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Abstract. Pancreatic cancer is an aggressive disease with a 
poor prognosis. Therefore, new treatment is urgently required. 
GX15-070 is a pan-Bcl-2 inhibitor which has shown promising 
antitumor activity in different malignancies. We previously 
demonstrated that clinically achievable concentrations of 
GX15-070 caused growth arrest in pancreatic cancer cell 
lines. However, they only induced minimal levels of apop-
tosis. We hypothesized that GX15-070 induced autophagy in 
pancreatic cancer cells which blocked apoptosis. In this study, 
we investigated the effects of GX15-070 on autophagy and 
the antitumor activities of the combination of GX15-070 and 
chloroquine (CQ), an autophagy inhibitor, in six pancreatic 
cancer cell lines. We found that GX15-070 treatment indeed 
induced autophagy in 5 of the 6 pancreatic cancer cell lines, 
reflected by the conversion of LC3B-I to LC3B-II and detec-
tion of autophagosomes by transmission electron microscopy. 
Furthermore, we found additive to synergistic antitumor inter-
actions in all six cell lines by MTT assays. CQ significantly 
enhanced GX15-070-induced apoptosis in the cell line models, 
possibly due to downregulation of Bcl-2, Bcl-xL and Mcl-1 in 
the cells by the two agents. These results provide compelling 
evidence for the further development of the combination of 
GX15-070 and CQ in pancreatic cancer.

Introduction

Pancreatic cancer represents <3% of all new cancer cases in 
the United States; however, it is the fourth leading cause of 
cancer-related mortality (1). With a 5-year survival rate of 

~6%, the prognosis of this disease is considerably poor (1). 
Although surgical resection offers the only chance for cure, the 
5-year survival rate is only 20-25% and ~80-85% of patients 
present with advanced unresectable disease (2). In addition, 
the front-line gemcitabine-based therapy offers marginal effi-
cacy, thus highlighting the need to develop new therapies for 
this aggressive disease.

Cancer cells employ several mechanisms of survival, 
including overexpression of prosurvival Bcl-2 family members, 
making them attractive targets for the treatment of numerous 
malignancies. Since 88% of invasive ductal carcinomas 
express Bcl-xL and Mcl-1, while 23% express Bcl-2 (3), small 
molecule inhibitors that target these proteins could be prom-
ising therapeutic agents for the treatment of pancreatic cancer. 

GX15-070 (obatoclax) is a pan-Bcl-2 inhibitor that has 
been demonstrated to directly induce apoptosis as well as 
non-apoptotic cell death in solid tumors and hematologic 
malignancies (4-8). In our most recent study, we demon-
strated that clinically achievable concentrations of GX15-070 
suppressed the growth of pancreatic cancer cell lines. However, 
they only induced minimal levels of apoptosis in the cells (9). 
We hypothesized that GX15-070 induced autophagy which 
prevented apoptosis in pancreatic cancer cells since Bcl-2 
family proteins also play an important role in autophagy. 
Beclin 1 is a Bcl-2 binding protein that regulates the initial 
steps of autophagy (10). Bcl-2, Mcl-1, and Bcl-xL have been 
shown to interact with Beclin 1, binding through the BH3 
domain, and inhibit autophagy (10,11). In line with this, treat-
ment with Bcl-2 inhibitors, such as GX15-070, have been 
shown to induce autophagy in various malignancies (12-15). 
Although autophagy has been shown to be involved in tumor 
suppression as well as therapeutic resistance, in pancreatic 
cancer it has been demonstrated to play a cytoprotective role 
against anticancer drugs (16,17). Therefore, combining an 
autophagy inhibitor with GX15-070 may enhance GX15-070-
induced apoptosis in pancreatic cancer cells.

In the present study, we investigated the combination of 
GX15-070 and the autophagy inhibitor chloroquine (CQ) 
in pancreatic cancer cell lines. GX15-070 treatment alone 
induced autophagy in a dose-dependent manner. Addition of 
CQ resulted in additive to synergistic growth inhibition as well 
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as enhanced apoptosis. These results suggest that combined 
GX15-070 and CQ might be a promising treatment for pancre-
atic cancer.

Materials and methods

Chemicals. GX15-070 (Obatoclax) was purchased from Selleck 
Chemicals LLC (Houston, TX, USA). CQ was purchased from 
Sigma-Aldrich (St. Louis, MO, USA).

Cell culture. The AsPC-1, BxPC-3, CFPAC-1, HPAC, MIA 
PaCa-2 and PANC-1 human pancreatic cancer cell lines 
were purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA). The HPAC, MIA PaCa-2 and 
PANC-1 cell lines were cultured in dulbecco's modified 
Eagle's medium (dMEM; Life Technologies, Carlsbad, CA, 
USA); AsPC-1 and BxPC-3 were cultured in RPMI-1640 
medium (Life Technologies); and CFPAC-1 in Iscove's modi-
fied dulbecco's medium (IMdM; Life Technologies) with 
10% heat-inactivated fetal bovine serum (FBS; Hyclone Labs, 
Logan, UT, USA) plus 100 U/ml penicillin and 100 µg/ml 
streptomycin in a 37˚C humidified atmosphere containing 5% 
CO2/95% air. Cell lines were authenticated by the University 
of Arizona Genetics Core Facility (Tucson, AZ, USA).

Western blot analysis. Whole cell lysates from AsPC-1, 
BxPC-3, CFPAC-1, HPAC, MIA PaCa-2 or PANC-1 cells 
treated with vehicle control or drugs for 72 h were subjected to 
SdS-polyacrylamide gel electrophoresis. Separated proteins 
were electrophoretically transferred to polyvinylidene 
difluoride (PVDF) membranes (Thermo Fisher Inc., Rockford, 
IL, USA) and immunoblotted with anti-LC3B, -PARP, 
-Mcl-1,-Bcl-2 , -Bcl-xL (Cell Signaling Technology, Beverly, 
MA, USA), or -β-actin (Sigma-Aldrich) antibody, as previ-
ously described (18). Immunoreactive proteins were visualized 
using the Odyssey Infrared Imaging System (Li-Cor, Lincoln, 
NE, USA), as described by the manufacturer. Western blot 
analyses were repeated at least three times and one representa-
tive image is shown.

Transmission electron microscopy (TEM). Briefly, PANC-1 
cells were treated with vehicle control or 200 nM GX15-070 
for 72 h. Then, the cells were trypsinized and washed with 
PBS twice. The cells were fixed with 2.5% glutaraldehyde 
in 0.1 M sodium phosphate buffer (pH 7.4). The samples 
were treated with 1% osmium acid, dehydrated in a graded 
series of ethanol, and embedded in Epon812 epoxy resin (SPI 
Supplies/Structure Probe, Inc., West Chester, PA, USA). Semi-
thin sections were made using an LKB-III ultramicrotome 
(LKB Bromma, Stockholm, Sweden). Then ultrathin sections 
were made and picked up with naked 200 mesh copper grids. 
Grids were stained with uranyl acetate and lead citrate. The 
ultrathin sections were then observed using a Hitachi H-7650 
transmission electron microscope (Hitachi High-Technologies 
Corporation, Tokyo, Japan) at 80 kV.

In vitro cytotoxicity assays. In vitro CQ or GX15-070 cyto- 
toxicities were determined using 3-(4,5-dimethyl-2-thiazolyl)- 
2,5-diphenyltetrazolium bromide (MTT) assays (Sigma-
Aldrich), as previously described (19,20). Briefly, cells were 

cultured in 100 µl of complete medium in the presence of 
variable concentrations of GX15-070 or CQ alone or in combi-
nation. The cells were incubated at 37˚C in 96-well plates for 
96 h. MTT was added to a final concentration of 1 mM. After 
4 h, formazan crystals were dissolved by the addition of 100 µl 
of 10% SdS in 10 mM HCl. Optical densities were measured 
using a visible light microplate reader at 590 nm. IC50 values 
were calculated as drug concentrations necessary to inhibit 
50% growth compared to vehicle control-treated cells. The 
data are presented as mean values ± standard errors from at 
least 3 independent experiments. The extent and direction of 
antitumor interactions were evaluated using CompuSyn soft-
ware (ComboSyn, Inc., Paramus, NJ, USA). drug interactions 
were quantified by determining the combination index (CI), 
where CI<1, CI=1 and CI>1 indicate synergistic, additive and 
antagonistic effects, respectively (21).

Apoptosis and cell cycle analysis. Cells were treated with CQ 
or GX15-070, alone or in combination for 72 h. Then, cells 
were fixed with ice-cold 80% (v/v) ethanol for 24 h, washed 
with PBS and resuspended in PBS containing propidium 
iodide (50 µg/ml), Triton X-100 (0.1%, v/v), and dNase-free 
RNase (1 µg/ml). dNA content was determined by flow 
cytometry analysis, as previously described (22). Cell cycle 
analysis was performed using Multicycle software (Phoenix 
Flow Systems, Inc., San diego, CA, USA). Apoptotic events 
were recorded as PI+ events with sub-G1 dNA content. The 
data are presented as mean values ± standard errors from 
one representative experiment, which was repeated at least 3 
independent times.

Statistical analysis. The data are expressed as the mean 
values ± standard errors. The differences in CQ IC50 between 
GX15-070-treated and vehicle control-treated cells and 
differences in cell apoptosis between CQ and GX15-070 combi-
nation-treated and GX15-070-treated cells were compared 
using the pairwise two-sample t-test. Statistical analyses were 
performed using GraphPad Prism 5.0. 

Results

GX15-070 induces autophagy in pancreatic cancer cell lines. 
Bcl-2 family proteins play an important role in autophagy. 
Others have demonstrated that GX15-070, a pan-Bcl-2 inhib-
itor, induces autophagy in various cancer cell lines (12-15,23). 
To begin to determine if GX15-070 induces autophagy in 
pancreatic cancer cells, we determined if GX15-070 treatment 
results in increased conversion of LC3B-I to LC3B-II. There 
was a dose-dependent increase in LC3B-II protein levels in 
all the cell lines tested, except AsPC-1 (Fig. 1A). To further 
confirm that GX15-070 induces autophagy in the pancreatic 
cancer cells, we treated PANC-1 cells with or without 200 nM 
GX15-070 and examined autophagosomes by TEM. As 
shown in Fig. 1B, GX15-070 treatment induced autophago-
some formation. The number of autophagosomes per cell was 
significantly higher in the GX15-070-treated cells compared 
to no drug treatment (p<0.0001, Fig. 1C). 

Synergistic antitumor interactions of CQ and GX15-070 in 
pancreatic cancer cells. Autophagy has been shown to be 
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protective when cells encounter stress and without it cells can 
succumb to such cellular stresses leading to cell death (11,16). 
Therefore, inhibiting autophagy might inhibit the adaptive 
response to GX15-070 treatment and enhance apoptosis. 
To test this, we determined the extent and direction of the 
antitumor interactions of CQ and GX15-070 in pancreatic 
cancer cell lines by MTT assays. In all six cell lines tested, we 
found that the combination resulted in additive to synergistic 
antitumor interactions, as indicated by the combination index 
values <1 (Fig. 2A-F). CQ IC50 was significantly lower in the 
presence of GX15-070 (Fig. 2G). The reduction in IC50 ranged 
from 1.5-fold (BxPC-3) to 13.9-fold (PANC-1).

CQ and GX15-070 cooperatively induce apoptosis in 
pancreatic cancer cells. We then sought to determine if CQ 
and GX15-070 treatment induces apoptosis. As indicated in 
Fig. 3A-C, treatment with GX15-070 or CQ alone induced 
minimal apoptosis; however, in the combination, significant 
increase of apoptotic cells was observed in all the cell lines 
tested except AsPC-1. This was accompanied by cleavage of 
PARP, as demonstrated in the HPAC cells (Fig. 3C). Although 
increase of cleaved PARP was not detectable in the BxPC-3 

cells, there was a decrease in the full-length PARP. The lack 
of detection of the cleaved form might be due to the detec-
tion limits of the assay. In addition to inducing apoptosis, 
combined drug treatment also resulted in decreased levels of 
Bcl-2, Bcl-xL and Mcl-1 (Fig. 4).

Discussion

Bcl-2 inhibitors have demonstrated promising anticancer 
activity in a variety of malignancies, including pancreatic 
cancer (4-8,12,13,15). In our previous study, we demonstrated 
that clinically achievable concentrations of GX15-070 induced 
significant growth arrest in pancreatic cancer cell lines. 
Notably, they only induced minimal levels of apoptosis (9), 
suggesting that other mechanisms must exist preventing apop-
tosis from occurring. In this study, we found that GX15-070 
induced autophagy in the pancreatic cancer cell lines, which is 
in agreement with numerous studies using Bcl-2 inhibitors in 
various malignancies (4,12,13,15). 

Pancreatic cancer cells require autophagy for growth and 
protection from cytotoxic anticancer drugs (16,17), suggesting 
that it might be an effective drug target for treating pancre-

Figure 1. GX15-070 induces autophagy in pancreatic cancer cell lines. (A) AsPC-1, HPAC, BxPC-3, PANC-1, CFPAC-1 and MIA PaCa-2 cells were treated 
with GX15-070 (GX) for 72 h. Soluble proteins were analyzed by western blot analyses probed with anti-LC3B or -β-actin antibody. (B) PANC-1 cells were 
treated without (a and b) or with 200 nM GX15-070 (c and d) for 72 h and then harvested for transmission electron microscopy analysis. The arrows indicate 
autophagosomes. Panels (b and d) are higher magnification of the images in panels (a and c), respectively. (C) Autophagosomes per cell were counted for 15 
randomly selected cells from each condition and graphed. The horizontal lines indicate mean in each group and the error bars indicate the standard error. The 
p-value was calculated using the Mann-Whitney U-test. ***p<0.0001.
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atic cancer. Recently, the autophagy inhibitor CQ was used 
in combination with gemcitabine to treat pancreatic cancer 
cell lines (16). Results of that study found that gemcitabine 
induced autophagy, which was protective against growth 
inhibition, and combination with CQ resulted in significant 
growth inhibition. In line with that study, we demonstrated 
that GX15-070 induces autophagy and synergizes with CQ 
to induce growth arrest and enhances apoptosis. In addition 
to pancreatic cancer, Pan et al demonstrated similar results 
in esophagus cancer cells indicating that GX15-070 induces 
cytoprotective autophagy (13).

In summary, in the present study we demonstrated that 
GX15-070 in combination with CQ may be a promising 
strategy for treating pancreatic cancer. Our results suggest 
that GX15-070 induces cytoprotective autophagy which can 
be overcome by the addition of CQ. CQ has long been used as 
anti-malarial treatment as well as anti-arthritis treatment and 
the safety profiles are already established, making it an attrac-
tive drug for use in combination with chemotherapy drugs. As 
the combination of GX15-070 and CQ induced variable levels 
of apoptosis, it may be advantageous to investigate some of 
the newer more potent Bcl-2 inhibitors in combination with 

Figure 2. Synergistic antitumor interactions of chloroquine (CQ) and GX15-070 in pancreatic cancer cells. (A-F)  Pancreatic cancer cell lines were treated 
with variable concentrations of CQ for 96 h in the absence or presence of GX15-070, administered simultaneously. Viable cells were determined by MTT 
assays. The extent and direction of the antitumor interactions of CQ and GX15-070 were determined using CompuSyn software. The data are presented as 
combination index vs. fraction affected plots (CI vs. Fa). CI<1, CI=1 and CI>1 indicate synergistic, additive and antagonistic effects, respectively. (G) CQ IC50, 
with or without GX15-070, was calculated using GraphPad Prism 5.0. The data are presented as mean values ± standard errors from at least three independent 
experiments. *p<0.05, **p<0.005 and ***p<0.0005, relative to vehicle control.
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CQ. Although our study involved a limited number of cell 
lines, it provides a compelling rationale for the further study 
of Bcl-2 inhibitors in combination with CQ in mouse models 
and holds promise as a potential effective treatment strategy 
for pancreatic cancer.
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Figure 3. Chloroquine (CQ) enhances GX15-070-induced apoptosis in pancreatic cancer cells. (A) HPAC cells were treated with 20 µM CQ, 200 nM GX15-070 
or in combination for 72 h and then stained with PI and subjected to flow cytometry analyses. Representative histograms are shown. (B) Apoptotic events were 
recorded as PI+ events with sub-G1 dNA content. The data are presented as mean values ± standard errors from one representative experiment. (C) HPAC and 
BxPC-3 cells were treated with CQ, GX15-070 or in combination for 72 h. Whole cell lysates were subjected to western blotting and probed with anti-PARP 
or -β-actin antibody. **p<0.005, ***p<0.0005.

Figure 4. Effects of chloroquine (CQ), GX15-070 or the combination on Bcl-2, Mcl-1 or Bcl-xL expression in pancreatic cancer cell lines. HPAC and BxPC-3 
cells were treated with CQ, GX15-070 or in combination for 72 h. Whole cell lysates were subjected to western blotting and probed with anti-Mcl-1, -Bcl-2, 
-Bcl-xL, or -β-actin antibody.
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