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Background: Primary liver cancer (PLC) is the second leading cause of cancer-related death worldwide.
It has been reported that PLC can be originated from malignant transformed adult hepatic progenitor cells.
Mammalian large tumor suppressor kinase 1 (LATS1) is one of the core components of the Hippo pathway and
it has been implicated in regulating invasion and metastasis of different cancer cell. However, the underlying
connections between hepatic progenitor cells and LATS]1 in the pathogenesis of PLC are still elusive.
Methods: LATSI gene knockout (LATS1-KO) hepatic oval cells (HOCs) were constructed by the
CRISPR/Cas9 system. Cell viability was evaluated by the CCK-8 assay. Cell migration was measured by
scrape assay. Cell invasion was examined by Transwell assay. Cell apoptosis was evaluated by flow cytometry.
The expression of LATSI and Yes-associated protein (YAP) in HOCs was determined by Q-PCR and
Western blot analysis.

Results: Here, we found that knockout of LATSI significantly induced the migration and invasion of
WB-F344 cells. Knockdown of YAP suppressed the neoplastic phenotype of LATS1-KO WB-F344 cells.
Furthermore, overexpression of YAP promoted the migration and invasion of LATS1-KO WB-F344 cells.
Conclusions: In summary, the current study demonstrated that LATS1 is required for inhibiting the
neoplastic phenotype of normal hepatic progenitor cell via downregulating YAP.
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Introduction A better understanding of the cell types originating liver

cancer can aid in exploring the molecular mechanisms of

Primary liver cancer (PLC) is the second most common . . . .
hepatocarcinogenesis. Accumulating evidence suggests

cause of cancer-related death after lung cancer and is that hepatic oval cells (HOCs) are hepatic progenitor

one of the few neoplasms that are increasing in incidence
and mortality rates worldwide (1). Because the molecular
pathogenesis of PLC remains poorly understood, existing
therapies are limited in their ability to improve the disease-
free survival rate of PLC patients.
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cells of the liver and act as tumor progenitor cells (2-4).
HOC:s are a subpopulation of liver cells that are capable of
differentiating into hepatocytes or biliary epithelial cells
under different circumstances (2,5). Despite the growing
evidence that HOCs can drive hepatocarcinogenesis
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Table 1 The sequences of sgRINAs and primers

sgRNA/gene Sequence

LATS1-sgRNA #1 5'-GCAACGCTCGGGATTCGGGA-3'

LATS1-sgRNA #2 5'-TCCTCCGGAGTCCTTGTCGG-3'

LATS1-sgRNA #3 5'-AACGCTCGGGATTCGGGATG-3'

GAPDH F: 5'-AGT GCCAGCCTCGTCTCATA-3'
R: 5'-ATGAAGGGGTCGTTGATGGC-3'
LATS1 F: 5'-AGAGCGAAGAGAGTCTCGCA-3'
R: 5'-TCTTGAGA TAATCCAACCCGCA-3'
YAP F: 5'- AATGTCAGACCGTCAGAGCG-3'
R: 5'- GTCATCCCGGGAGAAGACAC-3'
CTGF F: 5'-~AAAAGTGCATCCGTACTCCCA-3'

R: 5'-CCGTCGGTACATACTCCACAG-3'

and be a source of tumour initiation (6,7), the molecular
mechanism in neoplastic transition of HOCs remain elusive.

The Hippo pathway is an evolutionarily conserved
signal transduction pathway that plays a crucial role in
tissue growth, cell proliferation, cell shape and growth (8).
The Hippo pathway has recently been recognized as a
trigger of tumorigenesis by regulating the proliferation
and expansion of stem/progenitor cell (9,10). Mammalian
large tumor suppressor kinase 1 (LATS1), one of the major
kinase components of the Hippo pathway, plays a pivotal
role in the control of tumor development (11). Following
the activation of the Hippo pathway, mammalian Ste20-
like kinases 1/2 (MST'1/2) is phosphorylated and activates
LATS1. Activated LATS1 subsequently phosphorylates
and inhibits Yes-associated protein (YAP) translocation
into the nucleus, resulting in the inhibition of YAP target
genes such as CTGF. AS a major downstream effector of the
Hippo pathway, LATS1 is important for cell proliferation
and invasion (12). As dysregulation of LAT'S1 is associated
with several types of cancer such as liver, breast, and gastric
cancer (13) , LAT'S1 has been considered as a promising and
important therapeutic target. However, the role of LATS1
played in the malignant transformation of HOCs remains
unclear.

In the present study, we investigated the function
and regulation of LATS1 on the phenotype of HOCs.
Using loss-of-function studies, we demonstrated for
the first time that knockout of LATS1 promoted
the migration and invasion of HOCs in vitro. In addition,
we identified YAP as the functional downstream target
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of LATS1, and the activation of YAP is responsible, at
least partially, for LATS1 knockout-mediated biological
functions in HOCs.

Methods
Cell culture

The WB-F344 rat HOC line was purchased from the Cell
Bank of Type Culture Collection of the Chinese Academy of
Sciences. The cells were maintained in Dulbecco’s modified
Eagle’s medium/Ham’s F12 (DMEM/F12; Invitrogen, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco,
Invitrogen) at 37 °C in a humidified atmosphere of 5% CO,.
The cells were passaged 1:2 using 0.25% trypsin when they
reached 70-90% confluence.

Deletion of LATS1 in WB-F344 cells

Three sgRNAs were designed as the LATS1 gene knockout
(LATS1-KO) target genes and constructed into the LATSI-
KO plasmid vectors, using CRISPR/Cas9 three-in-one
Plasmid Build Kit purchased from Nanjing YSY Biotech
(Nanjing, China).

The LATS1-KO plasmid vector was packed into
a lentiviral vector (Genechem, Shanghai, China) and
transfected into cells at 60% confluence. Two pg/mL of
puromycin was added immediately and removed at 72 h
later. Finally the efficient LATS1-KO WB-F344 cells were
obtained. The sequences of LATS1-sgRNAs used in this
assay are shown in Table 1.

RNA interference and lentiviral infection

For transient knockdown experiments, oligonucleotide
pools of small interfering RNA (siRINA) targeting YAP and
non-targeting siRINA transfected using Lipofectamine 2000
(Invitrogen, Carlsbad, CA) at 37 °C for 48 h, according to
the manufacturer’s protocols.

Viral transfection was performed according to the
manufacturer’s protocol provided by GENECHEM
(Shanghai, China). The OE-YAP lentivirus was synthesized
by GENECHEM. The transfection efficiency was measured
by quantitative real-time PCR (Q-PCR) and Western blot.

Cell viability assay
Cell viability was evaluated by the CCK-8 test. WB-F344

cells were transfected for 12 h and seeded in 96-well plates
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(100 pL per well). The cell density of per well was 1.0x10*
to adhere for 24 h. Finally, 10 pL. CCK-8 solutions were
added to 100 pL. DMEM in each well for 2 h. Absorbance
values at a wavelength of 450 nm were measured using an
automated microplate reader (Molecular Devices, CA, USA).

Flow cytometry

Cell apoptosis was analyzed by an Annexin V-FITC and
PI staining kit (Vazyme, Nanjing, China) according to
manufacturer’s instructions. Flow cytometry was performed
on a FACS Calibur™ flow cytometer and the data were
analyzed with FlowJo software (Tree star, Ashland, Oregon).

Cell migration and invasion assays

Cell migration assays were used to determine the motility
of HOC:s. Briefly, WB-F344 cells were seeded in 24-well
culture plates at 1x10° cells/well and cultured in growth
medium until reaching approximately 70-80% confluence.
Then, the cell monolayer was gently scratched with a sterile
200-pL pipette tip to generate a wide gap. Using fresh
growth medium, each well was washed twice to remove the
cell debris. Images of the scratch were captured at 0 and 48 h,
and the width of the cell gap was quantified using Image]
software.

Cell invasion was examined using Transwell assay with
24-well Transwell chambers.

About 48 h after cell transfection, 1x10° cells were
resuspended in serum-free medium and then added to
the top chamber, and the bottom chamber was filled with
600 pL medium supplemented with 10% FBS. After 24 h of
incubation, the cells on the lower surface of the membrane
were stained, photographed, and counted in six random
fields per group using a microscope.

Quantitative real-time polymerase chain reaction (Q-PCR)

Total RNA was isolated from each sample using Column
Animal RNAout according to the manufacturer’s
instructions. The concentration of RNA was determined
using an ND-2000 Spectrophotometer (Thermo Fisher
Scientific, USA) and Q-PCR was performed with the
KAPA SYBR FAST ¢PCR Kit (Kapa Biosystems, USA)
using a 7300 Real-Time PCR System (Applied Biosystems,
Waltham, MA, USA). The sequences of primer pairs used
in this assay are shown in 7able 1.
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Western blot

Treated cells were washed three times with cold PBS
and proteins were extracted and quantified using the
Bradford method. Proteins were separated using 12% SDS-
polyacrylamide gel electrophoresis and were electrophoretically
transferred to polyvinylidene fluoride (PVDF) membranes
using standard procedures. The following primary anti-
bodies were employed: rabbit anti- LATS1 (1:1,000, Abcam,
Cambridge, MA, USA), rabbit anti-YAP (1:1,000, Abcam),
and rabbit anti-B-actin (1:5,000, Abcam). Horseradish
peroxidase-conjugated goat anti-rabbit/mouse IgG
(1:10,000, Boster, Wuhan, China) was used as a secondary
antibody. Immunoreactive protein bands were detected

using an Odyssey Scanning System (LI-COR).

Immunofluorescent staining

Cells were first fixed with 4% paraformaldehyde for 10 min.
"To block unspecific binding sites, the cells were incubated
with PBS containing 2% BSA for 1 h at 37 °C.

Cells were stained with anti-YAP antibody (1:100,
Abcam) overnight at 4 °C and then incubated with Alexa
Fluor 488-conjugated goat anti-rabbit IgG (Abcam,
ab150077) at room temperature for 1 hour. Nuclei were
stained with 1 pg/mL 4',6-diamidino-2-phenylindole
(DAPI; Sigma). The images were captured using a confocal
fluorescence microscope (Olympus, Tokyo, Japan).

Statistical analysis

All experiments were repeated at least three times in vitro,
and all data were analyzed with the GraphPad Prism 5
(GraphPad Software, CA, USA). The data are presented
as mean values = SD. Differences were analyzed for
significance (P<0.05) by one-way ANOVA using SPASS
18.0 (SPASS, Chicago, IL, USA), which was followed by
Duncan’s post hoc test.

Results
Construction of LATS1-KO HOCs

"To explore the potential role of LATS1 in the carcinogenesis
of HOCs, we genetically manipulated WB-F344 cells and
created cells in which the LATSI gene was deleted (LATSI-
KO). Absence of LATS1 was confirmed at the mRNA level
by Q-PCR in the LATS1-KO WB-F344 cells (Figure 1A4)
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Figure 1 LATSI gene was deleted in WB-F344 cells. WB-F344 cells were transfected with a LATS1-knockout (KO) plasmid vector that
was constructed via the CRISPR/Cas9 system to delete the LATSI gene. (A) mRNA was purified from both intact WB-F344 cells and
LATS1-KO WB-F344 cells. Expression of LATS1 was examined by Q-PCR analysis. Results are expressed as means = SD (**, P<0.01 vs.
intact cells). (B) Expression of LAT'SI and YAP was measured by Western blot. B-actin was used as a loading control. (C) The expression of

YAP in WB-F344 cells was measured by immunofluorescence assay. (D) Expression of CTGF was examined by Q-PCR analysis. Results are

expressed as means + SD (**, P<0.01 vs. intact cells). (E) Cell viability was measured with the CCK-8 assay. Results are expressed as means +

SD (**, P<0.01 vs. intact cells).

and at the protein level by Western blot assay (Figure 1B).
As a key downstream effector of the Hippo pathway,
YAP is regulated directly by LATS1 (14,15). Therefore,
we investigated the effect of LATS1 knockout on the
activation of YAP. As shown in Figure 1B,C, YAP expression
was markedly increased in LATS1-KO WB-F344 cells.
Consistent with this observation, CT'GE, as a target gene of
YAP, was strongly induced in LATS1-KO WB-F344 cells
(Figure 1D). Furthermore, the viability of LATS1-KO WB-
F344 cells were improved significantly (Figure 1E).

LATS1 knockout induces migration and invasion of WB-
F344 cells

Considerable evidence suggests a critical role of LATSI in
tumor invasion and metastasis (12,13). Our results showed
that knockout LATSI gene promoted the invasion and
migration of WB-F344 cells (Figure 2A4,B). Moreover, we
demonstrated that knockout LATSI gene significantly
reduced apoptosis of WB-F344 cells (Figure 2C).

© Translational Cancer Research. All rights reserved.

Knockdown of YAP suppresses invasion and migration of
LATS1-KO WB-F344 cells

It has been previously demonstrated that LATS1 in Hippo
pathway negatively regulates YAP transcription in a
phosphorylation-dependent manner. Unphosphorylated
YAP translocate to the nucleus to activate the transcription
of target genes that promote cell invasion and inhibit
apoptosis (16). To determine whether YAP is involved
in LATS1-KO-mediated promotion of cell invasion and
migration, siRNA for YAP was used to specifically knock
down YAP in LATS1-KO WB-F344 cells. Our results
demonstrated that treatment with si-YAP profoundly
suppressed the expression of YAP (Figure 34,B,C).
Consistently, the expressions of CTGF was extremely
suppressed in the treatment of si-YAP (Figure 3D).
The result of CCK-8 assay showed that silencing YAP
significantly inhibited the cell viability of LATS1-KO WB-
F344 cells (Figure 3E). In addition, silencing YAP could
inhibit invasion and migration of LATS1-KO WB-F344
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Figure 2 LATSI1 knockout promotes the migration and invasion of WB-F344 cells. (A) Evaluation of in vifro invasion abilities of intact WB-

F344 cells and LATS1-KO WB-F344 cells by transwell invasion assay. Representative images are shown (left panels, scale bar =100 pm).

Results are expressed as means = SD (¥, P<0.05 vs. intact cells). (B) Representative images showing the effects of LATS1-KO on the

migration of WB-F344 cells. Scale bar =100 pm. Quantification of the migration rate in three separate experiments are shown (right panels,

**, P<0.01 vs. intact cells). (C) Cell apoptosis was evaluated by flow cytometry measuring annexin V and propidium iodide (PI) expression.

The number in each quadrant represents the percentage of cells in that compartment. Results are expressed as means = SD (**, P<0.01 vs.

intact cells).

cells (Figure 3F,G). Furthermore, silencing YAP induced
apoptosis of LATS1-KO WB-F344 cells (Figure 3H). These
results indicated that YAP is essential for LATSI to regulate
invasion and migration of WB-F344 cells.

Overexpression of YAP promotes migration and invasion of
LATS1-KO WB-F344 cells

We continued our studies to further study the effects of
YAP overexpression in LATS1-KO-mediated promotion of

© Translational Cancer Research. All rights reserved.

cell invasion and migration by firmly overexpressing YAP
in LATS1-KO WB-F344 cells. Q-PCR, Western blot, and
immunofluorescence staining methods were used to verify
the overexpression efficiency in LATS1-KO WB-F344
cells (Figure 44,B,C). As expected, overexpressing YAP
strongly induced the expression of CTGE, as measured by
quantitative Q-PCR (Figure 4D). CCK-8 assay revealed
that overexpressing YAP significantly enhanced the cell
viability of LATS1-KO WB-F344 cells (Figure 4E).
Transwell assay showed that overexpressing YAP enhanced

Transl Cancer Res 2020;9(5):3564-3572 | http://dx.doi.org/10.21037/tcr-19-2847
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Figure 3 Inhibition of YAP suppresses the migration and invasion of LATS1-KO WB-F344 cells. (A) Expression of YAP mRNA was
measured by Q-PCR after si-YAP transfection in LATS1-KO WB-F344 cells. Results are expressed as means = SD (*, P<0.05 vs. si-
NC). (B) Expression of YAP was measured by Western blot analysis. B-actin was used as a loading control. (C) The expression of YAP was
measured by immunofluorescence assay. (D) Expression of CTGF was examined by Q-PCR analysis. Results are expressed as means + SD
(**, P<0.01 ws. si-NC). (E) Cell viability was measured with the CCK-8 assay. Results are expressed as means = SD (**, P<0.01 vs. si-NC).
(F) Evaluation of in vitro invasion abilities of LATS1-KO WB-F344 cells after si-YAP transfection by transwell invasion assay (left panels,
scale bar =100 pm). Results are expressed as means = SD (**, P<0.01 vs. si-NC). (G) Cell migration was measured by scrape assay. Scale bar
=100 pm. Quantification of the migration rate in three separate experiments are shown (right panels, **, P<0.01 vs. si-NC). (H) Cell
apoptosis was evaluated by flow cytometry measuring Annexin V and propidium iodide (PI) expression. The number in each quadrant
represents the percentage of cells in that compartment. Results are expressed as means = SD.
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rate in three separate experiments are shown (right panels, *, P<0.05 vs. LV-NC).
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the invasion ability of LATS1-KO WB-F344 cells
(Figure 4F). Moreover, scrape assay result confirmed that
the migratory capacity was apparently increased in YAP
over-expression group compared with the LV-NC group
(Figure 4G). In addition, the cells transfected with LV-YAP
had significantly lower apoptotic rate (Figure 4H). Taken
together, these results suggested that LATS1-KO-induced
YAP activation promotes invasion and migration of HOC:s.

Discussion

HOC:s have been described as stem/progenitor cells of the
liver and capable of differentiating to variety of cell types
according to the microenvironment to which these cells are
exposed (2,17). Emerging evidence strongly supports the
notion that hepatic cancer stem cells (CSCs) could originate
from normal HOCs (18). Aberrant activation of Hippo
pathway has been linked to the development of hepatic
malignancies (19). As an upstream effector, LATS1 plays
a key role in Hippo pathway to control cell invasion and
metastasis (20). However, how LATS1 is associated with
invasion and migration of HOCs remain unclear. In this
study, using loss-of-function studies, we further investigated
the function of LATS1 on HOC:.

We used the WB-F344 cells as a surrogate for HOCs.
The WB-F344 cell line was phenotypically simple epithelial
cells and has been proposed to be an in vitro model of
HOCs (21). To examine the role of LATS1 played in
invasion and migration of HOCs, we deleted LATSI
gene by the CRISPR/Cas9 system which is an efficient
and highly specific approach for engineering eukaryotic
genomes (22). We designed three sgRINA to minimize the
risk of off-target. We can hardly detect the expression of
LATS1 with Q-PCR and Western blot in these knockout
cells, confirming the efficiency of the complete removal of
the gene. The in vitro invasion and migration experiments
revealed that LATS1 knockout significantly induced
invasion and migration of the WB-F344 cells. Furthermore,
we found that LATSI knockout significantly reduced the
apoptotic rate of WB-F344 cells. The results of the present
study are consistent with previous studies (23,24), indicating
that LATS1 may be a potential tumor suppressor in PLC.

Then we investigated the possible mechanisms of LATS1
knockout on invasion and migration of the WB-F344 cells.
In the Hippo pathway, LATS1 directly phosphorylates YAP
for its proteasomal degradation, and depletion of LATS1
promotes YAP dephosphorylation and nuclear localization
(25,26). With this base information, we hypothesized that
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the biological function of LATS1 in regulating cell invasion
and migration was related to YAP. In the present study,
we demonstrated that knock out of LATS1 gene increased
the accumulation of YAP. In addition, we found that YAP
knockdown significantly inhibited migration and invasion of
LATS1-KO WB-F344 cells, while overexpression of
YAP had the opposite effect. That result indicated that
the promoting effect of LATS1 knockout on WB-F344
cell migration and invasion may depend on its regulation

on YAP.

Conclusions

In summary, the results of the present study suggested
that knockout of LATS1 gene promotes the migration and
invasion of HOCs, which further depends on the regulation
of YAP. These findings underscore the importance of
LATSI in inhibiting neoplastic phenotype of normal
hepatic progenitor cells.
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