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Abstract

Myosin light chain kinase (MYLK) is found to catalyze the phosphorylation of myosin light chains (MLC) and regulate
invasion and metastasis in some malignancies. However, there is little knowledge on the role of MYLK in hepatocellular
carcinoma (HCC), and no studies have been conducted to investigate the mechanisms underlying MYLK-mediated promo-
tion of HCC invasion and metastasis until now. In this study, we investigated the expression of MYLK in 50 pairs of human
HCC and adjacent liver specimens. High MYLK expression was significantly correlated with aggressive clinicopathological
features including tumor encapsulation, microvascular invasion and metastasis. In vitro assays showed that shRNA-induced
MYLK knockdown significantly inhibited the wound-healing ability of HCC cells and the ability to migrate and invade
through Matrigel. We next uncovered that MYLK knockdown resulted in a reduction in the number of F-actin stress fibers,
disorganization of F-actin architectures and morphological alterations of HCC cells. Phosphorylated MLC, rather than total
MLC, was found to be markedly reduced in response to downregulation of MYLK expression, and MYLK-regulated actin
cytoskeleton through phosphorylating MLC in HCC cells. In addition, Western blotting assay revealed downregulation of
the epithelial marker E-cadherin and upregulation of mesenchymal markers Vimentin, N-cadherin and Snail. Taken together,
our findings indicate that MYLK promotes HCC progression by altering cytoskeleton to enhance epithelial-mesenchymal
transition (EMT).

Keywords Myosin light chain kinase - Hepatocellular carcinoma - Cytoskeleton - Invasion and metastasis - Epithelial—
mesenchymal transition

Abbreviations shRNA Short hairpin RNAs

MYLK Myosin light chain kinase gqRT-PCR Quantitative real-time PCR

HCC Hepatocellular carcinoma NC Negative control

EMT Epithelial-mesenchymal transition SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel

MLC Myosin light chains electrophoresis

IHC Immunohistochemistry
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IF Immunofluorescence
SD Standard deviation
Introduction

Cancer cell invasion and metastasis is a multistep process
that begins with dissemination into surrounding tissues,
then intravasates into and transits through the hematog-
enous and lymphatic systems, and finally extravasates and
forms metastatic nodules at a distant site [1]. Each of these
steps involves the change of cell motility, which is regu-
lated by the remodeling of actin cytoskeletal structure [2].
Myosin light chain kinase (MYLK), encoded by the mylkI
gene, is a calcium ion (Ca®*)/calmodulin (CaM)-depend-
ent enzyme [3]. There are two types of protein products—
isoforms derived from the human mylkl gene, including
MYLK long isoform (L-MYLK) with a molecular weight
of 210-220 kD and MYLK short isoform (S-MYLK) with
108-155 kD in molecular weight [4]. Both isoforms are
found to catalyze the phosphorylation of myosin light
chains (MLC), a key event that facilitates the association
of myosin with F-actin and generates contractile force [5].
It has been shown that MYLK principally contributes to
a variety of physiological processes that are related with
myosin activation, such as cell adhesion, migration, divi-
sion, invasion and metastasis [4, 6].

Aberrant MYLK expression has been reported to be
involved in the malignant transformation of normal cells
and affect migratory and invasive properties of tumor cells
[7-11]. Previous studies have linked MYLK to the inva-
sion and metastasis of multiple cancers, including lung
cancer, colorectal cancer and breast cancer [8, 12—-14].
In addition, MYLK was identified as a novel therapeu-
tic target for hepatocellular carcinoma (HCC) [15]; how-
ever, the exact role of MYLK in human HCC progression
remains unknown until now. The present study was, there-
fore, designed to examine the involvement of MYLK in
human HCC progression and investigate the underlying
mechanisms.

Materials and methods
Ethical approval

The study was approved by the Ethics Committee Review of
Fujian Provincial Hospital (permission no.: K2017-05-004),
and signed informed consent was obtained from all patients
participating in the study, following a detailed description
of the purpose of the study.
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Patients and specimens

Fifty pairs of HCC and adjacent liver specimens (at least
2 cm away from the tumor, with no tumor detected as
revealed by microscopy) were sampled from patients (42
males and 8 females, mean age 58 years) who underwent
hepatic resection at Fujian Provincial Hospital (Fuzhou,
China) during the period from January to December, 2016.
The specimens were fixed in 10% neutral formalin, embed-
ded in paraffin and cut into 3-pm sections for immunohisto-
chemistry (IHC). Additionally, 10 pairs of fresh HCC and
adjacent liver specimens (the same criteria as described
above) were collected from 10 patients (7 males and 3
females, mean age 61 years) undergoing hepatic resection
at Fujian Provincial Hospital (Fuzhou, China) between Feb-
ruary and April, 2018. The specimens were frozen in liquid
nitrogen immediately upon resection from the body, and then
stored at — 80 °C for protein extraction. None of the patients
received preoperative therapy. The diagnosis and identifi-
cation of pathological factors of HCC were confirmed by
two independent histopathologists. Patients’ clinical records
were carefully reviewed to capture the clinicopathological
features

IHC

Sections were stained using the EliVision™ plus two-step
method (EliVision™ Super KIT9922; Fuzhou Maixin Bio-
tech. Co., Ltd.; Fuzhou, China) and incubated in mouse
anti-M YLK monoclonal antibody (MABT194,1:50 dilution;
Millipore, Billerica, MA, USA), while the fibrocytes in the
mesenchyme, in which MYLK is not expressed, served as an
internal negative control [16]. Two pathologists, blinded to
clinicopathological data, independently evaluated the immu-
nostained sections. Staining intensity was scored as follows:
0, negative; 1, pale yellow; 2, medium yellow; and 3, tawny.
The proportion of positive-stained cells was scored as fol-
lows: 0, < 10%; 1, 11-25%; 2, 26-50%; 3, 51-75%; and 4,
> 76%. We then multiplied intensity scores by proportion
scores to obtain total scores. Cases with a total score of 0-3
were defined as low MYLK expression and those with a total
score of 4—12 as high expression.

Cell lines and culture

Human HCC LM3, MHCC97H and MHCC97L cell lines
were purchased from the Liver Cancer Institute of Fudan
University (Shanghai, China). The Sk-Hep1 and HepG2
cell lines were purchased from the American Tissue Cul-
ture Collection (Manassas, VA, USA). The SMMC7721
cell line was purchased from the Cell Bank of the Chinese
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Academy of Sciences (Shanghai, China). The Huh7 cell
line was maintained in our laboratory. All cell lines were
maintained in DMEM (Gibco; Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco;
Grand Island, NY, USA), 100 U/ml penicillin (Gibco;
Grand Island, NY, USA) and 100 mg/ml streptomycin
(Gibco; Grand Island, NY, USA) at 37 °C containing 5%
CO,.

Cell transfection

Three short hairpin RNAs (shRNA) targeting MYLK
(MYLK-shRNA) and a negative control (shControl) were
synthesized by Genechem Co., Ltd. (Shanghai, China)
(Table 1) and cloned into the lentiviral vector GV248
(Genechem Co., Ltd.; Shanghai, China). Using the packag-
ing plasmids pHelper 1.0 and pHelper 2.0 (Genechem Co.,
Ltd.; Shanghai, China), three lentivirus types expressing
shRNA were generated and used simultaneously to infect
LM3 and MHCC97H cells. After 72-h infection, infected
cells were cultured in the medium containing 2 pg/ml
puromycin (Gibco; Grand Island, NY, USA) to select sta-
ble MYLK-knockdown cells. Stable MYLK-silenced cells
were designated LM3/LV-shMYLK and MHCC97H/LV-
shMYLK, whereas control cells we named LM3/LV-shctrl
and MHCC97H/LV-shctrl. MYLK expression in all stable
cell lines was verified by Western blotting.

Quantitative real-time PCR (qPCR) assay

Total RNA was extracted using the TRIzol reagent (Inv-
itrogen; Carlsbad, CA, USA) and reversely transcribed
into cDNA using Superscript III Reverse Transcriptase
(Invitrogen). qPCR assay was performed using the SYBR
Master Mix (Takara; Shiga, Japan) on an ABI7500 real-
time PCR system (Applied Biosystems; Foster City, CA,
USA), and the primer sequences used are listed in Table 1.

Table 1 Primer sequences

Relative gene expression was calculated using the 2744Ct
method.

Western blotting

Total protein was extracted from fresh specimens and cell
lysates and separated by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) on 10% gels.
The bands were then transferred onto PVDF membranes
(Millipore; Billerica, MA, USA) and incubated with
mouse anti-MYLK monoclonal antibody (MABT194;
Millipore, Billerica, MA, USA; 1:1000 dilution) over-
night at 4 °C, while GAPDH (ab8245; Abcam, Camridge,
MA, USA; 1:5000) served as a loading control. PVDF
membranes transferred with cell proteins were also incu-
bated with rabbit anti-MLC monoclonal antibody (#8505;
Cell Signaling Technology, Beverly, MA, USA; 1:1000
dilution), rabbit anti-phospho-MLC (Thr18/Ser19) poly-
clonal antibody (#3674; Cell Signaling Technology Bev-
erly, MA, USA; 1:1000 dilution), rabbit anti-phospho-
MLC (Ser19) polyclonal antibody (#3671; Cell Signaling
Technology Beverly, MA, USA; 1:1000 dilution), rabbit
anti-E-cadherin monoclonal antibody (ab40772; Abcam,
Cambridge, UK; 1:10000 dilution), rabbit anti-Vimentin
monoclonal antibody (#5741; Cell Signaling Technology,
Beverly, MA, USA; 1:1000 dilution), rabbit anti-Snail
monoclonal antibody (#3879; Cell Signaling Technology,
Beverly, MA, USA; 1:1000 dilution) and rabbit anti-f-
catenin monoclonal antibody (#8480; Cell Signaling Tech-
nology, Beverly, MA, USA; 1:1000 dilution) overnight at
4 °C, with GAPDH as a loading control. Then, the PVDF
membranes were incubated with the HRP-conjugated IgG
secondary antibody (Cell Signaling Technology, Beverly,
MA, USA). Blots were visualized using an enhanced
chemiluminescence kit (Thermo Fisher; Waltham, MA,
USA) and detected using the QuantityOne software (Bio-
Rad; Hercules, CA, USA).

Primers Uses Sequences

MYLK-shRNA1 Targeting the conservative region (5586-5604 bp) of MYLK mRNA 5'- CGGGAACTGCTCTTTAATT -3’
MYLK-shRNA2 Targeting the conservative region (5273-5291 bp) of MYLK mRNA 5'- TGTCCTCTATGGCAATGAT -3’
MYLK-shRNA3 Targeting the conservative region (6777-6795 bp) of MYLK mRNA 5'- TACCTTATGGGTTCCATAT -3’
shControl Negative control of MYLK-shRNA 5'- TTCTCCGAACGTGTCACGT -3’
MYLK-F Verifying MYLK-knockdown clones 5'- CGACGAGGCATTCGATGAGA -3’
MYLK-R 5'- AGTTTTTCTGCATTGAGCGGG -3’
GAPDH-F Control of the MYLK primer 5'- GCCGCATCTTCTTTTGCGTC -3’
GAPDH-R 5'- TACGACCAAATCCGTTGACTCC -3’

@ Springer



526

Clinical and Experimental Medicine (2018) 18:523-533

Wound-healing assay

HCC cells were cultured in two wells of the Culture-Insert
(Ibidi; Munich, Germany). If both wells were filled with
adherent cells, a wound at approximately 500 um was cre-
ated by gently removing the Culture-Insert. Then, cells
were maintained in DMEM supplemented with 10% FBS
and antibiotics. The cells were observed, and images were
captured 0, 24 and 48 h after the wound creation.

Transwell migration and invasion assays

Migration and invasion assays were performed using
uncoated or Matrigel-coated (Corning; Corning, NY, USA)
transwell culture chambers (Millipore; Billerica, MA, USA)
following the manufacturer’s instructions. The Matrigel
membrane was stained using crystal violet, and migrating
or invading cells were counted in 5 randomly selected visual
fields at 200X magnification. Each experiment was indepen-
dently repeated in triplicate.

Immunofluorescence (IF) staining

LM3 and MHCC97H cells stably infected with MYLK-
shRNA or control lentivirus vector were grown on glass cov-
erslips. Cells were fixed in 4% paraformaldehyde, permea-
bilized with 0.5% Triton X-100 and incubated with Alexa
Fluor 488 phalloidin (Invitrogen; Carlsbad, CA, USA).
Then, the cell nuclei were counterstained using fluoroshield
mounting medium with DAPI (Abcam; Camridge, MA,
USA). The slides were examined under a fluorescence
microscope (Leica; Wetzlar, Germany).

Statistical analysis

All measurement data were expressed as mean + standard
deviation (SD), and all count data were presented as pro-
portions. Differences of means between groups were tested
for statistical significance with Student’s #-test, while com-
parisons of proportions were done using Chi-square test.
Enumerated data were compared using the Kruskal-Wallis
H (K) test. All statistical analyses were conducted with the
statistical software SPSS version 19.0 (SPSS, Inc.; Armonk,
NY, USA), and a P value of < 0.05 was indicative of statisti-
cal significance.
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Table 2 Comparison of MYLK expression between HCC and adja-
cent liver specimens

Specimens MYLK MYLK high Zvalue P value
expression —expression
() (%)
High Low

HCC specimens 31 19 62 —3.500 0.000

Adjacent liver speci- 17 33 34

mens
Results

Elevated MYLK expression is detected in HCC
specimens and correlated with tumor metastasis

THC was performed to assess MYLK expression in 50 paired
HCC and adjacent liver specimens. We found that MYLK
was localized in the cytoplasm, and high MYLK expres-
sion was detected in 31 of the 50 (62%) HCC specimens
compared with 17 of the 50 (34%) corresponding adjacent
specimens (Z=—3.5, P=0) (Table 2, Fig. la—e). Then, we
evaluated the correlation between MYLK expression and
clinicopathological features of HCC patients. High MYLK
expression was found to be positively correlated with micro-
vascular invasion (P=0.017) and metastasis (P=0.034) and
may be associated with tumor encapsulation (P =0.059)
(Table 3). Next, Western blotting was employed to deter-
mine MYLK expression in additional 10 paired HCC and
adjacent liver specimens. All 10 pairs of HCC and adjacent
liver specimens expressed S-MYLK and 2 pairs expressed
L-MYLK mildly. Compared with the adjacent liver speci-
mens, S-MYLK expression was upregulated in 6 HCC
specimens and downregulated in one specimen. In addi-
tion, similar S-MYLK expression profile was seen in another
3 pairs of HCC and adjacent liver specimens (Fig. 1f).
Taken together, our data indicate that HCC predominantly
expresses S-M YLK, which contributes to HCC progression
and acts as a promoter of HCC metastasis.

Knockdown of MYLK expression inhibits HCC cell
motility and invasiveness

To investigate the function of MYLK in vitro, Western blot-
ting was performed to determine MYLK protein expression
in seven HCC cell lines. S-M YLK was found to be expressed
in all seven cell lines, and higher S-MYLK expression was
detected in the high-metastatic SK-Hep1, LM3, MHCC97H
and MHCCO97L cell lines than in the low-metastatic HepG2,
Huh7 and SMMC7721 cell lines. Interestingly, no L-MYLK
expression was detected in high-metastatic SK-Hep1, LM3
or MHCC97H cells, while low L-MYLK expression was
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Fig.1 MYLK expression is upregulated in HCC specimens. Immu-
nohistochemical analysis is performed to detect MYLK expression in
50 pairs of HCC and adjacent liver specimens. MYLK expression is
higher in HCC specimens (a to d) than in adjacent liver specimens
(e). a and b The staining intensity is tawny; ¢ and d the staining
intensity is medium yellow; f Western blotting analysis is performed

T1 N1 T2 N2 T3 N3 T4 N4 T5 N5

MYLK

[— T

T6 N6 T7 N7 T8 N8 T9 N9 T10 N10
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A

to detect the MYLK expression in additional 10 pairs of HCC and
adjacent liver specimens. HCC specimens are found to predominantly
express the MYLK short isoform (S-MYLK). The S-MYLK expres-
sion is upregulated in 6 HCC specimens and downregulated in one
specimen. Similar expression profile of S-MYLK is seen in another 3
pairs of HCC and adjacent liver specimens
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Table 3 Association

. Clinicopathological features n MYLK expression High MYLK  j?value P value
of MYLK expression - expression (%)
with clinicopathological High (n=31) Low (n=19)
characteristics in HCC patients
Sex
Female 8 4 4 50 0.57 0.45
Male 42 27 15 64.29
Age (years)
<60 35 23 12 65.71 0.669 0.413
>60 15 8 7 53.33
Serum AFP (ng/ml)
<252 17 10 7 58.82 0.108 0.742
>252 33 21 12 63.64
HBsAg
Negative 7 5 2 71.43 0.301 0.583
Positive 43 26 17 60.47
Liver cirrhosis
Absence 14 11 3 78.57 2.221 0.136
Presence 36 20 16 55.56
Tumor number
Single 46 30 16 65.22 2.476 0.116
Multiple 4 1 3 25
Maximal tumor size (cm)
<3 7 5 2 71.43 0.301 0.583
>3 43 26 17 60.47
Edmondson-Steiner grade
Tand II 31 21 10 67.74 1.119 0.29
III and IV 19 10 9 52.63
Tumor encapsulation
Absence 23 11 12 47.83 3.559 0.059
Presence 27 20 7 74.07
Microvascular invasion
Absence 26 12 14 46.15 5.658 0.017
Presence 24 19 5 79.17
Metastasis
Absence 30 15 15 50 4.492 0.034
Presence 20 16 4 80

seen in low-metastatic HepG2, Huh7 and SMMC7721
cells. Although MHCCO97L cells also expressed L-MYLK,
the level was extremely weak (Fig. 2a). It is suggested that
MYLK, notably S-MYLK, may play a causal role in HCC
invasion and metastasis. Therefore, our studies focused
on the effect of S-MYLK on HCC cell function. LM3 and
MHCCO97H cells were selected to generate stably trans-
fected HCC cell lines with MYLK knockdown (Fig. 2b),
and the motility and invasiveness of these stably transfected
cells were examined using wound-healing and transwell
assays. Downregulation of MYLK expression was fount to
significantly inhibit the wound-healing ability of LM3 and
MHCC97H cells and decrease the number of cells migrat-
ing through or invading into the Matrigel (Fig. 3). Our data

@ Springer

indicate that shRNA-induced knockdown of MYLK inhibits
HCC cell motility and invasiveness in vitro.

MYLK affects cytoskeleton organization
through MLC phosphorylation

To evaluate the effect of MYLK on the cytoskeletal
organization, F-actin was labeled with the Alexa Fluor
488 phalloidin in LM3 and MHCC97H cells. We observed
F-actin stress fibers and well-organized F-actin bundles
in non-transfected cells and shControl-transfected cells.
Conversely, shRNA-induced MYLK knockdown led to a
reduction in the number of F-actin stress fibers and disor-
ganized F-actin architecture in LM3 and MHCC97H cells
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Fig.2 Generation of stably transfected MYLK-knockdown HCC
cell lines. a Western blotting analysis of MYLK expression in seven
human HCC cell lines, and the expression of the MYLK short iso-
form is higher in the high-metastatic SK-Hep1l, LM3, MHCC97H and

(Fig. 4a). These results demonstrate that MYLK affects
the F-actin cytoskeleton organization.

In order to investigate the molecular mechanisms
underlying the MYLK-mediated cytoskeletal organiza-
tion, Western blotting was performed to detect MLC
expression. There was no alteration seen in total MLC
expression; however, the level of both di-phosphorylated
MLC and mono-phosphorylated MLC (Ser19) expres-
sions was remarkably reduced in LM3 or MHCC97H
cells with MYLK knockdown (Fig. 4b). Our data sug-
gest that MYLK may alter cytoskeleton through MLC
phosphorylation.

Knockdown of MYLK expression reverses epithelial-
mesenchymal transition (EMT) in HCC cells

To assess the effect of MYLK on EMT in HCC cells,
Western blotting was performed to determine the expres-
sion of EMT biomarkers. Knockdown of MYLK expres-
sion was found to result in elevated expression of the
epithelial marker E-cadherin in both LM3 and MHCC97H
cells; however, MYLK downregulation inhibited the
expression of mesenchymal markers Vimentin, N-cad-
herin and Snail (Fig. 5). These results demonstrate that
knockdown of MYLK expression reverses EMT in HCC
cells.

MHCCOI7L cell lines than in the low-metastatic HepG2, Huh7 and
SMMC7721 cell lines; b Western blotting and qPCR assays detect
MYLK expression in stably transfected HCC cell lines. ** P < 0.01

Discussion

Cancer cell migration and invasion are essential features
of epithelial-originated carcinomas in the process of can-
cer progression [17]. To discriminate from the primary
lesion, cancer cells regulate their cytoskeletal structures to
increase their motility, which is implicated in the process of
EMT [18]. In this study, we firstly detected elevated MYLK
expression in clinical HCC specimens and elevated MYLK
expression was found to be significantly associated with
aggressive clinicopathological features of HCC. In addi-
tion, this is the report demonstrating that MYLK promotes
HCC cell migration and invasion through remodeling actin
cytoskeletal structures to trigger EMT. It is therefore con-
sidered that MYLK may be a promising biomarker for diag-
nosis and a potential therapeutic target of HCC.

Previous studies have shown that carcinogenesis
and malignant progression are associated with altered
MYLK expression in multiple cancers [11, 14, 19-21].
High MYLK expression was detected in non-small-cell
lung cancer (NSCLC) with lymphatic metastasis relative
to without lymphatic metastasis, and stages III and IV
NSCLC exhibited higher MYLK expression than stages
I and II [8]. Similarly, downregulation of endogenous
MYLK expression, or ML-7, an inhibitor of MYLK, sig-
nificantly inhibited the migration of human colon adeno-
carcinoma RKO cells [13]. However, an opposite role of
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Fig.3 Knockdown of MYLK expression inhibits HCC cell motility
and invasiveness. a Effect of MYLK knockdown on HCC cell migra-
tion assessed by the wound-healing assay. The margin of the HCC
cells is marked by the vertical line, and HCC cells migrate and move
into the wounded areas 24 and 48 h after the wound creation. The

MYLK was reported in breast cancer cell metastasis, and
MYLK downregulation correlated with poor prognosis of
breast cancer patients positive for HER2 [13]. In addition,
MYLK was detected to be overexpressed in diethylnitrosa-
mine (DENA)-induced HCC rats [13]. To the best of our
knowledge, however, there is no knowledge on the role of
MYLK in human HCC to date.
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distance between the two vertical lines represent the cell migratory
capacity, and a less distance indicates a stronger HCC cell migratory
ability; b and c effect of MYLK knockdown on HCC cell migration
and invasion evaluated by the transwell assays. ** P < 0.01

In the present study, we detected higher MYLK expres-
sion in HCC specimens than in the matched adjacent liver
specimens, and MYLK upregulation was correlated with
aggressive clinicopathological features including micro-
vascular invasion and metastasis. Western blotting analy-
sis confirmed that HCC and adjacent liver specimens
mainly expressed S-MYLK. Consistently, higher MYLK
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Fig.4 Knockdown of MYLK expression affects cytoskeleton organi-
zation through phosphorylation of MLC. a MYLK knockdown results
in a decrease in the number of F-actin stress fibers and disorganiza-
tion of F-actin architectures in LM3 and MHCC97H cells; b Western

expression, notably S-MYLK, was seen in high-metastatic
SK-Hepl, LM3, MHCC97H and MHCCO97L cell lines than
in low-metastatic HepG2, Huh7 and SMMC7721 cell lines,
which is inconsistent with previous findings that untrans-
formed breast epithelial cell lines and some breast cancer
cell lines expressed L-MYLK [14]. It is speculated that such

MHCC97H Lm3

blotting analysis reveals a clear-cut reduction in both the di-phospho-
rylated MLC (Thr18/Ser19) and mono-phosphorylated MLC (Ser19)
expressions but no alteration of total MLC expression in LM3 or
MHCC97H cells with MYLK knockdown

a difference may be attributed to the tissue-specific distribu-
tion of MYLK isoforms [4]. In addition, irn vitro functional
experiments showed that MYLK knockdown inhibited the
migration and invasion of HCC cells. Taken together, our
data indicate that MYLK plays a critical role in increasing
HCC cell motility and promoting HCC progression.
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Fig.5 Knockdown of MYLK expression reverses epithelial-mesen-
chymal transition (EMT) of HCC cells. Western blotting is employed
to determine the expression of EMT biomarkers, and knockdown of

Cell motility, which is important for cancer cell invasion
and metastasis, is driven by cycles of actin polymeriza-
tion, cell adhesion and actin—-myosin contraction [22, 23].
Actin—myosin contraction is found to result in morphologi-
cal remodeling of cancer cells and reorganization of extra-
cellular matrix that facilitates cell movement [22, 23]. MLC
phosphorylation, which is mediated by MYLK, is a key fac-
tor for regulating actin—-myosin contraction [23, 24]. MYLK
has been reported to affect cancer cytoskeleton [12]. Deple-
tion of MYLK reduced the invadopodia formation of breast
cancer cells and inhibited the invasive potential of cancer
cells [12]. In addition, loss of MYLK was reported to result
in alteration of cell-cell and cell-matrix adhesion [14]. In
this study, shRNA-induced MYLK knockdown led to a
decrease in the number of F-actin stress fibers, disorganiza-
tion of F-actin architectures and morphological alteration of
HCC cells. Furthermore, phosphorylated MLC, rather than
total MLC, was remarkably reduced in response to down-
regulation of MYLK expression. Our data demonstrate that
MYLK may regulate actin cytoskeleton through phospho-
rylation of MLC.

@ Springer
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MYLK expression results in an increase in E-cadherin expression and
a decrease in Vimentin, N-cadherin and Snail expression in both LM3
and MHCCO7H cells

EMT is an essential process for cancer cells to acquire
migratory and invasive potential that is involved in cytoskel-
eton reorganization [25]. After discovering the role of
MYLK in HCC progression and HCC cell actin cytoskel-
eton, it is hypothesized that MYLK may promote EMT in
HCC. To test the hypothesis, we detected the expression
of key EMT biomarkers [26], and knockdown of MYLK
expression resulted in elevated expression of the epithelial
marker E-cadherin and a reduction in the expression of mes-
enchymal markers Vimentin, N-cadherin and Snail. These
results supported our hypothesis and suggest that MYLK
promotes EMT in HCC cells.

Conclusions

In summary, the results of the present study demonstrate that
high MYLK increases HCC cells aggression and promotes
HCC progression. In addition, MYLK improves the migra-
tory and invasive ability of HCC cells by altering cytoskel-
eton to enhance EMT.
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