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Upregulation of CENPM facilitates tumor metastasis via the
mTOR/p70S6K signaling pathway in pancreatic cancer
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Abstract. Pancreatic cancer is a severe disease with high
morbidity and mortality. However, the primary molecular
mechanisms of pancreatic tumor formation and progression
remain unclear. The present study using sequencing tech-
nology revealed that the centromere protein M (CENPM)
gene was overexpressed in pancreatic cancer tissues. CENPM
is one of the components of a complex that plays a central
role in kinetochore protein assembly, mitotic progression and
chromosome segregation. However, the biological function
of CENPM in pancreatic cancer has yet to be determined.
Hence, two effective siRNAs were designed to knock down
CENPM. Notably, downregulation of CENPM inhibited
pancreatic cancer cell proliferation, altered the cell cycle and
limited pancreatic cancer cell migration and invasion via the
mTOR/p70S6K signaling pathway. This research provides
new evidence that CENPM overexpression plays a significant
role in the progression of pancreatic cancer. Overall, the
present findings indicated that CENPM may be a significant
biomarker for predicting the development and progression of
pancreatic malignancy.

Introduction

Pancreatic cancer is the one of the major lethal malignant
neoplasms; it has a high incidence rate worldwide, and it can

Correspondence to: Dr Bicheng Chen, Key Laboratory
of Diagnosis and Treatment of Severe Hepato-Pancreatic
Diseases of Zhejiang Province, Zhejiang Provincial Top Key
Discipline in Surgery, The First Affiliated Hospital of Wenzhou
Medical University, 12 Nanbaixiang Road, Ouhai, Wenzhou,
Zhejiang 325000, P.R. China

E-mail: bichengchen@hotmail.com

“Contributed equally

Key words: pancreatic cancer, CENPM, metastasis, mTOR/p70S6K
signaling pathway

cause long hospital stays and high costs (1). The estimation of
the 5-year survival rate for pancreatic cancer is approximately
5% (2). Certain risk factors leading to pancreatic cancer have
been identified, such as cigarette smoking, positive family
history, genetics, diabetes mellitus, obesity, dietary factors,
alcohol use as well as physical inactivity (3).

Over the past several decades, emerging research has
focused on identifying the underlying mechanisms of pancre-
atic cancer (4,5). However, to date, the investigations of the
specific mechanisms, are not satisfactory (1,2,6,7). Therefore,
there is an urgent need to improve the understanding of
pancreatic cancer.

Centromere protein M (CENPM) has been reported as a
novel biomarker of hepatocellular carcinoma (8), melanoma (9)
and bladder cancer (10). However, the function of CENPM
has not been studied in pancreatic cancer. The CENPM
gene (11,12) encodes the centromere protein M. CENPM is
recruited by CENPA nucleosomes and is assembled into CENPA
nucleosome-associated complex (NAC) (13). CENPA NAC
plays important roles in kinetochore assembly, mitotic progres-
sion regulation and chromatin complex formation (14). As is
commonly known, the proliferation of cancer cells is closely
related to mitosis and chromosome separation (12). Thus, the
CENPM gene was selected as the target of our research.

In the present study, it was revealed that CENPM expres-
sion was upregulated in both pancreatic carcinoma and
pancreatic ductal adenocarcinoma compared with normal
tissues (data from the ‘Pei Pancreas’ and ‘Grutzmann Pancreas’
databases) (15,16). Whether the capacity of migration and
invasion of pancreatic cancer would be influenced by CENPM
is unknown. Hence, PANC-1 and CFPAC-1 were selected to
determine the mechanism of CENPM in the proliferation and
metastasis of pancreatic cancer.

Materials and methods

Bioinformatics analyses of CENPM. The expression data for the
CENPM gene in pancreatic cancer patients were downloaded
from the Oncomine online database (https://www.oncomine.
org/). This database is a cancer microarray platform and can
provide translational bioinformatics services (17). Oncomine
gene expression array datasets include 715 independent



1004

datasets and >80,000 samples. The datasets extracted from
Oncomine were the Pei Pancreas and Grutzmann Pancreas
datasets (15,16). In the Pei Pancreas datasets, there were
16 normal and 36 pancreatic carcinoma samples. In the
Grutzmann Pancreas datasets, there were 11 normal and
14 pancreatic ductal adenocarcinoma samples. Patient overall
survival analysis and disease-free survival analyses were
extracted from Gene Expression Profiling Interactive Analysis
(GEPIA, http://gepia.cancer-pku.cn/). Thanks to the work of
Professor Zefang Tang from Peking University (18), RNA
sequencing expression data of almost ten thousand cancers
from TCGA and the GTEx datasets can be analyzed using
this web tool. In this pancreatic adenocarcinoma dataset, the
group cut-off level for CENPM expression was set as 50%.
Samples with expression levels higher than this threshold were
considered as the high-expression cohort. The hazards ratio
(HR) was calculated based on the Cox PH Model. The dotted
line shows the 95% confidence interval (CI).

Cell culture. \TERT-HPNE, BxPC-3, CFPAC-1, MIA PaCa-2,
PANC-1 and PATU-8988 cell lines were used to perform the
experiments in the present study. All cell lines were purchased
from the Chinese Academy of Sciences Cell Bank (China).
DMEM with 4.5 g/1 glucose supplemented with 10% FBS,
100 U/ml penicillin and 100 pg/ml streptomycin (all from
Gibco; Thermo Fisher Scientific, Inc.) was used to culture
HTERT-HPNE, MIA PaCa-2 and PANC-1 cell lines. BxPC-3,
CFPAC-1 and PATU-8988 cell lines were cultured in Roswell
Park Memorial Institute (RPMI)-1640 medium (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS,
100 U/ml penicillin and 100 pg/ml streptomycin. Cells were
incubated in a standard atmosphere with 5% CO, and at a
temperature of 37°C.

RNA isolation and real-time quantitative polymerase chain
reaction (RT-qPCR). Total RNA from cells was isolated
according to the RNAprep cell kit instructions (Tiangen
Biotech Co, Ltd.). The purity and concentration of RNA were
examined by a nucleic acid protein detector (DeNovix, Inc.).
RNA samples were reverse transcribed by a RevertAid First
Strand kit (Thermo Fisher Scientific, Inc.). qRT-PCR was
performed using a 7500 Fast Real-Time PCR System (Applied
Biosystems; Thermo Fisher Scientific, Inc.) with SYBR Green
Master (ROX) reagent (Roche Diagnostics). The thermocy-
cling conditions were as follows: Initial denaturation at 95°C
for 10 min; 40 of cycles of denaturation for 15 sec at 95°C,
annealing for 1 min at 60°C and elongation for 1 min at 72°C;
and final extension for 10 min at 72°C. GAPDH was used for
the normalization of CENPM expression levels. The sequences
of the GAPDH primers used in the present study were forward
5'-GGACCTGACCTGCCGTCTAG-3' and reverse 5'-GTA
GCCCAGGATGCCCTTGA-3". The sequences of the CENPM
primers used in the present study were forward 5'-CTGGCG
GACTCGATGCTCAAAG-3' and reverse 5'-CGATTCACA
CTGGAGGGCAAAGG-3'". The results are presented with
CT values and were analyzed by the AACq method (19). Each
sample was performed in triplicate.

Cells transfection. Small interfering RNA (siRNA)
for CENPM was designed and generated by Shanghai
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GenePharma Co., Ltd. The sequences of the negative controls
(si-NC) were as follows: Sense, 5'-UUCUCCGAACGUGUC
ACGUTT-3" and antisense, 5'-ACGUGACACGUUCGG
AGAATT-3". The sequences of the CENPM siRNAs were
as follows: CENPM-homo-172 (si-RNA1): Sense, 5'-GGA
CUCGAUGCUCAAAGAGTT-3" and antisense, 5'-CUC
UUUGAGCAUCGAGUCCTT-3"; and CENPM-homo-206
(si-RNA2): Sense, 5'-CUGAAGGUCCACUUGGCAATT-3'
and antisense, 5-UUGCCAAGUGGACCUUCAGTT-3" Cell
interference was performed according to the Lipofectamine
3000 (Invitrogen; Thermo Fisher Scientific, Inc.) protocol.
Approximatelly 1x10° cells of the PANC-1 and CFPAC-1 cell
lines were seeded into 6-well plates and cultured until they
reached to 40-50% confluence. Lipofectamine 3000 reagent
and siRNA were diluted in DMEM or RPMI-1640 medium
and then mixed at a ratio of 1:1, and subsequently they were
incubated at 37°C together for 15 min. The siRNA concen-
tration of CENPM at 100 nmol/l was added to each well.
Forty-eight hours later, cells were harvested for subsequent
experiments. Each transfection was performed in triplicate.

Cell proliferation assay. Forty-eight hours after the siRNA
transfection, approximately 5,000 cells/well of PANC-1 and
CFPAC-1 cells were seeded into 96-well plates according
to the Cell Counting Kit-8 (CCK-8; Dojindo Molecular
Technologies, Inc.) protocol. Cell proliferation assays were
detected at 0, 24, 48, 72 and 96 h by a Varioskan Flash multi-
mode reader (Thermo Fisher Scientific, Inc.). Approximately
500 cells/well of siRNA-transfected PANC-1 and CFPAC-1
cells were seeded into 6-well plates and cultured with 10%
FBS medium. Cells were fixed with 4% paraformaldehyde
at 4°C (Solarbio Life Sciences) for 20 min when the colonies
were evident enough to be observed macroscopically. Colonies
(consisting of at least 50 cells) were observed by a light micro-
scope at an x100 magnification. The cells were then stained
with 0.4% crystal violet (Beyotime Institute of Biotechnology)
at 37°C for 20 min. Images of each well were captured using a
camera (Canon). Each experiment was performed in triplicate.

Cell cycle assay. si-NC and si-CENPM cells obtained were
washed twice using ice-cold PBS and were fixed in 70%
ethanol at -20°C overnight. Then, the cells were washed
again and resuspended in 0.1 ml of staining buffer (FBS)
(BD Pharmingen; BD Biosciences). After washing the cells,
5 ul of 7-AAD (50 ug/ml) (BD Biosciences) was added into
the cell suspension and incubated in a dark room for 10 min
at 37°C. Finally, a cell cycle assay was performed using a flow
cytometer (BD Accuri C6; BD Biosciences). The analysis soft-
ware used was ModFit version 5 (Verity Software House, Inc.).

Cell migration and invasion assays. Approximately
5x10* cells/well of si-NC or si-CENPM cells were seeded into
Transwell chambers (with pore size inserts of 8 ym) (Corning,
Inc.). Due to the different migration capacities of cells, PANC-1
cells migrated for 1 day, while CFPAC-1 cells migrated for
3 days. In the invasion experiments, Matrigel (Corning, Inc.)
was diluted with DMEM or RPMI-1640 medium at a ratio of
1:8 followed by incubation in the chambers overnight. The cells
were cultured in the upper chambers and were then allowed to
invade for 4 days for PANC-1 cells and 8 days for CFPAC-1
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cells. All of the lower chambers were filled with 600 ml of
DMEM or RPMI-1640 medium supplemented with 20% FBS.
Upon completion of migration or invasion, the chambers were
fixed with 4% paraformaldehyde at 4°C for 20 min and stained
with 0.4% crystal violet at 37°C for 20 min carefully. Images
were observed by light microscope at an x200 magnification,
and five fields were randomly selected for analysis. The
analysis software uesd was VisionWorks version 8 (UVP, Inc.).

Proteinextractionandwesternblotanalysis.Seventy-two hours
after siRNA transfection, cells were collected and lysed in RIPA
buffer (Beyotime Institute of Biotechnology) supplemented
with phenylmethanesulfonyl fluoride (Sigma-Aldrich; Merck
KGaA), PhosSTOP (Roche Diagnostics) and DL-dithiothreitol
(Beyotime Institute of Biotechnology). Cell protein concentra-
tions were measured using a BCA protein assay kit (Beyotime
Institute of Biotechnology) and equilibrated with PBS and
loading buffer. A total of 50 ug boiled protein per lane was
separated by 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and then transferred to a
0.45-um polyvinylidene difluoride (PVDF) membrane (EMD
Millipore). The membranes were incubated with 5% nonfat
milk in Tris-buffered saline (TBS), which contained 0.05%
Tween-20, for 1 h at room temperature. Each membrane was
probed with various antibodies overnight at 4°C. The following
primary antibodies were used: Anti-cyclin-dependent kinase
(CDK)2 [product no. 18048S; Cell Signaling Technology
(CST), Inc ], anti-CDK®6 (product no. 3136S; CST), anti-cyclin
D1 (product code ab134175; Abcam), anti-p21 (product
no. 2947S; CST), anti-tubulin (product no. 2148S; CST),
anti-CENPM (cat. no. DF2314; Affinity), anti-mammalian
target of rapamycin (mTOR) (product code ab2732; Abcam),
anti-phosphorylated (p)-mTOR (Ser2448) (product no. 5536S;
CST), anti-p70S6K (cat. no. 14485; ProteinTech Group, Inc.),
anti-p-p70S6K (Thr421/Ser424) (product no. 9204S; CST),
and anti-GAPDH (product no. 2118S; CST). All the antibodies
were used at a dilution of 1:1,000. Then, the membranes
were incubated with HRP AffiniPure goat anti-rabbit IgG
(product no. BLOO3A; Biosharp) (1:5,000) for 1 h at room
temperature the following day. Protein bands were visualized
using Amersham Imager 600 (General Electric Company) and
enhanced with chemiluminescence (Thermo Fisher Scientific,
Inc.). The analysis software used was VisionWorks version 8.

Statistical analysis. All data were obtained from at least three
independent experiments. Data are presented as the mean
values + SEM and were performed using t-tests or one-way
ANOVA. Multiple comparisons among the groups were
performed using Sidak correction method. P-values <0.05 were
considered to indicate a statistically significant difference.
Statistical analyses were achieved using SPSS 23.0 software
(IBM, Corp.) and GraphPad Prism version 7.01 (GraphPad
Software, Inc.).

Results

CENPM is upregulated in pancreatic cancer and associated
with the survival rate. The data extracted from the Pei Pancreas
database and the Grutzmann Pancreas database (15,16)
revealed that the gene CENPM was significantly upregulated

1005

(P<0.0001) in 50 cases of cancer patients with pancreatic
carcinoma or pancreatic ductal adenocarcinoma compared
with 27 healthy cases (Fig. 1A and B).

Overall survival and disease-free survival analyses
(Fig. 1C and D) extracted from GEPIA revealed that patients
with high CENPM expression presented decreased survival
percentages (P<0.05). An HR value over 1.0 indicated that
CENPM was positively associated to pancreatic cancer and
suggested that the CENPM gene may act as a potential cancer
therapeutic target in pancreatic cancer treatment.

CENPM expression levels in pancreatic cancer cell lines. To
determine whether CENPM was overexpressed in pancreatic
cancer cell lines, the relative expression level of CENPM among
various pancreatic cancer cell lines vs. the human pancreatic
nestin-expressing (WTERT-HPNE) cell line were quantified.
The data revealed that CENPM was overexpressed in BxPC-3
(P<0.0001), CFPAC-1 (P<0.001), PANC-1 (P<0.0005) and
PATU-8988 (P<0.05) compared with hTERT-HPNE (Fig. 2A).
In the present study, PANC-1 and CFPAC-1 were selected for
further research due to their relatively higher expression levels
and easy culture. Two effective siRNAs were transfected to
interfere in the expression of CENPM in these two cell lines
for subsequent experiments. With regard to the cell morpholo-
gies of PANC-1 and CFPAC-1 cells it was observed that
the cells became round and underwent cell shrinkage when
CENPM was knocked down by siRNA (Fig. 2B and C). The
knockdown effect of the siRNA is presented in Fig. 2D-F. The
inhibition levels of si-RNA1 and si-RNA2 in PANC-1 cells
were 0.6908+0.01985 and 0.6486+0.02292 relative to si-NC
(P<0.0001). The inhibition levels of si-RNA1 and si-RNA2 in
CFPAC-1 were 0.6834+0.02452 and 0.7205+0.03211 relative
to si-NC (P<0.0001).

CENPM gene knockdown inhibits pancreatic cancer cell
proliferation. Tumor growth was associated with limitless
proliferation of tumor cells; therefore, considering the
function of CENPM in tumor cell proliferation was valuable.
Time-dependent proliferation of cells was calculated by
CCK-8 assay, and the values were analyzed at OD450
nm (Fig. 3A and B). Colony formation assays were also
performed to detect cell proliferation (Fig. 3C and D). These
results indicated that cell lines transfected with si-RNA1 and
si-RNA?2 had significantly lower values (P<0.0001), demon-
strating that downregulation of CENPM could effectively
inhibit PANC-1 and CFPAC-1 proliferation compared with
the si-NC group.

CENPM gene knockdown affects the cell cycle in pancreatic
cancer cells. In order to better understand the effect of
CENPM in pancreatic cancer cells, cell cycle analysis was
performed (Fig. 4A and B). The results of flow cytometric
analysis revealed that the percentages of cells in the GO/G1
phase of the CENPM-knockdown PANC-1 and CFPAC-1 cells
were higher than in the si-NC groups (P<0.05). In addition,
the percentages of the S+G2/M phase were decreased in the
siRNA groups (P<0.05).

CDKs are proteins involved in the cell cycle of tumor
cells (20). Cyclin DI is a cell cycle-related protein. p21 is
a type of cyclin-dependent kinase inhibitor (21). CDK?2,
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Figure 1. CENPM is upregulated in pancreatic cancer. (A and B) CENPM expression in pancreatic cancer is higher than in healthy tissue as determined using
the ‘Pei Pancreas database’ and ‘Grutzmann Pancreas database’. (C) The overall survival analysis and (D) disease-free survival analysis revealed that patients

e

with high expression of CENPM exhibited shorter survival time.

CDKG®6, cyclin D1 and p21 were detected by western blotting
(Fig. 4C and D). The results revealed that knockdown of
CENPM decreased the expression levels of CDK2 (P<0.05),
CDK6 (P<0.001), cyclin D1 (P<0.05) and increase the expres-
sion levels of p21 (P<0.05). Collectively, low expression of
CENPM induced cell cycle arrest at the G1 phase in pancre-
atic tumor cells.

Downregulation of CENPM inhibits pancreatic cancer cell
migration and invasion. Transwell assays were performed to
demonstrate the migration and invasion function of CENPM in
pancreatic tumor cells (Fig. 5). Cells with migration capacity
can move from the upper chambers without FBS to the lower
chambers with a high concentration of FBS. The present
results revealed that knockdown of CENPM could efficiently
hinder the migration capacity of PANC-1 and CFPAC-1 cells
compared with the si-NC group (P<0.0001). The invasion
assays also revealed a similar trend.

CENPM function may be regulated via the mTOR/p70S6K
signaling pathway. Western blotting was applied to elucidate
the mechanism by which CENPM regulates the migration

P<0.0001 vs. healthy pancreas. CENPM, centromere protein M.

and invasion capacities of tumor cells. The phosphorylation
levels of p70S6K and mTOR were significantly reduced when
CENPM was knocked down by si-RNA-1 and si-RNA-2
(Fig. 6). The mTOR/p70S6K pathway had an important role
in cancer cell metastasis, which may influence cell migration
and invasion. These results indicated that downregulation of
CENPM inhibited phosphorylation of the mTOR/p70S6K
pathway thus reducing the malignant degree of pancreatic
tumors.

Discussion

Pancreatic carcinoma, a fatal disease with high morbidity, has
long been a tribulation for patients and doctors (1). Pancreatic
cancer is the seventh cause of tumor-induced deaths and has a
high mortality/incidence ratio of up to 98% worldwide (3). In
addition, its 5% five-year survival rate makes this cancer even
more serious (2,3).

The pathogenesis of pancreatic cancer has been studied
for several years, identifying contributing factors such as
smoking, heavy alcohol intake, high BMI, type II diabetes
and chronic pancreatitis (22). Unfortunately, once pancreatic
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Figure 2. Expression level of CENPM in pancreatic cancer cell lines. (A) The relative expression levels of CENPM in pancreatic cancer cell lines were
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cells. The data were obtained from at least three independent experiments. “"P<0.0001 compared to si-NC. CENPM, centromere protein M; si-RNA, small

interfering RNA.

cancer is diagnosed, the only treatment to cure the cancer is
surgery. Further compounded, a locally resectable tumor can
result in post-surgery recurrence (7).

Due to the limited options for therapy with pancreatic
cancer, it is imperative to explore new targeted therapies and to
provide different directions for clinical treatment. Currently,
gene editing technology is considered as a curable treatment
for pancreatic cancer (23,24).

The kinetochore is a surface structure on the centro-
meric region of DNA and can be observed during every
cell cycle mitosis. The function of the kinetochore is to
ensure the correct segregation of chromosomes. CENPA is
a leading marker in the assembly of CENPA NAC, which is

the beginning of kinetochore construction. CENPM, along
with CENPH, CENPC, CENPN, CENPU/50 and CENPT,
is physically closer to the CENPA nucleosome compared to
CENPA NAC (11). CENPM is highly expressed in prolif-
erating cells, such as activated lymphoid cells and tumor
cells (25). It is also known as proliferation-associated nuclear
element 1 (PANE1) (25,26). Moreover, mitotic aberrations
and aneuploidy have been reported in CENPM-deficient
cells (13,14,27).

Recently, Yu et al defined CENPM as a complement
to AFP in the diagnosis of hepatocellular carcinoma (8);
Xiao et al further confirmed that CENPM was highly associ-
ated with hepatocellular carcinoma progression and could be a
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candidate novel biomarker for hepatocellular carcinoma (28).
Investigations of the underlying mechanisms of melanoma
highlighted that CENPM may play an important role in the
metastases of melanoma (9). Chen et al suggested that CENPM
may contribute to bladder cancer development and cancer
recurrence (12). In fact, bladder cancer patients with high
CENPM expression had markedly shorter progression-free
survival than those with low expression (10).

However, the mechanism between CENPM and pancreatic
carcinoma has not been explored. The present study aimed
to determine the function and mechanism of CENPM in the
proliferation and metastasis of pancreatic carcinoma.

CENPM, identified as ‘pseudo G-protein’, is structur-
ally related to Rab-family GTPases (29). The Rab GTPase
family-associated factors have been recognized as major
regulators of the activity of signaling pathways regulating cell
growth and survival (30). A study identified Rab as promoting
oncogenesis by direct interaction with mTOR, resulting in
activation of the pathway (31).

mTOR (32) is a protein that can influence cell growth
via the stimulation of amino acids, insulin, IGF-1, and
ATP among other factors (33). Once mTOR is activated,
mTORCI1 can regulate proteins, including ribosomal
protein p70S6 kinases (S6Ks) (34). p70S6K1 and p70S6K?2
share a large proportion of their kinase domains. p70S6K1,
with 502 amino acids, has been investigated more
than p70S6K2. p70S6K has been revealed to be highly

expressed and activated in several breast cancer cells (35).
It has also been revealed to play crucial roles in tumor
angiogenesis, cellular proliferation, migration and motility
metastasis (36-38). Moreover, the mTOR/p70S6K signaling
pathway was revealed to suppress autophagy through
phosphorylation of transcription factor EB and restrain the
expression of autophagy genes (39,40). Holz et al revealed
that p70S6K can directly regulate the phosphorylation of
mTOR at threonine 2446/serine 2448, which is a portion
of the regulatory repressor domain (41). In addition, the
mTOR/S6K signaling pathway has been demonstrated to
be essential in several diseases, such as cancer, diabetes
and obesity (32).

In the present study, the CENPM gene was revealed to be
regulated in both pancreatic carcinoma and pancreatic ductal
adenocarcinoma compared with healthy tissues. The results
revealed that cells with low expression of CENPM could
significantly inhibit pancreatic cancer cell proliferation, cause
cell cycle arrest at the G1 phase and hinder pancreatic cancer
cell migration and invasion. Among total cellular protein, the
expression of p-p70S6K and p-mTOR was reduced due to low
CENPM levels. This indicated that the mTOR/p70S6K signaling
pathway may be the underlying mechanism of CENPM.CENPM
may regulate the activity of the kinase by interacting with the
kinase domain and play an important role in the phosphoryla-
tion of mTOR and p70S6K. However, the specific molecular
mechanisms remain unclear. Various cancer-related signaling
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Figure 4. Downregulation of CENPM affects the cell cycle in pancreatic cancer cells. (A and B) Flow cytometric analysis of the cell cycle in PANC-1 and
CFPAC-1 cells. (C and D) The expression levels of CDK2, CDK6, cyclin D1 and p21 in PANC-1 and CFPAC-1 cells. The data were obtained from at least three
independent experiments. “P<0.05, *"P<0.001, ““P<0.0005, “*“"P<0.0001 compared to si-NC. CENPM, centromere protein M; si-RNA, small interfering RNA;
CDK, cyclin-dependent kinase.
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Figure 6. CENPM function may be regulated via the mTOR/p70S6K signaling pathway. (A) The phosphorylation levels of p70S6K and mTOR were signifi-
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pathways, such as JAK/STAT (42), PI3K/Akt (43), INK (44), Although the biological function of CENPM in pancreatic
Whnt (45), and MAPK/ERK (46), have been revealed to play  cancer was elucidated, the present study has some limitations.
pivotal roles in tumor cell invasion and migration. The effect  First, in vivo experiments should be performed to confirm
of CENPM in the aforementioned pathways will be explored in  the present conclusions. Next, clinical data, such as serum or
future studies. tissue from pancreatic cancer resections, need to be collected
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for further research. In conclusion, it suggested that CENPM
may positively affect the tumorigenesis of pancreatic tumors
and could become a potential marker and a target for gene
therapy in pancreatic cancer.
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