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Abstract: PFTK1 was identified as a member of the cyclin-dependent kinase (CDK) family and it is frequently up-
regulated in many types of tumors. However, its expression and role in pancreatic cancer has not been yet reported.
In this study, we aimed to explore the expression and function in pancreatic cancer. The present study verified that
PFTK1 was highly expressed in pancreatic cancer cell lines. The in vitro experiments demonstrated that knockdown
of PFTK1 inhibited the proliferation, migration and invasion of pancreatic cancer cells as well as the epithelial-to-
mesenchymal transition (EMT) progress. Finally, knockdown of PFTK1 inhibited the expression of p-PI3K and p-Akt
in pancreatic cancer cells. In summary, the present study has provided further evidence that knockdown of PFTK1
inhibited the proliferation and invasion of pancreatic cancer cells as well as the EMT progress by suppressing the
PI3K/Akt signaling pathway. Therefore, these findings reveal that PFTK1 might potentially become a novel strategy

for targeting pancreatic cancer.
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Introduction

Pancreatic carcinoma is the fourth leading
cause of cancer related death in the world. It is
reported that the overall 5 year survival rates to
be below 6% [1]. In People’s Republic of China,
pancreatic cancer is the sixth leading cause of
cancer-related death with a lower 5-year sur-
vival rate of 1%-3% [2, 3]. Over the past years,
although substantial progress has been made
in our understanding of the biology of pancre-
atic cancer, there is no obvious improvement
on survival of this malignancy. The dismal prog-
nosis of pancreatic cancer is mainly due to its
high metastatic potential, the late manifesta-
tion. Thus, identifying additional novel and
effective agents to manage this disease is of
urgent need.

Cyclin-dependent kinases (CDKs) are crucial
regulators of the eukaryotic cell cycle whose
activities are controlled by associated cyclins
[4]. The PFTK1 gene, also known as PFTAIRE1,
is a new member of the CDK family. Recent
reports demonstrated that PFTK1 interacts
with cyclin D3 (CCND3) and cyclin Y (CCNY) to

regulate cell cycle progression and cell prolifer-
ation [5, 6], and also regulates several path-
ways and cellular mechanisms as an oncogene
[7, 8]. For example, Pang et al. reported that
PFTK1 promotes invasiveness and cell motility
in hepatocellular carcinoma (HCC) [7]. However,
its expression and role in pancreatic cancer has
not been yet reported. In this study, we aimed to
explore the expression and function in pancre-
atic cancer. Our results showed that the expres-
sion of PFTK1 was up-regulated in pancreatic
cancer cells. Moreover, in vitro experiments
proved that knockdown of PFTK1 inhibited cell
proliferation, migration, invasion and epithelial-
to-mesenchymal transition (EMT) progress in
the pancreatic cancer cells.

Materials and methods
Cell culture

Four human pancreatic cancer cell lines (Patu-
8988, PANC-1, BxPC-3, and Capan-1) and the
nonmalignant hTERT-HPNE were obtained from
American Type Culture Collection (ATCC, Mana-
ssas, VA, USA) and cultured in Dulbecco’s modi-
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Figure 1. PFTK1 is highly expressed in pancreatic
cancer cell lines. A. mMRNA expression of PFTK1 was
analyzed by RT-PCR. PFTK1 mRNA levels in human
pancreatic cancer cell lines (Patu8988, PANC-1,
BxPC-3, and Capan-1) were obviously higher than
that in normal cell line (hnTERT-HPNE); B. Representa-
tive Western image of PFTK1 protein in human pan-
creatic cancer cell lines. All experiments were repeat-
ed at least three times. Data are presented as mean
+ SD. *P<0.05 compared to the hTERT-HPNE group.

fied Eagle’s medium (DMEM; Sigma-Aldrich, St.
Louis, MO, USA) supplemented with 10% fetal
bovine serum (FBS; Sijiging biochemical, Hang-
zhou, China) at 37°C in a humidified 5% CO,
atmosphere.

Real-time quantitative PCR analysis

Total RNA was extracted from pancreatic can-
cer cells using Trizol Reagent according to the
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manufacturer’s instructions (Invitrogen, Carls-
bad, CA, USA). Then, Single-strand cDNA was
prepared from the purified RNA using oligo (dT)
priming (Thermoscript RT Kit; Invitrogen), fol-
lowed by SYBR-Green real-time PCR (Qiagen,
Hilden, Germany). The following primers were
used: PFTK1, 5-CCAAGGAGTTGCTGCTTTTC-3’
(sense) and 5-GAATGAACTCCAGGCCATGT-3’
(anti-sense); and B-actin 5’-CCGTGAAAAGATG-
ACCCAGATC-3’ (sense), 5'-CACAGCCTGGATGG-
CTACGT-3’ (antisense). The PCR procedure was
as follows: 94°C for 4 min; 94°C for 20 s, 55°C
for 30's,and 72°C for 20 s; 2 s for plate reading
for 35 cycles; and melting curve from 65 to
95°C. Expression levels of the relative genes
were calculated using the 222t method [9] and
with the B-actin mRNA as an internal control.

Western blot

Pancreatic cancer cells were lysed on ice in
RIPA lysis buffer supplemented with protease
inhibitor (Beyotime, Shanghai, China), and pro-
tein concentrations were measured by using
the Bradford method. Equal amounts of protein
(30 pg protein each lane) were separated by
SDS-PAGE, transferred to PVDF membranes
(Millipore, Boston, MA, USA). Immunoblots were
blocked with 5% skim milk in TBS/Tween 20
(0.05%, v/v) at room temperature for 1 h. Then,
the membrane was immunoblotted with prima-
ry antibodies overnight at 4°C. The following
primary antibodies were used: anti-E-cadherin,
anti-N-cadherin, anti-vimentin, anti-PI3K, anti-
p-PI3K, anti-Akt, anti-p-Akt and HRP-conjugated
anti-GAPDH (Santa Cruz Biotechnology, Santa
Cruz, CA, USA). Subsequently, the membranes
were incubated with horseradish peroxidase-
conjugated secondary antibody for 1 h at room
temperature. The blots were developed using
an enhanced chemiluminescence western blot-
ting detection system (Amersham Bioscience,
UK).

Small interfering RNA and cell transfection

For the siRNA-knockout experiment, a double-
stranded RNA duplex that targeted the human
PFTK1 gene was used (sense: 5-GTTCATTC-
TTTACCACATT-3’, antisense: 5-AGGTTGCATCT-
TTGTTGAA-3’); negative control siRNA was also
synthesized. At 60% confluency, cells were tre-
ated with plasmid or siRNA-PFTK1 using Lipo-
fectamine 2000 Transfection Reagent (Invitro-
gen, Carlsbad, CA, USA) according to the manu-
facturer’s instructions.
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Figure 2. Transfection efficiency was determined by RT-gPCR and Western blot. A, B. The mRNA levels of PFTK1 in
siRNA-PFTK1-transfected PANC-1 and BxPC-3 cells, respectively; C, D. The protein levels of PFTK1 in siRNA-PFTK1-
transfected PANC-1 and BxPC-3 cells, respectively. All experiments were repeated at least three times. Data are
presented as mean + SD. *P<0.05 compared to the mock group.

Cell proliferation assay

Cell proliferation was measured using MTT
assay. The transiently transfected cells were
seeded in a 96-well plate at a cell density of 1.0
x 10% cells/well and then cultured at 24 h inter-
vals for 4 days. Then, MTT solution (0.2 mg/ml,
Sigma-Aldrich, St Louis, MO, USA) was added to
each well and incubated for an additional 4 h.
Following that, the solution was carefully aspi-
rated, and 150 pL DMSO was added into each
well to disolve the crystal. The absorbance was
determined at 490 nm using a microplate read-
er (Bio-Tek Instruments, Winooski, VT, USA).

Cell migration and invasion assays

For the migration assay, 1.0 x 10° cells were
suspended in serum-free medium and plated
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on chambers (Corning Costar, NY, USA). In brief,
medium containing 10% FBS was added to the
lower chamber as a chemoattractant. After
incubating for 24 h at 37°C with 5% CO,, cells
were fixed in methanol for 15 min and stained
with 0.05% crystal violet in PBS for 15 min and
then counted under a microscope (Olympus,
Tokyo, Japan). Noninvasive cells in the upper
chamber were removed by wiping with a cotton
swab, and invasive cells were fixed with 4%
formaldehyde in PBS and were stained with 1%
crystal violet in 2% ethanol. Cells in the lower
surface of the filter were photographed under a
light microscope (100 x maghnification).

For the invasion assay, the same procedures
described above were used, except that the fil-
ters were precoated with 100 ml Matrigel (BD
Biosciences, CA, USA) at a 1:4 dilution in DMEM
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Role of PFTK1 in pancreatic cancer

A PANC-1

2.59 -~ mock

—— siRNA-PFTK1

2.0+
£
c
8 1.5
<
Q
S 1.04
E
= 0.5

0.0 T T T T T

0 24 48 72 96
Time in culture (h)

B BxPC-3

2.0 -8~ mock

=& siRNA-PFTK1

T 1.5
s
o
=2
<
a 1.04
=]
E
= 0.59

0.0

T T T T T
0 24 48 72 96
Time in culture (h)

Figure 3. Knockdown of PFTK1 inhibits cell prolifera-
tion and colony formation. PANC-1 and BxPC-3 cells
were infected with siRNA-PFTK1 or mock for 24, 48,
72 and 96 h. A. siRNA-PFTK1 inhibited the prolifera-
tion of PANC-1 cells in a time-dependent manner; B.
siRNA-PFTK1 inhibited the proliferation of BxPC-3
cells in a time-dependent manner. All experiments
were repeated at least three times. Data are pre-
sented as mean * SD. *P<0.05 compared to the
mock group.

to form a genuine reconstituted basement
membrane.

Statistical analysis

All experiments were performed independently
at least three times. Differences between
groups were analyzed by Student’s t-test and
P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

PFTK1 is highly expressed in pancreatic can-
cer cell lines

We investigated the expression of PFTK1 in
pancreatic cancers. The results demonstrated
that PFTK1 mRNA expression was highly
expressed in pancreatic cancer cell lines, as
compared with the nonmalignant hTERT-HPNE
cell line (Figure 1A). Similarly, we observed that
the expression of PFTK1 protein was also high-
ly expressed in pancreatic cancer cell lines
(Figure 1B). And PANC-1 and BxPC-3 cell lines
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displayed a higher expression level of PFTK1.
So, we used PANC-1 and BxPC-3 cells to inves-
tigate the effect of PFTK1 on pancreatic cancer
cell proliferation, invasion and EMT.

Knockdown of PFTK1 inhibits pancreatic can-
cer cell proliferation

To test the functional role of PFTK1 in pancre-
atic cancer, PANC-1 and BxPC-3 cells were
transfected with siRNA-PFTK1 or mock for 24
h. As shown in Figure 2A and 2C, RT-qPCR and
Western blot results confirmed a remarkable
downregulation of PFTK1 expression in PANC-1
cells after transfection with siRNA-PFTK1. Si-
milarly, siRNA-PFTK1 also obviously decreased
the expression of PFTK1 in BxPC-3 cells (Figure
2B and 2D). These results confirm that PFTK1
downregulating cells were successfully estab-
lished. Then, we investigated the effect of
PFTK1 on the proliferation of pancreatic cancer
cells. As indicated in Figure 3, compared with
the mock group, knockdown of PFTK1 signifi-
cantly inhibited the proliferation in PANC-1
(Figure 3A) and BxPC-3 cells (Figure 3B), res-
pectively, exhibiting a time-dependent manner.

Knockdown of PFTK1 suppresses EMT in pan-
creatic cancer cells

Then, we investigated the effect of PFTK1 on
the EMT progression of pancreatic cancer cells.
As indicated in Figure 4A and 4B, PANC-1 and
BxPC-3 cells transfected with siRNA-PFTK1
showed higher mRNA expression levels of epi-
thelial markers E-cadherin, while lower mRNA
expression levels of mesenchymal markers
vimentin and N-cadherin, compared with the
mock group. Consistent with mRNA expression,
western blot analysis demonstrated that knock-
down of PFTK1l increased E-cadherin and
decreased the protein levels of vimentin and
N-cadherin in PANC-1 (Figure 4C) and BxPC-3
cells (Figure 4D), respectively.

Knockdown of PFTK1 inhibits pancreatic can-
cer cell migration and invasion

To determine whether siRNA-PFTK1-prevented
EMT had decreased invasiveness, we per-
formed Transwell migration assay and Boyden
chamber invasion assay. As indicated in Figure
5A and 5B, PANC-1 and BxPC-3 cells transfect-
ed with siRNA-PFTK1 showed a significantly
lower rate of migrating capacity, compared with
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Figure 4. Knockdown of PFTK1 suppresses EMT in pancreatic cancer cells. PANC-1 and BxPC-3 cells were infected
with siRNA-PFTK1 or mock for 24 h. A, B. RT-qPCR analysis for N-cadherin, E-cadherin and Vimentin in siRNA-PFTK1-
transfected PANC-1 and BxPC-3 cells, respectively. C, D. Western blot analysis for N-cadherin, E-cadherin and Vimen-
tin in siRNA-PFTK1-transfected PANC-1 and BxPC-3 cells, respectively. All experiments were repeated at least three
times. Data are presented as mean = SD. *P<0.05 compared to the mock group.

the mock group. In addition, knockdown of
PFTK1 also significantly inhibited cell invasion
in PANC-1 (Figure 5C) and BxPC-3 cells (Figure
5D).

Knockdown of PFTK1 regulates activation of
the PI3K/Akt signaling pathway in pancreatic
cancer cells

The PI3K/Akt signaling plays a major role in
tumorigenesis by regulating cell proliferation,
colony formation, cell cycle, cell survival, cell
invasion, and metabolism. To further investi-
gate the underlying mechanism of siRNA-
PFTK1-inhibited cell proliferation and invasion,
we investigated the effect of PFTK1 on phos-
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phorylation levels of PI3K and Akt in pancreatic
cancer cells. As shown in Figure 6, knockdown
of PFTK1 significantly inhibited the phosphory-
lation of PI3K and Akt in pancreatic cancer
cells.

Discussion

The present study verified that PFTK1 was high-
ly expressed in pancreatic cancer cell lines. The
in vitro experiments demonstrated that knock-
down of PFTK1 inhibited the proliferation,
migration and invasion of pancreatic cancer
cells as well as the EMT progress. Finally,
knockdown of PFTK1 inhibited the expression
of p-PI3K and p-Akt in pancreatic cancer cells.

Int J Clin Exp Pathol 2015;8(11):14005-14012
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Figure 5. Knockdown of PFTK1 inhibits cell migration and invasion. PANC-1 and BxPC-3 cells were infected with
siRNA-PFTK1 or mock for 24 h. A, B. Cell migration of PANC-1 and BxPC-3 cells transfected with siRNA-PFTK1 was
measured by Transwell migration assay. C, D. Cell invasion of PANC-1 and BxPC-3 cells transfected with siRNA-
PFTK1 was assessed by the Matrigel invasion chamber. All experiments were repeated at least three times. Data
are presented as mean + SD. *P<0.05 compared to the mock group.

PFTK1 belongs to the CDK family. It has been
reported that the expression of PFTK1 was
highly in glioma cells and breast cancer cells
[10, 11]. In line with the results, the present
data also showed that PFTK1 was highly ex-
pressed in pancreatic cancer tissues and cell
lines. These results indicated that PFTK1 was
an oncogene, which was required for the pro-
gression of pancreatic cancer.

Increasing evidence indicates that PFTK1
shows abilities to promote cell proliferation in
various tissues [5]. Gu et al. showed that knock-
down of PFTK1 attenuated breast cancer cell
proliferation, whereas exogenous expression of
PFTK1 might promote breast cancer cell prolif-
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eration [11]. Moreover, development of cell
cycle inhibitors has emerged for the treatment
of pancreatic cancer [12]. A recent study sho-
wed that inhibition of CDK5 reduces pancreatic
cancer growth and progression [13].

EMT plays a critical role in driving tumor inva-
sion and metastasis [14]. It has been reported
that the forced expression of E-cadherin sup-
presses cancer metastasis, and an E-cadherin
mutation in a tumor decreases cellular adhe-
sion and increases cellular motility, invasion
and metastasis [15, 16]. In addition, vimentin
has been identified as a mechanical transducer
between cell surface integrins and the nucleus,
thus, potentially controls cell migration through

Int J Clin Exp Pathol 2015;8(11):14005-14012
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Figure 6. Knockdown of PFTK1 regulates activation
of the PI3K/Akt signaling pathway. PANC-1 cells were
infected with siRNA-PFTK1 or mock for 24 h. A. West-
ern blot measurement of phosphorylation levels of
PI3K and Akt in siRNA-PFTK1-transfected PANC-1
cells; B, C. The relative protein expression levels of
p-PI3K and p-AKT were quantified in PANC-1 cells.
All experiments were repeated at least three times.
Data are presented as mean = SD. *P<0.05 com-
pared to the mock group.

the regulation of cell adhesion stability [17, 18].
In the present study, we found that knockdown
of PFTK1 increased E-cadherin expression and
decreased vimentin expression; siRNA-PFTK1
also inhibited pancreatic cancer cell migration
and invasion. These results suggest that siR-
NA-PFTK1 inhibit pancreatic cancer cell inva-
sion by suppressing EMT.

PI3K/Akt signaling pathway plays an important
role in cell proliferation, migration, invasion,
and metastasis of cancer cells [19-21]. The ser-
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ine/threonine kinase Akt, the most studied sig-
naling molecule downstream of PI3K, is invo-
Ived in the stimulation of cell proliferation, inhi-
bition of apoptosis, alteration of the cell cycle,
and promotion of invasiveness as well as induc-
tion of EMT [22, 23]. In pancreatic cancer, dys-
regulation of the PI3K/Akt pathway is quite
common [24, 25]. It was reported that HS-527,
a new PI3-kinase inhibitor, inhibited the cell
growth and proliferation of the pancreatic can-
cer in a time- and dose-dependent manner; it
also promoted pancreatic cancer cell apoptosis
[26]. Most interestingly, one study demonstrat-
ed that combined inhibition of cyclin-Depen-
dent Kinases (dinaciclib) and AKT (MK-2206)
blocks pancreatic tumor growth and metasta-
ses in patient-derived xenograft models [27]. In
the present study, we found that knockdown of
PFTK1 significantly inhibited the phosphoryla-
tion of PI3K and Akt in pancreatic cancer cells.
These data suggest that knockdown of PFTK1
inhibited the proliferation and invasion of pan-
creatic cancer cells as well as the EMT progress
by suppressing the PI3K/Akt signaling path-
way.

In summary, the present study has provided
further evidence that knockdown of PFTK1
inhibited the proliferation and invasion of pan-
creatic cancer cells as well as the EMT progress
by suppressing the PI3K/Akt signaling pathway.
Therefore, these findings reveal that PFTK1
might potentially become a novel strategy for
targeting pancreatic cancer.
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