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Abstract
Objectives: Present evidence has suggested that large tumour suppressor 2 (LATS2) is 
abnormally expressed in most human cancer. However, the clinical and prognostic 
value in hepatocellular carcinoma (HCC) is still unknown.
Materials and methods: Large tumour suppressor 2 mRNA and protein expression 
levels in HCC tissues and cell lines were detected by qRT-PCR, immunohistochemistry 
or Western blot. The correlation between LATS2 expression and clinicopathological 
factors was analysed through immunohistochemistry. The function of LATS2 on HCC 
cell growth and mobility was explored through MTT, colony formation, Transwell 
migration and invasion assays. The molecular mechanism of LATS2 was screened and 
confirmed by qRT-PCR and Western blot.
Results and conclusion: In this study, LATS2 mRNA and protein expressions were 
decreased in HCC tissues and cell lines compared with normal hepatic tissues and 
hepatic cell line. Low LATS2 expression was oppositely corrected with tumour stage, 
vascular invasion and metastasis. The univariate and multivariate analyses suggested 
that low LATS2 expression was an independent poor prognostic factor for HCC 
patients. The in vitro experiments showed that LATS2 regulated HCC cells migration 
and invasion, but had no effect on HCC cells proliferation. Meanwhile, LATS2 modu-
lated metastasis-associated genes expression including E-cadherin, vimentin, snail, 
slug, MMP2 and MMP9. In conclusion, LATS2 is a prognostic biomarker and a tumour 
metastasis suppressor in HCC.

1  | INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common malig-
nant tumour and the third leading cause of cancer death worldwide.1 
Hepatitis B virus (HBV) or hepatitis C virus infection, excessive drinking 
and foodstuff contamination with aflatoxins are the main risk factors 
for HCC.2–5 In China, HCC is the most commonly diagnosed cancer and 
the leading cause of cancer death in men before the age of 60 years.6 
The high incidence of HCC in China mainly is attributed to high rate 
of HBV infection, approximately 5-8% in the general population.7,8 
Despite the rapid development of targeted therapy, the prognosis of 

HCC patient remains poor.9 It is urgent for HCC patients to identify 
more available biomarkers for developing targeted therapies.

Large tumour suppressor 2 (LATS2, also known as KPM) is one 
member of the novel LATS tumour suppressor gene family and is located 
in human chromosome 13q11-12.10 Recently, some studies have sug-
gested that LATS2 is involved in diverse cellular processes, such as 
growth, migration, invasion apoptosis and angiogenesis.11 LATS2 is 
generally expressed low in human cancer (non-small cell lung cancer12 
and ovarian cancer13), but is overexpressed in nasopharyngeal carci-
noma.14 In HCC, down-regulation of LATS2 expression could promote 
tumour cell invasion through decreasing YAP1/TEAD2 phosphorylation 
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and leading to YAP1/TEAD2 transcriptional activation.15 Moreover, 
LATS2 served as a target of miR-195 to regulate HCC cell apoptosis.16 
However, the clinical significance of LATS2 is still unclear. In our study, 
we evaluated LATS2 mRNA and protein expressions in HCC tissues and 
cell lines. Meanwhile, clinical and prognostic values of LATS2 were ob-
served in 106 HCC cases. Furthermore, the biological function and mo-
lecular mechanism of LATS2 were explored in HCC cell lines.

2  | MATERIALS AND METHODS

2.1 | Clinical samples collection

This study was approved by the Ethic Committee of Affiliated Tumour 
Hospital of Guangxi Medical University and Affiliated Minzu Hospital 
of Guangxi Medical University. All patients provided written informed 
consent. A total of 106 primary HCC tissues and 53 matched adja-
cent non-cancerous hepatic tissues were collected at our hospital 
from January 2005 to December 2015. Before surgical therapy, none 
of HCC patients in this study had received neoadjuvant treatment. 
Tissues were respectively stored in liquid nitrogen and formaldehyde 
solution after surgical resection. The histological diagnosis and differ-
entiation were evaluated independently by two pathologists based on 
the WHO classification system.

2.2 | RNA preparation and quantitative real-
time PCR

Total RNA was extracted from tissues cell lines using RNAiso Plus 
(Takara, Japan), and 1 μg total RNA from each sample was reverse 
transcribed using the PrimeScript RT Master Mix (Takara, Japan). Real-
time q-PCR analysis was done using SYBR Premix Ex Taq TM II (Takara, 
Japan) on a Light Cycler (Roche, USA). The PCR conditions were 30 sec-
onds at 95°C, followed by 40 cycles at 95°C for 5 seconds and 60°C for 
20 seconds. Finally, the 2−ΔCt method was performed to calculate the 
relative expression. All qRT-PCR reactions were performed in triplicate.

2.3 | Immunohistochemistry

Immunohistochemical analysis was performed to measure LATS2 pro-
tein expression in 106 primary HCC tissues and 53 matched adjacent 
non-cancerous hepatic tissues. In brief, slides were baked at 60°C for 
1 hour, followed by deparaffinization with xylene, and rehydrated. 
The sections were submerged in EDTA antigenic retrieval buffer and 
microwaved for antigen retrieval. They were then treated with 3% 
hydrogen peroxide in methanol to quench endogenous peroxidase 
activity, followed by incubation with 5% bovine serum albumin to 
block non-specific binding. Sections were incubated with anti-human 
anti-LATS2 antibody (1:160 dilution; Cell Signaling Technology, USA) 
overnight at 4°C. Negative controls were incubated with negative 
control antibody under the same condition. After washing, tissue sec-
tions were treated with secondary antibody, followed by incubation 
with conjugated horseradish peroxidase (HRP) streptavidin. Tissue 
sections were then counterstained with haematoxylin, dehydrated, 

and mounted. Finally, sections were viewed under a bright-field 
microscope.

2.4 | Staining evaluation

The tissue sections stained immunohistochemically for LATS2 were 
reviewed, and scored separately by two pathologists blinded to the 
clinical parameters. For LATS2 assessment, staining intensity was 
scored as 0, negative; 1, weak; 2, moderate; or 3, strong. Extent of 
staining was scored as 0, negative; 1, <10%; 2, 11%-50%; 3, 51%-
80%; or 4, >80% positive cells. The final score was determined by 
the combined staining score and proportion score (immunoreactive 
score=intensity score × proportion score). Low expression of LATS2 
was defined as 1-4 scores and high expression of LATS2 was defined 
as more than four scores (including four scores).13

2.5 | Western blot

Total protein was extracted using cell lysis buffer (Beyotime, China) for 
Western blot. Equal amounts of protein were denatured and then sepa-
rated by 8%-12% SDS-PAGE. The target proteins were incubated with 
the following primary antibodies: LATS2, E-cadherin, vimentin, snail, slug, 
MMP2, MMP9 (Cell Signaling Technology, USA), β-actin or GAPDH an-
tibody (CWBIO, China). The proteins were then incubated with homolo-
gous secondary antibodies (Cell Signaling Technology, USA). For HRP 
detection, an ECL chemiluminescence kit (CWBIO, China) was used. 
Intensity of blots was performed by Quantity One Software (Bio-Rad, USA).

2.6 | Hepatocellular carcinoma cell lines and normal 
hepatic cell line cultures

The liver cancer cell lines (MHCC97H, MHCC97L, HepG2), and the 
normal hepatic cell liver cell line (L02) were obtained from the Shanghai 
Cell Bank (Shanghai, China). MHCC97H, MHCC97L, HepG2 and L02 
cells were grown in DMEM (Dulbecco’s Modified Eagle Medium) 
(Invitrogen, USA). All media were supplemented with 10% foetal calf 
serum (Invitrogen, USA) and 100 IU/mL penicillin (Sigma, USA).

2.7 | Plasmid and siRNA transfection

The small-interfering RNA was synthesized from GenePharma 
(Shanghai, China). The coding sequence region of human LATS2 gene 
was amplified from cDNA and cloned into pcDNA3.1 express vector. 
The plasmid was synthesized from GeneChem (Shanghai, China) and the 
resulting constructs were confirmed by DNA sequencing. Cells were 
transfected using lipofectamine TM 3000 reagent (Invitrogen, USA) in 
Opti-MEM (Gibco, USA), according to the manufacturer’s instructions. 
The transfection efficiency was tested by qRT-PCR and Western blot.

2.8 | MTT assay

Hepatocellular carcinoma cells were plated in a 96-well plate. After 
incubation at 37°C for 24, 48, 72, 96 and 120 h, MTT (10 μL, 5 mg/
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mL) was added, and then incubated at 37°C for 4 hours. After that, 
the supernatant was removed, and 100 μL DMSO was added. The 
absorbance value was detected at 490 nm. Experiments were 
performed three times.

2.9 | Colony formation assay

Hepatocellular carcinoma cells were plated in six-well culture plates 
at 100 cells/well. Each cell group had three wells. After incuba-
tion for 12 days at 37°C, cells were washed twice with phosphate-
buffered saline and stained with the Giemsa solution (Sigma, USA). 
The number of colonies containing >50 cells was counted under a 
microscope.

2.10 | Cell migration and invasion assays

Cell migration and invasion experiments were performed using 
16 plates. Prior to migration and invasion experiments, cells were 
starved of FBS for 24 hours. About 2 × 104 cells were suspended in 
serum-free medium and seeded in the upper wells. Lower chambers 
contained media with FBS to assess the migratory behaviour of cul-
tured cells, or without FBS as a negative control accordingly. For the 
invasion assay, the surface of the upper chamber was covered with 
a monolayer of 5% growth factor-reduced matrigel (BD Biosciences, 
USA). Cells adhering to the lower surface were fixed with methanol 
and stained with 0.1% crystal violet (Beyotime, China). The number of 
cells in the membrane was counted from five randomly selected visual 
fields with a microscope.

2.11 | Statistical analysis

All values were represented as mean ± standard deviation (SD). spss 
17.0 software was used to perform statistical analysis. The associations 
of clinicpathological characteristics with LATS2 expression was deter-
mined using χ2 tests. Univariate and multivariate Cox regression models 
were adopted to evaluate prognostic significance. The significance of 
survival variables in univariate analysis was included into the final mul-
tivariable Cox proportional hazards model. Statistical significant differ-
ence between groups was measured using the Student’s t-test. P-values 
in all experiments were considered statistically significant at ≤.05.

3  | RESULTS

3.1 | LATS2 mRNA and protein expressions are 
decreased in hepatocellular carcinoma tissues and cell 
lines

In order to explore the status of LATS2 HCC tissues, we conducted 
qRT-PCR and immunohistochemistry to measure LATS2 mRNA and 
protein in HCC tissues. Compared with non-cancerous hepatic tis-
sues, LATS2 mRNA expression was decreased in HCC tissues with 
an average of 3.27-fold (P<.001, Figure 1A). We detected LATS2 
protein expression in 106 primary HCC tissues and 53 matched 

adjacent non-cancerous hepatic tissues using immunohistochemical 
staining (Figure 2A-F). Specific LATS2 protein staining was found in 
the cytoplasm of hepatic cell and tumour cell. We found that LATS2 
protein expression was low in HCC tissues in 65.1% (69/106). In 
comparison, only 22.6% of hepatic tissues showed low expression 
of LATS2 protein, obviously lower than that in the HCC tissues 
(P<.001, Table 1).

The status of LATS2 mRNA and protein expressions in HCC 
lines was detected by qRT-PCR and Western blot. We found LATS2 
mRNA was markedly lower in HCC cell lines compared with normal 
hepatic cell line (P<.001, Figure 1B). Similarly, LATS2 protein expres-
sion was low in HCC cell lines compared with normal hepatic cell line 
(Figure 1C).

3.2 | LATS2 expression is corrected with malignant 
status of hepatocellular carcinoma patients

In order to explore the clinical significance of LATS2 in HCC 
patients, LATS2 protein expression was measured in 106 primary 
HCC samples through immunohistochemistry (Figure 2A-F). The 
correlation between clinicopathological characteristics and LATS2 
expression in HCC patients is summarized in Table 2. We indicated 
that low LATS2 expression is oppositely corrected with tumour 
stage (I-II vs III-IV, P=.007), vascular invasion (absent vs present, 
P<.001) and metastasis (absent vs present, P=.001). However, 
there were no significant relationships between LATS2 expres-
sion and age (<50 years vs ≥50 years, P=.783), gender (female vs 
male, P=.245), tumour size (<5 cm vs ≥5 cm, P=.127), HBV infection 
(absent vs present, P=.362) and histological differentiation (well vs 
moderate/poor, P=.261).

3.3 | Low LATS2 expression predicts an unfavourable 
prognosis in hepatocellular carcinoma patients

We further explored the prognostic significance of LATS2 in HCC 
patients. Kaplan-Meier survival analysis suggested that HCC patients 
who expressed low level of LATS2 had lower overall survival com-
pared to patients with high expression of LATS2 (P<.001, Figure 1D). 
Moreover, we performed univariate analysis and identified five prog-
nostic parameters: tumour stage, tumour size, vascular invasion, 
metastasis and LATS2 expression. Furthermore, we found that low 
expression of LATS2 was an independent poor prognostic factor 
for HCC patients through multivariate analysis (HR=0.459, 95% CI: 
0.247-0.851, P=.012, Table 3).

3.4 | LATS2 has no effect on hepatocellular 
carcinoma cells proliferation

We analysed the expression level of LATS2 in a panel of HCC cell lines 
including HepG2, MHCC97H (high metastatic ability) and MHCC97L 
(low metastatic ability). We observed that LATS2 expression was 
relatively lower in MHCC97H cell line (high metastatic ability) than 
in MHCC97L cell line (low metastatic ability), suggesting that LATS2 
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expression may be associated with metastatic ability (Figure 1B,C). 
Based on this expression pattern, we therefore chose MHCC97L 
for loss-of-function studies and MHCC97H for gain-of-function 

studies. LATS2 mRNA and protein expressions after transfected with 
si-LATS2 or pcDNA-LATS2 in HCC lines was detected, respectively, 
by qRT-PCR and Western blot (Figure 1E,F). Meanwhile, we provided 

F IGURE  2  Immunohistochemical 
staining of LATS2 (the label is 100 μm). 
(A) Negative expression of LATS2 in normal 
hepatic tissue. (B) Low expression of 
LATS2 in normal hepatic tissue. (C) High 
expression of LATS2 in normal hepatic 
tissue. (D) Negative expression of LATS2 
in hepatocellular carcinoma tissue. (E) Low 
expression of LATS2 in hepatocellular 
carcinoma tissue. (F) High expression of 
LATS2 in hepatocellular carcinoma cancer 
tissue

(A) (B) (C)

(D) (E) (F)

F IGURE  1 LATS2 expressions in 
hepatocellular carcinoma tissues and cell 
lines. (A) Expression of LATS2 is decreased 
in hepatocellular carcinoma tissues 
compared with normal hepatic tissues. 
(B) LATS2 mRNA was markedly lower in 
hepatocellular carcinoma cell lines (HepG2, 
MHCC97H and MHCC97L) compared with 
normal hepatic cell line (L02). (C) LATS2 
expression was decreased in hepatocellular 
carcinoma cell lines (HepG2, MHCC97H 
and MHCC97L) compared with normal 
hepatic cell line (L02). (D) Low LATS2 
expression predicts an unfavourable 
prognosis in hepatocellular carcinoma 
patients. (E, F) MHCC97L cells transfected 
with si-LATS2 showed down-regulation 
of LATS2 mRNA and protein expressions. 
MHCC97H cells transfected with pcDNA-
LATS2 resulted in up-regulation of LATS2 
mRNA and protein expressions
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evidence that up-/down-regulation of LATS2 has no effect on the 
expression of β-actin in HCC lines (Figure S1).

Subsequently, we explored the effect of LATS2 on HCC cell 
growth in vitro. The growth curves determined by MTT assay showed 
that up-/low-regulation of LATS2 expression has no effect on HCC 
cell viability (Figure 3A, P>.05). The results of colony formation assay 
was similar to MTT assay; up-/down-regulation of LATS2 expres-
sion has no effect on the number of colonies of HCC cell (Figure 3B, 
P>.05).

3.5 | LATS2 regulates migration and invasion of 
hepatocellular carcinoma cells

Because LATS2 expression was associated with vascular invasion and 
metastasis in HCC clinical samples, and metastatic ability in cell lines, 
we were interested in the function of LATS2 in regulating tumour 
cell migration and invasion. We found that low regulation of LATS2 
expression could accelerate HCC cells migration, and up-regulation 
of LATS2 expression obviously inhibited HCC cells migration (both 
P<.001, Figure 3C). Consistent with results of cell migration assay, 
matrigel invasion assay showed that knocking down LATS2 expres-
sion markedly enhanced HCC cells invasion, and LATS2 overex-
pression significantly suppressed HCC cells invasion (both P<.001, 
Figure 3D).

3.6 | LATS2 regulates EMT-associated genes 
expression in hepatocellular carcinoma cells

To explore the molecular mechanisms by which LATS2 contributes 
to cellular metastasis in HCC, we performed qRT-PCR to screen 
the mRNA expression of metastasis-associated molecules including 
E-cadherin, vimentin, ZEB1, ZEB2, β-catenin, snail, slug, MT1-MMP, 
MMP2 and MMP9. Among them, we found E-cadherin, vimentin, 
snail, slug, MMP2 and MMP9 could be regulated by LATS2 (all P<.001, 
Figure 4A). We further confirmed these genes protein expression by 
Western blot. Our results suggested that down-regulation of LATS2 
expression obviously increased the expression of vimentin, snail, slug, 
MMP2 and MMP9, and decreased E-cadherin expression. On the 
contrary, up-regulation of LATS2 expression obviously suppressed 
vimentin, snail, slug, MMP2 and MMP9 expressions, and elevated 
E-cadherin expression (Figure 4B).

4  | DISCUSSION

Large tumour suppressor 2, also known as KPM, is one of the two 
human homologues of Drosophila. LATS2 is a tumour suppressor 
gene located on 13q11-12 which exhibits the loss of heterozygosity 
in primary cancers of lung, breast and liver.10,17 Recently, LATS2 has 
been confirmed as miRNAs target to regulate human cancer cells 
growth, motility, apoptosis and cell cycle.18–23 Meanwhile, LATS2 
has been showed dysregulated in human cancer. Nowadays, there 
are more evidence indicating that LATS2 expression has decreased 
in tumour tissues such as lung cancer,24,25 breast cancer,26 colorec-
tal cancer,27 ovarian cancer,13,23 and oesophageal cancer.28 On the 
contrary, LATS2 was found to be overexpressed in nasopharyngeal 
carcinoma14 and acute myeloid leukaemia.29 The status of LATS2 
expression in HCC is still unknown. In our study, we found LATS2 
mRNA and protein expressions were decreased in HCC tissues and 
cell lines compared with normal hepatic tissues and hepatic cell 
line.

The clinical and prognostic significance of LATS2 has been 
reported in several types of human cancer. In non-small cell lung 

TABLE  1 Expression of LATS2 protein between hepatocellular 
carcinoma tissues and non-cancerous hepatic tissues

Group Cases

LATS2

P

Low 
expression 
(%)

High 
expression 
(%)

Hepatocellular 
carcinoma 
tissues

106 69 (65.1) 37 (34.9) <.001

Hepatic tissues 53 12 (22.6) 41 (77.4)

TABLE  2 Correlations between LATS2 expression and 
clinicopathological characteristics in hepatocellular carcinoma

Characteristics n

Low 
expression 
(%)

High 
expression 
(%) P

Age (years)

50 42 28 (66.7) 14 (33.3) .783

≥50 64 41 (64.1) 23 (35.9)

Gender

Female 38 22 (57.9) 16 (42.1) .245

Male 68 47 (69.1) 21 (30.9)

Tumour stage

I-II 34 16 (47.1) 18 (52.9) .007

III-IV 72 53 (73.6) 19 (26.4)

Tumour size

5 cm 64 38 (59.4) 26 (40.6) .127

≥5 cm 42 31 (73.8) 11 (26.2)

Vascular invasion

Absent 54 26 (48.1) 28 (51.9) <.001

Present 52 43 (82.7) 9 (17.3)

Metastasis

Absent 89 52 (58.4) 37 (41.6) .001

Present 17 17 (100) 0 (0)

HBV infection

Absent 80 54 (67.5) 26 (32.5) .362

Present 26 15 (57.7) 11 (42.3)

Histological differentiation

Well 65 45 (69.2) 20 (30.8) .261

Moderate/Poor 41 24 (58.5) 17 (41.5)
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cancer, Wu25 found that low levels of LATS2 protein were inversely 
associated with the T classification, N classification and clinical stage. 
Moreover, Luo30 showed that aberrant LATS2 gene expression cor-
related with EGFR (Epidermal Growth Factor Receptor) mutation 
in lung adenocarcinoma. Strazisar12 demonstrated that LATS2 mu-
tation in non-small cell lung cancer often harboured a P53 but not 
K-RAS gene mutation and was mostly in an advanced stage or with 
regional lymph node metastasis. In colorectal cancer, Li27 suggested 

that LATS2 expression was obviously decreased in metastatic tu-
mours from the lymph node and liver compared with primary col-
orectal tumours. Takahashi31 reported that low expression of LATS2 
was corrected with large tumour size, high lymph node metastasis, 
and oestrogen receptor and progesterone receptor negativity. In 
HCC patients, we first suggested that low expression of LATS2 –was 
oppositely corrected with tumour stage, vascular invasion and me-
tastasis. Meanwhile, we further explored the prognostic significance 

TABLE  3 Univariate and multivariate Cox regression of prognostic factors for overall survival in hepatocellular carcinoma patients

Parameter

Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age (<50 vs ≥50) 0.810 0.507-1.295 .379

Gender (female vs male) 1.258 0.759-2.084 .373

Tumour stage (I-II vs III-IV) 2.620 1.516-4.530 .001 2.798 1.133-6.911 .026

Tumour size (<5 cm vs ≥5 cm) 2.087 1.298-3.354 .002 0.963 0.521-1.781 .905

Vascular invasion (absent vs present) 1.966 1.222-3.164 .005 0.490 0.228-1.050 .067

Metastasis (absent vs present) 7.038 3.642-13.602 <.001 5.822 2.709-12.512 <.001

HBV infection (absent vs present) 0.785 0.459-1.344 .378

Histological differentiation (well vs 
moderate/poor)

0.944 0.582-1.532 .817

LATS2 expression (low vs high) 0.365 0.215-0.620 <.001 0.459 0.247-0.851 .013

HR, hazard ratio; 95% CI, 95% confidence interval.

F IGURE  3 The biological function of LATS2 in hepatocellular carcinoma. (A) In vitro viability of MHCC97L and MHCC97H cells did not 
affected respectively by si-LATS2 and pcDNA-LATS2 through MTT assay. (B) Down-regulated or up-regulated LATS2 expression has no effect 
on hepatocellular carcinoma cell proliferative ability of MHCC97L and MHCC97H cells respectively through colony formation assay. (C) Down-
regulated LATS2 expression decreased the ability of MHCC97L cells migration in vitro, and up-regulated LATS2 expression increased the ability 
of MHCC97H cells migration in vitro. (D) Suppressed LATS2 expression inhibited invasiveness of MHCC97L cells, and LATS2 overexpression 
promoted invasiveness of MHCC97H cells
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of LATS2 in HCC patients, and found that patients with low LATS2 
expression had lower overall survival compared to patients with high 
LATS2 expression. According to univariate and multivariate analyses, 
low LATS2 expression was an independent poor prognostic factor 
for HCC patients. Similar to results in lung cancer reported by Wu25, 
patients with lower levels of LATS2 protein expression had poorer 
survival rates than those with higher levels of LATS2 expression, and 
low expression of LATS2 protein was an independent prognostic 
marker for non-small cell lung cancer patients. Interestingly, Luo30 
also showed that LATS2 mRNA level was found to be a significant 
independent predictor for disease-free survival and overall survival 
in lung adenocarcinoma patients. In addition, LATS2 expression was 
inversely associated with recurrence-free survival times and disease-
specific survival in patients with colorectal cancer.27 Contrarily, only 
one study showed that LATS2 overexpression was an independent 
unfavourable prognosis factor in nasopharyngeal carcinoma pa-
tients.14 Besides, survival time was not significantly different be-
tween patients with the high and low LATS2 expression in ovarian 
cancer and breast cancer.13,31

The biological function of LATS2 had been shown to involve 
in diverse cellular processes, such as growth, migration, invasion 
apoptosis and angiogenesis. Fang26 found that down-regulation 

of LATS2 expression accelerated breast cancer cell proliferation, 
tube formation and invasion, while up-regulation of LATS2 ex-
pression could suppress cell survival and invasion in breast can-
cer cell. Meanwhile, LATS2 serve as a negative factor to control 
cell proliferation through regulating G1/S or G2/M transition and 
inducing apoptosis.32,33 In lung cancer, LATS2 acted as a tumour 
suppressor to regulate lung cancer cells mobility by MMP2 and 
MMP9.25 Moreover, Zhang34 found that LATS2 acted as a pos-
itive modulator of Snail protein level and regulated cellular EMT 
(Epithelial-Mesenchymal Transition) and tumour cell invasion. In 
our study, we found that LATS2 could significantly regulate HCC 
cells migration and invasion, but has no effect on HCC cells prolif-
eration. Similarly, Guo15 reported that down-regulation of LATS2 
expression could promote tumour cell invasion. These cytological 
results were consistent with clinical significance of LATS2 in HCC. 
In order to explore the molecular mechanisms by which LATS2 con-
tributes to cellular metastasis in HCC, we performed qRT-PCR to 
screen the mRNA expression of metastasis-associated molecules. 
Then, we found that E-cadherin, vimentin, snail, slug, MMP2 and 
MMP9 could be regulated by LATS2 in mRNA level, and confirmed 
by Western blot that these genes also could be controlled by 
LATS2 in protein level. Meanwhile, Guo15 found that knock-down 

F IGURE  4 LATS2 regulates 
metastasis-associated genes expression in 
hepatocellular carcinoma. (A) The mRNA 
levels of cell metastasis-related molecules 
were detected by qTR-PCR in MHCC97L 
and MHCC97H cells transfected with by 
si-LATS2 or pcDNA-LATS2. (B) E-cadherin, 
vimentin, snail, slug, MMP2 and MMP9 
protein levels were determined by Western 
blot in MHCC97L and MHCC97H cells 
transfected with si-LATS2 or pcDNA-
LATS2
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of LATS2 increased MMP2/9 activities by LATS2-mediated YAP1 
phosphorylation.

In conclusion, LATS2 expression is decreased in HCC tissues and 
cell lines, and corrected with malignant status and prognosis of HCC 
patients. LATS2 controls HCC cells migration and invasion through 
regulating EMT-associated genes.
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