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Abstract: Phosphoinositide specific phospholipase Cy (PLCy) activates diacylglycerol (DAG)/
protein kinase C (PKC) and inositol 1,4,5-trisphosphate (IP3)/Ca?* /calmodulin-dependent protein
kinase II (CaMK II) axes to regulate import events in some cancer cells, including gastric
adenocarcinoma cells. However, whether DAG/PKCS and IP3/Ca?*/CaMK IIf axes are
simultaneously involved in PLCyl-driven cell proliferation and migration of human gastric
adenocarcinoma cells and the underlying mechanism are not elucidated. Here, we investigated
the role of DAG/PKC6 or CaMK IIf in PLCyl-driven cell proliferation and migration of human
gastric adenocarcinoma cells, using the BGC-823 cell line. The results indicated that the inhibition
of PKCb% and CaMK IIf could block cell proliferation and migration of BGC-823 cells as well as the
effect of inhibiting PLCy1, including the decrease of cell viability, the increase of apoptotic index,
the down-regulation of matrix metalloproteinase (MMP) 9 expression level, and the decrease of cell
migration rate. Both DAG/PKC6 and CaMK I triggered protein kinase B (Akt)/mammalian target
of rapamycin (mTOR)/S6 pathway to regulate protein synthesis. The data indicate that DAG/PKC%
and IP3/Ca%*/CaMK IIp operate in parallel to each other in PLCy1-driven cell proliferation and
migration of human gastric adenocarcinoma cells through Akt/mTOR/S6 pathway, with important
implication for validating PLCy1 as a molecular biomarker in early gastric cancer diagnosis and
disease surveillance.
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1. Introduction

Human gastric cancer is the second leading cause of cancer death and the fourth most prevalent
malignancy worldwide [1]. Many factors including the pathogenesis of gastric cancer, diagnosis,
and treatment approaches result in the high incidence and mortality rates of gastric cancer [2,3].
Recent literature has shown the involvement of important signal molecules in the pathogenesis of
gastric cancers, which is beneficial to developing efficacious molecular biomarkers for early gastric
cancer diagnosis and disease surveillance. As an example, the expression of cyclin D1, p21 and p27,
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alone or in combination, are early events in gastric tumorigenesis and may serve as a candidate
molecular marker for the early gastric carcinoma [4]. Mitogen-activated protein kinase (MAPK)
kinase 4 (MKK4) kinase expression could serve as a significant prognostic factor for disease-free
survival and for overall survival in human gastric cancer [5]. However, the expressions of these
molecules are not always in accordance with the pathological progression of gastric cancers. For
example, the expression of cyclin D1, p21 and p27 inversely correlated with the lymph node
metastasis [4], to the extent that the application of molecular biomarkers could be decreased, due to
their complex regulatory mechanism. Hence, studying the expressions of important signal molecules
in the pathogenesis of gastric cancer and understanding the underlying transduction mechanism are
required to validate the molecular biomarkers.

Phosphoinositide specific phospholipase Cy (PLCy), one of PLCs family, has two isoforms,
PLCy1 and PLCy2. PLCy1 is ubiquitously expressed in mammalian cells, and has been reported
to be highly expressed in some tumor tissues, including colorectal cancer, squamous cell carcinoma,
and breast cancer, regulating cancer cell metabolism [6-8]. As an example, elevated content of
PLCy1 in colorectal cancer tissues is observed [6]. PLCy1 is required for the epidermal growth factor
receptor (EGFR)-induced squamous cell carcinoma cell mitogenesis [7]. PLCy mediates high levels
of glucose and insulin-induced cell proliferation and migration in MDA-MB-468 breast cancer and
SW480 colon cancer cells in vitro [8]. Our previous study also showed the higher expression of PLCy1
in human gastric adenocarcinoma tissue and that the metastasis of human gastric adenocarcinoma
cells partly depends on PLCy1 expression [9]. Moreover, it has been shown that the depletion
of PLCy expression or inhibition of its activity not only significantly increases cisplatin-induced
apoptosis but also suppresses the invasive ability of RhoGDI2-overexpressing SNU-484 gastric cancer
cells [10]. Therefore, PLCy may be a potential molecular biomarker in human gastric cancer, and
understanding its regulatory mechanism is beneficial to confirm its implication in early cancer
diagnosis and monitoring.

PLCy is activated by many growth factor receptors, including epidermal growth factor
(EGF), platelet derived growth factor (PDGF), nerve growth factor (NGF), and type 1
insulin-like growth factor (IGF-1), and induces hydrolysis of phosphatidylinositol 4,5-bisphosphate
(PtdIns(4,5)P2) to form the second messengers diacylglycerol (DAG) and inositol 1,4,5-trisphosphate
(IP3), which in turn activate protein kinase C (PKC) and intracellular calcium mobilization,
respectively [11-16]. Activated DAG/PKC and IP3/Ca?*/CaMK II axes, the two classical axes of
PLCy, regulate important events of cancer cell metabolism [17,18]. As an example, activated
PLCy by interleukin-8 generates DAG and IP3, which in turn trigger PKC and the release
of calcium from the endoplasmatic reticulum, respectively, and participates in human T24
bladder carcinoma cell migration [17]. In estrogen receptor o (ERx)-positive (ERx(+)) cancer
cells, 3,3-bis(4-hydroxyphenyl)-7-methyl-1,3-dihydro-2H-indol-2-one (BHPI) rapidly hyperactivates
plasma membrane PLCy, generating IP3, which opens EnR IP3R calcium channels, rapidly depleting
EnR Ca?* stores [18]. However, the underlying mechanism of DAG/PKC§ and IP3/Ca?* /CaMK II
axes in PLCy-driven cell proliferation and migration of human gastric adenocarcinoma cells has not
been elucidated.

In this study, we examined the role of PKC6 and CaMK IIf3 signal molecules in cell proliferation
and migration of human gastric adenocarcinoma cells, using the BGC-823 cell line. Furthermore,
the regulatory mechanism related to Akt, mTOR, and S6 signal molecules was investigated.
Consequently, both DAG/PKCS and IP3/Ca®*/CaMK IIB operate in parallel to each other in
PLCy1-driven cell proliferation and migration of human gastric adenocarcinoma cells.

2. Results

The effect of inhibiting PKC6 and CaMK IIf3 on PLCy1-driven cell proliferation and apoptosis in
human gastric adenocarcinoma cells.
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To investigate whether DAG/PKC$ and IP3/Ca?"/CaMK IIp were simultaneously involved
in regulating cell proliferation and apoptosis in human gastric adenocarcinoma cells, BGC-823 cells
were treated with those inhibitors, U73122 (PLCy inhibitor), KN93 (CaMK II inhibitor) and R59949
(DAG-kinase inhibitor), or were transfected with lentiviral-shRNA of PKCb or CaMK IIf vectors for
different time points, followed by the detection of cell viability using an MTT assay and apoptotic
index using DAPI or PI staining. Figure 1A indicated that both CaMK II inhibitor (KN93) and
DAG-kinase inhibitor (R59949) led to the decrease of cell viability significantly as well as the effect of
PLCy inhibitor (U73122) (* p < 0.05, ** p < 0.01, ** p < 0.001, **** p < 0.0001, versus Dimethylsulphoxide
(DMSO) group). The cell viability of BGC-823 cells transfected with sh-PKCb or sh-CaMK II3 vectors
also decreased, compared with sh-Control group (Figure 1B, * p < 0.05, ** p < 0.01, *** p < 0.001,
**#* p < 0.0001). Meanwhile, the apoptotic index (%) increased in BGC-823 cells transfected with
sh-PKCb or sh-CaMK II vectors (Figure 1C,D, * p < 0.05, **p < 0.01, ** p < 0.001, versus sh-Control
group). Together, the inhibition of DAG/PKC% or CaMK IIf3 could block cell proliferation or promote
cell apoptosis as well as the inhibitory effect of PLCy1.

The effect of inhibiting DAG/PKCSs and CaMK IIf on cell migration in human gastric
adenocarcinoma cells.

Our previous study indicated that the migration of gastric adenocarcinoma cells partly depended
on PLCy1 activation. To investigate the role of IP3/ Ca?*/CaMK IIp and DAG/PKC? axes in cell
migration of human gastric adenocarcinoma cells, cells were treated with U73122, KN93, and R59949,
respectively, or were transfected with sh-PKC$ or sh-CaMK IIf3 vectors, followed the detection of cell
migration rate using a Transwell assay and MMP9 expression level with Western blotting analysis.
Figure 2A showed that the numbers of migrate cells decreased in response to the treatment by those
inhibitors including U73122, KN93, and R59949 (** p < 0.01, *** p < 0.001, versus DMSO group). Similar
results were observed in BGC-823 cells with the transfection of sh-PKC6 or sh-CaMK IIf vectors
(Figure 2B, * p < 0.05, versus sh-Control group). Meanwhile, the expression level of MMP9 protein
was down-regulated in BGC-823 cells transfected with sh-PKC6 or sh-CaMK IIf vectors (Figure 2C).
Additionally, the mRNA level of MMP9 was reduced in BGC-823 cells transfected with sh-PKC$ or
sh-CaMK IIR vectors or treated with KN93 or R59949, as well as the effect of sh-PLCy1 or U73312
(Figure 2D,E, * p < 0.05, ** p < 0.01, *** p < 0.001, versus DMSO or sh-Control group). Collectively,
the data indicated that the blockade of DAG/PKC6 and CaMK IIf3 down-regulated cell migration of
gastric adenocarcinoma cells, as well as the effect of PLCy1 inhibition.

The involvement of Akt, mTOR, S6, and NF-kB signal molecules in regulatory mechanism of
IP3/Ca?" /CaMK II and DAG/PKCS$ axes in human gastric adenocarcinoma cells.

To investigate the regulatory mechanism of the two classical signal axes of PLCyl,
IP3/Ca%*/CaMK IIf and DAG/PKCS§, in cell proliferation and migration of human gastric
adenocarcinoma cells, the expression levels of some important signal molecules, including Akt,
extracellular signal-regulated kinase (ERK), mTOR, NF-«B, and S6, were detected in BGC-823 cells
transfected with sh-PKCé or sh-CaMK IIf vectors using Western blotting analysis. The results
showed that the transfection of either ShARNA-PKC6 or shRNA-CaMK IIf vectors led to a potent
decrease in the phosphorylation level of AKT, mTOR, and S6, without the alteration of total Akt and
mTOR (Figure 3A,B). Interestingly, the expression level of NF-«kB only was reduced in BGC-823 cells
transfected with sh-CaMK IIf3 vectors (Figure 3B), whereas, the depletion of PKCS by shRNA did
not affect the expression of NF-«B protein (Figure 3A). Meanwhile, the depletion of PKC6 by shRNA
down-regulated the phosphorylation level of ERK, while the transfection with sh-CaMK IIf3 vectors
did not change the level of p-ERK. As a result, the data indicated that the regulatory mechanism of
IP3/Ca?%*/CaMK II and DAG/PKCS axes, the two classical axes of PLCy1, could be associated with
the phosphorylation of Akt, mTOR, and 56, while NF-kB or ERK was only involved in the regulation
of IP3/Ca?* /CaMK II axis or DAG/PKC} axis, respectively.

The expression of PKC6 and CaMK IIf in mice tumor xenograft model derived from gastric
adenocarcinoma cells with the transfection of sh-PLCy1.
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Figure 1. The effect of inhibiting CaMK IIf and DAG/PKC5? on cell proliferation and apoptosis in
human gastric adenocarcinoma. (A) Cells were exposed to DMSO (2 uL), U73122 (10 uM), KN93
(16 uM), or R59949 (10 uM) for different time points, respectively. Cell viability was then measured
by an MTT assay as described in Materials and Methods; (B) Cells were transfected with sh-PKCb or
sh-CaMK II vectors for different time points. Cell viability was measured using an MTT assay as
described in Materials and Methods; (C) Cells were transfected with sh-PKC6 or sh-CaMK II3 vectors
for 48 h, followed by DAPI staining and counting under OLYMPUS 41 microscope as described in
Materials and Methods. The cell nuclei were stained by DAPI staining (blue), and the apoptotic
bodies were indicated by red arrows (magnification 200x); (D) Cells were transfected with sh-PKCo
or sh-CaMK IIf vectors for 48 h, followed by PI staining. The cell apoptosis index was analyzed by
flow cytometry as described in Materials and Methods. Data are expressed as mean + S.D. of three
independent experiments, each yielding similar results (* p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001,
versus control). 28513
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Figure 2. The effect of inhibiting CaMK IIf and DAG/PKC? on cell migration in human gastric
adenocarcinoma cells. (A) Cells were treated with DMSO (2 uL), U73122 (10 uM), KN93 (16 uM), and
R59949 (20 uM) for 3 h, respectively. The migration ability were measured by a transwell assay as
described in Materials and Methods (magnification 200x); (B) Cells were transfected with sh-PKC5-2
or sh-CaMK IIB-1 vectors for 48 h, and the migration ability were measured by a transwell assay as
described in Materials and Methods (magnification 200 x); (C) Cells were transfected with sh-PKC5-2
and sh-CaMK II3-1 vectors for 48 h. The expression level of MMP9 was determined by Western
blotting analysis as described in Materials and Methods. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control; (D) Cells were treated with DMSO (2 uL), U73122 (10 uM),
KN93 (16 uM), or R59949 (10 uM), respectively. The mRNA levels of MMP9 were measured by
RT-PCR analysis as described in Materials and Methods; (E) Cells were transfected with sh-PLCy1,
sh-PKC5-2, or sh-CaMK II3-1 vectors for 48 h. The mRNA levels of MMP9 were measured by RT-PCR
analysis as described in section Materials and Methods. Data are expressed as mean + S.D. of three
independent experiments, each yielding similar results (* p < 0.05, ** p < 0.01, *** p < 0.001, versus control).
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Figure 3. The expression level of Akt, mTOR, S6, and NF-«B in human gastric adenocarcinoma cells
with the transfection of sh-PKC? or sh-CaMK II3 vectors. (A) Cells were transfected with sh-PKC56-2
vector for 48 h. The expression levels of PKC, CaMK IIf3, Akt, p-Akt, mTOR, p-mTOR, p-S6, ERK,
p-ERK, and NF-«kB were detected by Western blotting analysis as described in Materials and Methods.
GAPDH was used as an internal control; (B) Cells were transfected with sh-CaMK IIf vector for 48 h.
The expression levels of PKCs, CaMK I, Akt, p-Akt, mTOR, p-mTOR, p-S6, ERK, p-ERK, and NF-«B
were detected by Western blotting analysis as described in Materials and Methods. GAPDH was
used as an internal control. Data are representative of three independent experiments, each yielding
similar results.

Our other study’s results showed that the depletion of PLCyl by shRNA could suppress
tumor growth and metastasis in mice tumor xenograft model derived from BGC-823 cells with the
transfection of sh-PLCy1 vector (under review) [19]. Here, we investigated the expression levels
of PKCS and CaMK IIf protein in the subcutaneous tumor tissue of mice tumor xenograft model
using Western blotting analysis. Figure 4 showed that the expression levels of PKC$ and CaMK II3
protein were down-regulated in tumor tissues as well as the depletion of PLCy1 by shRNA, while
the expression level of MMP9 protein and cleaved-PARP were reduced (** p < 0.01). Thus, the data
indicated that the levels of PKC$ and CaMK IIf3 were down-regulated in the depletion of PLCy1 by
shRNA-mediated tumor growth and metastasis suppression.
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Figure 4. The expression level of PKCb and CaMK IIf in mice tumor xenograft model derived from
gastric adenocarcinoma cells with the transfection of sh-PLCy1. Mice were injected human gastric
adenocarcinoma cells, BGC-823, for 40 days, and finally sacrified. Tissue protein in subcutaneous
tumor tissue was then extracted. (A) The expression level of PLCy1,PKCs, CaMK IIp, cleaved-PARP,
and MMP9 in the tumor samples were detected by Western blotting analysis as described in Materials
and Methods; (B) The histogram represents the means + S.D. of the expression level of PLCy1,PKC9,
CaMK IIB, cleaved-PARP, and MMP?9 in the tumor samples. (** p < 0.01, versus control group).
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3. Discussion

In this study, we demonstrated that the inhibition of DAG/PKC8é and CaMK II3 could block cell
proliferation and migration of human gastric adenocarcinoma cells as well as the inhibition of PLCy1.
The expression levels of PKC$ and CaMK IIf3 protein were down-regulated in mice tumor xenograft
model derived from human gastric adenocarcinoma cells, BGC-823, with the transfection of sh-PLCy1
vector. Furthermore, both DAG/PKC$ and IP3/Ca?* /CaMK IIf triggered Akt/mTOR/S6 pathway
to regulate protein synthesis. Therefore, DAG/PKCS and IP3/Ca*/CaMK IIB operate in parallel to
each other in PLCy1-driven cell proliferation and migration of human gastric adenocarcinoma cells.

PLCy isozymes catalyzes the hydrolysis of PIP2 to generate two intracellular messengers, DAG
and IP3, and then triggers DAG/PKC and IP3/Ca?*/CaMK II cascade classically. PKCS, a member of
the novel family isoforms, has been a marker of aggressive breast cancers [20,21]. It is described that
increased PKC% in mammary tumor cells relates to transformation and metastatic progression [21].
Furthermore, PKC$ is required for ErbB2 (HER2)-driven mammary gland tumorigenesis and
negatively correlates with prognosis in human breast cancer [22]. Increasing concentrations of
PKC5 mRNA were associated with reduced overall patient survival (p = 0.004) [23]. A very recent
study indicates that the pharmacological inhibition of PKC% impairs LM38-LP cells (derived from a
murine mammary papillary adenocarcinoma with tumorigenic and metastatic capacity in BALB/c
mice) proliferation through cell cycle arrest [24]. The above studies indicate that PKCo plays a
role in cancer cell proliferation and metastasis. Meanwhile, the involvement of IP3/ Ca?*/CaMK
IT axis in cell metabolism has been stated in some studies. IP3/Ca?*/CaMK II axis is involved in
regulating cholangiocyte growth [25]. CaMK II suppresses the expression of CaMK IV to promote
leukemia cell proliferation [26]. TNF-a induced CD44 expression is regulated by AP-1 through
the activation of the CaMK-II pathway to mediate cell migration in human monocytic cells [27].
Therefore, both DAG/PKC$ and IP3/Ca?* /CaMK II axes play important role in cell proliferation and
migration. However, their regulatory effects on cell metabolism are not always identical in the same
cell line. In human astroglioma cells, epigallocatechin gallate regulates phosphatidylcholine-specific
phospholipase D (PLD) activity via a signaling pathway involving changes in the redox state that
stimulates a PLCy1/IP3/CaMK II/PLD and a PLCy1/DAG/PKC/PLD axes [28]. The CaMK axis,
not the PKC axis, is responsible for the earliest protein phosphorylation event following activation
of PLCy in living Drosophila photoreceptors [29,30]. Here, we demonstrated that the inhibitory
effect of the depletion of PKCs or CaMK II3 by shRNA or the pharmacological inhibiting on cell
proliferation and migration was the same as the effect of PLCy1 inhibition, consistent with other
authors” and our previous studies [9,19,31]. Therefore, it is suggested that the two classical axes of
PLCy1, DAG/PKC5 and IP3/Ca?"/CaMK IIB, are involved simultaneously in PLCy1-driven cell
proliferation and metastasis of human gastric adenocarcinoma cells.

Akt/mTOR pathway is crucial for cell metabolism including cell survival and apoptosis [32],
in which mTOR could regulate translation in response to nutrients and growth factors by
phosphorylating key components of the protein synthesis machinery, including S6 protein (which
is phosphorylated by the S6 kinase) and elF4G [33]. It is determined that Akt/mTOR/S6
pathway is involved in cell proliferation and apoptosis of cancer cells [34,35]. As an example, the
inactivation of Akt/mTOR/S6 pathway is required for an increase in pancreatic cancer cells apoptosis
and tumor growth inhibition by thymoquinone pretreatment following gemcitabine treatment
synergistically [34].A very recent study also shows that resveratrol synergistically enhanced the
antitumor effects of erlotinib in non-small-cell lung cancer cells by inhibiting the Akt/mTOR/S6
pathway [35]. Furthermore, the associations of Akt/mTOR/S6 with PKCé and CaMK II have been
studied. PKC5 is required for ET-1-stimulated or insulin-stimulated mTOR/S6 pathway in adult
cardiac muscle cells [36]. The inhibition of PKC$ by rottlerin is supposed to attenuate non-specific
airway sensitivity and inflammation through suppressing the PI3K/Akt/mTOR pathway in an
asthma model [37]. Meanwhile, our previous study indicated that PLCy1/IP3/Ca?*/CaMK IIf
axis regulated the ECM synthesis of human chondrocytes through triggering mTOR/P70S6K/S6
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pathway [38]. Consequently, it is confirmed that the inhibition of PKC6 or CaMK IIf3 could suppress
the Akt/mTOR/S6 pathway in human gastric adenocarcinoma cells.

Additionally, our data that inhibiting CaMK II led to the down-regulation of NF-«B (one of Akt
downstreams) indicate that CaMK IIp could trigger Akt/NF-«B pathway to resist cell apoptosis, in
accordance with previous study that the inhibition of CaMK II prevents PAF-induced priming events
including NF-kB activation [39]. Our data is consistent with previous study that DAG/PKC/ERK
pathway is involved in the development of glomerular dysfunction in diabetes [40], our finding of
the reduced p-ERK by the depletion of PKCS suggests the existence of DAG/PKC%/ERK pathway
in PLCyl-driven cell proliferation and migration of human gastric adenocarcinoma cells. The
non-alteration of NF-kB or p-ERK level in sh-PKC$ or sh-CaMK IIf3-transduced cells imply that the
regulatory effect of PKCb or CaMK II3 on NF-«B expression or ERK phosphorylation may be blocked
by other signal molecules. We need to further study the complex regulatory mechanism related to
PKC5s or CaMK IIf3 on NF-kB expression or ERK phosphorylation and validate PKC6 and CaMK II3
as a molecular biomarker in early diagnosis and disease surveillance.

4. Materials and Methods

4.1. Reagents and Antibodies

Antibodies against PLCy1, p-PLCy1 (Tyr783), PKC§, CaMK IIf3, Akt, p-Akt (5473), ERK, p-ERK
(Thr202/Tyr204), mTOR, p-mTOR (Ser2481), p-S6 (Ser235/236), and NF-kB were purchased from Cell
Signaling Technology Inc. (Beverly, MA, USA). Cleaved-PARP, Matrix metalloproteinase-9 (MMP9),
and GAPDH were purchased from Abcam (Cambridge, MA, USA). Inhibitors (U73122, KN93, and
R59949) were obtained from Sigma-Aldrich in China (Shanghai, China). Other reagents were of the
highest grade commercially available.

4.2. Cell Culture

The human gastric cancer cell line, BGC-823 cell, was obtained from the Shanghai Institute of
Cell Biology, Chinese Academy of Sciences (Shanghai, China), and was maintained in RPMI1640
medium (Thermo Fisher Scienctific, Waltham, MA, USA) supplemented with 10% fetal bovine serum
(FBS), 100 U/mL penicillin, and 100 ug/mL streptomycin, at 37 °C in a water-saturated atmosphere
of 5% CO;.

4.3. Plasmid Construction and Transfection

Lentiviral-mediated  shorthairpin RNA  (shRNA) targeting PLCyl (sh-PLCy1),
(5"-CCGGCCTGTGAACCACGAATGGTATCTCGAGATACCATTCGTGGTTCACAGGTTTTTG-3),
sh-PKC38 (Shl: 5-CCGGGCAAGACAACAGTGGGACCTACTCGAGTAGGTCCCACTGTTGTCTTGC
TTTTTG3, Sh2: 5-CCGGGGCCGCTTTGAACTCTACCGTCTCGAGACGGTAGAGTTCAAAGC
GGCCTTTTTG-3'), and sh-CaMK II (Sh1: 5'-CCGGGATCATTAAGACCACGGAGCACTCGAGTG
CTCCGTGGTCTTAATGATCTTTTTG-3'.Sh2: 5'-CCGGACAAGAAAGCAGATGGAGTCACTCGAG
TGACTCCATCTGCTTTCTTGTTTTTTG-3') were purchased from Gene Chem (Gene Chem,
Shanghai, China). The different sh-PLCy1, sh-PKC$, and sh-CaMK IIf3 vectors were transfected
into BGC-823 cells using a lentiviral transfection strategy, respectively. Sh-PLCy1, sh-PKC6, and
sh-CaMK IIf} stable cell lines were obtained under the pressure of puromycin (2 pg/mL, BioVision,
Inc., Milpitas, CA, USA).The expression levels of PLCy1,PKC9, and CaMK IIf3 protein were detected
with Western blotting analysis prior to the other experiments.

4.4. MTT Assay

Cells were plated in 96-well plates (1 x 10* cells/well) and cultured for the indicated
time. As described as previous studies [41,42], the number of viable cells was detected using
3-(4,5-dimethylthiazol-2-y)-2,5-diphenyl-tetrazolium bromide (MTT) assay.
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4.5. Apoptosis Assay

Cells were seeded on glass coverslips in 6-well plates for 24 h, rinsed with PBS once, fixed
in 4% paraformaldehyde for 10 min, washed three times with PBS, and stained by 50 pg/mL
4,6-diamidino-2-phenylindole (DAPI) stain [43]. The apoptotic cells were observed under Olympus
BX41 microscope equipped with a digital camera (Olympus, Tokyo, Japan). Additionally, cells were
cultured and stained with Propidium Iodide (PI) stain, followed by flow cytometry (FACScan, Becton
Dickinson, Franklin Lakes, NJ, USA) analysis according to previous study [44].

4.6. Transwell Assay

According to the previous studies [9,45], 2 x 10* cells in serum-free dulbecco’s modified eagle
medium (DMEM) were placed into the upper chambers of Transwell inserts set within wells with
8 um pore filters, and incubated at 37 °C for 12 h. Cells on the upper surface of the chambers
were then removed with cotton swabs. The migrated cells on the lower membrane surface were
fixed in methanol and stained with 0.1% Giemsa stain. Eight microscope fields (200x) from each
Transwell chamber were randomly selected, and cells adhering to the undersurface of the filter were
imaged and counted using an Olympus BX41 microscope equipped with a digital camera (Olympus,
Tokyo, Japan).

4.7. Western Blot Analysis

Protein extracts were subjected to sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis (PAGE) (8%-10%) and transferred to nitrocellulose membrane for Western blotting
analysis [9,42,46]. The membrane was incubated at 4 °C for different time with various antibodies as
required, and followed by the addition of the corresponding secondary antibody at room temperature
for 1 to 2 h. An enhanced chemiluminescence detection (ECL) kit was used to detect antibody
reactivity (Pierce, Rockford, IL, USA).

4.8. Real-Time PCR Analysis

Total RNA in cells was extracted using Trizol (Invitrogen, Carlsbad, CA, USA). The amount and
quality of the extracted RNA was assessed by spectrophotometry using NanoDrop 2000 (Thermo
scientific, Wilmington, DE, USA). cDNA synthesis was performed with 1 pg of total RNA at 37 °C
for 15min using the Primescript RT Master Mix Kit (Takara, Dalian, China), and subsequently
diluted 10-fold. Real-time PCR was performed using the ABI StepOnePlus Sequence Detection
System v2.1 (Applied Biosystems, Foster City, CA, USA) with SYBR Premix Ex Taq II Kit (Takala,
Dalian, China). Results were normalized to GAPDH and analyzed using SDS software v2.1
according to previous study [47] .The following primers were used in quantitative PCR for measuring
gene expression relative to GAPDH (MMP9: Forward 5-TGACAGCGACAAGAAGTG-3/, Reverse
5-CAGTGAAGCGGTACATAGG-3’; GAPDH: Forward 5-GGAAGGTGAAGGTCGGAGTCA-3,
Reverse 5-GTCATTGATGGCAACAATATCCACT-3).

4.9. Xenograft Assay in Nude Mice

Thirty-two 6-week-old female BALB/c nu/nu mice were purchased from Shanghai Slac
Laboratory Animal Co., Ltd. (Shanghai, China). All animal studies were conducted according
to the regulations of the Institutional Animal Care and Use Committee protocol. This study was
approved by the Committee on the Ethics of Animal Experiments of the University of Xiamen (ID
No. 20110916). Animals bearing tumors were randomly assigned to 4 groups, 200 pL relevant stable
cells (sh-Control, sh-PLCy1, 2 x 10°/ mouse) in PBS were subcutaneously injected into the right hind
leg of mouse, with 8 mice per group [42]. Tumor volume and animal weight were measured every
3—4 days. All animals were killed since injected for 40 days. The protein expression levels of relative
signal molecules in these subcutaneous tumors were detected with Western blotting analysis.
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4.10. Statistical Analysis

The differences between the groups were examined for statistical significance using the Student’s
t-test with GraphPad Prism 5 software (GraphPad Software, Inc., LaJolla, CA, USA). A value of
p < 0.05 was considered significant.

5. Conclusions

In conclusion, the blockade of both the DAG/PKC56 and IP3/Ca?* /CaMK IIp axes could inhibit
cell proliferation and migration, as well as the effect of the inhibition of PLCyl. Furthermore,
their regulatory mechanism is associated with the activation of Akt/mTOR/S6 pathway. Therefore,
it is suggested that both DAG/PKC$ and IP3/Ca?*/CaMK IIB operate in parallel to each other
in PLCy1l-driven cell proliferation and migration of human gastric adenocarcinoma cells through

Akt/mTOR/S6 pathway (Scheme 1).
DAG/PKC3S IP3/Ca2+/CaMK |1,
Akt/mTOR/S6
Protein synthesis

Cell proliferation
Migration

Scheme 1. Schematic representation of DAG/PKC$ and IP3/Ca?* /CaMK IIp operate in PLCy1-driven
cell proliferation and migration of human gastric adenocarcinoma cells.

Acknowledgments: This study was supported by the National Natural Science Foundation of China
(No. 81572189, 81371952, and 81072015).

Author Contributions: Lianzhi Dai, Luhua Zhuang, and Bingchang Zhang performed the experiments.
Bing Zhang and Chun Xia designed the study, wrote the manuscript and took the responsibility for the
correctness of the study results. Xiaolei Chen helped to perform the complementary experiments. All authors
read and approved the final manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Jemal, A.; Bray, F; Center, M.M,; Ferlay, J.; Ward, E.; Forman, D. Global cancer statistics. CA Cancer J. Clin.
2011, 61, 69-90. [CrossRef] [PubMed]

2. Lin, X,; Zhao, Y,; Song, W.; Zhang, B. Molecular classification and prediction in gastric cancer. Comput.
Struct. Biotechnol. . 2015, 13, 448-458. [CrossRef] [PubMed]

3. Shen, L.; Shan, Y.S.; Hu, HM.; Price, TJ; Sirohi, B, Yeh, KH.; Yang, YH., Sano, T.; Yang, HK;
Zhang, X.; et al. Management of gastric cancer in Asia: Resource stratified guidelines. Lancet Oncol. 2013,
14, e535-e547. [CrossRef]

28519


http://dx.doi.org/10.3322/caac.20107
http://www.ncbi.nlm.nih.gov/pubmed/21296855
http://dx.doi.org/10.1016/j.csbj.2015.08.001
http://www.ncbi.nlm.nih.gov/pubmed/26380657
http://dx.doi.org/10.1016/S1470-2045(13)70436-4

Int. ]. Mol. Sci. 2015, 16, 2851028522

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lee, KH.; Lee, HE,; Cho, SJ.; Cho, Y.J.; Lee, H.S,; Kim, J.H.; Nam, S.Y.; Chang, M.S.; Kim, W.H.; Lee, B.L.
Immunohistochemical analysis of cell cycle-related molecules in gastric carcinoma: Prognostic significance,
correlation with clinicopathological parameters, proliferation and apoptosis. Pathobiology 2008, 75, 364-372.
[CrossRef] [PubMed]

Wu, CW,; Li, A.F; Chi, CW,; Huang, C.L.; Shen, KH.; Liu, W.Y; Lin, W. Human gastric cancer kinase
profile and prognostic significance of MKK4 kinase. Am. . Pathol. 2000, 156, 2007-2015. [CrossRef]

Noh, D.Y,; Lee, YH.; Kim, S.S.; Kim, Y.I; Ryu, S.H.; Suh, P.G; Park, ].G. Elevated content of phospholipase
C-y1 in colorectal cancer tissues. Cancer 1994, 73, 36—41. [CrossRef]

Xie, Z.; Chen, Y.; Liao, E.Y; Jiang, Y.; Liu, FY.; Pennypacker, S.D. Phospholipase C-y1 is required for the
epidermal growth factor receptor-induced squamous cell carcinoma cell mitogenesis. Biochem. Biophys. Res.
Commun. 2010, 397, 296-300. [CrossRef] [PubMed]

Tomas, N.M.; Masur, K.; Piecha, J.C.; Niggemann, B.; Zanker, K.S. Akt and phospholipase Cy are involved
in the regulation of growth and migration of MDA-MB-468 breast cancer and SW480 colon cancer cells
when cultured with diabetogenic levels of glucose and insulin. BMC Res. Notes 2012, 5, 214. [CrossRef]
[PubMed]

Zhuang, L.; Zhang, B.; Zeng, G.; Dai, L.; Qian, H.; Hu, T.; Song, G.; Zhang, B.; Xia, C. Metastasis of human
gastric adenocarcinoma partly depends on phosphoinositide-specific phospholipase y1 expression. Folia
Histochem. Cytobiol. 2014, 52, 178-186. [CrossRef] [PubMed]

Cho, HJ.; Baek, KE,; Nam, LK, Park, SM.; Kim, LK, Park, SH,; Im, M.J.; Ryu, KJ,; Yoo, ] M.;
Hong, S.C.; et al. PLCy is required for RhoGDI2-mediated cisplatin resistance in gastric cancer. Biochem.
Biophys. Res. Commun. 2011, 414, 575-580. [CrossRef] [PubMed]

Rhee, S.G. Regulation of phosphoinositide-specific phospholipase C. Annu. Rev. Biochem. 2001, 70, 281-312.
[CrossRef] [PubMed]

Wells, A.; Grandis, ].R. Phospholipase C-y1 in tumor progression. Clin. Exp. Metastasis 2003, 20, 285-290.
[CrossRef] [PubMed]

Yamaguchi, H.; Condeelis, J. Regulation of the actin cytoskeleton in cancer cell migration and invasion.
Biochim. Biophys. Acta 2007, 1773, 642—652. [CrossRef] [PubMed]

Shepard, C.R.; Kassis, J.; Whaley, D.L.; Kim, H.G.; Wells, A. PLC y contributes to metastasis of in
situ-occurring mammary and prostate tumors. Oncogene 2007, 26, 3020-3026. [CrossRef] [PubMed]

Kim, M.J.; Chang, ].S; Park, S.K.; Hwang, ].I; Ryu, S.H.; Suh, P.G. Direct interaction of SOS1 Ras exchange
protein with the SH3 domain of phospholipase C-yl. Biochemistry 2000, 39, 8674-8682. [CrossRef]
[PubMed]

Rebecchi, M.].; Pentyala, S.N. Structure, function, and control of phosphoinositide-specific phospholipase
C. Physiol. Rev. 2000, 80, 1291-1335. [PubMed]

Lang, K.; Niggemann, B.; Zanker, K.S.; Entschladen, F. Signal processing in migrating T24 human bladder
carcinoma cells: Role of the autocrine interleukin-8 loop. Int. ]. Cancer 2002, 99, 673-680. [CrossRef]
[PubMed]

Andruska, N.D.; Zheng, X.; Yang, X.; Mao, C.; Cherian, M.M.; Mahapatra, L.; Helferich, W.G.; Shapiro, D.J.
Estrogen receptor « inhibitor activates the unfolded protein response, blocks protein synthesis, and induces
tumor regression. Proc. Natl. Acad. Sci. USA 2015, 112, 4737-4742. [CrossRef] [PubMed]

Bingchang, Z.; Fen, W.; Lianzhi, D.; Yanyan, Z.; Song, G.; Tianhui, H.C.; Bing, Z. Lentivirus-mediated PLC~y1
gene short-hairpin RNA suppresses tumor growth and metastasis of human gastric adenocarcinoma.
Oncotarget 2015. submitted for publication.

Chang, Y.; Zuka, M.; Perez-Pinera, P; Astudillo, A.; Mortimer, ]J.; Berenson, J.R.; Deuel, T.F. Secretion of
pleiotrophin stimulates breast cancer progression through remodeling of the tumor microenvironment.
Proc. Natl. Acad. Sci. USA 2007, 104, 10888-10893. [CrossRef] [PubMed]

Kiley, S.C.; Clark, K.J.; Duddy, S.K.; Welch, D.R.; Jaken, S. Increased protein kinase Cb in mammary tumor
cells: Relationship to transformtion and metastatic progression. Oncogene 1999, 18, 6748-6757. [CrossRef]
[PubMed]

Allen-Petersen, B.L.; Carter, C.J.; Ohm, A.M.; Reyland, M.E. Protein kinase C5 is required for ErbB2-driven
mammary gland tumorigenesis and negatively correlates with prognosis in human breast cancer. Oncogene
2014, 33, 1306-1315. [CrossRef] [PubMed]

28520


http://dx.doi.org/10.1159/000164221
http://www.ncbi.nlm.nih.gov/pubmed/19096232
http://dx.doi.org/10.1016/S0002-9440(10)65073-0
http://dx.doi.org/10.1002/1097-0142(19940101)73:1&lt;36::AID-CNCR2820730108&gt;3.0.CO;2-5
http://dx.doi.org/10.1016/j.bbrc.2010.05.103
http://www.ncbi.nlm.nih.gov/pubmed/20510673
http://dx.doi.org/10.1186/1756-0500-5-214
http://www.ncbi.nlm.nih.gov/pubmed/22554284
http://dx.doi.org/10.5603/FHC.2014.0021
http://www.ncbi.nlm.nih.gov/pubmed/25308733
http://dx.doi.org/10.1016/j.bbrc.2011.09.121
http://www.ncbi.nlm.nih.gov/pubmed/21986528
http://dx.doi.org/10.1146/annurev.biochem.70.1.281
http://www.ncbi.nlm.nih.gov/pubmed/11395409
http://dx.doi.org/10.1023/A:1024088922957
http://www.ncbi.nlm.nih.gov/pubmed/12856715
http://dx.doi.org/10.1016/j.bbamcr.2006.07.001
http://www.ncbi.nlm.nih.gov/pubmed/16926057
http://dx.doi.org/10.1038/sj.onc.1210115
http://www.ncbi.nlm.nih.gov/pubmed/17130835
http://dx.doi.org/10.1021/bi992558t
http://www.ncbi.nlm.nih.gov/pubmed/10913276
http://www.ncbi.nlm.nih.gov/pubmed/11015615
http://dx.doi.org/10.1002/ijc.10424
http://www.ncbi.nlm.nih.gov/pubmed/12115500
http://dx.doi.org/10.1073/pnas.1403685112
http://www.ncbi.nlm.nih.gov/pubmed/25825714
http://dx.doi.org/10.1073/pnas.0704366104
http://www.ncbi.nlm.nih.gov/pubmed/17578909
http://dx.doi.org/10.1038/sj.onc.1203101
http://www.ncbi.nlm.nih.gov/pubmed/10597283
http://dx.doi.org/10.1038/onc.2013.59
http://www.ncbi.nlm.nih.gov/pubmed/23474764

Int. ]. Mol. Sci. 2015, 16, 2851028522

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

McKiernan, E.; O'Brien, K.; Grebenchtchikov, N.; Geurts-Moespot, A.; Sieuwerts, A.M.; Martens, ] W.;
Magdolen, V.; Evoy, D.; McDermott, E.; Crown, J.; et al. Protein kinase Cd expression in breast cancer
as measured by real-time PCR, Western blotting and ELISA. Br. ]. Cancer 2008, 99, 1644-1650. [CrossRef]
[PubMed]

Berardi, D.E.; Flumian, C.; Rodriguez, C.E.; Diaz Bessone, M.I.; Cirigliano, S.M.; Bal de Kier Joffé, E.D.;
Fiszman, G.L.; Urtreger, A J.; Todaro, L.B. PKC? inhibition impairs mammary cancer proliferative capacity
but selects cancer stem cells, involving autophagy. J. Cell. Biochem. 2015. [CrossRef] [PubMed]

Marzioni, M.; Alpini, G.; Saccomanno, S.; de Minicis, S.; Glaser, S.; Francis, H.; Trozzi, L.; Venter, J.;
Orlando, F,; Fava, G.; et al. Endogenous opioids modulate the growth of the biliary tree in the course
of cholestasis. Gastroenterology 2006, 130, 1831-1847. [CrossRef] [PubMed]

Monaco, S.; Rusciano, M.R.; Maione, A.S.; Soprano, M.; Gomathinayagam, R.; Todd, L.R.; Campiglia, P.;
Salzano, S.; Pastore, L.; Leggiero, E.; et al. A novel crosstalk between calcium/calmodulin kinases II and IV
regulates cell proliferation in myeloid leukemia cells. Cell Signal. 2015, 27, 204-214. [CrossRef] [PubMed]
Mishra, J.P,; Mishra, S.; Gee, K.; Kumar, A. Differential involvement of calmodulin-dependent protein
kinase Il-activated AP-1 and c-Jun N-terminal kinase-activated EGR-1 signaling pathways in tumor
necrosis factor-« and lipopolysaccharide-induced CD44 expression in human monocytic cells. J. Biol. Chem.
2005, 280, 26825-26837. [CrossRef] [PubMed]

Kim, S.Y.; Ahn, B.H,; Kim, J.; Bae, Y.S.; Kwak, J.Y.; Min, G.; Kwon, TK,; Chang, J.S.; Lee, YH.;
Yoon, S.H.; et al. Phospholipase C, protein kinase C, Ca?t/ calmodulin-dependent protein kinase II,
and redox state are involved in epigallocatechin gallate-induced phospholipase D activation in human
astroglioma cells. Eur. J. Biochem. 2004, 271, 3470-3480. [CrossRef] [PubMed]

Kahn, E.S.; Kinumi, T.; Tobin, S.L.; Matsumoto, H. Phosrestide-1, a peptide derived from the Drosophila
photoreceptor protein phosrestin I, is a potent substrate for Ca* /calmodulin-dependent protein kinase IT
from rat brain. Comp. Biochem. Physiol. B Biochem. Mol. Biol. 1998, 119, 739-746. [CrossRef]

Matsumoto, H.; Kurien, B.T.; Takagi, Y.; Kahn, E.S.; Kinumi, T.; Komori, N.; Yamada, T.; Hayashi, E;
Isono, K.; Pak, W.L,; et al. Phosrestin I undergoes the earliest light-induced phosphorylation by a
calcium/calmodulin-dependent protein kinase in Drosophila photoreceptors. Neuron 1994, 12, 997-1010.
[CrossRef]

Banerjee, C.; Khatri, P.; Raman, R.; Bhatia, H.; Datta, M.; Mazumder, S. Role of calmodulin-calmodulin
kinase II, cAMP/protein kinase A and ERK 1/2 on Aeromonas hydrophila-induced apoptosis of head
kidney macrophages. PLoS Pathog. 2014, 10, €1004018. [CrossRef] [PubMed]

Laplante, M.; Sabatini, D.M. mTOR signaling at a glance. ]. Cell Sci. 2009, 122, 3589-3594. [CrossRef]
[PubMed]

Wendel, H.G.; de Stanchina, E.; Fridman, J.S.; Malina, A.; Ray, S.; Kogan, S.; Cordon-Cardo, C.; Pelletier, J.;
Lowe, S.W. Survival signalling by Akt and eIF4E in oncogenesis and cancer therapy. Nature 2004, 428,
332-337. [CrossRef] [PubMed]

Mu, G.G,; Zhang, L.L.; Li, HY;; Liao, Y.; Yu, H.G. Thymoquinone pretreatment overcomes the insensitivity
and potentiates the antitumor effect of gemcitabine through abrogation of Notchl, PI3K/Akt/mTOR
regulated signaling pathways in pancreatic cancer. Dig. Dis. Sci. 2015, 60, 1067-1080. [CrossRef] [PubMed]
Nie, P; Hu, W,; Zhang, T,; Yang, Y.; Hou, B.; Zou, Z. Synergistic induction of Erlotinib-mediated apoptosis
by resveratrol in human non-small-cell lung cancer cells by down-regulating survivin and up-regulating
PUMA. Cell. Physiol. Biochem. 2015, 35, 2255-2271. [CrossRef] [PubMed]

Moschella, P.C.; Rao, V.U.; McDermott, PJ.; Kuppuswamy, D. Regulation of mTOR and S6K1 activation by
the nPKC isoforms, PKCepsilon and PKC9, in adult cardiac muscle cells. J. Mol. Cell. Cardiol. 2007, 43,
754-766. [CrossRef] [PubMed]

Choi, YH,; Jin, GY,; Li, L.C; Yan, G.H. Inhibition of protein kinase C attenuates allergic airway
inflammation through suppression of PI3K/Akt/mTOR/HIF-1 o/VEGF pathway. PLoS ONE 2013, 8,
e81773. [CrossRef] [PubMed]

Zeng, G.; Cui, X,; Liu, Z.; Zhao, H.; Zheng, X.; Zhang, B.; Xia, C. Disruption of phosphoinositide-specific
phospholipases Cy1 contributes to extracellular matrix synthesis of human osteoarthritis chondrocytes. Int.
J. Mol. Sci. 2014, 15, 13236-13246. [CrossRef] [PubMed]

Cuschieri, J.; Bulger, E.; Garcia, L; Jelacic, S.; Maier, R.V. Calcium/calmodulin-dependent kinase II is
required for platelet-activating factor priming. Shock 2005, 23, 99-106. [CrossRef] [PubMed]

28521


http://dx.doi.org/10.1038/sj.bjc.6604728
http://www.ncbi.nlm.nih.gov/pubmed/19002183
http://dx.doi.org/10.1002/jcb.25358
http://www.ncbi.nlm.nih.gov/pubmed/26335446
http://dx.doi.org/10.1053/j.gastro.2006.02.021
http://www.ncbi.nlm.nih.gov/pubmed/16697745
http://dx.doi.org/10.1016/j.cellsig.2014.11.007
http://www.ncbi.nlm.nih.gov/pubmed/25446257
http://dx.doi.org/10.1074/jbc.M500244200
http://www.ncbi.nlm.nih.gov/pubmed/15923644
http://dx.doi.org/10.1111/j.0014-2956.2004.04242.x
http://www.ncbi.nlm.nih.gov/pubmed/15317582
http://dx.doi.org/10.1016/S0305-0491(98)00050-9
http://dx.doi.org/10.1016/0896-6273(94)90309-3
http://dx.doi.org/10.1371/journal.ppat.1004018
http://www.ncbi.nlm.nih.gov/pubmed/24763432
http://dx.doi.org/10.1242/jcs.051011
http://www.ncbi.nlm.nih.gov/pubmed/19812304
http://dx.doi.org/10.1038/nature02369
http://www.ncbi.nlm.nih.gov/pubmed/15029198
http://dx.doi.org/10.1007/s10620-014-3394-x
http://www.ncbi.nlm.nih.gov/pubmed/25344906
http://dx.doi.org/10.1159/000374030
http://www.ncbi.nlm.nih.gov/pubmed/25895606
http://dx.doi.org/10.1016/j.yjmcc.2007.09.015
http://www.ncbi.nlm.nih.gov/pubmed/17976640
http://dx.doi.org/10.1371/journal.pone.0081773
http://www.ncbi.nlm.nih.gov/pubmed/24312355
http://dx.doi.org/10.3390/ijms150813236
http://www.ncbi.nlm.nih.gov/pubmed/25073093
http://dx.doi.org/10.1097/01.shk.0000148075.19190.db
http://www.ncbi.nlm.nih.gov/pubmed/15665723

Int. ]. Mol. Sci. 2015, 16, 2851028522

40.

41.

42.

43.

44.

45.

46.

47.

Haneda, M.; Koya, D.; Kikkawa, R. Cellular mechanisms in the development and progression of diabetic
nephropathy: Activation of the DAG-PKC-ERK pathway. Am. J. Kidney Dis. 2001, 38, S178-5181. [CrossRef]
[PubMed]

Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and
cytotoxicity assays. J. Immunol. Methods 1983, 65, 55-63. [CrossRef]

Yi, T.; Zhuang, L.; Song, G.; Zhang, B.; Li, G.; Hu, T. Akt signaling is associated with the berberine-induced
apoptosis of human gastric cancer cells. Nutr. Cancer 2015, 67, 523-531. [CrossRef] [PubMed]

Zheng, X.; Xia, C.; Chen, Z.; Huang, J.; Gao, F; Li, G.; Zhang, B. Requirement of the phosphatidylinositol
3-kinase/ Akt signaling pathway for the effect of nicotine on interleukin-13-induced chondrocyte apoptosis
in a rat model of osteoarthritis. Biochem. Biophys. Res. Commun. 2012, 423, 606-612. [CrossRef] [PubMed]
Ottonello, L.; Bertolotto, M.; Montecucco, F; Bianchi, G.; Dallegri, F. Delayed apoptosis of human
monocytes exposed to immune complexes is reversed by oxaprozin: Role of the Akt/IkB kinase/nuclear
factor kB pathway. Br. J. Pharmacol. 2009, 157, 294-306. [CrossRef] [PubMed]

Beloueche-Babari, M.; Peak, ]J.C.; Jackson, L.E.; Tiet, M.Y.; Leach, M.O.; Eccles, S.A. Changes in choline
metabolism as potential biomarkers of phospholipase Cy1 inhibition in human prostate cancer cells. Mol.
Cancer Ther. 2009, 8, 1305-1311. [CrossRef] [PubMed]

Zhang, B.; Xia, C. 12-O-Tetradecanoylphorbol-1,3-acetate-induced degradation of protein kinase B via
ubiquitin proteasomal pathway depends on its Ser473 phosphorylation in gastric cancer cells. Folia
Histochem. Cytobiol. 2013, 51, 11-17. [CrossRef] [PubMed]

Tam, W.L.; Lu, H.; Buikhuisen, J.; Soh, B.S.; Lim, E.; Reinhardt, F; Wu, Z.]J.; Krall, J.A.; Bierie, B,;
Guo, W,; et al. Protein kinase C « is a central signaling node and therapeutic target for breast cancer stem
cells. Cancer Cell 2013, 24, 347-364. [CrossRef] [PubMed]

@ © 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open
@ access article distributed under the terms and conditions of the Creative Commons by

Attribution (CC-BY) license (http://creativecommons.org/licenses /by /4.0/).

28522


http://dx.doi.org/10.1053/ajkd.2001.27438
http://www.ncbi.nlm.nih.gov/pubmed/11576950
http://dx.doi.org/10.1016/0022-1759(83)90303-4
http://dx.doi.org/10.1080/01635581.2015.1004733
http://www.ncbi.nlm.nih.gov/pubmed/25837881
http://dx.doi.org/10.1016/j.bbrc.2012.06.045
http://www.ncbi.nlm.nih.gov/pubmed/22713471
http://dx.doi.org/10.1111/j.1476-5381.2009.00162.x
http://www.ncbi.nlm.nih.gov/pubmed/19338579
http://dx.doi.org/10.1158/1535-7163.MCT-09-0039
http://www.ncbi.nlm.nih.gov/pubmed/19417158
http://dx.doi.org/10.5603/FHC.2013.002
http://www.ncbi.nlm.nih.gov/pubmed/23690212
http://dx.doi.org/10.1016/j.ccr.2013.08.005
http://www.ncbi.nlm.nih.gov/pubmed/24029232

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Reagents and Antibodies 
	Cell Culture 
	Plasmid Construction and Transfection 
	MTT Assay 
	Apoptosis Assay 
	Transwell Assay 
	Western Blot Analysis 
	Real-Time PCR Analysis 
	Xenograft Assay in Nude Mice 
	Statistical Analysis 

	Conclusions 

