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Targeting Rho GTPase effector p21 activated kinase 4 (PAK4) suppresses
p-Bad-microRNA drug resistance axis leading to inhibition of pancreatic ductal
adenocarcinoma proliferation
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ABSTRACT
Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive and therapy resistant malignancy.
Mutant K-Ras, found in >90% of refractory PDAC, acts as a molecular switch activating Rho GTPase
signaling that in turn promotes a plethora of pro-survival molecules and oncogenic microRNAs. We
investigated the impact of Rho GTPase effector protein p21 activated kinase 4 (PAK4) inhibition on
pro-survival p-Bad and oncogenic miRNA signaling. We demonstrate that the dual NAMPT and
PAK4 modulators (KPT-9274 and KPT-9307) inhibit PDAC cell proliferation through downregulation
of Bad phosphorylation and upregulation of tumor suppressive miRNAs (miR-145, let-7c, let-7d, miR-
34c, miR320 and miR-100). These results suggest that targeting PAK4 could become a promising
approach to restore pro-apoptotic function of Bad and simultaneously activate tumor suppressive
miRNAs in therapy resistant PDAC.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a highly
aggressive malignancy with poor overall survival. The
American Cancer Society estimates that, in the United
States, about 53,000 people (slightly more men than
women) will be newly diagnosed with pancreatic cancer
and about 43,000 will die of it in 2017.1 The 5-year over-
all survival (OS) of patients with pancreatic cancer is
only 8% with early stage (stage IA) patients experiencing
a somewhat higher 5-year survival rate of 14%.1 How-
ever, patients with advanced pancreatic cancer (stage IV)
have 5-year survival rate around 1%. Since PDAC is typi-
cally diagnosed at a late stage, it is very aggressive and
spreads rapidly at this point and is a major reason why
PDAC has become one of the leading causes of cancer
related deaths. In addition, the aggressive growth and
high mortality of PDAC could, in part, be due to the abil-
ity of these cancer cells to become drug resistant from
numerous alterations in a variety of signal transduction
pathways.

K-Ras mutations are found in more than 90% of
PDAC tumors.2 Mutant K-Ras acts as a molecular switch
that activates critical cellular signaling such as survival,

proliferation and cell division. One of the important sig-
naling pathways downstream of K-Ras activated in drug
resistant PDAC is Rho GTPase signaling.3 Rho GTPases
play a central role in the regulation of gene transcription,
cell cycle entry, apoptosis and cell survival.4,5 Members
of the p21-activated kinase (PAK) family are effectors of
this signaling and include group I (PAK1–3) and II
(PAK4–6) kinases. Studies have shown that PAK4 is
aberrantly expressed in PDAC and not in normal human
pancreatic ductal epithelial cells.6 The PAK4 kinase
influences a variety of cellular functions including apo-
ptosis. It has been reported that PAK4 inhibits caspase
activation and protects cells from apoptosis.7 Further-
more, increased expression of PAK4 up-regulates the
phosphorylation of the pro-apoptotic protein Bad.7 Bad
is a pro-apoptotic Bcl-2 family member and phosphory-
lation of the Bad protein inhibits its pro-apoptotic func-
tion. The alterations in the ratio of p-Bad/Bad signaling
determine the survival of cancer cells through apoptotic
machinery. The hyper-phosphorylation of Bad also criti-
cally influences cancer chemoresistance.8-10 Therefore,
targeting PAK4/Bad signaling could be a promising
strategy for overcoming PDAC drug resistance. Not
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much is known about the mechanisms by which group II
PAKs augment drug resistance and cell survival. The role
of PAK4 in the regulation of Bad signaling is not cur-
rently understood.

MicroRNAs (miRNAs), which are aberrantly
expressed in PDAC, have been implicated in the regula-
tion of several cell survival and apoptotic pathways that
include Ras, PAK and Bad.11,12 Improper expression of
miRNAs have been clearly linked to therapy resistance
in PDAC.13 Several Rho GTPase effector proteins such
as ROCK1 have been shown to promote oncogenic miR-
NAs and block tumor suppressive miRNAs.14,15 Emerg-
ing experimental evidence have shown that tumor
suppressive miRNAs regulate Ras-activated signaling in
PDAC, leading to the induction of apoptosis and inhibi-
tion of drug resistance.16-18 Therefore, understanding the
role of miRNAs in PAK4 regulation is critical for the
development of therapies against drug resistance in
PDAC. However, the molecular mechanisms underlying
miRNA-regulated apoptosis and drug-resistance through
PAK4 signaling remain unclear.

Recently, we have reported that the dual PAK4 and
NAMPT allosteric modulators (KPT9274 and KPT-9307
which inhibit the activity of PAK4 and NAMPT) have
remarkable anti-tumor activity in PDAC and other can-
cers in vitro and in vivo.19-21 NAMPT plays important
roles in the regulation of metabolism, stress response,
aging and cancers. NAMPT inhibition could overcome
gemcitabine resistance by decreasing the NAD level and
suppressing glycolytic activity.22 We investigated
the effect these novel PAK4/NAMPT inhibitors have on
the regulation of PAK4/Bad and miRNA signaling. In
this brief report, we demonstrate that these compounds
inhibit p-Bad leading to re-sensitization of PDAC cells
to gemcitabine. Treatment with these inhibitors caused
upregulation of Bad and caspase 3, downregulation of
Bcl-2, and enhancement in tumor suppressive miRNAs.
These results provide strong indications that targeting

PAK4/p-Bad and miRNA signaling could be a potent
therapeutic strategy to overcome drug resistance in
PDAC.

Results

PAK4 and p-Bad proteins are increased in drug
resistant PDAC cell lines when compared with
normal pancreatic ductal epithelial cells

By conducting real-time PCR, we found that PDAC cells
expressed a much higher level of PAK4, compared with
normal human ductal epithelial (HPDE) cells (Fig. 1A),
which is consistent with others’ report.23 We have previ-
ously reported that PDAC cells sorted for stem like
markers (CD33CCD44CEpCAMC termed cancer stem
cells or CSCs) demonstrate marked resistance to standard
chemotherapeutics such as gemcitabine and oxaliplatin.21

These flow-sorted CSCs harbor mesenchymal markers
and have a propensity to form spheroids in long-term cul-
ture conditions. Highlighting the critical role of PAK4 in
the PDAC stem cell biology, we also reported enhance-
ment of PAK4 mRNA in gemcitabine resistant MiaPaCa-2
cells (MiaPaCa-2-GR) as well as in MiaPaCa-2 CSCs.21

Knocking down PAK4 in these CSCs using RNAi sup-
pressed their propensity to form spheroids. More impor-
tantly, we found that the expression of p-Bad in CSCs was
significantly upregulated when compared with the parental
PDAC cells (Fig. 1B). Collectively, our data suggests a role
for PAK4 in PDAC and CSC subsistence as well as a role
for p-Bad in PDAC drug resistance.

The dual PAK4 and NAMPT modulators inhibited
p-Bad and induced pro-apoptotic signaling in PDAC
cells

To better understand the connection between Bad and
PAK4 in PDAC CSCs, we investigated the impact of

Figure 1. PDAC cells expressed much higher level of PAK4 and p-Bad, especially drug resistant PDAC, compared with normal pancreatic
ductal epithelial cells. (A) The expression level of PAK4 in HPDE, MiaPaCa-2, L3.6pl, HPAC and Panc-1 cells were measured by real-time
RT-PCR. (B) The expression of p-Bad protein in MiaPaCa-2 and CSC cells was accessed by Western Blot analysis.
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PAK4 inhibition on Bad signaling. RNAi knockdown of
PAK4 or treatment with KPT-9274 (a dual modulator of
NAMPT and PAK4 recently initiated in a phase 1 clini-
cal trial of patients with advanced solid malignancies;

NCT02702492) or KPT-9307 resulted in the re-expres-
sion of Bad in MiaPaCa-2 and CSC cells (Fig. 2A). In
addition, we discovered that KPT-9274 and KPT-9307
effectively decreased the levels of phosphorylated PAK4

Figure 2. PAK4 modulators induced Bad expression and inhibited phosphorylation of Bad, activating Bad signaling. Knockdown of PAK4
by siRNA, KPT-9274 or KPT-9307 treatment induced the expression of Bad mRNA tested by real-time PCR (A). The PAK4 inhibitors signif-
icantly inhibited the phosphorylation of PAK4 and Bad protein tested by Western Blot analysis (B). PAK4 inhibitors abrogated the Bad
phosphorylation stimulated by Calyculin A (C). PAK4 inhibitors also abrogated the downregulation of Bad mRNA stimulated by Calyculin
A (D). (�: p<0.05).
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Figure 3. KPT-9274 regulated the expression of Bax, caspase 3, Bcl-2, and tumor suppressive miRNAs involved in apoptotic signaling. (A)
MiaPaCa-2 and CSC cells were treated with 500 nM KPT-9274 or transfected with PAK4 siRNA. The expression of Bax, caspase 3 and
Bcl-2 mRNAs was accessed by real-time RT-PCR. (B) MiaPaCa-2 cells were treated with 500 nM KPT-9274 or KPT-9307 for 48 hours or
transfected with PAK4 siRNA. The expression level of miR-145, let-7c, let-7d, miR-34c, miR-320 and miR-100 was measured by real-time
RT-PCR. (�: p<0.05).
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and phosphorylated Bad in PDAC cells (Fig. 2B), sug-
gesting the regulation of Bad signaling by PAK4 inhibi-
tion. Most interestingly, KPT-9274 also abrogated
Calyculin A (a potent protein phosphatase inhibitor)
induced hyper-phosphorylation of Bad protein in PDAC
cells (Fig. 2C). Examining total RNA from these cells, we
clearly observed re-expression of Bad and Bax that other-
wise were suppressed by Calyculin A treatment (Fig. 2D
and Fig. 3A). Further analysis revealed that KPT-9274
treatment or RNAi knockdown of PAK4 resulted in acti-
vation of caspases-3, upregulation of Bax, and reduction
of Bcl-2 (Fig. 3A). Collectively, these results demonstrate
that targeting PAK4 can effectively induce apoptosis
through the reduction of p-Bad and induction of Bad
and Bax mRNA.

KPT-9274 and KPT-9307 induced tumor suppressive
miRNAs related to apoptosis and survival signaling
in PDAC cells

While the role of group I PAKs on miRNAs is well
understood, there is little known about the PAK4-
miRNA regulatory mechanism in PDAC. We found,
for the first time, that KPT-9274 or KPT-9307 treat-
ment or RNAi knockdown of PAK4 could increase
the expression of tumor suppressive miRNAs (miR-
145, miR-34c, let-7c, let-7d, miR-320a and miR-100)
which control apoptosis and cell survival pathways
(Fig. 3B). Nevertheless, the impact of these inhibitors
on the entire set of miRNAs is not known and needs
to be further evaluated.

Treatment of PDAC cells with KPT-9274 induced
apoptotic cell death and growth inhibition

Using an Annexin V FITC assay, the effect of KPT-9274
on apoptotic cell death was measured. We found that
KPT-9274 treatment significantly induced apoptosis of
PDAC cells (Fig. 4A). A standard MTT assay showed
that KPT-9274 treatment inhibited proliferation of
PDAC cells in a dose-dependent manner (Fig. 4B). We
found that Calyculin A treatment could protect PDAC
cells from growth inhibition induced by KPT-9274
(Fig. 4B) perhaps due to increased p-Bad stimulated by
Calyculin A. More importantly, the combination treat-
ment of KPT-9274 with gemcitabine demonstrated a
synergistic inhibitory effect on PDAC cell proliferation
with all CI (combination index) values < 1 (Fig. 4C and
D). These results clearly demonstrate that inhibition of
PAK4 can induce apoptosis and suppress PDAC cell pro-
liferation through the reduction of p-Bad and induction
of tumor suppressive miRNAs. Therefore, PAK4

inhibition by KPT-9274 may be a beneficial therapy for
drug resistant PDAC patients.

Discussion

It is known that most chemotherapies induce apopto-
sis of cancer cells, leading to tumor growth inhibition.
However, most PDACs are resistant to standard treat-
ments because PDAC cells have evolved a plethora of
molecular mechanisms to escape apoptosis induction
and ensure survival. In PDAC, aberrant expression of
Bcl-2 family members causes apoptotic resistance and
metastasis.24 The Bcl-2 protein family includes an
anti-apoptotic subgroup (i.e. Bcl-2 and Bcl-XL) and 2
pro-apoptotic subgroups, the Bax-like subgroup (i.e.,
Bax and Bak) and the BH3-only subgroup (i.e., Bad
and Bim).25 The BH3-only protein, Bad serves as a
sensor of cellular stress to initiate apoptosis. However,
de-regulation of Bad through phosphorylation renders
it ineffective as an apoptosis provocateur.26 Bad func-
tion is modulated by phosphorylation at 2 sites, serine
112 (Ser112) and serine 136 (Ser136).27 Phosphoryla-
tion at these sites has been correlated with binding
and sequestering of Bad by the 14–3–3 protein, pre-
vention of Bcl-2 and Bcl-XL binding and thus pro-
moting cell survival.27,28 Moreover, the mutant Ras
pathway, altered in >90% of PDAC, is known to
induce and maintain Bad phosphorylation, suggesting
a role for Ras-regulated Bad phosphorylation in drug
resistance.29 In addition, Akt, a molecule downstream
of Ras signaling, could directly phosphorylate Bad at
Ser-136 in vitro and in vivo resulting in suppression
of apoptosis and promotion of cell survival in various
cancers.9 Our results showed that dual PAK4 and
NAMPT modulators (KPT-9274 and KPT-9307)
induce Bad expression, inhibit Bad phosphorylation
and abrogate the Bad phosphorylation induced by
Calyculin A. This data suggests that PAK4 inhibition
could sensitize PDAC cells to apoptosis induced by
conventional chemotherapeutics. Indeed, our study
also shows the synergistic inhibitory effects of KPT-
9274 and Gemcitabine treatment of PDAC cells.

It has been reported that Bad could be phosphorylated
by PKA or group I PAKs, leading to a loss of its pro-apo-
ptotic function.28,30 Phosphorylation of Bad is regulated
through either c-RAF (a substrate of different PAKs31)
or through PAK-mediated phosphorylation of c-RAF at
Ser-338 causing c-RAF translocation to the mitochon-
dria and subsequent binding to and phosphorylation of
Bad.32 Group I PAKs have also been shown to phosphor-
ylate Bad directly,28 suggesting that inhibitor for Group I
PAKs could induce Bad-mediated apoptotic cell death.
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Figure 4. Treatment of PDAC cells with KPT-9274 induced apoptotic cell death and growth inhibition, and synthesized the anti-cancer
effect of Gemcitabine. (A) MiaPaCa-2 cells were treated with 500 nM KPT-9274 for 72 hours and the apoptotic cell death was detected
by Annexin V FITC. (B) MiaPaCa-2 cells were treated with 250 to 4000 nM KPT-9274 for 72 h or along with 30 nM Calyculin A for 18 hours.
The cell proliferation index was accessed by MTT assay. (�: p<0.05; ��: p<0.01). (C) MiaPaCa-2 cells were treated with 250 to 1000 nM
KPT-9274 and/or 150 to 600 nM gemcitabine for 72 hours. The cell proliferation index was accessed by MTT assay. (D) The combination
index (CI) and isobologram were created by CalcuSyn software based on the MTT results.
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However, the group I PAK inhibitor, PF-3758309, was
found to be clinically ineffective in cancers.33 Therefore,
the inhibitors for Group II PAKs (i.e., KPT-9274 and
KPT9307) could have promising effects on PDAC. In
addition, KPT-9273 and KPT-9307 are dual NAMPT
and PAK4 modulators. By targeting PAK4 and NAMPT
signaling, KPT-9274 has been shown to reduce G2-M
transit, induce apoptosis and inhibit cell invasion and
migration in cancers.20

In PDAC, copy number analysis has revealed
hyper-activation of Group II PAK (PAK4),34 suggest-
ing that the PAK4 gene is amplified and that PAK4
protein is overexpressed in PDAC. As an effector of
Ras/Rho GTPases/CDC42 signaling, PAK4 regulates
the function of several downstream proteins in a
kinase dependent manner.35 Moreover, PAK4 protects
cells against apoptotic cell death through inhibition of
caspase and Bad signaling.7 In this study, we show
that PAK4 is directly linked with Bad phosphoryla-
tion and drug resistance in PDAC cells. Inhibition of
PAK4 by KPT-9274 abrogated p-Bad while knock-
down of PAK4 by siRNA induced the pro-apoptotic
potential of PDAC in vitro. These results demonstrate
a distinct role for PAK4 in mediating drug resistance
through Bad phosphorylation.

Several tumor suppressive miRNAs have been
known to contribute to the regulation of apoptosis
and cell survival in PDAC cells. The micro RNA,
miR-145, has been found to regulate apoptosis in a
hypoxia-dependent and TNF-a induced manner.36,37

Moreover, miR-145 could reverse drug resistance and
sensitize cancer cells including PDAC to standard
chemotherapies and radiotherapy.38-41 In distinct
tumor models, miR-145 upregulation has been
directly shown to inhibit tumor growth through the
suppression of Rho-associated protein kinase 1
(ROCK1).14,15 These multiple lines of evidence indi-
cate that the Rho family members, if not PAK4, can
negatively influence miR-145 signaling and in turn
promote cancer cell survival. This led us to hypothe-
size that targeting K-Ras-PAK4-microRNA axis could
be a novel strategy to suppress predominantly onco-
genic K-Ras-driven diseases such as PDAC.11 In this
study, we found that KPT-9274 increased the level of
miR-145, which is consistent with apoptosis induction
and increased PDAC drug sensitivity. The miRNA,
let-7c, is critically involved in the regulation of cell
survival and apoptosis. This miRNA can inhibit can-
cer cell proliferation and induce apoptotic cell
death.42,43 More importantly, let-7c and let-7d can
control chemo- and radio-resistance, and sensitize
cancer cells to chemotherapies.44-46 Our results
showed that KPT-9274 upregulated the level of let-7c

and let-7d, which is correlated with induction of apo-
ptosis, inhibition of cell proliferation and sensitization
of PDAC cells. In addition, miR-34c, miR-320a and
miR-100 have been shown to be tumor suppressive
miRNAs that inhibit tumor growth, induce apoptosis
and reverse drug resistance.47-50 The induction of
these miRNAs by KPT-9274 were associated with the
increased apoptosis, decreased proliferation and
increased synergy with anti-cancer drugs in PDAC.
Therefore, our results are consistent with other
reports, suggesting the beneficial effects of PAK4 inhi-
bition on the regulation of miRNA signaling.

In conclusion, our results indicate that KPT-9274
and KPT-9307 as novel therapeutic agents significantly
induce apoptosis and inhibit PDAC cell proliferation
through the downregulation of Bad phosphorylation
and Bcl-2, and the upregulation of Bad, Bax, Caspase 3,
and tumor suppressive miRNAs (miR-145, let-7c, let-
7d, miR-34c, miR320 and miR-100) in PDAC cells.
PAK4 inhibition by KPT-9274 also enhance the anti-
cancer activity of gemcitabine in PDAC. These results
suggest that KPT-9274 could be used in combination
treatment with conventional chemotherapies as a
promising therapy of drug resistant PDAC. However,
more in vitro cellular experiments, in vivo animal stud-
ies and clinical trials are needed to better understand
the value of using KPT-9274 as a targeted therapy for
PDAC.

Materials and methods

Cell lines, reagents, and antibodies

MiaPaCa-2, HPAC, BxPC-3 and Panc-1 PDAC cells
were purchased from American Type Culture Collec-
tion (ATCC, Manassas, VA) and maintained in
DMEM (Invitrogen, Carlsbad, CA) supplemented
with 10% fetal bovine serum (FBS), 100 U/mL peni-
cillin and 100 mg/mL streptomycin in a 5% CO2

atmosphere at 37�C. L3.6pl PDAC cells and human
pancreatic duct epithelial (HPDE) cells were obtained
from MD Anderson Cancer Center and cultured in
DMEM/FBS or keratinocyte serum-free medium sup-
plied with 5 ng/mL of epidermal growth factor and
50 mg/mL of bovine pituitary extract (Invitrogen).
The cell lines have been tested and authenticated in
core facility Applied Genomics Technology Center at
Wayne State University. The method used for testing
was short tandem repeat (STR) profiling using the
PowerPlex� 16 System from Promega (Madison, WI).
The dual PAK4 and NAMPT inhibitors including
KPT-9274 and KPT-9307 (Karyopharm Therapeutics,
Newton, MA) were dissolved in DMSO to make a
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1 mM stock solution. Anti-phospho-Bad(Ser112) (Cell
Signaling, Danvers, MA), anti-phospho-Bad(Ser136)
(Cell Signaling), anti-phospho-Bad(Ser155) (Cell Sig-
naling), and anti-b-actin (Sigma, St. Louis, MO) pri-
mary antibodies were used for Western Blot analysis.

Inhibition of PAK4 expression by siRNA in PDAC cells

MiaPaCa-2 cells were seeded in a 6 well plate (1.2 £
105 cells per well) and incubated at 37�C for 24 hours.
The cells were then transfected with PAK4 siRNA
(Santa Cruz) or control siRNA by DharmaFact Trans-
fection Reagent (Dharmacon) for 72 hours. Then, the
RNA was extracted and subject to mRNA RT-PCR.

RNA isolation and miRNA real-time RT-PCR

Total RNA was extracted and purified by using the
miRNeasy Mini Kit and RNase-free DNase Set (QIA-
GEN, Valencia, CA) following the protocol provided
by the manufacturer. The expression level of miR-
145, miR-34c, let-7c, let-7d, miR-320 and miR-100 in
KPT-9274 or KPT-9307 treated or un-treated PDAC
cells was analyzed by using Universal cDNA Synthesis
Kit (Exiqon, Woburn, MA), specific LNATM PCR
primer set (Exiqon), and SYBR Green RT-PCR
Reagents (Applied biosystems). The PCR program
was initiated by 10 min at 95�C before 40 thermal
cycles, each of 15 s at 95�C and 1 min at 60�C. Data
were analyzed according to the comparative Ct
method and were normalized by RNU44 and
RNU1a1 expression in each sample.

mRNA real-time RT-PCR

The expression level of Bad, PAK4, Caspase 3, Bcl-2 and
Bax in KPT-9274 or KPT-9307 treated or un-treated and
control siRNA or PAK4 siRNA transfected PDAC cells
was analyzed by real-time RT-PCR using High Capacity
cDNA Reverse Transcription Kit and SYBR Green Mas-
ter Mixture from Applied Biosystems. The sequences of
primers used were: Bad-F: CCGGAGGATGAGTGAC-
GAGT; Bad-R: CCAAGTTCCGATCCCACCAG; PAK4-
F: GTGCAAGAGAGCTGAGGGAG; PAK4-R: ATGCT
GGTGGGACAGAAGTG; Caspase3-F: CTCTGGTTTT
CGGTGGGTGT; Caspase3-R: TCCAGAGTCCATT-
GATTCGCT; Bcl2-F: TGAACTGGGGGAGGATTGTG;
Bcl2-R: CGTACAGTTCCACAAAGGCA; Bax-F: AGG
TCTTTTTCCGAGTGGCA; Bax-R: CCCGGAGGAAG
TCCAATGTC; GAPDH-F: CCACATCGCTCAGACAC
CAT; GAPDH-R: ACCAGAGTTAAAAGCAGCCCT;
18S-F: GCAATTATTCCCCATGAACG; and 18S-R:
GGCCTCACTAAACCATCCAA. The PCR was initiated

by 10 min at 95�C before 40 thermal cycles, each of 15 s
at 95�C and 1 min at 60�C. Data were analyzed accord-
ing to the comparative Ct method and were normalized
by GAPDH and 18S rRNA expression in each sample.

Western Blot analysis

Western Blot analysis was conducted to measure the
alterations in the protein expression of genes.
MiaPaCa-2 and Panc-1 PC cells were treated with or
without 500 nM KPT-9274 or KPT-9307 for 72 hours.
In a separated experiment, MiaPaCa-2, BxPC-3,
HPAC and Panc-1 PC cells were treated with KPT-
9274 for 48 hours followed by 30 nM Calyculin A
treatment of 40 min. After treatment, the cells were
lysed in RIPA buffer, and protein concentration was
measured using BCA protein assay (PIERCE, Rock-
ford, IL). The proteins were subjected to 14% SDS-
PAGE, and electrophoretically transferred to nitrocel-
lulose membrane. The membranes were incubated
with specific primary antibodies, and subsequently
incubated with secondary antibody conjugated with
peroxidase (Bio-rad, Hercules, CA). The signal was
detected using the chemiluminescent detection system
(PIERCE) and the signals in films were semi-quanti-
fied by AlphaEaseFC (Alpha Innotech, San Leandro,
CA). The ratio of p-Bad/actin signals was calculated.

Growth inhibition assay

MiaPaCa-2 cells were treated with 250–4000 nM KPT-
9274 and/or 150–600 nM Gemcitabine for 72 hours.
Then, the cells were subjected to cell proliferation assay
using MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide]. Thespectrophotometric absor-
bance of the samples was determinedby using a plate
reader SynergyHT (BioTek, Winooski, WI) at 470 nm.
The combination index value and isobologram were cal-
culated and created by using CalcuSyn software (Biosoft,
Cambridge, UK).

Quantification of apoptosis by Annexin V FITC assay

Cell apoptosis was detected using Annexin V FITC (Bio-
vision Danvers MA) according to the manufacturer’s
protocol as we reported previously.21 PDAC cells were
treated with 500 nM KPT-9274 for 72 hrs. At the end of
treatment, cells were trypsinized and equal numbers
were stained with Annexin V and Propidum Iodide. The
stained cells were analyzed using a Becton Dickinson
flow cytometer at the Karmanos Cancer Institute Flow
cytometry core.
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Statistics

Wherever appropriate, the data were subjected to a Stu-
dent’s t-test using GraphPad Prism software (La Jolla,
CA). p < 0.05 was considered statistically significant.
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