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Gastric cancer (GC) is one of the most common cancers and the second leading cause of cancer deaths in
the world. Many factors have been reported regarding the progression and development of GC. In this study,
we aimed to investigate the correlation of 3-phosphoinositide dependent protein kinase-1 (PDK-1) with cell
viability, migration, and invasion of GC. The expression of PDK-1 was measured in different GC cell lines.
Thereafter, the expression of PDK-1 was interfered by small hairpin RNA (shRNA) and then incubated with
or without the inhibitor of nuclear factor-kB (NF-xB) pyrrolidine dithiocarbamate (PDTC). We then investi-
gated the effects of PDK-1 aberrant expression on GC cell viability, migration, invasion, and the epithelial—
mesenchymal transition (EMT) progress. The results showed that PDK-1 was highly expressed in GC cells,
and PDK-1 promoted cell viability, migration, invasion, and EMT in GC. Moreover, we confirmed that PDK-1
activated the phosphatidylinositol 3-hydroxy kinase (PI3K)/AKT and NF-xB signaling pathways. However,
administration of PDTC reversed the effects of overexpression of PDK-1 on cell migration and invasion. All
these findings suggest that PDK-1 may be involved in progression of GC and could be a new therapeutic target

for this disease.
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INTRODUCTION

Gastric cancer (GC) is one of the most common malig-
nant tumors of the digestive system worldwide, mainly
epithelial malignant tumors, and has been reported to be
the second leading cause of cancer-related deaths world-
wide'”. Adenocarcinoma accounted for 95% in malignant
tumors of the stomach, of which invasion and metastasis of
cancer cells are the main cause of GC-related death, with
a 5-year survival rate below 30%™"°. Cancer of the stomach
can be divided into early GC and advanced GC, although
the clinical symptoms are vague and nonspecific®’. The
lack of mass screening programs means that most of the
patients have been diagnosed with advanced diseases, and
more patients are choosing surgery®. Although there has
been considerable progress in therapies, diagnosis, and
mechanism research, the incidence and mortality rates in
patients with GC have still been high over the years”'’.
Insight into the pathogenesis and molecular mechanisms
responsible for the progress and metastasis of GC remains
urgently needed.

3-Phosphoinositide dependent protein kinase-1 (PDK-1),
also named PDPK-1, is a kind of protein encoded by the

human PDPK gene, which is also an important kinase
that plays a crucial role in physiological processes asso-
ciated with cell metabolism, growth, proliferation, and
survival'"'">. Changes in the expression and activity of
PDK-1 have also been reported to be linked to human dis-
ease, including cancer'>'"*. The objective of our study was
to evaluate the correlation of PDK-1 expression with cell
proliferation, invasion, and migration in GC cell lines, as
well as its underlying mechanism.

We mainly studied the role and mechanism of PDK- 1
on GC cell migration and the epithelial-mesenchymal
transition (EMT) process. First, qRT-PCR and Western
blot were constructed to detect the expression of PDK-1
level in GC cell lines, and we found that PDK-1 was
highly expressed in GC. Next, silencing and overexpres-
sion of PDK-1 expression were performed to further elu-
cidate the role of PDK-1 in GC by small hairpin RNA
(shRNA). Cell counting kit-8 (CCK-8), wound healing,
and cell invasion assays were then used to investigate
the cell viability, migration, and invasion in GC in vitro.
All of our efforts will provide a theoretical basis and new
insights into the treatment of GC.
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MATERIALS AND METHODS
Cell Culture

The human gastric epithelial cell line GES-1 and
human GC lines MKN45, MKN28, and SGC7901 were
purchased from the American Type Cell Culture Collec-
tion (ATCC; Manassas, VA, USA). The cells were main-
tained in Dulbecco’s modified Eagle’s medium (DMEM),
which was supplemented with 20 mM HEPES, 10% heat-
inactivated fetal bovine serum (FBS2), 2 mM glutamine,
penicillin (100 U/ml), and streptomycin (100 pug/ml), at
37°C with 5% CO,".

Plasmid Transfection and Treatment

In brief, for PDK-1 stable silencing, pLKO.1 lentiviral
vectors carrying PDK-1 targeting shRNA called shPDK-1
was used. For the negative control group, a vector lead-
ing the expression of a scrambled nontargeting shRNA,
called shScr, was used. pLV-puro lentiviral vector was
used for PDK-1 construct expression. An empty vector
was used as a negative control'®. Moreover, a nuclear
factor-kB (NF-kB) inhibitor, pyrrolidine dithiocarbam-
ate (PDTC; 0.1 umol/L; Sigma-Aldrich, St. Louis, MO,
USA), was incubated in the presence or absence of plas-
mid transfection'’.

CCK-8 Assay

SGC7901 cells were transfected by the plasmids or
shRNAs for 48 h after being seeded into 96-well plates
with special time. Cell proliferation was assessed by a
CCK-8 (Dojindo Molecular Technologies, Gaithersburg,
MD, USA). CCK-8 solution was added to the culture
medium, and cultures were incubated for 1 h at 37°C in
humidified 95% air and 5% CO, atmosphere. Absorbance
was measured at 450 nm using a microplate reader (Bio-
Rad, Hercules, CA, USA).

Wound Healing Assay

SGC7901 cells were cultured in 60-mm dishes until
confluence. Cell wounds were created by scratching cell
sheets with a sterile 200-pl pipette tip after 3 h of pre-
treatment with 50 uM mytomicin C. An inverted mic-
roscope (Leica, Germany) was used to take pictures of
a specific position on the scratched areas every 24 h.
Wound widths were measured, and relative wound widths
were calculated.

Invasion Assay

The invasion behavior of SGC7901 cells was deter-
mined using 24-well Millicell Hanging Cell Culture
inserts with 8-mm PET membranes (Millipore, Bedford,
MA, USA). Human cardiac fibroblasts (5.0x10% in
200 ul of serum-free DMEM were plated onto BD Bio-
Coat™ Matrigel™ Invasion Chambers (8-um pore size
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polycarbonate filters; BD Biosciences, San Jose, CA,
USA) after the cells were treated for their indicated con-
dition, while complete medium containing 10% FBS was
added to the lower chamber. After processing the inva-
sion chambers for 48 h (37°C, 5% CO,) in accordance
with the manufacturer’s protocol, the noninvading cells
were removed with a cotton swab, and the invading cells
were fixed in 100% methanol and then stained with crys-
tal violet solution and counted microscopically.

gRT-PCR

Total RNA was isolated using RNAiso Plus Reagent
according to the manufacturer’s instructions. Total RNA
(500 ng) was reversely transcribed to cDNA using Prime
Script™ RT Master Mix (Perfect Real Time). Real-time
PCR was performed on the Bio-Rad CFX 96 Real-
time PCR system using SYBR® Premix Ex TaqTM II
(TliRnaseH Plus) and specific primers. The mRNA level
of each gene was normalized to GAPDH with the 2**CT
method using Bio-Rad CFX Manager V1.1.308.1111
software.

Western Blot

The protein used for Western blotting was extracted
using RIPA lysis buffer (Beyotime Biotechnology,
Shanghai, P.R. China) supplemented with protease inhib-
itors (Roche, Guangzhou, P.R. China). The proteins were
quantified using the BCA™ Protein Assay Kit (Pierce,
Appleton, WI, USA). The Western blot system was
established using a Bio-Rad Bis-Tris Gel system accord-
ing to the manufacturer’s instructions. The primary anti-
body was prepared in a 5% blocking buffer at a dilution
of 1:1,000. Primary antibodies were incubated with the
membrane at 4°C overnight, followed by washing and
incubation with the secondary antibody marked by horse-
radish peroxidase for 1 h at room temperature. After rins-
ing, the polyvinylidene difluoride (PVDF) membrane
carrying blots and antibodies was transferred into the
Bio-Rad ChemiDoc™ XRS system, and then 200 pl of
Immobilon Western Chemiluminescent HRP Substrate
(Millipore) was added to cover the membrane surface.
The signals were captured, and the intensity of the bands
was quantified using the Image Lab™ Software (Bio-
Rad, Shanghai, P.R. China).

Statistical Analysis

All experiments were repeated three times. The results
of multiple experiments were presented as the mean=SD.
Statistical analyses were performed using the GraphPad
statistical software. The p values were calculated using a
one-way analysis of variance (ANOVA) method. A value
of p<0.05 was considered to indicate a statistically sig-
nificant result.
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Figure 1. The expression level of 3-phosphoinositide-dependent protein kinase-1 (PDK-1). (A) The expression level of PDK-1 was
analyzed by RT-PCR. (B) The expression level of PDK-1 was analyzed by Western blot. **p<0.01, ***p<0.001.

RESULTS
PDK-1 Was Highly Expressed in GC Cell Lines

We used qRT-PCR and Western blot to detect the
expression of the PDK-1 level of multiple GC cell lines,
including GES-1, MKN45, MKN28, and SGC7901
(Fig. 1A and B). Obviously, PDK-1 was highly expressed
in GC cells in both mRNA and protein levels (p <0.05).

Overexpression and Knockdown of PDK-1

In the following study, we tried to use different plas-
mids to promote or inhibit the expression of PDK-1 and
then analyzed PDK-1 expression in the protein level.
PDK-1 was successfully overexpressed or downregulated
by plasmid transfection (Fig. 2A and B).

PDK-1 Promotes Cell Viability, Migration,
and Invasion

We used SGC7901 for the following research.
CCK-8, wound healing, and cell invasion assays were
applied to analyze the expression of PDK-1 on the GC
cell progress. Overexpression of PDK-1 significantly
promoted cell viability at days 2, 3, and 4, while down-
regulation of PDK-1 dramatically inhibited cell viabil-
ity (p<0.05 or p<0.01) (Fig. 3A). Moreover, with the
results of wound width, we observed that overexpres-
sion of PDK-1 significantly promoted cell migration
at days 2, 3, and 4, while downregulation of PDK-1
inhibited cell migration (p <0.05, p<0.01, or p<0.001)
(Fig. 3B). PDK-1 promoted cell invasion in SGC7901
cells (p<0.05) (Fig. 3C).

PDK-1 Promotes EMT in GC
In the following study, we aimed to investigate the role
of PDK-1 in the EMT progress. We monitored the EMT

progress of SGC7901. E-cad and N-cad expressions were
detected by mRNA level (Fig. 4A). Results revealed that

PDK-1 inhibited E-cad expression and promoted N-cad
expression (p<0.05). Finally, the marker genes of EMT
including Twist1, N-cad, Vim, and E-cad were detected in
the protein level. PDK-1 promoted expression of Twist1,
N-cad, and Vim, and downregulated E-cad expression
(Fig. 4B).

PDK-1 Activates Phosphatidylinositol 3-Hydroxy
Kinase (PI3K)/AKT and Nuclear Factor-kB (NF-xB)
Signaling Pathways

PI3K/AKT and NF-xB play an important role in the
EMT progress. For this work, we aimed to confirm the
signaling pathway of PDK-1 in the GC progress. We tried

A shScr shPDK-1
PDK-1 e
GAPDH i s

Empty vector PDK-1

———
e

Figure 2. Overexpression and knockdown of PDK-1 in
SGC7901. (A) Knockdown of PDK-1 and expression level were
analyzed by Western blot. (B) The expression level of PDK-1
was analyzed by Western blot after being overexpressed.
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Figure 5. Effects of PDK-1 on the PI3K/AKT and NF-«B pathways in SGC7901. PDK-1 activated the expression of marker gene in
phosphatidylinositol 3-hydroxy kinase (PI3K)/AKT and nuclear factor kB (NF-kB) pathway by Western blot.

to detect the expression of PI3K/AKT- and NF-kB-related
genes after PDK-1 aberrant expression. Overexpression
of PDK-1 markedly increased the levels of p-PI3K,
p-AKT, p-p65, and p-IKBa, while suppression of PDK-1
showed contrary results (Fig. 5). The results demon-
strated that PDK-1 activated the PI3K/AKT and NF-xB
signaling pathways.
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PDK-1 Promotes Cell Migration and Cell Invasion by
Activating the NF-xB Signaling Pathway

To further explore whether PDK-1 promotes cell
migration and invasion by activating the NF-xB sig-
naling pathway, we used one of the chemical inhibitors
of NF-xB, PDTC (0.1 umol/L), and then again stud-
ied the effect on migration and invasion. The results
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Figure 6. Effects of pyrrolidine dithiocarbamate (PDTC) on overexpressed PDK-1-induced cell migration and invasion.
(A) Administration of PDTC reversed the effects of overexpression of PDK-1 on cell migration, and (B) administration of PDTC
reversed the effects of overexpression of PDK-1 on cell invasion. *p<0.05 and ***p<0.001 compared to the empty vector; #p <0.05

compared to the PDK-1 group.
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demonstrated that application of PDTC reversed the
effects of overexpression of PDK-1 on cell migration
and invasion (p<0.05) (Fig. 6A and B), indicating that
PDK-1 promoted cell migration and invasion by activat-
ing the PI3K/AKT and NF-kB signaling pathways.

DISCUSSION

GC is an important healthcare problem, representing
the second leading cause of death from malignant dis-
ease worldwide. It is among the most frequent malignant
tumors in East Asian countries'®'”, PDK-1 is a master
kinase regulating phosphorylation of AKT and cell sur-
vival, which was examined in human gastric epithelial
cells®. Moreover, PDK-1 has been reported to participate
in many biological progresses, including tumors. For
example, in the study of Lin et al., PDK-1 is involved in
the translocation of glucose transporter 4 to the plasma
membrane in diabetic hearts and contributes to dia-
betic cardiomyopathy®'. Moreover, the investigation of
Misra and Pizzo demonstrated that PDK-1, Raptor, and
mTOR coimmunoprecipitate and are involved in prostate
cancer”.

EMT has been documented during embryonic develop-
ment, tissue fibrosis in vitro, and in human specimens™>.
Moreover, EMT has been recognized as a critical fac-
tor for the spread of many kinds of cancer cells. EMT
participates in molecular and cellular alterations when
epithelial cells switch in differentiation, which generates
mesenchymal-like cells with newly acquired migratory
and invasive properties” . The study of Chen et al.
investigated the expression of CNTN-1 and its underly-
ing mechanism of metastasis mediated by EMT in GC
and finally found that CNTN-1 was closely related to GC
metastasis, and its functions seemed to be important in
the migration and invasion of GC cells via EMT.

However, the role of PDK-1 and the relationship of
PDK-1 to EMT in GC progress are far from clear. So in
this present study we preliminarily investigated the effect
of PDK-1 on GC cell proliferation, migration, and inva-
sion, and the regulation and mechanism of EMT in GC.
First, we found that PDK-1 was shown to have a higher
expression in GC cells than in normal cells, suggesting it
may play a role in the development of GC. By upregula-
tion and knockout of PDK-1, we searched for the role of
PDK-1 in GC growth, and the results showed that PDK-1
promoted GC cell proliferation, migration, and invasion,
and promoted the EMT process in GC cells. Moreover,
Western blot was used to detect the marker gene expres-
sion during the PI3K/AKT and the NF-kB signaling path-
ways. The results confirmed that PDK-1 activated the
PI3K/AKT and NF-xB signaling pathways. We further
explored whether PDK-1 promoted cell migration and
invasion by activation of the NF-xB signaling pathway.
The chemical inhibitor of NF-xB, PDTC (0.1 pmol/L),
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was incubated with the cells. We observed that adminis-
tration of PDTC reversed the effects of overexpression
of PDK-1 on the cell migration and invasion, indicating
that PDK-1 promoted cell viability and migration by acti-
vating the NF-kB signaling pathway. Taken together, our
findings suggest that PDK-1 may be involved in the pro-
gression of GC and could be a new therapeutic target for
this disease.
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