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Abstract: DAPK1 can induce apoptosis in several cells; to determine the effect of DAPK1 would provide a new po-
tential therapeutic strategy for treating pancreatic cancer. The aim of the present study was to investigate the effect 
of DAPK1 gene on proliferation, migration, and invasion of carcinoma of pancreas BxPC-3 cell line and explore the 
possible mechanisms. In our study, DAPK1 over-expressed cells were established by using the lentiviral transfection 
method, and DAPK1 obviously increased in BxPC-3 cells after transient transfection. Cell Counting Kit-8 (CCK-8) 
assay was used to determine the BxPC-3 cells proliferation after transfection. Apoptosis of the BxPC-3 cells was 
determined by using flow cytometry analysis. In addition, cell adhesion assay and in vitro invasion assay were per-
formed. Western blotting was used to determine the protein expressions of caspase-3, DAPK1, VEGF, PEDF, MMP2, 
AKT, P-AKT, P-ERK, Bcl2, and Bax. Our results demonstrated that DAPK1 gene over-expression can suppress the pro-
liferation, migration, and invasion of carcinoma of pancreas BxPC-3 cell line, and the possible mechanisms may be 
correlated to induction of mitochondria-mediated apoptosis, down-regulations of MMP-2 and VEGF, up-regulations 
of PEDF, through the PI3K/Akt and ERK pathways.
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Introduction

Pancreatic cancer is one of malignant tumors 
in both men and women worldwide which has 
one of the poorest prognoses among all malig-
nancies of human, leading to a very high mor-
tality with a nearly 95% mortality rate [1-3]. It’s 
reported that the median survival duration of 
pancreatic cancer is only approximately 6 
months following diagnosis, and the 5 years 
survival rate is less than 5% [1, 4, 5]. In the 
early stage of pancreatic cancer, there are few 
symptoms; however, the common symptoms of 
pancreatic cancer (including abdominal or back 
pain, obstructive jaundice, and weight loss) 
usually appear in the later stage [2, 6]. In addi-
tion, it is well known that pancreatic cancer is 
associated with a substantial risk of invasion 
and metastasis and tissue invasion and metas-
tasis is one of the primary reasons of the mor-
tality of pancreatic cancer patients [2, 4]. The 
majority of pancreatic cancer patients are diag-
nosed at the late stage in the disease develop-
ment and the vast majority of pancreatic can-

cer patients thus present with advanced in- 
operable, metastatic disease [4, 5]. Thus, there 
is a critical need to discover new and reliable 
therapeutic strategies to treat of pancreatic 
cancer.

Death-associated protein kinase1 (DAPK1), 
belongs to a newly identified and classified fam-
ily of calcium/calmodulin (Ca2+/CaM)-regulated 
Ser/Thr kinase, has been considered as a multi 
domain protein [7, 8]. Besides the kinase and 
CaM regulatory domain, DAPK1 was reported to 
contain a C-terminal death domain, which can 
regulate cells’ death, survival, and proliferation 
[8, 9]. Previous investigations have revealed 
that DAPK1 was down-regulated or not observed 
in many malignant tumors [8, 10, 11]; whereas 
over-expression of DAPK1 can induce apopto-
sis in several cell lines [8, 12]. In our present 
investigation, after our aim is to determine the 
effect of DAPK1 gene over-expression on prolif-
eration, migration, and invasion of carcinoma of 
pancreas BxPC-3 cell line, which would provide 
a new potential therapeutic strategy for treating 
pancreatic cancer.
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The human DAPK1 gene was sub-cloned into a 
lentiviral vector (PLKO.1) to generate the lentivi-
ral expression vector (PLKO.1-DAPK1). Then, 
the recombinant lentiviruses were produced by 
293T cells following the co-transfection of 
PLKO.1-DAPK1. The resulting recombinant len-
tiviruses carrying DAPK1 were then used to 
infect BxPC-3 cells. The DAPK1 expression in 
untreated BxPC-3 cells, cells treated with con-
trol vector (Mock group), and DAPK1 gene over-
expressed BxPC-3 cells (BxPC-3-DAPK1) were 
detected by using real-time fluorogenic PCR 
and Western blotting.

Real-time fluorogenic PCR assays of expres-
sion of DAPK1 

BxPC-3 cells were harvested, and total RNA 
was extracted using Trizol reagent (Invitrogen, 
USA). Total RNA was used for cDNA synthesis of 
DAPK1 and GAPDH by reverse transcription 
using quantitative real-time PCR (ABI-7300, 
USA). All mRNA primers were designed by 
Premier 5.0 and synthesized by JRDun Biotech. 
(Shanghai, China). Primers used for the real-
time PCR are showed in Table 1. Reverse tran-
scription was performed according to the man-
ufacturer’s recommendation of the quantitative 
real-time RT-PCR reaction kit 11 (SYBR Green, 
Thermo Fisher Scientific, Shanghai, China). 

Western blot 

BxPC-3 cells were harvested, and total proteins 
were extracted, and the protein concentration 
was determined using BCA Protein Assay 
Reagent. Then equal amounts of protein (25 
μg) were separated by sodium dodecyl sulfate/
polyacrylamide gel electrophoresis (SDS/
PAGE), blotted on nitrocellulose filter mem-
brane and probed with caspase-3, DAPK1, 
VEGF, PEDF, MMP2, AKT, P-AKT, P-ERK, Bcl2, 
and Bax monoclonal antibody respectively, fol-
lowed by incubation with a goat anti-rabbit/
HRP conjugate and chemiluminescence detec-
tion. To normalize for protein loading, antibod-

Materials and methods

Reagents and cell lines

BxPC-3 and 293T cell line was purchased from 
the American Type Culture Collection (MD, USA) 
(we obtained all these cells from lawful method 
and all tests did not involve ethical consider-
ation in this research). DMEM medium was pur-
chased from Gibco. Ltd. Co. (USA); fetal bovine 
serum (FBS) was purchased from Sijiqing 
Biotech. Co. (Hangzhou, China); DH5α cells and 
High Pure dNTPs were purchased from Transgen 
Biotech. (Beijing, China); Taq polymerase and 
DNA marker were purchased from Takara 
(Japan); plasmid extraction kit was purchased 
from Beijing Solarbio science & technology 
(Beijing, China); 250 bp DNA ladder plus was 
purchased from Generay Bio. (Shanghai, China); 
Liposome transfection Kit was purchased from 
Invitrogen Bio. (Shanghai, China); PLKO.1, 
PLKO.1 vector containing EGFP, and PCMV-U6 
were purchased from Addgene (USA); Cell 
Counting Kit-8 (CCK-8) was purchased from 
Dojindo Biochem (Shanghai, China); Annexin V/
FITC kit and matrigel were purchased from BD 
Biosciences (Shanghai, China); Crystal Violet, 
GIMSA, trypsinase, acrylamide, sodium lauryl 
sulfate (SDS), and Phosphate Buffered Saline 
(PBS) were purchased from JRDun Biotech. 
(Shanghai, China); Transwell well culture cham-
bers were purchased from Corning (New York, 
USA). BCA protein assay kit was purchased 
from Thermo Fisher Scientific. (Shanghai, 
China); Nitrocellulose filter membrane was pur-
chased from Millipore Biotech. (USA); Ca- 
spase-3, DAPK1, VEGF, PEDF, MMP2 monoclo-
nal antibody was purchased from Abcam 
Biotech. (Shanghai, China); AKT, P-AKT, P-ERK, 
and GAPDH monoclonal antibody was pur-
chased from CST Biotech. (Shanghai, China); 
Bcl2, and Bax monoclonal antibody was pur-
chased from Santa Biotech. (Japan); goat-anti-
rabbit (HRP) was purchased from Beyotime 
(Jiangsu, China).

Cell culture

BxPC-3 cells were cultured in DMEM 
medium containing 15% (v/v) heat-inacti-
vated FBS, 100 mg/ml streptomycin and 
100 U/ml penicillin at 37°C in a humidi-
fied and 5% CO2 atmosphere. 

Plasmid construction and transient 
transfection

Table 1. Primer used for the Real-time PCR
Gene name Primer sequence Size
DAPK1 F: 5’-CAAGACAGGCACGGCAATAC-3’ 186 

bpsR: 5’-GGCTCCCATCAGACAGAGATAC-3’
GAPDH F: 5’-CACCCACTCCTCCACCTTTG-3’ 110 bps

R: 5’-CCACCACCCTGTTGCTGTAG-3’
F: Forward primer, R: Reverse primer.
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Figure 1. Expression of DAPK1 in BxPC-3 cells af-
ter transient transfection. A. mRNA expressions of 
DAPK-1 determined by real time PCR (RT-PCR). B. 
Protein expressions of DAPK-1 determined by west-
ern blotting. MOCK means the cells treated with con-
trol vector, and BxPC-3-DAPK1 means DAPK1 gene 
over-expressed BxPC-3 cells, **P < 0.01, compared 
to Untreated-BxPC-3 group; ##P < 0.01, compared to 
MOCK group.

ies directed against GAPDH were used, and the 
proteins expression levels were expressed as a 
relative value to that of GAPDH. 

CCK-8 assay

Cells (5 × 103/100 μl) were seeded in 96-well 
plates and cultured for 0, 12, 24, and 48 h at 
37°C, respectively. After that, 100 μl serum 
free DMEM containing 10% CCK-8 reagents 
(v/v) was added in each well, and cells were cul-
tured for 1 h at 37°C. Finally, optical density 
values (OD) were read at 450 nm using a 
96-well plate reader (Multiscan MK3, Thermo, 
Finland) [13].

Apoptosis assay by flow cytometry analysis

BxPC-3 cells were harvested, then cells (5~10 
× 104) were washed with PBS and stained using 
an Annexin V/FITC kit. The cell apoptosis was 
detected by flow cytometry (FCM) on a FACS 
calibur flow cytometer (BD Bioscience, USA). 
The percentage of cells in early apoptosis was 
calculated by Annexin V-positivity and PI- 
negativity, while the percentage of cells in late 
apoptosis was calculated by Annexin V-positivity 
and PI-positivity [14].

Cell adhesion assay 

Cell adhesion assay was carried out in 12-well 
plates according to the method described pre-
viously [15]. The wells were precoated with 

fibronectin overnight at room temperature. 
BxPC-3 cells were harvested and re-suspended 
in RPMI 1640 containing 10% FBS; then, cells 
were added (1 × 105/well) to each well and 
incubated at 37°C for 1 h. The wells were 
washed twice with warm PBS to remove the 
unattached cells, and the attached cells were 
then stained with GIMSA for 10 min. Once 
stained, the cells were observed by using the 
optical microscope (Olympus, Japan).

In vitro invasion assay

The invasive activities of cells were determined 
by using the Transwell cell culture chamber 
which described previously [16]. Cell invasion 
assays were performed using Transwell well 
culture chambers which were pre-coated with 
80 μl of Matrigel. The coated filters were 
washed thoroughly in PBS and dried immedi-
ately before use. 0.75 ml DMEM containing 
10% FBS was placed in the lower chamber, and 
0.5 ml cells (1 × 105/ml) in DMEM containing 
1% FBS were placed in the upper chamber and 
incubated for 48 h at 37°C in 5% CO2. The num-
ber of the invaded cells through Matrigel-
coated PVPF filter was measured by counting 
cells stained with 0.5% crystal violet solution. 
Once stained, the cells were observed by using 
the optical microscope (Olympus, Japan).

Statistical analysis

Data are presented as mean ± standard devia-
tion, and statistical analyses were performed 
using the two-tailed Student’s t test with a sig-
nificance level of p < 0.05.

Results

Expression of DAPK1 in BxPC-3 cells after 
transient transfection

As can be seen from Figure 1, after transient 
transfection, the DAPK1 genes were significant-
ly up-regulated in the BxPC-3 cells (P < 0.01), 
compared to the both untreated-BxPC-3 group 
and MOCK group (Figure 1A). Furthermore, the 
results of our western blotting experiment also 
demonstrated that DAPK1 obviously increased 
after transient transfection (Figure 1B). 

Effects of DAPK1 over-expression on BxPC-3 
cell proliferation

BxPC-3 cell proliferation was detected by the 
CCK-8 assay after transient transfection. As 
shown in Table 2, there was no significant dif-
ference between untreated-BxPC-3 group and 
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MOCK group (P > 0.05). However, the prolifera-
tion of BxPC-3 cells in BxPC-3-DAPK1 group 
was significantly inhibited at 12, 24, and 48 h 
(P < 0.05, P < 0.05, P < 0.01, respectively), 
compared to both the untreated-BxPC-3 group 
and MOCK group. Our present study indicated 
that the over-expression of DAPK1 could signifi-
cantly inhibit proliferation of BxPC-3 cells. 

Apoptosis of BxPC-3 cells by flow cytometry 
analysis

To confirm whether the anti-proliferative effect 
of DAPK1 over-expression on BxPC-3 cell was 
related to induction of apoptosis, flow cytome-

try analysis was performed. From our present 
investigation, the apoptosis rate BxPC-3-
DAPK1 group was 37.5%, significantly higher 
than in untreated-BxPC-3 group (7.3%) and 
MOCK group (9.2%) (Figure 2). Our results 
revealed that DAPK1 over-expression could sig-
nificantly increase cells’ apoptosis, compared 
to both the untreated-BxPC-3 group and MOCK 
group.

Changes of cell adhesion

As shown in Figure 3, there was no obviously 
difference between untreated-BxPC-3 group 
and MOCK group. However, in the BxPC-3-

Table 2. Effect of DAPK1 over-expression on proliferation of BxPC-3 cell line
0 h 12 h 24 h 48 h

Untreated-BxPC-3 0.258±0.0026 0.31±0.0046 0.386±0.0046 0.606±0.0032
MOCK 0.254±0.0045 0.31±0.0031 0.385±0.0032 0.604±0.0042
BxPC-3-DAPK1 0.246±0.0035 0.285±0.0040*,# 0.334±0.0038*,# 0.387±0.0026**,##

MOCK means the cells treated with control vector, and BxPC-3-DAPK1 means DAPK1 gene over-expressed BxPC-3 cells. *P < 
0.05, **P < 0.01, compared to Untreated-BxPC-3 group; #P < 0.05, ##P < 0.01, compared to MOCK group.

Figure 2. Results of apoptosis 
assay by flow cytometry analy-
sis. MOCK means the cells 
treated with control vector, and 
BxPC-3-DAPK1 means DAPK1 
gene over-expressed BxPC-3 
cells. A. A representative assay 
was shown. B. Data show mean 
± SD, n=3, **P < 0.01, compared 
to Untreated-BxPC-3 group; ##P < 
0.01, compared to MOCK group.
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Figure 3. Results of cell adhesion assay. MOCK means the cells treat-
ed with control vector, and BxPC-3-DAPK1 means DAPK1 gene over-
expressed BxPC-3 cells. A. A representative assay was shown. B. Data 
show mean ± SD, n=3, **P < 0.01, compared to Untreated-BxPC-3 
group; #P < 0.05, compared to MOCK group.

DAPK1 group, the cells’ adhesion was signifi-
cantly inhibited, compared to both the untreat-
ed-BxPC-3 group and MOCK group. Our present 
study indicated that the over-expression of 

DAPK1 could significantly suppress 
adhesion of BxPC-3 cells. 

In vitro invasion of BxPC-3 cells 

In the results of our present study 
(Figure 4), similar to the results of 
cell adhesion assay, over-expres-
sion of DAPK1 effectively inhibited 
the cell invasion of BxPC-3 cells, 
which indicated that over-expres-
sion of DAPK1 could significantly 
suppress invasion of BxPC-3 cells.

Proteins expression of caspase-3, 
DAPK1, VEGF, PEDF, MMP2, AKT, 
P-AKT, P-ERK, Bcl2, and Bax by 
western blotting

In the results mentioned above, we 
can come to the conclusion that 
DAPK1 over-expression can inhibit 
the proliferation, migration, and 
invasion of carcinoma of pancreas 
BxPC-3 cell line. To investigate the 
possible mechanisms, many relat-
ed proteins were determined by 
Western blotting. As shown in Fig- 
ure 5, there was no obviously differ-
ence between untreated-BxPC-3 
group and MOCK group for these 
proteins expression. Importantly, 
the expression of p-AKT, p-ERK1/2, 
VEGF, MMP-2, Bcl-2 was down-regu-
lated in the BxPC-3-DAPK1 group 
compared to both the untreated-
BxPC-3 group and MOCK group, 
whereas the expression of PEDF, 
caspase-3, and Bax was up-regu- 
lated.

Discussion

To the best of our knowledge, our 
present study is the first work 
regarding inhibitory effects of 
DAPK1 over-expression on prolifer-
ation, migration, and invasion of 
carcinoma of pancreas BxPC-3 cell 
line. Results of our work also 

Figure 4. Results of cell in vitro invasion assay. MOCK means the cells 
treated with control vector, and BxPC-3-DAPK1 means DAPK1 gene 
over-expressed BxPC-3 cells. A. BxPC-3 cell invasion assay was per-
formed. B. The data are presented as mean ± SD, n=3, **P < 0.01, 
compared to Untreated-BxPC-3 group; ##P < 0.01 compared to MOCK 
group.

revealed that the mechanism may be related to 
regulations of p-AKT, p-ERK1/2, VEGF, PEDF, 
MMP-2, Bcl-2, caspase-3, and Bax proteins in 
BxPC-3 cells.
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DAPK1 is a known cancer suppressor gene, 
and it can sensitize cancer cells to many of 
apoptotic signals generated by death recep-
tors, matrix detachment, and cytokines [7, 8, 
17]. Previous investigations reported that 
DAPK1 is down-regulated or loss in a large vari-
ety of human cancers [18], and up-regulation of 
DAPK1 is a apparently feasible approach to 
treatment of cancer. Lentiviral vector, which is 
a hotspot of vector study in gene therapy, can 
be able to effectively infect dividing or non-
dividing cells, accept big fragment of exoge-
nous target gene, and can be constantly 
expressed in cells [19, 20]. In our study, we 
obtained the DAPK1 over-expressed cells by 
using the lentiviral transfection method, and 
DAPK1 obviously increased in BxPC-3 cells 
after transient transfection. 

In the following experiments, CCK-8 assay was 
used to determine the BxPC-3 cells prolifera-
tion. CCK-8 method is a one-step cyto-toxicity 

assay by using WST-1 (4-[3-(4-iodophenyl)-2-(4-
nitrophenyl)-2H-5-tetrazolio]-1,3-benzene dis- 
ulfonate), and is considered to be a more better 
alternative method to MTT assay [13]. In our 
present study, the results indicated that the 
over-expression of DAPK1 could significantly 
suppress BxPC-3 cells proliferation. In addition, 
the apoptosis assay by flow cytometry analysis 
also indicated that over-expression of DAPK1 
can induce apoptosis of BxPC-3 cells which is a 
key reason for the anti-proliferative effect of 
over-expression of DAPK1 on BxPC-3 cells. 
Cancer cells invasion to extracellular matrix 
(ECM) is a crucial step in tumor metastasis pro-
cess [16, 21]. Furthermore, tumor cells adhe-
sion to ECM is another key stage in formation of 
metastasis tumor [21]. Results of our present 
study demonstrated that over-expression of 
DAPK1 obviously inhibited the invasion of 
BxPC-3 cells in vitro; moreover, our study also 
indicated that over-expression of DAPK1 signifi-

Figure 5. Results of the proteins expression by western blotting. 1-3 represented the proteins expressions in un-
treated BxPC-3 cells group, MOCK group, and BxPC-3-DAPK1 group, respectively. MOCK means the cells treated 
with control vector, and BxPC-3-DAPK1 means DAPK1 gene over-expressed BxPC-3 cells. GAPDH was detected as 
control for sample loading. The data are presented as mean ± SD, n=3, **P < 0.01 compared to Untreated-BxPC-3 
group; ##P < 0.01 compared to MOCK group.
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cantly inhibited the adhesion of BxPC-3 cells to 
the fibronectin.

To investigate the possible mechanisms, west-
ern blotting assay was performed to determine 
the proteins expressions of Caspase-3, DAPK1, 
VEGF, PEDF, MMP2, AKT, P-AKT, P-ERK, Bcl2, 
and Bax. Apoptosis is crucial for multi-cellular 
organisms’ development and health, and is the 
cell-intrinsic programmed suicide mechanism 
for damaged cells, and mitochondria-mediated 
apoptosis is the major apoptotic pathways [22, 
23]. Caspase proteins, cysteine-aspartic acid 
proteases, are the key mediators of apoptosis, 
and caspase-3, one of the key activated death 
proteases, is considered as a marker for cells 
undergoing apoptosis [24]. In addition, Bcl-2 
family proteins also play important role in mito-
chondria-mediated apoptosis. Bax is a well-
known pro-apoptotic protein, whereas Bcl-2 is 
anti-apoptotic protein; the ratio of Bax/Bcl-2 
has a key role in induction of apoptosis, and an 
increased ratio can be activate mitochondria-
mediated apoptosis [23, 25, 26]. In our study, 
our results indicated that over-expression of 
DAPK1 can down-regulate Bcl-2, whereas up-
regulate the caspase-3 and Bax. Therefore, we 
can come to the conclusion that DAPK1 can 
induce apoptosis via mitochondria-mediated 
way. Matrix metalloproteinase’s (MMPs), belong 
to the family of zinc and calcium dependant 
endopeptidases, responsible for the first steps 
in ECM degradation during tumor genesis [27]. 
MMP2, also named gelatinase A, can digest 
collagen, and is commonly over-expressed in 
different type of malignancies tissue [28, 29]. 
Our results revealed that over-expression of 
DAPK1 can down-regulate the expressions of 
MMP-2, which is closely related to the inhibitive 
effects of DAPK1 on invasion and metastasis of 
BxPC-3 cells. Vascular endothelial growth fac-
tor (VEGF) plays important role in angiogenesis, 
and it can directly induce endothelial cell migra-
tion, proliferation and tube formation; further-
more, angiogenesis is important for tumor pro-
gression, growth and metastasis [30, 31]. 
Pigment epithelium-derived factor (PEDF), 
belongs to the superfamily of serine protease 
inhibitors, is considered to be a highly effective 
inhibitor of angiogenesis in cell culture, and it 
can reduce expressions and biological actions 
of VEGF [32, 33]. In our results, over-expression 
of DAPK1 can down-regulate VEGF, whereas 
up-regulate the PEDF, which indicated that 

DAPK1 can inhibit the VEGF/PEDF pathway. The 
PI3K/Akt and ERK pathways play the key roles 
in transmission of cell signals to cell nucleus, 
and they can affect the genes expressions that 
regulate important cellular processes including 
cell growth, proliferation and apoptosis [34-
36]. Our results showed that over-expression of 
DAPK1 can down-regulate both the expres-
sions of phosphor-Akt (p-Akt) and phosphor- 
ERK1/2 (p-ERK1/2), which indicated that 
DAPK1 can inhibit the proliferation, migration, 
and invasion of carcinoma of pancreas BxPC-3 
cell line partly via PI3K/Akt and ERK pathways. 

In conclusion, our present investigation demon-
strated that DAPK1 gene over-expression can 
suppress the proliferation, migration, and inva-
sion of carcinoma of pancreas BxPC-3 cell line, 
and the mechanisms may be related to in- 
duction of mitochondria-mediated apoptosis, 
down-regulations of MMP-2 and VEGF, up-regu-
lations of PEDF, and affect the PI3K/Akt and 
ERK pathways.
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