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Abstract. Clinical outcomes in patients with pancreatic cancer 
(PC) continue to be dismal, in part due to de novo and acquired 
chemoresistance. In the present study, we provide preclinical 
evidence that pre-treatment with coix seed emulsion, an 
injectable agent extracted from coix seeds, synergistically 
sensitized PC cell lines (BxPC-3, PANC-1 and AsPC-1) to 
gemcitabine, both in vitro and in vivo. Such pretreatment led 
to significant induction of pro-apoptosis proteins, including 
caspase-3, cleaved-PARP and Bax (P<0.05), after lower doses 
of gemcitabine compared to monotherapy. We also showed 
that coix seed emulsion suppressed the constitutive and 
gemcitabine-induced activation of nuclear factor-κB (NF-κB), 
as shown with the use of electrophoretic mobility shift, reporter 
and immunoblotting analyses. Coix seed emulsion pretreat-
ment also downregulated the NF-κB-dependent anti‑apoptotic 
molecules Bcl-2, survivin and cyclooxygenase-2. In  vivo, 
coix seed emulsion combined with gemcitabine had a much 
greater antitumor effect than the effect of either agent alone, 
consistent with the downregulation of the proliferation index, 
and the results of immunostaining for Ki-67, or for the NF-κB 
subunit p65. Overall, our data demonstrated that coix seed 
emulsion abrogated gemcitabine-induced activation of NF-κB, 
and synergistically sensitized PC cells to gemcitabine therapy.

Introduction

Pancreatic cancer (PC) is a fatal disease. It commonly pres-
ents at an advanced stage, with synchronous metastases and 
poor prognosis. PC has a median survival of 6 months and 
an overall 5-year survival rate that is less than 5% (1). PC 

is expected to become the second leading cause of cancer-
related deaths in the US within the next decade (2). PC is 
also highly chemoresistant (3). Currently, the most effective 
chemotherapies for advanced PC are a combination of 5-fluo-
rouracil (5-FU)/leucovorin with irinotecan and oxaliplatin 
(FOLFIRINOX)  (4), or nab‑paclitaxel with gemcitabine, 
which only provide modest response rates, ranging from 23 to 
31% (5) and have limited tolerability. Thus, discovery of new 
drugs or drug combination therapies for patients with PC is 
critically important.

Over the past three decades, a growing number of tradi-
tional Chinese medicines have been widely used in China as 
adjuvant treatments during chemotherapy and radiotherapy 
for cancer  (6). One of the well-known drugs includes the 
seeds of Coix lacryma-jobi (family Cramineae), which have 
been widely used as a herbal medicine for the treatment of 
hypertension, arthritis, cancer and immunological disorders in 
China (7,8). The oily substance extracted from coix seeds has 
been prepared in an injectable emulsion form, and has success-
fully been used in China to treat more than 500,000 patients 
for various types of cancer, including non-small cell lung (9) 
and advanced gastric cancer (10), and hepatoma (11). In recent 
years, the use of coix seed emulsion was tested in the US in 
a phase II clinical trial for patients with advanced PC (12,13). 
The results revealed that coix seed emulsion, when combined 
with gemcitabine, can overcome chemoresistance, increase the 
tolerance of patients, and significantly improve the lifespan 
and quality of life of patients. Preclinical studies also indicate 
that coix seed emulsion blocks the tumor cell cycle at the 
G2/M phase (14), and induces tumor cell apoptosis by upregu-
lating the expression of caspase-8 and downregulating the 
expression of Bcl-2 and Cox-2 (15,16). However, the mecha-
nisms that underlie the synergistic effect of coix seed emulsion 
and gemcitabine have not yet been elucidated.

Molecular therapy that is targeted against specific compo-
nents of defined signaling pathways has recently attracted 
much attention. Nuclear factor-κB (NF-κB) plays a critical role 
in the development and progression of various human cancers 
that exhibit constitutive and continuous NF-κB activity (17,18). 
However, the induction of this signaling pathway is also asso-
ciated with gemcitabine chemoresistance in PC cells (19-21). 
We thus reasoned that agents that block NF-κB activation may 
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reduce chemoresistance to gemcitabine, and may be effec-
tive when used in combination with gemcitabine as a novel 
therapeutic regimen for treating PC. We demonstrated that 
coix seed emulsion markedly decreased expression levels of 
NF-κB in the nucleus, and of IkBα, IKK and EGFR in the 
cytoplasm of Lewis lung carcinoma in vivo (22). The emulsion 
also reduced NF-κB-dependent reporter activity in a dose-
dependent manner in MDA-MB-231 breast cancer cells (16).

In the present study, we report on the synergistic action 
of coix seed emulsion and gemcitabine when both are used 
in PC cell lines PANC-1, AsPC-1 and BxPC-3, and also in a 
xenograft mouse model. We also assessed NF-κB activity and 
the expression levels of apoptosis-related components that lie 
downstream of NF-κB, to explore the mechanism of action of 
coix seed emulsion plus gemcitabine in treating PC.

Materials and methods

Antibodies and reagents. Antibodies were purchased as 
follows: anti-rabbit cyclooxygenase-2 (Cox-2), survivin, Bcl-2, 
Bax, β-actin (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), cleaved-polyADP ribose polymerase (PARP), Ki-67 
and p65 antibody (Cell Signaling Technology, Danvers, MA, 
USA). Coix seed emulsion (Kanglaite® injection) was obtained 
from Zhejiang Kanglaite Pharmaceutical Co., Ltd. (Hangzhou, 
China). Gemcitabine-HCl was purchased from Eli Lilly and 
Company (Indianapolis, IN, USA). All other chemical reagents 
were purchased from Sigma‑Aldrich (St. Louis, MO, USA).

Cell culture. The human PC cell lines PANC-1, BxPC-3 and 
AspC-1, and the human embryonic kidney cell line HEK-293T 
were obtained from the Type Cell Collection of the Chinese 
Academy of Sciences (Shanghai, China). PANC-1, BxPC-3 
and AspC-1 cells were cultured in RPMI-1640 medium, and 
HEK-293T in Dulbecco's modified Eagle's medium (DMEM) 
(Gibco, Grand Island, NY, USA) in a 5% CO2 and 95% air 
humidified atmosphere at 37˚C. All media were supplemented 
with 10% fetal bovine serum (Gibco) and 100 U/ml of peni-
cillin-streptomycin.

Xenograft mouse model. Male nude BALB/c mice (6 week 
of age) were obtained from the Zhejiang Chinese Medical 
University Experimental Animal Center (Hangzhou, China), 
and housed under pathogen-free conditions and were provided 
with standard laboratory food and water. All animal-handling 
protocols were approved by the Experimental Animal Use 
and Management Committee of Zhejiang Chinese Medical 
University. To induce tumor growth, the right flank of each 
mouse was subcutaneously injected with 5x106 PC BxPC-3 
cells suspended in 0.1 ml phosphate-buffered saline (PBS). 
When subcutaneous tumors developed to ~30 mm3 in size 
(7 days after inoculation), the mice (n=24) were randomly 
divided into four groups: a control group (0.9% saline, i.p. 
daily), a coix seed emulsion alone group (12.5 ml/kg, i.p. 
daily), a gemcitabine alone group (50 mg/kg, i.p. 3/week) and a 
coix seed emulsion and gemcitabine combination group (coix 
seed emulsion 12.5 ml/kg, i.p. daily; gemcitabine 50 mg/kg, 
i.p. 3/week). Body weights and tumor volumes were measured 
every three days. Tumor volumes were calculated with the 
formula: Tumor volume (mm3) = maximal length x maximal 

width2/2. After 24 days of treatment, all mice were overdosed 
with anesthesia, and tumors were harvested and weighed. The 
rate of inhibition of tumor growth was calculated using the 
formula: [(Mean tumor weight of the control group - mean 
tumor weight of the treatment group)/mean tumor weight of 
the control group] x 100%. Tumors tissue were fixed in buff-
ered formalin for further analyses.

Cell viability as detected by MTS assay. Cells were seeded 
in 96-well microplates at a density of 4x104  cells/ml and 
cultured overnight; they were exposed to various concentra-
tions of coix seed emulsion and gemcitabine, alone or in 
combination for the desired time. Control cells received only 
dimethyl sulfoxide (DMSO). Cell viability was assessed using 
the 3-(4,5-dimethylthiazol-2yl)‑5- (3-carboxymethoxypheny
l)‑(4-sulfophenyl)-2H-tetrazolium (MTS) assay (Promega, 
Madison, WI, USA) according to the manufacturer's instruc-
tions. Cell viability is directly proportional to the absorbance 
at 490 nm of a formazan product that is bio-reduced from 
MTS in living cells as previously described (23). To deter-
mine the synergetic effect between coix seed emulsion and 
gemcitabine, the cells were exposed to drugs in a fixed ratio 
and the combination index (CI) was calculated by CalcuSyn 
software (Biosoft, Cambridge, UK). All experiments were 
carried out in hexaplicate, and were independently repeated 
at least twice.

Caspase-3 activity assay. Apoptosis of cells after the treatment 
of coix seed emulsion and gemcitabine, alone or in combina-
tion, was evaluated with the use of the Caspase-3/CPP32 
Fluorometric Assay kit (BioVision Research Products, 
Mountain View, CA, USA; according to the manufacturer's 
instructions), as previously described (23). Cellular lysates 
(50 µl) were extracted and protein concentration was measured 
using BCA protein assay reagents (Pierce, Rockford, IL, USA). 
Cleavage of DEVD-AFC, a substrate of caspase-3, was quan-
tified using a fluorescence microplate reader, with 400 nm 
excitation and 505 nm emission filters.

Protein extraction and western blot analysis. Cells were seeded 
in 100-mm tissue culture dishes and grown to 80% confluency. 
Medium was then replaced with fresh medium containing 
selected drugs at the various concentrations. The control group 
was treated with the same volume of DMSO. After 48 h, all 
cells were washed twice with ice-cold PBS, collected in RIPA 
lysis buffer (20 mM Tris-HCl, 150 mM NaCl, 1% NP-40, 
5 mM EDTA, 1 mM Na3VO4, pH 7.5) supplemented with a 
protease inhibitor mixture (Sigma-Aldrich, St. Louis, MO, 
USA), and incubated on ice for 20 min. Afterwards, the cell 
lysate was centrifuged at 14,000 rpm for 10 min, and the pellet 
was diluted in SDS-sample buffer. Protein concentration was 
determined using BCA protein reagents (Pierce). The nuclear 
and cytoplasmic proteins were extracted with the Nuclear 
and Cytoplasmic Protein Extraction kit (Pierce; according 
to the manufacturer's instructions). The cell lysate (30 µg) 
was subjected to electrophoresis on a 4-12% sodium dodecyl 
sulfate (SDS)-polyacrylamide gel, and then transferred onto 
a polyvinylidene difluoride (PVDF) membrane (Bio‑Rad, 
Hercules, CA, USA). Blots were probed with appropriate 
primary antibodies and IRDye® 800CW secondary antibody 



ONCOLOGY REPORTS  36:  1517-1525,  2016 1519

(LI-COR Biotechnology, Lincoln, NE, USA). Bands were 
visualized by Odyssey infrared imaging system (LI-COR 
Biotechnology) and quantified by densitometry analysis, using 
ImageJ software (NIH, Bethesda, MA, USA).

Cell transfection and reporter assay. HEK-293T cells (at 
70% confluency) were transfected with the NF-κB-EGFP 
construct (GeneChem, Shanghai, China), which links an 
enhanced GFP reporter to an NF-κB response element as 
previously described (16). To prepare DNA for transfection, 
10 µl Lipofectamine 2000 and 2 µg DNA were diluted with 
0.2 ml of Opti-MEM (both from Invitrogen, Carlsbad, CA, 
USA), according to the manufacturer's instructions. After 
incubation for 24 h, the transfection rate was tested (data not 
shown), and HEK-293T cells for which the transfection rate 
was >90% were treated with the desired concentration of 
coix seed emulsion alone, with gemcitabine alone, with the 
coix seed emulsion and gemcitabine combination or with 
DMSO. After an additional 48 h, the expression of EGFP in 
each group was captured on a fluorescence microscope system 
(Olympus, Tokyo, Japan); the cells (1x106 cells/ml) were then 
washed twice with cold PBS, half of them were re-suspended 
in fixing buffer and analyzed by flow cytometry (Millipore, 
Billerica, MA, USA) within 1 h. The other half of the cells 
were lysed and the protein concentration was quantified. Data 
are reported as the average of three independent experiments.

Electrophoretic mobility shift assay. The electrophoretic 
mobility shift assay (EMSA) was used to assess NF-κB acti-
vation as previously described (24). Briefly, nuclear extracts 
prepared from cells treated with nuclear and cytoplasmic 
extraction reagents (Pierce) were incubated with biotin‑labeled 

double-stranded NF-κB oligonucleotide (Beyotime, Beijing, 
China) for 30  min at 37˚C, and EMSA was performed, 
following the instructions in the LightShift Chemiluminescent 
EMSA kit (Pierce).

Immunohistochemical staining and assessment. Formalin-
fixed, paraffin-embedded tumor tissues were sectioned (4-µm) 
and incubated with antibodies against Ki-67 and P65, at 1:100 
dilutions. All stained slides were examined by an independent 
observer; and the tissue was assessed for protein expression in 
neoplastic areas at a magnification of x40. Percentage of Ki-67 
and P65 expression was recorded for each area (cytosolic or 
nuclear), and then averaged for each mouse. A total of five 
fields were examined in six samples from each of the treatment 
groups.

Statistical analysis. All data were represented as mean ± stan-
dard deviation (SD) for at least three independent experiments; 
representative examples are shown. Statistical analysis of 
multiple group comparisons was performed by one-way anal-
ysis of variance (ANOVA). Comparisons between two groups 
were analyzed using Student's t-tests. A P-value of <0.05 was 
considered to indicate a statistically significant result.

Results

Coix seed emulsion inhibits the viability and induces the 
apoptosis of PC cells in a dose-dependent manner. To 
investigate the cytotoxicity of coix seed emulsion on PC cell 
lines in vitro, we exposed BxPC-3, PANC-1 and AsPC-1 cells 
for 72 h to coix seed emulsion at increasing concentrations 
(0-10.0 mg/ml), and examined the cell viability by the MTS 

Figure 1. Coix seed emulsion (CSE) dose-dependently inhibits cell proliferation and induces apoptosis of pancreatic cancer cells. (A) BxPC-3, PANC-1 and 
AsPC-1 cells were treated with CSE (0-10.0 mg/ml) for 72 h. Data points represent mean ± SD, n=3. (B) Caspase-3 activity assay of BxPC-3, PANC-1 and 
AsPC-1 cells after exposure to increasing concentrations of CSE for 72 h. Results are expressed as arbitrary fluorescent units (AFU) normalized to milligram 
of cytosolic protein. Data are presented as mean ± SD, n=3. (C) The pro- and anti-apoptosis protein expression levels of BxPC-3, PANC-1 and AsPC-1 cells. 
Cells were treated with CSE (0-4.0 mg/ml) for 72 h. Equal amounts of protein (30 µg/lane) were subjected to SDS-PAGE and analyzed by western blotting 
with specific antibodies to cleaved-PARP, Bax, Bcl-2 and β-actin. β-actin served as the internal standard. *P<0.05, treatment vs. the vehicle control. Results are 
representative of three independent experiments.
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assay. As shown in Fig. 1A, coix seed emulsion exhibited 
dose-dependent cytotoxicity in the BxPC-3, PANC-1 and 
AsPC-1 cells with an IC50 value of 1.50, 1.75 and 1.80 mg/ml, 
respectively.

To further study whether emulsion treatment decreases cell 
viability through apoptosis, we measured caspase-3 activity 
in all three cell lines and found that, compared to untreated 
cells, caspase-3 activity decreased from 1.84 to 4.33-fold in 
the treated PC cells, in a dose-dependent manner (Fig. 1B). 
To clarify the molecular mechanism of coix seed emul-
sion‑induced apoptosis, we determined apoptosis-related 
protein expression in the BxPC-3, Panc-1 and AsPC-1 cells, 
and reported that expression of the anti-apoptotic protein Bcl-2 
was downregulated, whereas that of the pro-apoptotic protein 
Bax was upregulated, also in a dose-dependent manner; these 
findings indicate that the apoptosis-inducing effect of coix 
seed emulsion can be partly attributed to an altered Bax/Bcl-2 
protein ratio, which is a critical determinant of apoptosis (21). 
The caspase-3 downstream substrate cleaved-PARP was 
also increased in the emulsion-treated PC cells. Our results 
confirm previous studies on the use of coix seed emulsion with 
breast (25) and liver cancer cells (15). Even though coix seed 
emulsion does not inhibit the viability of cultured cancer cells 
as much as do other small molecular inhibitors, it can alter 
apoptosis signaling in PC cells.

Pretreatment with coix seed emulsion potentiates gemci
tabine-induced cytotoxicity. Gemcitabine is the only first-line 
drug for patients with advanced PC; however it only provides a 
modest improvement in survival (26), in part due to the devel-
opment of drug resistance. NF-κB regulation is involved in the 
formation of such resistance (27,28). Since coix seed emul-
sion inhibits NF-κB activity in MDA-MB‑231 breast cancer 
cells, we next assessed whether coix seed emulsion enhances 

the cytotoxicity of gemcitabine in PC cells. We found that 
pretreatment of coix seed emulsion was more efficacious in 
sensitizing the cells to gemcitabine compared to co-treatment 
of the two drugs or whether the emulsion was washed away 
before adding drugs (data not shown). To confirm synergism 
between the emulsion and gemcitabine, we pretreated BxPC-3, 
PANC-1 and AsPC-1 cells with coix seed emulsion alone 
(0-5.0 mg/ml) for 48 h, following by co-treatment with varying 
concentrations of gemcitabine (0-0.75  µg/ml) for another 
24 h. Our results showed that pretreatment with coix seed 
emulsion effectively decreased the IC50 value of gemcitabine 
from 0.18‑0.39 to 0.066-0.099 µg/ml (Fig. 2A). We then deter-
mined CI values for the combination treatment group. CI is a 
quantitative measure of the degree of drug interaction; CI <1 
indicates synergism, CI >1 indicates antagonism and CI=1 
indicates an additive effect. As shown in Fig. 2B, BxPC-3, 
PANC-1 and AsPC-1 cells pretreated with coix seed emulsion 
showed synergistic loss of cell viability, when the pretreatment 
was combined with gemcitabine (CI=0.333, 0.765 and 0.282, 
respectively).

Pretreatment with coix seed emulsion augments apoptosis 
induced by gemcitabine in PC cells. To confirm whether the 
enhanced loss of cell viability resulting from pretreatment 
with coix seed emulsion is mediated by apoptosis, the cells 
were pretreated (4.0  mg/ml) with emulsion, followed by 
gemcitabine. This significantly elicited gemcitabine-induced 
caspase-3 activity from 1.89- to 2.43-fold, to 7.52- to 8.61-fold 
(P<0.05) in all PC cell lines used (Fig. 3A), suggesting that the 
loss of viable cells by coix seed emulsion and gemcitabine was 
due to the induction of the cell death pathway. In agreement 
with these results, we also found significant upregulation of 
Bax and downregulation of Bcl-2 protein expression in the 
combination treatment group (Fig. 3B), and that the combi-

Figure 2. Coix seed emulsion (CSE) enhances the antiproliferation activity of gemcitabine (GEM). (A) BxPC-3, PANC-1 and AsPC-1 cels were pretreated with 
increasing concentrations of CSE (0-5.0 mg/ml) for 48 h and were then treated with CSE and GEM (0-0.75 µg/ml) for 24 h. Grow inhibition was determined by 
MTS assay. Data points represent mean ± SD, n=3. (B) Isobologram depicted a synergistic effect between CSE and GEM in combination in pancreatic cancer 
cell lines BxPC-3, PANC-1 and AsPC-1. Results are representative of three independent experiments.
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nation treatment significantly suppressed other pro-survival 
molecules such as survivin and Cox-2. Our results indicate 
that coix seed emulsion and gemcitabine indeed synergized 
the cytotoxic effect of gemcitabine on PC cells.

Coix seed emulsion abolishes gemcitabine-induced NF-κB 
activation and nucleus translocation. Since Bcl-2, survivin 
and Cox-2 proteins are downstream effectors regulated by 
NF-κB (29,30), we next assessed the possible mechanistic 
role of NF-κB in our experimental system. Employing an 
NF-κB‑dependent enhanced green fluorescent protein (EGFP) 
reporter assay, we directly measured the effects of the drugs 
on a gene promoter element that has a consensus NF-κB 
response element in HEK-293T cells. Gemcitabine (0.18 µg/
ml) treatment alone stimulated the reporter activity; mean-
while coix seed emulsion (4.0 mg/ml) effectively diminished 
gemcitabine‑induced or non-induced reporter activity (Fig. 4A 
and B). Activation of NF-κB is associated with translocation 
to the nucleus of the p65/Rel-A subunit of this transcription 
factor, as well as with the NF-κB DNA-binding activity (31). 
PANC-1 cells were exposed to coix seed emulsion (4.0 mg/ml) 
for 72 h, followed by 3 h of gemcitabine (0.50 µg/ml) treat-
ment; the nuclear and cytoplasmic fractions of the cell lysate 
were subjected to electrophoresis and immunoblotting by an 
anti-p65 antibody. Meanwhile, an electrophoretic mobility 
shift assay was used to assess the NF-κB DNA-binding 
activity in the nuclear extracts. Fig. 4C shows that gemcitabine 
stimulated the translocation of p65 from the cytoplasm to the 
nucleus, consistent with activation of the NF-κB transcrip-

tion factor; this effect was markedly attenuated by treating 
the cells with coix seed emulsion. These observations were 
further supported by the finding that coix seed emulsion 
sequestered the basal level of NF-κB DNA-binding activity 
in unstimulated PC cells, and gemcitabine induced NF-κB 
DNA-binding activity (Fig. 4D). Our results indicate that the 
chemosensitizing effect of coix seed emulsion is, in part, due 
to inactivation of NF-κB and its downstream genes.

Coix seed emulsion enhances the therapeutic effects of 
gemcitabine in xenografts derived from Panc-1 cells by 
inhibiting NF-κB activity. Based on the in vitro finding that 
pretreatment of coix seed emulsion sensitizes gemcitabine-
induced cytotoxicity in PC cells, we evaluated the therapeutic 
advantage of using coix seed emulsion and gemcitabine 
in a xenograft nude mouse model implanted with PANC-1 
cells (see experimental protocol in Fig. 5A). Relative to the 
untreated control group, administration of coix seed emul-
sion by intraperitoneal injection caused a 30% reduction 
in tumor weight (P<0.05), while gemcitabine treatment 
alone caused a 50% reduction in tumor volume and weight 
(P<0.05) (Fig. 5B and C). However, the combination of coix 
seed emulsion and gemcitabine demonstrated a 68% reduction 
in tumor volume and weight, a result of which was superior 
to treatment with coix seed emulsion alone (P<0.05) or 
gemcitabine alone (P<0.05) (Fig. 5B and C). Moreover, coix 
seed emulsion partly rescued the severe weight loss induced 
in the mice by gemcitabine (Fig. 5D). We additionally investi-
gated whether the coix seed emulsion alone, or in combination 

Figure 3. Coix seed emulsion (CSE) and gemcitabine (GEM) combination sensitizes pancreatic cancer cell lines BxPC-3, PANC-1 and AsPC-1 to apoptosis. 
(A) An induced apoptotic response is shown in the combination groups (4.0 mg/ml CSE for 72 h and 0.18 µg/ml GEM for 24 h) relative to the control or mono-
therapy groups (4 mg/ml CSE for 72 h or 0.18 µg/ml GEM for 24 h, respectively) in pancreatic cancer cells. Results are expressed as arbitrary fluorescent units 
(AFU) normalized to milligram of cytosolic protein. Data are presented as mean ± SD, n=3. (B) NF-κB regulated downstream pro-survival and anti-apoptotic 
proteins in pancreatic cancer cells as determined using immunoblotting. Cells exposed to either CSE (4 mg/ml for 72 h) or GEM (0.18 µg/ml for 24 h) alone 
or in combination (4 mg/ml CSE for 72 h and 0.18 µg/ml GEM for 24 h). Equal amounts of protein (30 µg/lane) were subjected to SDS-PAGE and analyzed 
by western blotting with specific antibodies to Cox-2, survivin, Bax, Bcl-2 and β-actin. β-actin served as an internal standard. *P<0.05, treatment vs. vehicle 
control; #P<0.05, combination vs. monotherapy. Results are representative of three independent experiments.



qian et al:  Coix Seed Emulsion enhances the effects of GEM in PC through NF-κB1522

with gemcitabine, downregulated NF-κB in the tumor tissue. 
Immunohistochemistry revealed significant downregulation 
of p65 expression in groups treated with coix seed emulsion 
alone (P<0.05) and with the combination (P<0.05), compared 
with the control; only modest alterations were noted in the 
gemcitabine alone group (Fig. 5E). These findings paralleled 
the study on a significant reduction in Ki-67 staining in tumors 
derived from the mice treated with the combination of the two 
drugs (P<0.05), indicating diminished cellular viability in the 
tumors.

Taken together, our in vivo results are consistent with our 
in vitro findings and collectively provide convincing evidence 
in support of the superior antitumor efficacy of the combina-
tion of coix seed emulsion and gemcitabine.

Discussion

We demonstrated that coix seed emulsion effectively induces 
apoptosis by activating caspase-3 and increasing the Bax/Bcl-2 
ratio in pancreatic cancer (PC) cells; also, that pretreatment of 
these cells with coix seed emulsion exerts chemosensitization 
effects that are synergistic with those of gemcitabine.

The major impediments to and challenges of using available 
treatments for patients with advanced PC are the dose-limiting 
toxicity to normal tissues (32,33) and the increase in acquisition 
of drug resistance during gemcitabine‑based chemothera-

pies  (34). Substantial evidence implicates the constitutive 
activation of the transcription factor NF-κB in de novo and 
acquired resistance to the therapeutic response in PC progres-
sion (31,35). A possible strategy for overcoming this problem 
is the use of combinatorial treatments (36); for example, the 
application of NF-κB inhibitors (37) or natural products (38) to 
inactive NF-κB before beginning treatment with conventional 
therapeutics. Zhou et al (29) recently reported that 6-Shogaol 
(a phenolic alkanone derived from ginger) potentiates PC to 
gemcitabine treatment in vitro and in vivo, and that such sensi-
tization is achieved by suppressing the activation signaling 
via toll-like receptor 4 (TLR4)/NF-κB. We therefore reasoned 
that coix seed emulsion, an anticancer agent developed from 
natural products, may similarly serve as a novel chemosensi-
tizing drug, and that its mechanism of action may also be the 
abrogation of the chemotherapeutic agent-induced activation 
of NF-κB, which would then inactivate multiple downstream 
NF-κB-driven survival factors.

Given the robust antitumor activity of the combined use 
of coix seed emulsion and chemotherapeutic agents in the 
treatment of different types of cancer, we were interested 
in ascertaining whether coix seed emulsion is specifically 
effective in synergistically sensitizing PC cells to chemothera-
peutics. Results from a phase II clinical trial (38 patients) in 
the US showed that patients treated with a combination of coix 
seed emulsion and gemcitabine had a median progression-free 

Figure 4. Coix seed emulsion (CSE) suppresses constitutive and gemcitabine (GEM)‑induced NF-κB activity. (A) HEK-293T cells were transfected with 
construct containing the NF-κB response element that is linked to an enhanced green protein reporter as described in the manuscript. Cells were then treated 
with CSE (4.0 mg/ml, for 72 h) and/or GEM (0.5 µg/ml for 3 h) as shown. The activity of the NF-κB response element was assessed by fluorescence imaging. 
(B) The fluorescence intensity of the HEK-293T cells which were transfected with the NF-κB reporter was determined by flow cytometry. The drug treat-
ment procedure was the same as described above. The fluorescence intensity was normalized by the protein concentration of each group. Columns represent 
mean ± SD. (C) BxPC-3 cells were exposed to CSE (4.0 mg/ml) for 72 h and/or GEM (0.5 µg/ml) for 3 h. The cytoplasmic (Cyto) and nuclear (Nuc) fractions of 
the cells were detected by western blotting using antibodies against p65 and β-actin. β-actin served as the cytoplasmic loading control. (D) The DNA-binding 
activity in the nuclear fraction of BxPC-3 cells in the presence and/or absence of CSE, GEM and the combination as described above. Results are representative 
of three independent experiments.
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survival (PFS) of 114 days, which was significantly longer than 
the median PFS of 57.5 days in the gemcitabine only group 
(P=0.008) (12). In another phase II clinical trial (58 patients) 
in China, addition of coix seed emulsion to gemcitabine treat-
ment led to a (non-significant) trend towards improved survival 
of patients with advanced PCs (13). We examined this issue 
further in our in vitro and in vivo studies. The in vitro experi-
ments showed that treatment with coix seed emulsion alone 
caused a modest loss of viable PC cells; this effect varied with 
the cell type used (IC50=1.50, 1.75 and 1.80 mg/ml in BxPC-3, 
PANC-1 and AsPC-1 cells, respectively); however, pretreat-
ment with coix seed emulsion effectively decreases the IC50 
value of gemcitabine; we believe that the lower dose may lead 

to less toxic side-effects on normal cells in vivo. The value of 
the CI also confirmed the synergism of coix seed emulsion and 
gemcitabine combination. Additionally, our results revealed 
that coix seed emulsion alone is a general inducer of apoptosis 
in PC, likely due to downregulation of anti-apoptotic Bcl-2, 
upregulation pro-apoptotic Bax and cleavage of PARP. This 
is consistent with previous studies that the drug inhibits and 
activates anti‑ and pro-apoptotic genes, respectively, in various 
solid tumors (39,40). Furthermore, we noted that pretreatment 
with coix seed emulsion elicited significantly higher apoptosis 
in the PC cell lines tested. We conclude that the synergistic 
effect of coix seed emulsion and gemcitabine in PC cells may 
be due to enhanced gemcitabine-induced apoptosis.

Figure 5. Coix seed emulsion (CSE) potentiates the antitumor effects of gemcitabine (GEM) in BxPC-3 pancreatic cancer xenografts in nude mice. (A) Schematic 
representation of in vivo experimental protocol. (B) Average tumor volume of vehicle control and drug treatment groups at various time points. Data points rep-
resent mean ± SD, n=6. (C) Isolated pancreatic tumor weights of each treatment group were measured after the end-point of the treatment schedule. Columns 
represent mean ± SD, n=6. (D) Body weight alteration of mice from each treatment group. Data points represent mean ± SD, n=6. (E) Immunohistochemical 
analysis results of p65 and Ki-67 protein expression in tumors harvested from pancreatic cancer xenograft mice. *P<0.05, treatment vs. vehicle control; 
#P<0.05, combination vs. monotherapy.
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Next, we addressed the molecular mechanisms whereby 
coix seed emulsion sensitizes PC cells to gemcitabine. 
Preclinical studies found that coix seed emulsion markedly 
decreased the level of NF-κB in the nucleus in Lewis lung 
carcinoma  (22), and inhibited protein kinase C/NF-κB 
signaling in a dose-dependent manner in MDA-MB-231 
breast cancer cells (16). We thus investigated the expression 
of anti-apoptotic proteins survivin and Bcl-2, and of the 
proliferation protein Cox-2, both of which are regulated by 
NF-κB at the transcriptional level and can be inhibited by 
suppressing NF-κB (41). We also studied the expression of 
the pro-apoptosis protein Bax and survivin, a member of 
the IAP protein family that is constitutively activated in 
PCs, and contributes to the development of resistance to the 
chemotherapeutic response (42); in fact, a direct knockdown 
of survivin and p65 enhanced the chemosensitivity of PC 
cells to gemcitabine (30). Our immunoblotting results were 
consistent with these published findings and document that the 
coix seed emulsion and gemcitabine combination significantly 
suppressed the level of expression of survivin in the PC cell 
lines. Additionally, overexpression of Bcl-2 in PC cells has 
been reported to contribute to chemoresistance  (43). Our 
findings also demonstrated that the combination of the two 
drugs effectively downregulated Bcl-2 expression and elevated 
Bax expression, which in turn enhanced the apoptosis of the 
cancer cells. Moreover, constitutively overexpressed Cox-2 has 
been validated as a promising therapeutic target for reversing 
chemoresistance in cancer cells (44). Our observations reiterate 
this potential therapeutic benefit in that coix seed emulsion 
complements the downregulation of Cox-2 by inhibiting 
NF-κB, and increases the chemosensitivity of PC cells. The 
most common form of NF-κB is a dimer of RelA (p65) and 
NF-κB 1 (p50); in an inactive state, this form is sequestered 
in the cytoplasm; however, following cellular stimulation, 
active NF-κB translocates into the nucleus, where it binds 
with specific response elements in DNA sequences to switch 
on gene transcription (45). Collectively, our observations thus 
provide multiple lines of evidence that coix seed emulsion 
attenuates gemcitabine-induced NF-κB activation by 
abrogating gemcitabine-induced activation of NF-κB response 
element, inhibiting gemcitabine associated translocation of 
the Rel-A/p65 subunit to the nucleus, and reducing the DNA 
binding activity of NF-κB.

Our in vivo study was performed in nude mice with subcu-
taneous BxPC-3 human PC xenografts. When 12.5 ml/kg coix 
seed emulsion was administered for 24 days, tumor volumes 
in the treated group were considerably lower than those in 
the control group (P<0.05), confirming the findings that coix 
seed emulsion contributes to the inhibition of tumor growth 
in xenograft mouse models that bear various types of solid 
tumors. Notably, coix seed emulsion also markedly augmented 
the anticancer efficacy of gemcitabine, when compared to mice 
treated with gemcitabine alone. Additionally, tumor samples 
significantly exhibited decreased Ki-67 immunoreactivity 
(indicating reduced viability of cells in tumors treated with 
the two drugs), as well as diminished p65 immunostaining in 
the combination group, supporting the finding of decreased 
NF-κB transcriptional activity. The in vivo results are thus 
consistent with the in vitro molecular investigations, which 
clearly support the finding that coix seed emulsion sensitizes 

PC cancer cells to gemcitabine treatment by inhibiting the 
constitutive and gemcitabine-induced activation of NF-κB.

In conclusion, our evidence shows that coix seed emul-
sion pretreatment synergistically abrogates de  novo and 
acquired resistance to gemcitabine in PC cells. Studies on 
the molecular mechanism underlying this finding point to 
suppression of NF-κB activity and of its downstream target 
genes as contributing to the synergistic effect. We recom-
mend that coix seed emulsion be developed as a non-toxic 
adjuvant to conventional chemotherapeutics for the treatment 
of patients with advanced PC.
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