growth factor receptor (EGFR) [25]. In addition
to Bcl-2 and Bcel-xL, Mcl-1 is overexpressed in NSCLC and
knockdown of Mcl-1 levels result in apoptosis of lung can-
cer cells and sensitizes lung cancer cells to apoptosis
induced by cytotoxic agents [8, 26].

Because apoptosis is deregulated in lung cancer as well
as in many cancers, apoptosis targets such as Bcl-2 proteins
are being explored for identification of new cancer drugs
that can be used in clinic [27]. For example, development of
antisense oligonucleotide therapy directed against Bcl-2 has
been evaluated as therapy for patients with advanced lung
cancer, as well as other tumor types [28-31]. Clinical stud-
ies using antisense oligonucleotides directed against Bcl-2
have been reported in small cell lung cancer and a current
trial in NSCLC is comparing single agent docetaxel to
docetaxel plus antisense Bcl-2 [32]. An alternative approach
to antisense strategies is to develop small molecule inhibitors
of pro-survival Bcl-2 family inhibitors [33]. One promising
early compound is GX15-070 (2-[5[(3,5-Dimethyl-1H-pyr-
rol-2-ylmethylene)-4-methoxy-5H-pyrrol-2-yl]-1H-indole),
an indole-derivative novel small molecule inhibitor of Bcl-2
proteins (Fig. 1a). GX15-070 binds anti-apoptotic Bcl-2
proteins and interferes with their ability to interact with and
negatively regulate pro-apoptotic proteins through the BH3
domain. This disruption of binding allows the pro-apoptotic
Bcl-2 proteins induce caspase-dependent apoptosis in cancer
cells. GX15-070 can inhibit the interaction between recom-
binant Bcl-2 and Bax as well as the interaction between
Mcl-1 and Bak both in vitro and in vivo. Finally, GX15-070
can lead to phosphorylation of the pro-apoptotic BH3-only
protein Bim and can induce Bim translocation to the mito-
chrondria.

Based on the importance of Bcl-2 proteins in lung cancer,
we evaluated the effect of GX15-070 in human NSCLC cells.
We used lung cancer cell lines with known EGFR mutational
status and sensitivity to EGFR tyrosine kinase inhibitors
(TKI). The level of pro-survival and pro-death Bcl-2 proteins
were examined in these cell lines and the effect of GX15-070
was evaluated in regard to Bcl-2 family member expression
level and ability of GX15-070 to induce apoptosis. GX15-
070 in combination with either EGFR TKI or cytotoxic che-
motherapy was examined for its effect on NSCLC cells.

Materials and methods
Cell lines and reagents

Human lung cancer cell lines were purchased from ATCC
and maintained in RPMI-1640 medium supplemented with
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Fig. 1 Effect of GX15-070 on Mcl-1:Bak protein—protein interac-
tions. a Chemical structure of GX15-070 b PC9 cells were exposed to
indicated concentrations of GX15-070 for 6 h before being harvested
for total proteins. Protein lysates were immunoprecipitated with anti-
Mcl-1 antibody as described and immunoprecipitate was immunoblot-
ted with antibodies that recognize Mcl-1 and Bak. Heavy chain and
light chains indicate contaminating IgG from anti-Mcl-1 antibody used
for immunoprecipitation. GX GX15-070

10% bovine calf serum (BCS, Gibco). H3255 cells were
provided by Dr Pasi Janne (Dana Farber, Boston, MA,
USA) and grown in ACL-4 media [34]. HCC827,
HCC2279, and H4006 cells were a gift of Dr Jon Kurie
(MD Anderson, Houston, TX, USA) [35]. Gefitinib-resistant
H1650 cells were provided by Dr Jeffrey Settleman (Har-
vard, Boston, MA, USA) [36]. Stock solutions of gefitinib,
paclitaxel, cisplatin, and GX15-070 in 100% DMSO and
gemcitabine in sterile PBS were diluted directly into the
media to indicated concentrations. Gefitinib was provided
by Astra-Zeneca (Wilmington, DE, USA) and GX15-070
by GeminX, Inc. (Malvern, PA, USA). Paclitaxel and cis-
platin were purchased from Sigma (St Louis, MO, USA)
and gemcitabine was provided by Dr Doug Cress (Moffitt
Cancer Center, Tampa, FL, USA).

Immunoprecipitation assays

Whole cell lysates were prepared using an ice-cold IP
buffer (10 mM Tris, pH 8.0, 60 mM KCIl, 1 mM EDTA,
I mM DTT, 0.5% NP-40, 10 mM Na;VO,, 50 mM NaF,
1 mM PMSF, 1 pg/ml aprotinin, 1 pg/ml leupeptin, 1 pg/ml
pepstatin. 300 pg of total protein was incubated with 1.5 pg
of rabbit Mcl-1 antibody (Santa Cruz, CA, USA) overnight
at 4°C with rotating, and then incubated with Protein
A-agarose beads (Roche, Indianapolis, IN, USA) for 4 h at
4°C. Beads were washed three times with IP buffer contain-
ing protein inhibitors and immunoprecipitated proteins
were eluted from beads with 30 pl of 2x SDS-polyacryl-
amide gel electrophoresis (PAGE) sample buffer from BIO-
RAD (Hercules, CA, USA) at 90°C for 3 min. Proteins
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were separated on 12% SDS-PAGE gels and immunoblots
were performed on membranes incubated overnight with
primary antibody mouse anti-Mcl-1 (Pharmingen, San
Diego, CA, USA) and rabbit anti-Bak (Upstate, Lake
Placid, NY, USA). Detection of signals was performed
using the corresponding secondary HRP-conjugated anti-
body and enhanced chemiluminescence (ECL) purchased
through Amersham (Piscataway, NJ, USA).

Cytotoxicity and apoptosis assays

Cytotoxicity assays (MTT) were performed according the
manufacturers recommendations of Cell Proliferation Kit
from Roche (Indianapolis, IN, USA). 5 x 10* cells in 5%
BCS complete media were placed into single wells in a 96-
well plate from FALCON (Franklin Lakes, NJ, USA),
exposed to indicate agents, and viability assessed following
72 h. The ICs, was defined as the drug concentration that
induced a 50% reduction in cell viability in comparison
with DMSO controls and was calculated by non-linear
regression analyses. Data presented represents three sepa-
rate experiments with eight data points per condition.
Apoptosis was assayed using cleaved PARP antibody From
Cell Signaling (Beverly, MA, USA).

For combination cell viability assays, we first used MTT
to identify relevant and effective concentrations of inhibi-
tors and cytotoxic agents. For final data analysis and report-
ing, viable cells were identified and counted using trypan
blue exclusion. 5 x 10* cells in 5% BCS complete media
were placed into single wells in a 24-well plate, exposed to
indicated agents, and viable and non-viable cells were
counted using trypan blue solution (Sigma, St Louis, MO,
USA) following 72 h. Analysis of synergism between
different agents in inducing apoptosis of cells was per-
formed by median dose—effect analysis and calculation of
combination indices (CI) using commercially available
software (Calcusyn; Biosoft, Ferguson, MO, USA) [38].
According the recommendations of this methodology, the
value of CI represents as following: 0.9-1.10 is mildly
additive; 0.85-0.9 is slight synergism; 0.7-0.85 is moderate
synergism; 0.3-0.7 is synergism; 0.1-0.3 is strong syner-
gism; less than 0.1 is very strong synergism.

Protein expression analysis

Cell lysates were prepared using RIPA buffer (S0 mM Tris,
pH 7.4, 150 mM NaCl, 1 mM EDTA, 1 mM NaF, 2 mM
Na;VO,, 0.25% sodium deoxycholate, 1% NP-40, 1 mM
PMSF, 60 pg/ml aprotinin, 10 pg/ml leupeptin, 1 pg/ml
pepstatin), were normalized for total protein content
(50 pg) and subjected to SDS-PAGE.

Primary antibodies used in these studies consisted of
Bcl-2, Bcel-xL, Bim, and Mcl-1 from Santa Cruz (Santa

Cruz, CA, USA), cleaved PARP, Bax and Bak from Cell
Signaling (Beverly, MA, USA) and f-actin from Sigma (St
Louis, MO, USA). The cleaved PARP (Asp214) antibody
detects endogenous levels of the large fragment (89 kDa) of
human PARP1 produced by caspase cleavage. The anti-
body does not recognize full length PARP1 or other PARP
isoforms. Detection of proteins was accomplished using
horseradish-peroxidase conjugated secondary antibodies
and ECL purchased through Amersham (Piscataway, NJ,
USA) [37].

Results
GX15-070 disrupts Mcl-1:Bak complexes in vivo

To assess the effect of GX15-070 on pro-survival and pro-
death Bcl-2 family protein complexes, we evaluated the
effect on Mcl-1:Bak complexes using immunoprecipitation
assays. We chose to focus on Mcl-1:Bak complexes since
Bcl-2 is rarely expressed in NSCLC cells and our previous
results as well as results of others suggest the importance of
Mcl-1 in the survival of epithelial tumors [26]. PC9 cells
were exposed to increasing concentrations of GX15-070 for
a total of 6 h and then total proteins harvested for immuno-
precipitation. Lysates were immunoprecipitated with a
Mcl-1 antibody and pulldowns evaluated for total Mcl-1 as
well as co-immunoprecipitated Bak. These results are
shown in Fig. 1b and demonstrate the ability of GX15-070
to disrupt Mcl-1:Bak complexes in cells in a concentration-
dependent manner. Because re-association of Mcl-1 and
Bak proteins into complexes may result secondary to dilu-
tion of GX15-070 during the process of creating protein
lystates and immunoprecipitation, our results may underes-
timate the concentrations required to disrupt the complex in
whole cells.

Effect of GX15-070 on cell proliferation and apoptosis
in NSCLC cell lines

To assess the effects of GX15-070 on NSCLC cell lines,
cell lines with distinct EGFR status and sensitivity to EGFR
TKI were exposed to increasing concentrations of GX15-
070 and cell viability was assayed. We chose to stratify cell
lines based on the EGFR status (wildtype vs. mutant) as
well as their sensitivity to EGFR tyrosine kinase inhibitors
[39-41]. These data are shown in Fig. 2 and the ICy; sum-
marized in Table 1. These lung cancer cell lines demon-
strated differential sensitivity to GX15-070 and there was
no clear relationship between EGFR status and sensitivity
to GX15-070. In cells with wildtype EGFR, A549 cells
were the most sensitive to GX15-070 with an approximate
IC, of 1.3 uM (Fig. 2a). Of the lung cancer cells lines that
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Fig. 2 Effect of GX15-070 on cell viability in lung cancer cell lines.
Indicated lung cancer cells were exposed to increasing concentrations
of GX15-070 and cell viability assessed after 72 h. Each bar represents
the standard deviation of three separate experiments. Cell survival was
normalized to DMSO-treated control cells. a Wildtype EGFR lung
cancer cells (A549, H460, H1299, H358), b mutant EGFR and gefiti-
nib-sensitive lung cancer cells (PC9, HCC827, H4006, H1650, and
H3255), and ¢ mutant EGFR and gefitinib-resistant lung cancer cells
(H1975, H1650-R, and HCC2279)

show strong dependence on EGFR for survival, the PC9
cell with the deletion EGFR mutation was very sensitive to
GX15-070 with an approximate ICs;, of 0.25 pM (Fig. 2b).
All the other cells that have been reported either by us or
others to be dependent on EGFR for survival demonstrated
IC5y > 1 uM for GX15-070. Finally, we also explored cells
that have mutations in EGFR but are nonetheless insensitive
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Table 1 Activity of GX15-070 in human lung cancer cell lines

Cell lines EGFR status ICyy (uM)

A549 WT 1.33 £ 0.47
H460 WT 3.85 £ 1.60
H1299 WT 7.62 +2.80
H358 WT 15.4 +2.09
PC9 Mutant, gefitinib-sensitive 0.26 £ 0.12
HCCR27 Mutant, gefitinib-sensitive 1.83 +0.39
H4006 Mutant, gefitinib-sensitive 2.89 £0.75
H1650 Mutant, gefitinib-sensitive 5.99 +1.55
H3255 Mutant, gefitinib-sensitive 4.77 £1.52
H1975 Mutant, gefitinib-resistant 3.04 +£1.27
H1650-R Mutant, gefitinib-resistant 7.78 £2.10
HCC2279 Mutant, gefitinib-resistant 7.32 £1.90

Mean £ SD (N = 3) ICy, values for GX15-070 in the evaluated cell
lines along with EGFR status are listed

to EGFR TKI. This includes the H1975 cell with a
L858R + T790M mutation, H1650 cells that were engi-
neered to be resistant to EGFR TKI, and HCC2279 cells
that have an activating EGFR mutation but have reduced
ErbB-3 and HER ligand expression [35, 36, 42]. As shown
in Fig. 2c, these cells have IC, of greater than 1 pM.

Because GX15-070 prevents Bcl-2:Bax and Mcl-1:Bak
interactions, we next examined the expression of both
pro-survival and pro-death Bcl-2 proteins using western
analysis to determine if a relationship exists between target
protein expression and GX15-0970 sensitivity (Fig. 3). We
included Bcl-2, Mcl-1, Bcl-xL, Bim, Bax, and Bak in our
analysis. Consistent with prior reports, Bcl-2 expression is
relatively rare in NSCLC cells with high levels of expres-
sion only found in H460 and H1299 cells with no obvious
expression in other cells including the cells with activating
EGFR mutations. Consistent with our previous studies, the
majority of the lung cancer cell lines expressed Mcl-1 pro-
tein levels albeit to different levels and this did not correlate
with EGFR mutation status [26]. Similarly, Bcl-xL was
expressed in the majority of these NSCLC cell lines and
again no obvious relationship existed between EGFR muta-
tion status and protein expression. Expression of Bax was
identified to different extents in all the cell lines evaluated
and Bak expression was seen in most cells but not all.
When the expression level of these pro-survival and pro-
death Bcl-2 proteins was examined in relation to the sensi-
tivity of the cells to GX15-070, we could not identify an
obvious relationship between protein expression and drug
sensitivity.

We next examined the effect of GX15-070 on lung cancer
cell apoptosis. These data are shown in Fig. 4. In order to
assess whether GX15-070 can induce apoptosis directly in
these lung cancer cells, we evaluated cleavage of PARP as a
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Fig. 3 Bcl-2 family protein expression in lung cancer cell lines. Total
protein was collected from lung cancer cells growing in serum and Bcl-
2, Mcl-1, Bcel-xL, Bim, Bax, and Bak protein levels evaluated using
western analysis. Equal protein loading was confirmed by evaluation
of actin

biochemical marker of apoptosis and evaluated the effect of
GX15-070 exposure time on PARP cleavage. As shown in
Fig. 4a, a 1 uM concentration of GX15-070 induces a time-
dependent effect on PARP cleavage in A549 cells. While no
PARP cleavage is evident at 24 h, we identified the onset of

Fig. 4 Effect of GX15-070 on

PARP cleavage starting at 48 h and increasing at 72 h. Simi-
lar effects were seen in H460 cells where little PARP cleav-
age was identified after 24 h (data not shown) but was
clearly evident by 48 h (Fig. 4b). In contrast, H1299 and
H358 cells demonstrated little to no PARP cleavage above
baseline in untreated cells and this observation corresponds
to the higher ICs, identified in the viability assays in Fig. 2
and Table . We next examined apoptosis using PARP
cleavage in the cells with EGFR mutation. As shown in
Fig. 4c, PC9 cells demonstrate PARP cleavage as early as
24 h and at a concentration of 0.5 pM. Of the other cells that
have demonstrated dependence on EGFR for survival, we
only identified PARP cleavage at a 1 uM concentration of
GX15-070 in the HCC827 cells but not H4006, H3255, or
H1650 (Fig. 4d). We again noted the correlation with PARP
cleavage with the ICy, since PC9 and HCC827 cells have
lower 1Cs, that corresponds to the ability of GX15-070 to
induce PARP cleavage. Finally, we also evaluated the apop-
totic effect of GX15-070 on H1975 cells. Here we observed
PARP cleavage at a concentration of 1 uM. From these stud-
ies, we conclude that GX15-070 can induce apoptosis in a
subset of lung cancer cell lines and the induction of apopto-
sis based on PARP cleavage correlates with the ICs, identi-
fied in cell viability assays.

Effect of EGFR TKI and GX15-070 on NSCLC survival

We next examined the effect of combined EGFR tyrosine
kinase inhibition and GX15-070 on lung cancer cell survival.

A Cell line A549 D
biochemical apoptosis. Lung Time (hrs) 24 48 72
cancer cells were exposed to GX (M) 0 1 o 1 0 1 Cell line

GX15-070 at different concen-
trations and for indicated times.
The cells were collected and to-
tal protein harvested. PARP
cleavage was evaluated using
western analysis and equal pro-
tein loading confirmed by evalu-
ation of actin. a A549 cells were
exposed to either control solvent
or GX15-070 for indicated times
and cleaved PARP assayed.

b Wildtype EGFR lung cancer
cells were assayed for cleaved
PARP after 48 h. ¢ PC9 cells
were exposed to indicated con-
centrations of GX15-070 for

24 h and cleaved PARP assayed.
ZD 7ZD1839 (gefitinib) was used
as a positive control for apopto-
sis in these mutant EGFR cells.
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d PARP cleavage following 48 h
exposure to GX15-070 in mutant
EGFR lung cancer cells
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This was based in part on studies that demonstrated that
Bcl-2 or Mcl-1 could inhibit death induced by gefitinib [25,
26]. These data are shown in Fig. 5. First, we examined if
combination of gefitinib, an EGFR TKI, with GX15-070
could produce enhanced apoptosis in lung cancer cells with
activating EGFR mutation and sensitivity to EGFR TKI.
For these experiments, PC9 cells were exposed to GX15-
070, gefitinib, or the combination and the effect on cell via-
bility quantified. As shown in Fig. 5a, both GX15-070 and
gefitinib result in a concentration-dependent increase in cell
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Fig. 5 Combination effect of GX15-070 and gefitinib in lung cancer
cells. (a PC9 cells were exposed to increasing concentrations of GX15-
070, gefitinib, or the combination of both agents in a fixed ratio. Viable
cells were assayed by trypan blue exclusion and combination indices
were calculated using Calcusyn software using percent of viable cells.
GX GX15-070, GEF gefitinib. b A549, H460, H1299, and H358 cells

@ Springer

Non-viable Cells (%)

Non-viable Cells (%)

death and the combined effect of both agents results in
enhanced cell death. Analysis of synergism between gefiti-
nib and GX15-070 in inducing cell death was performed by
median dose—effect analysis. Importantly, exposure to the
combination of gefitinib and GX15-070 exerted synergistic
apoptotic effect in PC9 cells, as determined by the median
dose—effect analysis, which revealed combination index
values of <1.0 (0.77 £ 0.12).

We next determined if GX15-070 could reverse resis-
tance of lung cancer cells to gefitinib. These data are shown

0.916
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were exposed to increasing concentrations of GX15-070, gefitinib, or
the combination of both agents in a fixed ratio. Viable cells were as-
sayed and combination indices (CI) were calculated using Calcusyn
software as described. The values above each bar represent CI for that
dose combination
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in Fig. 5b and in Table 2. Lung cancer cell lines that do not
have activating EGFR mutations were exposed to increasing
concentrations of GX15-070, gefitinib, or the combination
of both agents and the effect on cell viability was assessed.
Analysis of synergism between gefitinib and GX15-070 in
inhibiting cell viability was performed by median dose—
effect analysis. In none of the cell studied did we observe the
ability of GX15-070 to enhance the anti-proliferative effect
of gefitinib. From these studies we conclude that GX15-070
can synergistically enhance apoptosis in lung cancer cells
dependent on EGFR for survival but cannot reverse gefiti-
nib-resistance in lung cancer cells with wildtype EGFR.

Effect of cytotoxic chemotherapy and GX15-070
on NSCLC survival

We next examined the effect of GX15-070 on cytotoxic
chemotherapy-induced cell death. Lung cancer cell lines
that do not have activating EGFR mutations were exposed
to increasing concentrations of GX15-070, cytotoxic che-
motherapy agents commonly used in clinic for the treat-
ment of advanced lung cancer (cisplatin, gemcitabine,
paclitaxel), or the combination of both agents. MTT was
used initially to identify dose ranges for further study. The
effect on cellular viability was examined by counting viable
cells identified with trypan blue staining and analysis of
synergism between cytotoxics and GX15-070 was per-
formed by median dose—effect analysis. These data are
shown in Fig. 6 and are summarized in Table 3. For A549
cells, combination of cisplatin and GX15-070 resulted in
evidence of synergism since all CI were below 1.0
(0.677 £ 0.186) while combination of GX15-070 and
either gemcitabine or paclitaxel had CI that averaged
around 1.0. Similarly, in H460 cells, cisplatin and GX15-
070 led to synergistic cell kill with all CI below 1.0
(0.657 £ 0.139). H1299 cells however demonstrated little
effect of combined GX15-070 and cytotoxics and no evi-
dence of synergy on cell viability was identified.

Discussion

One approach to improving the outcome of advanced NSCLC
is to alter the balance of pro-apoptotic to anti-apoptotic

mechanisms and therefore sensitize cancer cells to apop-
tosis triggered either endogenously through oncogenic
signals that trigger apoptosis or through exogenous stim-
uli such as exposure to cytotoxic chemotherapy. A previ-
ous study demonstrated that another small molecule Bcl-2
inhibitor (ABT-737) could induce regressions in solid
tumors [43]. Here we evaluated the effect of a novel pan-
Bcl-2 protein inhibitor on lung cancer cell lines with defi-
ned EGFR status and evaluated the combination effect
with either EGFR TKI or cytotoxic chemotherapy. The
major findings include demonstrating that GX15-070 is
cytotoxic in some NSCLC cells and the ability to induce
apoptosis, based on PARP cleavage, correlates with a
lower ICsj, in cell viability assays. Our results also suggest
that prolonged exposure time may result in increased cell
death. We identified no obvious relationship between the
studied Bcl-2 proteins and the sensitivity of the cells to
GX15-070. GX15-070 in combination with gefitinib was
synergistic in a cell line with mutant EGFR sensitive to
gefitinib. However, in cells with wildtype EGFR that were
not dependent on EGFR for survival, GX15-070 cannot
reverse gefitinib resistance. Finally, GX15-070 exhibited
synergistic effects with cisplatin in two of the three cell
lines studied.

To our knowledge this is the first examination of Bcl-2
family members in cells with activating EGFR mutations.
Consistent with prior reports suggesting that Bcl-2 protein
expression is rare in NSCLC, we found no expression of
Bcl-2 protein in cells with activating EGFR mutations
while Bcl-xL and Mcl-1 expression were more evident.
This suggest that agents targeting Bcl-2 are unlikely to
demonstrate efficacy in mutant EGFR cell lines, generally
of adenocarcinoma origin, since Bcl-2 protein is not
expressed. These current students reiterate our previous
work suggesting that Mcl-1 is a viable anti-apoptotic target
in lung cancer cells [26].

We were unable to find a clear relationship between
Bcl-2 family protein expression and sensitivity to GX15-
070. However, the more interesting finding was that cells
undergoing apoptosis as evidenced by cleavage of PARP
was correlated with lower ICs in cellular viability assays.
This suggests one possible biomarker of GX15-070 activ-
ity may be early evidence of apoptosis in tumor cells. For
example, induction of apoptosis was monitored using

Table 2 Combination effect of

GX15-070 and EGFR TKI on Cell line Combination drug Dose range (UM) CI

cell proliferation PC9 GX and gefitinib 0.25-1.5 and 0.0025-0.015 0.765 + 0.123
Listed are the cell line studied, A549 GX and gefitinib 1.25-10 and 0.25-2 0.957 £ 0.203
dose range of GX15-070 and H460 GX and gefitinib 1.25-10 and 0.25-2 3.441 £+ 1.247
gefitinib, respectively, and the H1299 GX and gefitinib 1.25-10 and 0.25-2 0.984 4 0.105
combination indices H358 GX and gefitinib 1.25-10 and 0.25-2 1121 £ 0.211

(mean + SD)
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Fig. 6 Combination effect of GX15-070 and chemotherapy in lung
cancer cells. A549, H460, and H1299 cells were exposed to increasing
concentrations of GX15-070, cytotoxic agents (cisplatin, gemcitabine,
paclitaxel), or the combination of both agents in a fixed ratio. Viable

Dose of GX and Paclitaxel (uM)

Dose of GX and Paclitaxel (uM)

cells were counted using trypan blue staining and combination indices
(CI) were calculated using Calcusyn software as described. The values
above each bar represent CI for that dose combination. GX GX15-070,
Cis cisplatin, Gem gemcitabine, Tax paclitaxel

Table 3 Combination effect of

GX15-070 and chemotherapy on Cell line Combination drug Dose range (uUM) CI
cell proliferation A549 GX and cisplatin 0.06-0.5 and 1.25-10 0.677 £ 0.186
GX and gemcitabine 0.12-1.0 and 0.04-0.33 1.197 £+ 0.400
GX and paclitaxel 0.12-1.0 and 1.25-10 1.174 £ 0.448
H460 GX and cisplatin 0.25-2.0 and 0.31-2.5 0.657 +£0.139
GX and gemcitabine 0.25-2.0 and 0.04-0.33 1.612 £ 1.322
Listed are the cell line studied, GX and paclitaxel 0.12-1.0 and 0.62-5.0 1.061 + 0.379
compounds, dose range of H1299 GX and cisplatin 0.25-2.0 and 1.25-10 1.572 £ 0.555
r(ig; ;?nga"nfnzy:}‘l’:’c’g;bina_ GX and gemcitabine 0.25-2.0 and 0.04-0.33 1.194 4 0.403
tion indices (mean £ SD) GX and paclitaxel 0.12-1.0 and 0.012-0.1 1.524 + 0.452

plasma oligonucleosomal DNA complexes in patients
with chronic lymphocytic leukemia treated with GX15-
070 [44]. While difficult to perform, another approach
could be rapid serial biopsies in patients with accessible
solid tumors to assess apoptosis. Alternatively, non-inva-
sive imaging strategies that can evaluate in vivo tumor
apoptosis could be an early marker for GX15-070 activity
in patients. Further studies are indicated to evaluate this
hypothesis.

@ Springer

Based on our studies, the combination of cisplatin and
GX15-070 results in some degree of synergistic tumor cell
kill while combinations of other cytotoxics does not
demonstrate such effect. These studies are obviously lim-
ited since the data are generated using cell culture models
instead of in vivo models. In addition, we found that GX15-
070 cannot reverse gefitinib resistance in lung cancer cells
not dependent on EGFR for survival. While previous stud-
ies demonstrated that exogenous Bcl-2 or Mcl-1 expression
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can prevent gefitinib-induced apoptosis, our results suggest
that simply downregulating the activity of these proteins
may be insufficient for reversing EGFR TKI sensitivity
[25, 26]. This may not be surprising given the numerous
parallel pathways that exist in lung cancer cells that can
affect apoptosis [1].

Early studies of GX15-070 in humans with advanced
cancer are underway and the agent appears to be safe and
well tolerated. Based on our results as well as the literature,
studies of GX15-070 in combination with cytotoxic chemo-
therapy are planned for patients with advanced NSCLC.
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