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Background: Several studies have found that centromere protein K (CENPK) is overexpressed
in several tumour types and promotes tumor progression. However, there has been little research
on the role of CENPK in the progression of hepatocellular carcinoma (HCC).

Materials and methods: The expression of CENPK in HCC tissues was quantified by Western
blot and quantitative real-time PCR. Cells were transfected with lentiviral plasmids contain-
ing shRNA sequences targeting CENPK and YAPI to silence the expression of CENPK and
YAP1. Cell Counting Kit-8 assay, colony formation assay, wound healing assay, and transwell
invasion assay were performed to evaluate cell growth, migration, and invasion of HCC cells.
Tumorigenicity assay was used to detect the effect of CENPK on the growth of HCC cells.
Western blot assay was performed to investigate the expression of epithelial-mesenchymal
transition (EMT) markers and YAPI.

Results: Compared to that in adjacent non-tumor tissues, CENPK was aberrantly upregulated
in HCC tumor tissues. Furthermore, CENPK knockdown significantly inhibited proliferation,
migration, invasion, and EMT progression in HCC cells. Mechanistically, we identified that
YAP1 was responsible for the tumor-suppressive effects of CENPK knockdown in the HCC
cells. The inhibitory effects of CENPK silencing on cell proliferation, migration, invasion, and
EMT were partially reversed by the restoration of YAP1 expression.

Conclusion: Our results suggested that the CENPK-YAP1-EMT axis plays a critical role in
regulating HCC malignant progression, indicating the role of this axis as a potential therapeutic
target for HCC.
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Introduction
Hepatocellular carcinoma (HCC) is a major histological subtype of liver cancer,
accounting for 90% of primary liver cancers, and is the third most frequent cause
of cancer-related mortality worldwide."* Genetic and epigenetic alterations, chronic
infection with hepatitis B virus or hepatitis C virus, aflatoxin exposure, smoking,
obesity, and diabetes are the main risk factors for HCC.?>* The poor prognosis of HCC
is attributed to the high rates of recurrence and metastasis.’ 7 At present, transplantation
is the most effective treatment for HCC, but either due to tumor burden or poor liver
function, more than 70% of cases at advanced stage are unsuitable for transplantation.®
Hence, finding molecular mechanisms underlying HCC tumorigenesis and improving
therapeutic strategies for HCC are critically important.

Increasing evidence suggests that kinetochore dysregulation or dysfunction is
closely related to the occurrence of cancer.” Kinetochore is a protein structure on
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chromatids that consists of at least 80 different proteins
and plays an important role in chromosome segregation in
all eukaryotes.'® Centromere protein A (CENPA) is one of
the first identified kinetochore components in humans and
is involved in several human malignancies.''™'* It has been
found that several centromere proteins were upregulated in
HCC and associated with HCC malignant progression.'!!516
Centromere protein K (CENPK) is important for proper
kinetochore function and mitotic progression.!” Recently,
studies have showed that CENPK is specifically upregulated
in ovarian cancer, triple-negative breast cancer, and HCC
and is associated with malignant progression.'®2* However,
the clinical significance and mechanism of CENPK in HCC
remain largely unclear, which promoted us to explore the
functional roles of CENPK in HCC pathogenesis.

Yes-associated protein (YAP1), the direct downstream
effector of the Hippo pathway, controls countless protein
targets that influence gene expression and participates in
regulating cell proliferation, cell contact, and apoptosis.?'
YAP1 has been found to be overexpressed in various types
of human cancers, and associated with malignant features
(eg, high histological grade, late TNM stage, metastasis,
poor tumor differentiation) and poor patient outcomes.?*
The expression of YAP1 was elevated in HCC tissues and
predicted a poor disease-free survival and overall survival
in HCC patients.? Studies have demonstrated that knocking
down YAP! can reduce HCC cell proliferation, migration,
and invasion.?*?® Furthermore, YAP1 expression is involved
in epithelial-mesenchymal transition (EMT) in many human
cancers,” ! including HCC.?32 Therefore, YAP1 may have a
critical role in the development of hepatocarcinogenesis and
targeting YAP1 could be a useful strategy for HCC treatment.

In this study, we sought to investigate the clinicopatho-
logical significance of CENPK in HCC and its role in HCC
development. Based on our results, compared to that in
adjacent non-tumor tissues (ANLTs), CENPK was signifi-
cantly upregulated in HCC tissues. Knockdown of CENPK
significantly inhibited HCC cell proliferation, migration,
and invasion, and EMT progression. Moreover, CENPK
suppressed the HCC malignant phenotype and EMT progres-
sion by regulating YAP1. These data demonstrate that the
CENPK-YAP1-EMT axis may play a critical role in HCC
development and thus may represent a promising therapeutic
target for HCC treatment.

Materials and methods

Cell lines and tissue samples

The HCC cell lines SMMC-7721 and BEL-7404 were
obtained from Genechem (Shanghai, China). BEL-7404

and SMMC-7721 cells were maintained in RIPA-1640 and
DMEM supplemented with 10% FBS, respectively. The cells
were incubated at 37°C in humidified atmosphere containing
5% CO,. Additionally, 30 HCC tissue samples and matched
ANLTSs were obtained from Xijing Hospital (Shaanxi, China),
and all participants provided written informed consent.

Plasmids and cell transfection

Lentiviral plasmids containing shRNA sequences targeting
CENPK and YAP1 (shCENPK and shYAP1) or negative
control (shNC) were designed and produced by Genechem.
BEL-7404 and SMMC-7721 cells were transfected with
lentiviral plasmids when the cells were 30% confluent in
six-well plates. Then, the culture medium was replaced with
transduction-enhancing solution containing lentivirus at
20 multiplicity of infection and 50 pg/mL polybrene. After
12 hours, the medium was replaced with complete medium,
and the cells were cultured for 72 hours. The cells were
selected with 1 pug/mL puromycin and harvested for subse-
quent studies. HCC cells were transfected with the pcDNA3.1-
YAP1 or pcDNA3.1-YAP1-NC plasmid (Genechem) by using
Lipofectamine 2000 (Thermo Fisher Scientific, Waltham,
MA, USA) according to the manufacturer’s instructions.

RNA extraction and qRT-PCR

Total RNA from HCC tissues, ANLTs, and BEL-7404 and
SMMC-7721 cells was isolated with the RNAiso Plus reagent
(TaKaRa, Dalian, China) according to the manufacturer’s
protocol. Quantitative real-time PCR (qQRT-PCR) was carried
out using RT primers and the SYBR Premix EX Taq™ II kit
purchased from TaKaRa. B-actin was used as a quantitative
control to normalize mRNA expression. The amplification
of genes was carried out using the primers shown in Table 1,
and all primers were designed, synthesized, and validated by
Shanghai Genechem.

Western blotting

The Western blot assay was performed according to the
protocol described in a previous study.’® Antibody list is
given in Table 2.

Immunofluorescence staining

BEL-7404 and SMMC-7721 cells were seeded in 24-well
plates for 24 hours. Then, the cells were fixed with 4%
paraformaldehyde for 15 minutes and permeabilized with
0.3% Triton X-100 for 10 minutes. After blocking for
1 hour with 5% BSA, the cells were incubated with primary
anti-YAP1 antibody (1:100; Proteintech, Chicago, IL, USA)
overnight at 4°C, and for 1 hour with tetramethyl-rhodamine
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Table | Sequences of qRT-PCR primers used for mRNA analysis

mRNA | Sequences
CENPK Forward(5'-3") ATGGTACTGTCCACTAAGGAGTC
Reverse(5'-3") TGTTCATCCAACCACCGTTGT
B-actin Forward(5'-3") CATGTACGTTGCTATCCAGGC
Reverse(5'—3") CTCCTTAATGTCACGCACGAT
YAPI| Forward(5'-3") TAGCCCTGCGTAGCCAGTTA
Reverse(5'-3") TCATGCTTAGTCCACTGTCTGT
NUPRI Forward(5'-3") CTCTCATCATGCCTATGCCTACT
Reverse(5'-3") CCTCCACCTCCTGTAACCAAG
RELB Forward(5'-3") CAGCCTCGTGGGGAAAGAC
Reverse(5'-3") GCCCAGGTTGTTAAAACTGTGC
TEAD Forward(5'-3") GGCCGGGAATGATTCAAACAG
Reverse(5'-3") CAATGGAGCGACCTTGCCA
CTGF Forward(5'-3") ACCGACTGGAAGACACGTTTG
Reverse(5'-3") CCAGGTCAGCTTCGCAAGG
CYR6I Forward(5'-3") GGTCAAAGTTACCGGGCAGT
Reverse(5'-3") GGAGGCATCGAATCCCAGC

Abbreviation: gqRT-PCR, quantitative real-time PCR.

isothiocyanate-conjugated anti-rabbit IgG. In addition, the
nuclei were stained with DAPI. Images were captured under
a fluorescence microscope.

CCK-8 assay

Transfected BEL-7404 and SMMC-7721 cells were plated in
96-well plates at 2,000 cells per well, and cell proliferation
was measured at 1, 2, 3, and 4 days after seeding using the Cell
Counting Kit (CCK-8; Yiyuan Biotechnologies, Guangzhou,
China) assay according to the manufacturer’s instructions.

Colony formation assay

HCC cells were seeded in six-well culture plates at 300 or
500 cells per well. After incubation for 2 weeks, the colonies were
washed twice with PBS, fixed with 95% ethanol for 15 minutes,
and stained with a 0.5% crystal violet for 15 minutes. The num-
ber of colonies was counted using a microscope.

Wound healing assay and invasion assay

HCC cell migration was assessed by the wound healing assay.
HCC cells were cultured in a tight cell monolayer in six-well
plates, and wounded with 200 UL plastic pipette tips. The
migrating distance of cells at the wound front was determined

Table 2 Antibody list

Antibodies WB Specificity Company
CENPK (26208-1-AP) 1,000 Rabbit polyclonal Proteintech
GAPDH (60004-1-Ig) 10,000 | Mouse monoclonal | Proteintech
[B-actin (60008—1-Ig) 10,000 | Mouse monoclonal | Proteintech

Rabbit monoclonal CST

I:

I:

I:
E-cadherin (#3195) 1:1,000

I:

I:

I:

N-cadherin (#13116) 1,000 Rabbit monoclonal | CST
CYR61 (26689—1-AP) 1,000 Rabbit polyclonal Proteintech
YAPI (13584—1-AP) 1,000 Rabbit polyclonal Proteintech

Abbreviation: WB, Western blot.

in photographs of microscopic fields at 200X magnifica-
tion. HCC cell invasion was analyzed with Matrigel-coated
transwell cell culture chambers (EMD Millipore, Billerica,
MA, USA). BEL-7404 cells (5x10*) and SMMC-7721 cells
(3x10*) were plated in the top chamber onto the Matrigel-
coated membrane (24-well insert) and allowed to migrate
toward serum-containing medium in the lower chamber.
The cells were incubated for 24 hours, then fixed with 4%
formaldehyde for 15 minutes and stained with 0.5% crystal
violet for 15 minutes. The invaded cells were counted at
200x magnification from five different fields.

Tumorigenicity in nude mice

Xenograft tumors were generated by subcutaneous injection
of BEL-7404 cells (5x10°%), including BEL-7404-shNC and
BEL-7404-shCENPK cells, on the right back of 4—6-week-
old male athymic nude mice. Tumors were measured with
digital calipers at set intervals, and the tumor volume was
calculated by the following formula: tumor volume =
(lengthxwidth?/2). After 24 days, the mice were euthanized
via CO, inhalation according to animal care guidelines,
and the tumors were harvested and weighed. Additionally,
bioluminescence imaging was used to detect tumor growth.
All experimental animals were approved by the Institutional
Animal Care and Use Committee of Fourth Military Medical
University (Shaanxi, China) in accordance with the principles
and procedures outlined in the National Institutes of Health
guidelines for the care and use of laboratory animals.

Microarray analysis

The mRNA microarray experiments were performed at
Shanghai Genechem Corporation (Shanghai, China). Total
RNA was isolated from HCC cell line BEL-7404 transfected
with negative control or shCENPK lentiviral plasmids.
Total RNA was checked for a RNA integrity number to
inspect RNA integrity by an Agilent Bioanalyzer 2,100.
Qualified total RNA was further purified by RNeasy micro
kit and RNase-Free DNase Set. Biotinylated cRNA was
prepared according to the standard Affymetrix protocol
from 12 ug of total RNA (Affymetrix, Inc., Santa Clara,
CA, USA). Following fragmentation, 10 pug of cRNA was
hybridized for 16 hours at 45°C on GeneChip Primeview
human Array. GeneChips were washed and stained in the
Affymetrix Fluidics Station 450 and scanned using the
GeneArray Scanner 3000 7G. Then, the data were analyzed
with RMA using Affymetrix default analysis settings and
global scaling as normalization method and more details
were shown in GSE114983. To assess the molecular sig-
naling pathway change after knockdown of CENPK, data
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analysis, including canonical pathway and gene network
interaction, was performed by the Ingenuity Pathway
Analysis (IPA).

Statistical analysis

The data are expressed as the mean + SD. Two-tailed
Student’s #-tests were employed to analyze the differences
using SPSS 22.0 software (Chicago, IL, USA). P<<0.05 was
considered statistically significant.

Ethical approval
The study protocol was approved by the Ethics Committee of
Xijing Hospital (Xi’an, Shaanxi, China), and complied with
the Declaration of Helsinki. All procedures performed in this
study were in accordance with the 1964 Helsinki Declaration
and its later amendments.
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Figure | CENPK is upregulated in HCC tissues.

Results

CENPK is upregulated in HCC tissues

To assess the underlying role of CENPK in HCC, we first deter-
mined the expression of CENPK in the Cancer Genome Atlas
(TCGA) database, and compared to that in ANLTs; CENPK
expression was significantly upregulated in HCC tissues
(Figure 1A). Furthermore, the overexpression of CENPK was
correlated with histological grade, T stage, and pathologic
stage (Table 3). Kaplan—Meier survival analysis revealed
that patients with high CENPK expression had poor overall
survival in TCGA database (Figure 1B). We further confirmed
the upregulation of CENPK in HCC tissues by qRT-PCR and
Western blot analysis. Unsurprisingly, compared with those in
ANLTs, the mRNA and protein expression levels of CENPK
were evidently elevated in HCC tissues (Figure 1C-D). Taken
together, these data demonstrated that CENPK mRNA and
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Notes: (A) Expression of CENPK in TCGA database (n=50). (B) Overall survival of HCC patients with high/low CENPK expression in TCGA database (P=0.008). (C) mRNA
levels of CENPK in HCC tissues and ANLTs were detected by qRT-PCR (n=30). (D) Protein levels of CENPK in HCC tissues and ANLTs were detected by Western blotting

(n=8). N represents ANLTs; T represents HCC tissues.

Abbreviations: HCC, hepatocellular carcinoma; ANLTs, adjacent non-tumor tissues; qRT-PCR, quantitative real-time PCR; TCGA, the Cancer Genome Atlas.
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Table 3 Correlation between CENPK expression and clinico-
pathological characteristics of HCC patients in TCGA database

HCC clinical variables CENPK expression P-value
levels
Low High
Histologic grade 0.000
Gl2 134 98
G3/4 51 83
T stage 0.003
TI 106 75
T2 39 55
T3/4 39 54
Pathologic stage 0.005
| 99 72
Il 38 48
v 37 53

Abbreviations: HCC, hepatocellular carcinoma; TCGA, the Cancer Genome Atlas.
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protein levels were higher in HCC tissues than in ANLTs,
suggesting that CENPK may promote HCC progression.

Knockdown of CENPK inhibits HCC cell

growth, migration, and invasion in vitro

To investigate the biological function of CENPK in HCC
tumorigenesis, we generated lentivirus-mediated shRNA
to knockdown the endogenous expression of CENPK in
BEL-7404 and SMMC-7721 cells. After transfection with
shCENPK-encoding lentivirus, the expression of CENPK
was successfully reduced in HCC cells (Figure 2A). We next
investigated the effect of CENPK silencing on HCC cell pro-
liferation by the CCK-8 and colony formation assays. Indeed,
the downregulation of CENPK significantly inhibited cell
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Figure 2 Silencing of CENPK inhibits HCC cell growth, migration, and invasion in vitro.

Notes: (A) Expression of CENPK in BEL-7404 and SMMC-7721 cells was confirmed by qRT-PCR and Western blotting after transfection with shCENPK lentivirus or shNC.
(B) Proliferation rate of BEL-7404 and SMMC-7721 cells was measured over 4 days by the CCK-8 assay. (C and D) Representative images (C) and quantification (D) of the
colony formation assays are shown for BEL-7404 and SMMC-7721 cells. (E) Analysis of migration in BEL-7404 and SMMC-7721 cells as measured by wound healing assays
(x200). (F and G) Analysis of invasion in BEL-7404 and SMMC-7721 cells as measured by transwell assays. (F) Representative photographs (x200). (G) Number of invaded
cells was counted in five randomly selected areas. Scale bar =100 um. NC represents negative control group (shNC), and shCENPK represents downregulation of CENPK

group. #P<0.05, #P<0.01, #P<0.00.

Abbreviations: qRT-PCR, quantitative real-time PCR; CCK-8, Cell Counting Kit-8; NC, negative control.

viability and reduced the number of colonies formed by BEL-
7404 and SMMC-7721 cells (Figure 2B-D). Furthermore, we
performed wound healing and transwell assays to evaluate the
effect of CENPK silencing on cell migration and invasion,
respectively. Indeed, silencing CENPK dramatically decreased
the migration and invasion of HCC cells (Figure 2E-G). Col-
lectively, these data suggested that CENPK plays a negative
role in HCC cell growth, migration, and invasion.

Knockdown of CENPK suppresses HCC
tumor growth in vivo

We further detected the effect of CENPK knockdown on the
growth of HCC cells by tumorigenicity assay in nude mice.
BEL-7404 cells transfected with either negative control
shRNA (shNC) or shCENPK were injected into nude mice,
and tumor size was measured at set intervals. Twenty-four

days later, the fluorescence intensity of green fluorescent
protein was weaker in the BEL-7404-shCENPK group than
in the BEL-7404-shNC group (Figure 3A-B). As shown
in Figure 3C-E, the average tumor volume and weight
were lower in the BEL-7404-shCENPK group than in the
BEL-7404-shNC group. Throughout the observation period,
the tumors formed by BEL-7404-shCENPK cells grew
significantly slower than those formed by BEL-7404-shNC
cells (Figure 3D). These results indicated that silencing of
CENPK decreases the HCC tumor growth in vivo.

Modulation of CENPK expression regulates
Yap| signaling pathway in HCC cells

To further elucidate the underlying mechanisms by which
CENPK mediates carcinogenesis in HCC, we analyzed BEL-
7404-shCENPK cells and BEL-7404-shNC cells by mRNA
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Figure 3 Silencing of CENPK suppresses HCC tumor growth in vivo.

Notes: (A) Representative bioluminescence images (n=10). (B) Fluorescence intensity of GFP was weaker in the BEL-7404-shCENPK group than in the BEL-7404-shNC
group. (C) Transduced BEL-7404 cells were subcutaneously injected into nude mice (n=10). (D and E) After 24 days, the mice were euthanized, and the tumors were excised.
Representative tumors are shown: (D) tumor growth curve and (E) tumor weight. ***P<0.001.

Abbreviations: HCC, hepatocellular carcinoma; GFP, green fluorescent protein; NC, negative control.
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microarray. Indeed, silencing CENPK significantly decreased
a series of genes involved in malignant solid tumour and cell
proliferation and invasion, based on IPA (Figure 4A-B).
In addition, silencing of CENPK remarkably repressed
YAPI expression and influenced some YAP1-related genes
(Figure 4C). Next, we performed qRT-PCR and Western
blot assays to validate the expression of YAP1 and some
YAPI-related genes in HCC cells. Based on our data, the

40 -

30 ~
10 -

Disease function enrichment »
(score:- log [P-value])

mRNA expression of YAP1, NUPR1, CTGF, and CYRG61
was significantly downregulated in BEL-7404-shCENPK
and SMMC-7721-shCENPK cells (Figure 5A). As shown in
Figure 5B, silencing of CENPK decreased the protein expres-
sion of YAP1 and CYR61 in HCC cells. Immunofluorescence
results also suggested that YAP1 expression was downregu-
lated in CENPK knockdown cells (Figure 5C). These findings
indicated that CENPK can regulate YAP1 expression in HCC.

B

Predicted z-score

Figure 4 Silencing of CENPK induces differential expression of genes involved in malignant solid tumour, cell proliferation, and invasion.
Notes: (A) Disease function enrichment of mMRNAs in CENPK knockdown BEL-7404 cells was analyzed by using IPA. (B) Predicted activation state of each disease function
based on the regulation z-score is shown (when z-score = -2, IPA predicts that the process or disease will decrease). (C) Gene interaction network indicating a cluster of

genes regulated by transcription factors YAPI.
Abbreviation: IPA, Ingenuity Pathway Analysis.
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Figure 5 Modulation of CENPK expression regulates YAP! signaling pathway in HCC cells.

Notes: (A) The mRNA expression of CENPK, YAPI, NUPRI, RELB, TEAD, CTGF, and CYRé| was evaluated by qRT-PCR in HCC cells. ¥*P<<0.05. (B) The protein
expression of CENPK, YAPI, and CYR6| was detected by Western blotting. (C) Immunofluorescence images of YAP!| (red) and DAPI (blue) in HCC cells (x400).
Abbreviations: HCC, hepatocellular carcinoma; qRT-PCR, quantitative real-time PCR; NC, negative control.

Knockdown of CENPK suppresses the
proliferation, migration, and invasion of
HCC cells by targeting Yap

Firstly, we evaluated the effect of YAP1 on HCC cell
malignant phenotype. Western blot assays showed that
the expression of YAP1 and CYR61 was significantly
decreased in BEL-7404 and SMMC-7721 cells transfected
with lentivirus-mediated sShRNA against YAP1 (Figure 6A).
Then, the results of CCK-8 and colony formation assays sug-
gested that silencing YAP1 inhibited proliferation in HCC

cells (Figure 6B—D). Moreover, migration and invasion were
reduced in YAP1 knockdown cells (Figure 6E—G). These data
suggested that the inhibitory effects of CENPK knockdown
can be incompletely imitated by silencing YAP1 in HCC cells.

Next, we performed gain- and loss-of-function experi-
ments to investigate whether restoration of YAP1 expression
can rescue the biological functions of CENPK knockdown
cells. After transfection with full-length YAP1 plasmid
or negative control vector, the expression of YAP1 and
CYRG61 was successfully upregulated in SMMC-7721 cells
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(Figure 7A). As shown in Figure 7B-E, the inhibitory effects
of CENPK knockdown on cell proliferation, migration, and
invasion were partially abolished in the YAP1 overexpression
group. These results suggested that the inhibition of CENPK
can inhibit HCC cell proliferation, migration, and invasion
partially through targeting YAPI.

Emerging evidence suggests that EMT plays an important
role in cancer cell invasion and metastasis,*** and YAP1
expression is involved in EMT progression in HCC cells,?
so we firstly detected the expression of EMT markers by using
Western blot assays. As shown in Figure 8A, silencing of
CENPK significantly enhanced the expression of E-cadherin
and reduced the expression of N-cadherin in HCC cells. As
expected, knockdown of YAP1 blocked EMT progression
in HCC cells (Figure 8B). In addition, the EMT blocking
effect of CENPK knockdown in HCC cells was partially
counteracted by the overexpression of YAP1 (Figure 8C).
These results suggested that YAP1 signaling pathway may
be the key regulator between CENPK and EMT in HCC.

Discussion
HCC is the third leading cause of cancer-related death world-
wide and remains a significant clinical challenge with few
therapeutic approaches and poor survival.>*¢ However, the
underlying molecular mechanisms of HCC have not yet been
fully clarified. Therefore, identifying potential molecular
biomarkers and elucidating the underlying molecular mecha-
nisms of HCC are extremely important. Recently, Wang et al
reported that the mRNA expression of CENPK was elevated
in HCC tissues and correlated with tumor size and alpha-
fetoprotein expression.?” In this study, CENPK was signifi-
cantly upregulated in HCC tissues, and its upregulation was
associated with histological grade, T stage, pathologic stage,
and poor overall survival in TCGA database. In addition,
qRT-PCR and Western blot assays confirmed that CENPK
expression was higher in HCC tissues and in ANLTs collected
in our clinical department. Our data were partly consistent
with the results of Wang et al.*® Thus, CENPK may act as
a pro-tumor molecule in HCC. However, the relationship
between CENPK expression and clinicopathologic charac-
teristics of HCC patient needs further exploration.

The overexpression of CENPK in HCC tissues suggests
a possible role for this molecule in hepatocarcinogenesis.
Consistent with this hypothesis, depletion of CENPK in
BEL-7404 and SMMC-7721 cells significantly inhib-
ited cell proliferation, migration, and invasion in vitro.
Furthermore, the results of tumorigenicity assay revealed that

silencing of CENPK dramatically suppressed tumor growth
in vivo. Wang et al demonstrated that the overexpression of
CENPK can promote HCC cell proliferation, migration, and
invasion by activating the AKT signal pathway.?® However,
the mechanism underlying the role of CENPK is still largely
unclear. To further evaluate the mechanism by which silenc-
ing of CENPK inhibited HCC cell proliferation, migration,
and invasion, we performed mRNA microarray analysis in
CENPK knockdown cells. According to IPA, many genes
involved in malignant solid tumour and cell proliferation and
invasion were regulated by CENPK. Moreover, the expres-
sion of some downstream genes of YAP1 could be regulated
by silencing CENPK. Furthermore, qRT-PCR assay validated
that the mRNA expression of YAP1 was downregulated in
CENPK knockdown cells. NUPR1,’” CTGF,* and CYR61%
are downstream of YAP1, and the alterations of these mRNAs
were the same as those in YAP1. The protein expression of
YAPI and CYR61 was decreased in CENPK knockdown
cells. These data suggest that CEPNK can modulate YAP1
expression at both mRNA and protein levels.

YAP1 is a key component of the Hippo signaling path-
way, and has been shown to be essential for the initiation,
progression, and metastasis of many types of cancer, includ-
ing HCC.2+% Alterations in YAP1 expression can also drive
carcinogenesis in animal models.*' Recently, verteporfin, a
small molecule inhibitor, has been shown to attenuate YAP
activity in murine models,* and Phase I/II clinical trials in
humans have reported that verteporfin therapy is safe and
feasible with minimal phototoxicity in patients with locally
advanced pancreatic cancer.” Targeting YAP1 may be a use-
ful method for the treatment of cancer, including HCC.*** In
this study, the depletion of CENPK significantly decreased
the expression of YAP1 and reduced proliferation, migra-
tion, and invasion in HCC cells. In addition, restoring the
expression of YAP1 partially reversed the inhibitory effects
of CENPK knockdown in HCC cells. Taken together, these
data suggest that knockdown of CENPK inhibits HCC cell
proliferation, migration, and invasion by regulating YAP1.

Emerging studies demonstrate that YAP1 participates
in regulating EMT progression in many human cancers,
such as pancreatic cancer,*® malignant glioma,*’ colorectal
cancer,’® and HCC.?® Wang et al reported that silencing
of YAP1 markedly prevented EMT progression in HCC
cells.?® In this study, the depletion of CENPK or YAPI
markedly upregulated the expression of the epithelial
marker E-cadherin and downregulated the expression of the
mesenchymal marker N-cadherin in HCC cells, while the
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(C) Expression of E-cadherin and N-cadherin was examined by Western blotting in NC, shCENPK, shCENPK + nc, and shCENPK + YAP| groups.
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blocking effect on EMT was incompletely abolished by the
overexpression of YAP1 in CENPK knockdown cells. Taken
together, these data suggest that YAP1 is responsible for
CENPK-mediated EMT progression in HCC cells. However,
the detailed mechanisms underlying CENPK regulating
YAPI1 need further study.

Conclusion

The present study demonstrates that CENPK is frequently
upregulated in HCC and is associated with an aggressive
tumor phenotype. We demonstrated that the knockdown of
CENPK inhibited proliferation, migration, invasion, and
EMT in HCC cells by suppressing YAP1. Therefore, targeting
the CENPK-YAP1-EMT axis may be a novel therapeutic
approach for HCC.
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