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Abstract: Hepatocellular carcinoma (HCC) is one of the most common malignancies and has a poor
prognosis. Novel diagnostic or prognostic biomarkers and potential therapeutic targets for HCC are
thus urgently needed. CEP55 plays a crucial role in regulating physical cytokinesis. Whether, and how,
CEP55 contributes to HCC development remains unclear. Herein, we demonstrate that CEP55 is
abnormally upregulated in HCC tissue, and these high levels of CEP55 are closely related to the poor
prognosis of HCC patients. Knockdown of CEP55 expression significantly inhibits HCC cell migration
and invasion. We also demonstrate that CEP55 physiologically interacts with JAK2 and promotes its
phosphorylation; thus, it is a novel regulator of JAK2–STAT3 signaling and its target genes MMP2/9.
Finally, blocking JAK2 or STAT3 blunts the stimulation of migration and invasion due to CEP55
overexpression. In summary, our results suggest that CEP55, as an oncogene, promotes HCC cell
migration and invasion through regulating JAK2–STAT3–MMPs signaling.
Keywords: CEP55; hepatocellular carcinoma; JAK2-STAT3; migration; invasion

1. Introduction
Hepatocellular carcinoma (HCC) is a high mortality type of primary liver cancer. It is the most
common malignancy worldwide, especially in Asia, Africa, and Southern Europe. It is the fifth most
common aggressive cancer and the second leading cause of cancer death [1]. During 2012, there were
approximately 782,500 new liver cancer cases and 745,500 deaths worldwide, and about 50% of the
total cases and deaths were from China. In addition, the incidence of HCC in areas with historically
low rates of HCC, such as Western Europe and North America, have increased [2]. This emphasizes
the urgency of establishing new therapeutic targets for successful intervention.
Intrahepatic and extrahepatic metastasis is a pivotal step in determining invasive phenotypes
and is a major cause of poor prognosis and high relapse in HCC. Cell migration and invasion are the
key parameters for the metastatic spread of cancer cells. A complex array of molecules and signaling
pathways influences the migration and invasion potential of HCC cells. To be metastatic, cancer cells
must upregulate the expression of a variety of metastasis-promoting genes. However, the underlying
molecular mechanism that mediates cell migration and invasion remains largely unknown. In-depth
understanding of the mechanisms may facilitate the development of effective metastasis-targeted
therapy and the improvement of the overall prognosis of HCC patients.
CEP55, the most recently discovered member of the centrosome relative protein family, plays key
roles in cell division [3,4]. Throughout mitosis, CEP55 remains associated with the centrosome and
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is recruited to the mitotic spindle [4]. At the terminal stage of cytokinesis, CEP55 is also required
for mid-body structure and the completion of cytokinesis [5]. The overexpression of CEP55 results
in cytokinesis defects and an increase in multinucleated cells, which may cause tumorigenesis [6].
Recent studies have found that elevated expression of CEP55 is significantly associated with tumor
stage, invasiveness, metastasis, and poor prognosis in multiple tumor types [6–13]. However, it is still
unclear whether and how CEP55 regulates the invasion and metastasis of HCC.
In this study, our data indicate that CEP55 is overexpressed in HCC and that high levels of CEP55
are associated with a poor prognosis in HCC patients. Moreover, CEP55 promotes the migration and
invasion of HCC cells. Knockdown of CEP55 expression significantly decreases the cell motility of
HCC cell motility via suppressing the JAK2–STAT3–MMPs signaling axis. These results indicate that
targeting CEP55 may be effective in the treatment of HCC.
2. Materials and Methods
2.1. Reagents and Antibodies
The following antibodies were used: anti-CEP55 (#23891-1-AP), MMP2 (#66366-1-Ig), MMP9
(#10375-2-AP), STAT3 (#60199-1-Ig), JAK1 (#66466-1-Ig), JAK2 (#17670-1-AP), and Actin (#60008-1-Ig)
(Proteintech Group, Chicago, IL, USA); and p-JAK1 Tyr1034/1035 (#74129), p-JAK2 Tyr1007/1008
(#3771), and p-STAT3 Tyr705 (#9145) (Cell Signaling Technology, Beverly, MA, USA). The biological
reagent IL-6 was acquired from Sigma Chemical (St. Louis, MO, USA). JAK2 inhibitor XL019 (#S7036),
STAT3 inhibitor C188-9 (#S8605) was from Selleck (Shanghai, China).
2.2. Gene Expression and Survival Analysis
The expression levels of CEP55 mRNA in human HCC tumors and normal tissues were
determined with GENT (Gene Expression across Normal and Tumor Tissue) databases, as previously
mentioned [14]. We analyzed the publicly available gene expression datasets from human cancer
research for a survival analysis, as described previously [15]. The data were obtained from the Cbioportal
TCGA provisional set. (http://www.cbioportal.org/) (Supplementary File 2). A Kaplan–Meier survival
analysis was conducted in which the HCC patients were divided into two groups at the 50th percentile
based on log2-transformed CEP55 mRNA expression.
2.3. Quantitative Real-Time PCR
Total RNA was extracted with Trizol Reagent (Invitrogen, Carlsbad, CA, USA). The cDNAs
were reverse transcribed using the AMV reverse-transcription kit (Promega Biotechnology,
Madison, WI, USA). CEP55 and GAPDH were amplified by real-time PCR using a SYBR Green
Real-Time PCR reagent (Life Technologies, Carlsbad, CA, USA). The primer sequences for human
CEP55 were F: 50 -TGAGAGACCAACTGAAGGCCA-30 ; R: 50 -GCTTTCAACACCTGCTCCCTC-30 .
The primer sequences for human GAPDH were F: 50 -AACTTTGGCATTGTGGAAGGA-30 ; and R:
50 -AACATCATCCCTGCTTCCAC-30 (reverse). Quantitative PCR reactions were performed under
the following conditions: 5 min at 96 ◦ C, followed by 35 cycles at 95 ◦ C for 15 s and at 60 ◦ C for 60 s.
A comparative CT method (2−∆∆CT ) was applied to quantify gene expression.
2.4. Lentivirus Construction and Infection
The lentiviral vector ZsRed was used to construct exogenous CEP55. The GFP tagged lentiviral
vector PLL3.7 was used to knockdown the expression of CEP55, JAK2, and Stat through shRNA
designed to target each gene. The shRNA targeted sequences were as follows:

•
•

CEP55 shRNA1: 50 -ACCTCACGAATTGCTGAAC-30 ; CEP55 shRNA2: 50 -GACTGAGAGACCA
ACTGAA-30 ;
CEP55 shRNA3: 50 -GCTCCAAACTGCTTCAACT-30 ; CEP55 shRNA4: 50 -CTGAAAGATGCTCT
GGAGA-30 ; and
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JAK2 shRNA: 50 -GCAGAATTAGCAAACCTTATA-30 ; STAT3 shRNA: 50 -TGTTCTCTATCAGC
ACAAT-30 .

To determine the lentiviral supernatant production, PLL3.7-based shRNA constructs or the
ZsRed-based CEP55 overexpression construct were mixed with envelope plasmid psPAX2 and pMD2G
(7.5 µg:5.5 µg:2 µg). Then, the mixture was transfected into HEK-293T cells using polyJet regent.
The lentivirus-containing supernatant was harvested at 48 h and 72 h post-transfection, respectively.
The lentivirus-containing supernatant was used to infect HCC cells after filtration with a 0.45-µm filter.
For infection, HCC cells were seeded into 6-well plate and grown to ~50% confluence. Then, the cells
were maintained in 5 mL lentivirus supernatant for 6 h, before being discarded and replaced with
DMEM medium with 10% FBS. Twenty-four hours later, the cells were infected for the second time.
2.5. Western Blot
The cultured cells were lysed with pre-cooling RIPA lysis buffer with PMSF and aprotinin.
Then, the mixture was incubated on ice for 30 min and centrifuged for 15 min at 14,000× g, and the
supernatant was transferred to a new EP tube. The supernatant was harvested and analyzed for
protein concentration using a BCA kit (Thermo Fisher Scientific, Waltham, MA, USA). Aliquots of
protein were boiled in 1× loading buffer for 10 min. Samples containing 30 µg of total protein
were resolved by 10% SDS-PAGE and proteins were transferred to a PVDF membrane (Millipore
Corporation, Billerica, MA, USA). Each membrane was blocked with 5% non-fat dry milk in 1× TBST
for 1 h at room temperature. Then, the membrane was incubated with a primary antibody overnight
at 4 ◦ C and a secondary antibody for 1 h at room temperature. The membrane was detected by
chemiluminescent agents after being washed three times with 1× TBST for 30 min. To ensure that
equal amounts of the sample protein were applied for electrophoresis, actin was used as an internal
control. The protein level was analyzed by densitometric analysis
2.6. Co-Immunoprecipitation (Co-IP) Assay
Cells were infected with flag-CEP55 for 48 h, and then cells were lysed with cold lysis buffer
(1% Triton X-100, 40 mM Hepes pH 7.5, 120 mM NaCl, 1 mM EDTA, 10 mM pyrophosphate,
10 mM glycerophosphate, 50 mM NaF, 0.5 mM orthovanadate, PMSF, and aprotinin (Roche,
Indianapolis, IN, USA)). The supernatant (1 mg total protein) was used for immunoprecipitation with
the indicated mouse monoclonal antibody (Flag, # 66008-2-Ig, (Proteintech, Chicago, IL, USA); CEP55,
# SAB1409483, Sigma, St. Louis, MO, USA; or JAK2, # AHO1352, Thermo Fisher, Waltham, MA, USA) or
mouse IgG at 4 ◦ C overnight. Then, the supernatant was incubated with 40 µL of protein G-agarose beads
with rotation for 3 h at 4 ◦ C. After three washes, immunoprecipitated proteins were immunoblotted.
2.7. Cell Wound Scratch Assay
HCC cells were infected with shScr (scramble shRNA) or shRNA targeting CEP55 in six-well plates.
At 24 h post-infection, the plate bottom of the cell culture was scratched with a 1-mm opening using a
pipette tip and washed two times with PBS. The opening width was imaged under a phase-contrast
microscope every 6 h. In order to ensure the consistency of the observations, different observation
points were marked along the gap, and the same field was observed each time. The opening width
was measured, and the relative migrated distance was calculated.
2.8. Trans-Well Assay
HCC cells were infected with shScr or shRNA targeting CEP55. Twenty-four hours after infection,
the cells were harvested and counted, and then 3 × 104 cells were transferred to the upper chamber
in DMEM medium without serum. Later on, 750 µL of chemoattractant was added to the basal
chamber and incubated for eight hours. Then, the cells beneath the upper chambers were fixed,
stained, and counted.
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2.9. Statistical Analysis
All experiments were repeated three times with similar results. A representative experiment
is shown. The analysis was conducted with SPSS 17.0 software. All results are presented as means
± SDs. Student’s t-tests were performed to compare the difference between two groups. One-way
ANOVA tests were performed to compare differences among three or more groups. The log-rank
test was performed to compare the survival difference between the CEP55 high and low groups.
Fisher’s exact tests were performed to analyze the relationships between CEP55 mRNA expression
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data were obtained from Cbioportal.

3.3. CEP55 Knockdown Suppresses the Motility Activity of HCC Cells
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invasion cell numbers compared to the control group is plotted. N = 4, ** p << 0.005.
0.005.

3.4. CEP55
CEP55 Promotes
Promotes Expression of MMPs in HCC Cells
Previous studies have clearly shown
shown that
that the
the epithelial–mesenchymal
epithelial–mesenchymal transition
transition (EMT) is
is closely
closely
related
to
the
invasion
and
migration
of
cancer
cells
[16].
In
particular,
several
studies
have
shown
related
that
that CEP55
CEP55 plays
plays an
an important
important role
role in
in regulating
regulating EMT
EMT in
in oral
oral cavity
cavity squamous
squamous cell
cell carcinoma
carcinoma [8],
[8],
lung cancer
cancer[9],
[9],and
and
ovarian
cancer
To explain
the correlation
CEP55
EMT
ovarian
cancer
[12].[12].
To explain
the correlation
betweenbetween
CEP55 and
EMTand
processes
processes
in HCC
cells, wethe
detected
the
the EMT
markers
between CEP55-shRNAs
and
in HCC cells,
we detected
changes
inchanges
the EMTinmarkers
between
CEP55-shRNAs
and the control
the
control
group.
The analyses
the inhibition
of CEP55
haseffect
no effect
on the
transcription
group.
The
analyses
revealedrevealed
that thethat
inhibition
of CEP55
has no
on the
transcription
of
of
N-cadherin
and
E-cadherin
0.05),although
althoughthere
thereisisaaslight
slightdownregulation
downregulation of N-cadherin and
N-cadherin
and
E-cadherin
(p(p> >0.05),
upregulation of
ofE-cadherin
E-cadherininin
CEP55
shRNA
treated
(Figure
To further
elucidate
the
CEP55
shRNA
treated
cells cells
(Figure
S2). ToS2).
further
elucidate
the possible
possible
CEP55-mediated
in theofcontrol
of HCC
cellthe
motility,
the
CEP55-mediated
signalingsignaling
pathwayspathways
involved involved
in the control
HCC cell
motility,
molecular
molecular
target—matrix
metalloproteinases
(MMPs),
which
are
significantly
associated
with
target—matrix metalloproteinases (MMPs), which are significantly associated with migration and
migration
and invasion regulation—were
evaluated
by western
blotexpression
analysis. Higher
expression
of
invasion regulation—were
evaluated by western
blot analysis.
Higher
of MMP2
and MMP9
MMP2
and MMP9
was observed
in Huh-7
and HepG2
cells than thatand
in SMMC-7721
Hep3B cells,
was observed
in Huh-7
and HepG2
cells than
that in SMMC-7721
Hep3B cells,and
suggesting
that
suggesting
that
expression
of MMPs
is positively
the 4A,B).
CEP55Moreover,
level (Figure
4A,B).
expression of
MMPs
is positively
correlated
with the correlated
CEP55 levelwith
(Figure
Spearman’s
Moreover,
Spearman’s
rank
tests showed
that
mRNA
ofand
CEP55
was significantly
and
rank tests showed
that the
mRNA
expression
ofthe
CEP55
wasexpression
significantly
positively
correlated with
positively
with
the mRNA
expression
of MMP2
= 0.5025,
< 0.0001)
and MMP9
(R =
the mRNAcorrelated
expression
of MMP2
(R = 0.5025,
p < 0.0001)
and(R
MMP9
(R =p0.244,
p < 0.0001)
in paired
0.244,
p <HCC
0.0001)
in paired
human
samples (Figure
4C). Furthermore,
MMP
human
samples
(Figure
4C).HCC
Furthermore,
MMP expression
was tested
in expression
Huh-7 cellswas
thattested
were
in
Huh-7with
cellsCEP55
that were
infected
with CEP55
shRNAs.
Results
demonstrated
that knockdown
CEP55
infected
shRNAs.
Results
demonstrated
that
knockdown
CEP55 expression
inhibited
the
expression
inhibited
the
expression
of
MMP2
and
MMP9
(Figure
4D).
Conversely,
overexpression
of
expression of MMP2 and MMP9 (Figure 4D). Conversely, overexpression of CEP55 promoted MMP2
CEP55
promoted
MMP2
and MMP9
expression
in Hep3B cells
(Figure 4E).
Interestingly,
the
and MMP9
expression
in Hep3B
cells (Figure
4E). Interestingly,
the upregulated
expression
of MMPs
upregulated
expression
of MMPscould
induced
by CEP55
could be
by CEP55
induced by CEP55
overexpression
be inhibited
by overexpression
CEP55 shRNA (Figure
4F).inhibited
These observations
shRNA
4F). These
observations
that CEP55 may regulate MMP expression.
suggest (Figure
that CEP55
may regulate
MMPsuggest
expression.
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Figure
4. CEP55
promotes
in HCC
HCCcells.
cells.(A)
(A)The
Theexpression
expression
Figure
4. CEP55
promotesthe
theexpression
expressionof
ofMMP2
MMP2 and
and MMP9
MMP9 in
of of
CEP55,
MMP2,
and
MMP9
in
the
indicated
cell
lines
was
analyzed
by
western
blotting.
A
representative
CEP55, MMP2, and MMP9 in the indicated cell lines was analyzed by western blotting. A
of three
independent
experiments
is experiments
shown; (B) A
densitometric
analysis of CEP55
MMPs
was
representative
of three
independent
is shown;
(B) A densitometric
analysisand
of CEP55
and
performed
with
Image
J.
The
expression
of
CEP55,
MMP2,
and
MMP9
in
Huh7,
HepG2,
smmc-7721,
MMPs was performed with Image J. The expression of CEP55, MMP2, and MMP9 in Huh7, HepG2,
andsmmc-7721,
Hep3B cells
showed
significant
positive
correlations;
The expression
of expression
CEP55, MMP2,
and
Hep3Bhighly
cells showed
highly
significant
positive(C)
correlations;
(C) The
of
andCEP55,
MMP9MMP2,
in 373 and
HCCMMP9
patients
showed
positive
correlations
(data
from Cbioportal);
in 373
HCC highly
patientssignificant
showed highly
significant
positive
correlations
(data
(D)from
CellsCbioportal);
were infected
with were
indicated
shRNA
for 72 h, shRNA
followed
of the
(D) Cells
infected
with indicated
forby
72 ah,western
followedblot
by aanalysis
western blot
analysis of MMPs;
the expression
of MMPs;CEP55
(E) Flag-tagged
CEP55 wasinoverexpressed
in 72
Hep3B
cells
for 72
expression
(E) Flag-tagged
was overexpressed
Hep3B cells for
h. The
expression
h. The expression
of MMPs
was analyzed;
(F) was
Flag-tagged
CEP55
was
pre-infected
Hep3B
cellsby
of MMPs
was analyzed;
(F) Flag-tagged
CEP55
pre-infected
into
Hep3B
cells forinto
24 h,
followed
for 24 h,with
followed
by treatment
1 forof
72MMP
h. Thewas
expression
of MMP was analyzed.
treatment
shRNA
1 for 72 h.with
TheshRNA
expression
analyzed.

CEP55
Stimulates
theJAK2–STAT3–MMP
JAK2–STAT3–MMPAxis
Axisin
inHCC
HCC Cells
Cells
3.5.3.5.
CEP55
Stimulates
the
Multiple extracellular factors—such as cytokines, growth factors, and interactions with adjacent
Multiple extracellular factors—such as cytokines, growth factors, and interactions with adjacent
cells—could regulate the expression of MMPs during cancer cell migration and invasion. Earlier
cells—could regulate the expression of MMPs during cancer cell migration and invasion. Earlier studies
studies reported that IL-6 promotes MMP2 [17] and MMP9 [18] expression by facilitating the
reported that IL-6 promotes MMP2 [17] and MMP9 [18] expression by facilitating the JAK/STAT3
JAK/STAT3 signaling pathway. Herein, we speculate that CEP55 may regulate IL-6 and its
signaling pathway. Herein, we speculate that CEP55 may regulate IL-6 and its downstream signaling
downstream signaling pathways and may be related to the phosphorylation and activation of STAT3.
pathways
and may be related to the phosphorylation and activation of STAT3. To determine the
To determine the mechanism underlying CEP55-regulated expression of MMPs, we first infected
mechanism
underlying
expression
MMPs,
wewith
firstIL-6.
infected
Huh-7 cells
with
Huh-7 cells
with CEP55CEP55-regulated
or Scramble shRNAs
and thenoftreated
them
The western
blotting
CEP55 or Scramble shRNAs and then treated them with IL-6. The western blotting results showed that
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IL-6 induced
expression of MMP2, MMP9, and FXOM1 in control cells; however, CEP55 knockdown
attenuated
the IL-6-induced
expression
of ofMMPs
notand
FXOM1
Interestingly,
results showed
that IL-6 induced
expression
MMP2, but
MMP9,
FXOM1 (Figure
in control5A).
cells; however,
CEP55
knockdown
weakened
thethe
IL-6-induced
of JAK2
and
STAT3,
but not
CEP55
knockdown
attenuated
IL-6-inducedphosphorylation
expression of MMPs
but not
FXOM1
(Figure
5A).JAK1
(Figure
5A). Conversely,
of CEP55
IL-6-induced
phosphorylation
JAK2 and
Interestingly,
CEP55overexpression
knockdown weakened
thepromoted
IL-6-induced
phosphorylation
of JAK2 and of
STAT3,
STAT3,
increased
IL-6 induced
expression ofoverexpression
MMP2 and MMP9
(Figure
5B). The abovementioned
butand
not
JAK1 (Figure
5A). Conversely,
of CEP55
promoted
IL-6-induced
phosphorylation
JAK2 and STAT3,
and increased
IL-6 induced
expression
of MMP2the
andco-IP
MMP9
results
imply there is of
a functional
interaction
between CEP55
and JAK2.
Interestingly,
results
(Figure
results imply there is aJAK2,
functional
CEP55
and
showed
that5B).
theThe
flagabovementioned
antibody co-immunoprecipitated
butinteraction
not JAK1between
or STAT3,
suggesting
JAK2. Interestingly,
theJAK2
co-IP results
that the flag antibody
co-immunoprecipitated
JAK2, but
that CEP55
interacts with
(Figureshowed
5C). Reciprocally,
the JAK2
antibody co-immunoprecipitated
not JAK1 or STAT3, suggesting that CEP55 interacts with JAK2 (Figure 5C). Reciprocally, the JAK2
ectopic CEP55 in Hep3B cells (Figure 5D). Importantly, the CEP55 antibody co-immunoprecipitated
antibody co-immunoprecipitated ectopic CEP55 in Hep3B cells (Figure 5D). Importantly, the CEP55
JAK2 in HepG2 cells. Additionally, the JAK2 antibody co-immunoprecipitated endogenic CEP55
antibody co-immunoprecipitated JAK2 in HepG2 cells. Additionally, the JAK2 antibody co(Figure
5E). These data indicate
that CEP55
CEP55 (Figure
physically
with
JAK2. that
Furthermore,
knockdown
immunoprecipitated
endogenic
5E).interacted
These data
indicate
CEP55 physically
expression
of
JAK2
or
STAT3
attenuated
CEP55
overexpression-induced
expression
of
interacted with JAK2. Furthermore, knockdown expression of JAK2 or STAT3 attenuatedMMP2
CEP55 and
MMP9
(Figure
5F).
These
results
seem
to
imply
that
CEP55
regulates
MMP
expression
via
stimulation
overexpression-induced expression of MMP2 and MMP9 (Figure 5F). These results seem to imply
CEP55 regulates
MMPin
expression
via stimulation of the JAK2/STAT3 pathway in HCC cells.
of thethat
JAK2/STAT3
pathway
HCC cells.

Figure
5. CEP55
promotes
MMP
expressionvia
via activating
activating JAK2–STAT3
(A) (A)
Huh-7
cells cells
Figure
5. CEP55
promotes
MMP
expression
JAK2–STAT3signaling.
signaling.
Huh-7
were pre-infected with the indicated CEP55 shRNA for 72 h, and then cells were incubated with or
were pre-infected with the indicated CEP55 shRNA for 72 h, and then cells were incubated with or
without 20 ng/mL IL-6 for 30 min, followed by an analysis of the expression of the indicated proteins
without 20 ng/mL IL-6 for 30 min, followed by an analysis of the expression of the indicated proteins
by western blotting; (B) Flag-tagged CEP55 was pre-transfected into Hep3B cells for 72 h, and then
by western blotting; (B) Flag-tagged CEP55 was pre-transfected into Hep3B cells for 72 h, and then cells
cells were incubated with or without 20 ng/mL IL-6 for 30 min, followed by an analysis of the
were expression
incubated of
with
withoutproteins
20 ng/mL
IL-6 forblotting;
30 min,(C)
followed
byFlag-CEP55
an analysisplasmids
of the expression
theor
indicated
by western
Vector or
were
of thetransfected
indicatedinto
proteins
by
western
blotting;
(C)
Vector
or
Flag-CEP55
plasmids
transfected
HepG2 cells. JAK2 was immunoprecipitated with anti-flag antibody; were
(D) Vector
or
into HepG2
cells.
JAK2 was
withEctopic
anti-flag
antibody;
(D) Vector or flag-CEP55
flag-CEP55
plasmids
wereimmunoprecipitated
transfected into Hep3B cells.
CEP55
was immunoprecipitated
with
plasmids
were antibody;
transfected
Hep3B cells. Ectopic
CEP55
was
immunoprecipitated
with
anti-JAK2
anti-JAK2
(E) into
Immunoprecipitation
of CEP55,
JAK2,
and
IgG in HepG2 cells, and
western
blotting
of the indicated proteins;
(F) Flag-tagged
was
pre-transfected
into
Hep3B cells
antibody;
(E)analysis
Immunoprecipitation
of CEP55,
JAK2, andCEP55
IgG in
HepG2
cells, and
western
blotting
for 24
by treatment
withFlag-tagged
the control, JAK2,
STAT3
shRNA for 48
h. Expression
levels
analysis
of h,
thefollowed
indicated
proteins; (F)
CEP55and
was
pre-transfected
into
Hep3B cells
for 24 h,
of theby
indicated
proteins
analyzedJAK2,
by western
blotting.shRNA for 48 h. Expression levels of the
followed
treatment
withwere
the control,
and STAT3
indicated proteins were analyzed by western blotting.
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3.6. JAK2 or STAT3 Blocking Abrogates the Pro-Migration and Pro-Invasion Effects of CEP55
3.6. JAK2 or STAT3 Blocking Abrogates the Pro-Migration and Pro-Invasion Effects of CEP55
The abovementioned data indicated that CEP55 promotes the activation of JAK2–STAT3
The abovementioned data indicated that CEP55 promotes the activation of JAK2–STAT3 signaling.
signaling. To determine whether JAK2 and STAT3 are involved in the CEP55 promoted migration
To determine whether JAK2 and STAT3 are involved in the CEP55 promoted migration and invasion of
and invasion of HCC cells, vector or flag-CEP55 plasmids were pre-transfected into Hep3B cells and
HCC
cells, vector or flag-CEP55 plasmids were pre-transfected into Hep3B cells and then treated with
then treated with JAK2 or STAT3 shRNA. Cell migration was detected through a wound-healing
JAK2
or STAT3
shRNA. Cell
migration
was detected
a wound-healing
assay. cell
In the
wild-type
assay.
In the wild-type
Hep3B
cells, JAK2
or STAT3through
knockdown
slightly suppressed
migration.
Hep3B
cells,
JAK2
or
STAT3
knockdown
slightly
suppressed
cell
migration.
Overexpression
of CEP55
Overexpression of CEP55 significantly enhanced the migration of Hep3B cells. Interestingly, blocking
significantly
enhanced
the migration
of Hep3B
cells. Interestingly,
blocking JAK2(Figure
or STAT3
blunted
JAK2 or STAT3
blunted
the stimulation
of migration
by CEP55 overexpression
6A,B).
In
theaddition,
stimulation
of
migration
by
CEP55
overexpression
(Figure
6A,B).
In
addition,
blocking
JAK2
blocking JAK2 or STAT3 blunted the stimulation of invasion by CEP55 (Figure 6C,D). or
STAT3
blunted
thethe
stimulation
invasion
byeffects
CEP55on(Figure
6C,D). Consistent
with the
that
Consistent with
results thatofCEP55
has no
JAK1 activation,
blocking JAK1
did results
not affect
CEP55
hasoverexpression-induced
no effects on JAK1 activation,
blocking
JAK1
did
not affect CEP55
overexpression-induced
CEP55
cell invasion
(Figure
S3).
Furthermore,
blocking
JAK2 or STAT3 by
cellchemical
invasioninhibitor
(Figurealso
S3). blunted
Furthermore,
blockingofJAK2
or STAT3
by chemical
inhibitor
also blunted
the stimulation
invasion
by CEP55
overexpression
(Figure
6E,F).
Together,
the
abovementioned
data
indicate
that
the
oncogenic
biological
function
of
CEP55
may
be
the stimulation of invasion by CEP55 overexpression (Figure 6E,F). Together, the abovementioned
mediated
thethe
JAK2/STAT3
signaling pathway.
In CEP55
summary,
results indicate
that CEP55
data
indicateby
that
oncogenic biological
function of
maythese
be mediated
by the JAK2/STAT3
supports
HCC progression
through
promotion
of JAK2/STAT3
signalingHCC
activation
and induction
signaling
pathway.
In summary,
thesethe
results
indicate
that CEP55 supports
progression
through
of
MMP
expression.
the promotion of JAK2/STAT3 signaling activation and induction of MMP expression.

Figure 6. Cont.
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Figure
KnockdownofofJAK2
JAK2 or
or STAT3
STAT3 expression
expression abrogates
and
-invasion
effects
Figure
6. 6.Knockdown
abrogatesthe
thepro-migration
pro-migration
and
-invasion
effects
on
CEP55
overexpression.
(A)
Hep3B
cells
were
pre-infected
with
flag-CEP55
for
24
h,
and
then
were
on CEP55 overexpression. (A) Hep3B cells were pre-infected with flag-CEP55 for 24 h, and then
were
infected
withindicated
indicatedshRNA
shRNAfor
for 48
48 h.
h. Cells’
Cells’ migration
byby
wound
healing
infected
with
migrationability
abilitywas
wasdetermined
determined
wound
healing
assays. Representative microscope images are plotted. Bars, 50 μm; (B) A plot of the summary of the
assays. Representative microscope images are plotted. Bars, 50 µm; (B) A plot of the summary of the
relative migration distance. The control group was set as 1. N = 4, * p < 0.005; ** p < 0.001; (C) Hep3B
relative migration distance. The control group was set as 1. N = 4, * p < 0.005; ** p < 0.001; (C) Hep3B
cells were pre-infected with flag-CEP55 for 24 h and were then infected with the indicated shRNA for
cells were pre-infected with flag-CEP55 for 24 h and were then infected with the indicated shRNA for
48 h. Cells’ invasion ability was determined by trans-well assays. Representative microscope images
48 h. Cells’ invasion ability was determined by trans-well assays. Representative microscope images
are plotted. Bars, 50 μm; (D) A plot of the summary of the relative invasion cell number. The control
are plotted. Bars, 50 µm; (D) A plot of the summary of the relative invasion cell number. The control
group was set as 1. N = 4, * p < 0.005; ** p < 0.001; (E) Hep3B cells were pre-infected with flag-CEP55
group was set as 1. N = 4, * p < 0.005; ** p < 0.001; (E) Hep3B cells were pre-infected with flag-CEP55
for 24 h and were then infected with 10 nM JAK2 inhibitor XL019 or 10 nM STAT3 inhibitor C188-9
for 24 h and were then infected with 10 nM JAK2 inhibitor XL019 or 10 nM STAT3 inhibitor C188-9 for
for 48 h. Cells’ invasion ability was determined by trans-well assays. Representative microscope
48 h. Cells’ invasion ability was determined by trans-well assays. Representative microscope images
images are plotted. Bars, 50 μm; (F) A plot of the summary of the relative invasion cell number. The
arecontrol
plotted.
Bars,
50 set
µm;
A=plot
summary of the relative invasion cell number. The control
group
was
as(F)
1. N
4, **of
p <the
0.001.
group was set as 1. N = 4, ** p < 0.001.

4. Discussion
4. Discussion
Tumor metastasis, invasion, and recurrence are the main causes of death in human HCC patients.
TheTumor
development
of anti-HCC
is a daunting
is highly
invasive,
and
the
metastasis,
invasion,drugs
and recurrence
arechallenge
the mainbecause
causes HCC
of death
in human
HCC
patients.
liver
can show severe
adverse drugs
effects.isThus,
novel diagnostic
prognostic
biomarkers
therapeutic
The
development
of anti-HCC
a daunting
challengeorbecause
HCC
is highly and
invasive,
and the
targets
for HCC
are urgently
In thenovel
present
study, weor
discovered
that
elevated levels
CEP55
liver
can show
severe
adverserequired.
effects. Thus,
diagnostic
prognostic
biomarkers
and of
therapeutic
are
highly
associated
with
vascular
invasion,
histologic
grade,
TNM
stage,
and
serum
AFP
levels,
strongly
targets for HCC are urgently required. In the present study, we discovered that elevated levels of
supporting
the hypothesis
that
CEP55
mightinvasion,
play significant
roles grade,
in the progression
human
HCC.
CEP55
are highly
associated
with
vascular
histologic
TNM stage,ofand
serum
AFP
Moreover,
elevated
expression
of
CEP55
mRNA
is
an
independent
prognostic
factor
in
the
reduction
of
levels, strongly supporting the hypothesis that CEP55 might play significant roles in the progression of
OS and
DFSMoreover,
rates in HCC
patients.
Taken together,
ourmRNA
findings
that elevated
expression
of in
human
HCC.
elevated
expression
of CEP55
is indicate
an independent
prognostic
factor
CEP55 is correlated with tumor invasiveness and may be an independent prognostic factor for clinical
the reduction of OS and DFS rates in HCC patients. Taken together, our findings indicate that elevated
outcomes in human HCC patients.
expression of CEP55 is correlated with tumor invasiveness and may be an independent prognostic
A variety of aberrantly-expressed genes in cancer cells are involved in the regulation of cell
factor for clinical outcomes in human HCC patients.
migration and invasion. These genes need to be further validated as potential therapeutic targets.
A variety of aberrantly-expressed genes in cancer cells are involved in the regulation of
However, in human HCC, the molecules and mechanisms involved in governing cell migration and
cell migration and invasion. These genes need to be further validated as potential therapeutic
invasion remain largely unknown. CEP55 was initially characterized as a centrosome- and mid-bodytargets.
However,
human
HCC,
the molecules
and mechanisms
in Interestingly,
governing cell
associated
protein,in
which
plays
significant
roles in regulating
physical involved
cytokinesis.
migration
and invasion
remain largely
unknown.
CEP55
initiallyofcharacterized
as ametastasis
centrosomeseveral studies
have illuminated
that CEP55
is involved
inwas
the process
cell mobility and
and
mid-body-associated
protein,
which
plays
significant
roles
in
regulating
physical
of cancers [6]. For instance, upregulated expression of CEP55 was reported to modulate thecytokinesis.
invasion
Interestingly,
several
studies
have
illuminated
that CEP55
is involved
theoral
process
of squamous
cell mobility
and migration
of lung
cancer
[10],
nasopharyngeal
carcinomas
[19],inand
cavity
celland
metastasis
of[8].
cancers
For instance,
upregulated
expression
of CEP55
was reported
modulate the
carcinoma
These[6].
elegant
findings strongly
imply
the significance
of CEP55
in cancerto
propagation.
invasion
andthe
migration
of lung
cancer
[10], nasopharyngeal
carcinomas
[19], and in
oral
cavity
squamous
However,
biological
function
of CEP55
in supporting cancer
cell spreading
HCC
cancer
has
cellnot
carcinoma
[8]. TheseOur
elegant
findings
strongly that
imply
the significance
ofaCEP55
in cancer
propagation.
been determined.
results
recommended
CEP55
may serve as
predictor
for human
HCC
prognosis.
the present
study in
indicated
that CEP55
HCC cell
invasion
andhas
However,
theAdditionally,
biological function
of CEP55
supporting
cancer supports
cell spreading
in HCC
cancer
through regulating
JAK2–STAT3–MMPs
signaling.
together,
results may
give
notmigration
been determined.
Our results
recommended that
CEP55Taken
may serve
as aour
predictor
for human
riseprognosis.
to a development
in the field
CEP55 biological
functionthat
in promoting
HCC cancer
motility.
Cell
HCC
Additionally,
theofpresent
study indicated
CEP55 supports
HCCcell
cell
invasion
and
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migration through regulating JAK2–STAT3–MMPs signaling. Taken together, our results may give
rise to a development in the field of CEP55 biological function in promoting HCC cancer cell motility.
Cell migration and invasion are directly associated with cancer metastasis; therefore, further studies are
needed to confirm if and how CEP55 supports HCC metastasis in vivo by using orthotropic xenograft
models. In addition, the effect of CEP55 on human cancers needs to be fully verified in clinical research.
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Over the past decade, intensive research has been undertaken to understand the function and
molecular
mechanism
of CEP55
in the
contextwith
of cancer
cancers.
It wastherefore,
reportedfurther
that studies
CEP55are
binds to
migration
and invasion
are directly
associated
metastasis;
needed
to
confirm
if
and
how
CEP55
supports
HCC
metastasis
in
vivo
by
using
orthotropic
xenograft
PIK3CA and promotes PI3K/AKT pathway activation [7]. Recently, Sinha et al. showed that CEP55
the effectof
of PI3K
CEP55in
onvivo
human
cancers
needs to
be fully verified
in clinical research.
directlymodels.
binds In
toaddition,
p110 subunit
and
sustains
activation
of PI3K/AKT
signaling [20].
Over the past decade, intensive research has been undertaken to understand the function and
Another study suggested that CEP55 regulates FOXM1 expression in a dose-dependent manner [8].
molecular mechanism of CEP55 in the context of cancers. It was reported that CEP55 binds to PIK3CA
Furthermore,
CEP55PI3K/AKT
enhanced
glucose
metabolism
by controlling
expression
levels
of GLUT1
and promotes
pathway
activation
[7]. Recently,
Sinha et al.the
showed
that CEP55
directly
in glioma
cells
[21].
Notably,
CEP55
was
shown
to
support
the
invasion
and
metastasis
of cancer
binds to p110 subunit of PI3K in vivo and sustains activation of PI3K/AKT signaling [20]. Another
cells viastudy
upregulating
MMP2
expression
[8,22].
In
this
study,
we
first
identified
that
the
JAK2–STAT3
suggested that CEP55 regulates FOXM1 expression in a dose-dependent manner [8].
Furthermore,
CEP55 enhanced
by controlling
theof
expression
of GLUT1we
in firstly
pathway,
but not JAK1–STAT3,
is glucose
a novelmetabolism
responsive
component
CEP55. levels
Importantly,
glioma
cells
[21].
Notably,
CEP55
was
shown
to
support
the
invasion
and
metastasis
of
cancer
cells
found that CEP55 physiologically interacts with JAK2 in vitro and promotes IL-6-induced JAK2 and
via upregulating MMP2 expression [8,22]. In this study, we first identified that the JAK2–STAT3
STAT3 phosphorylation. These results demonstrate that targeting CEP55 might be a novel approach
pathway, but not JAK1–STAT3, is a novel responsive component of CEP55. Importantly, we firstly
to selectively
suppress
the JAK2–STAT3–MMPs
signaling
pathway.
Further
studiesJAK2
are required
to
found that
CEP55 physiologically
interacts with JAK2
in vitro
and promotes
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