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Down-regulation of LATS2 in non-small cell lung cancer
promoted the growth and motility of cancer cells
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Abstract LATS2 (Large tumor suppressor) has been reported
to be dys-regulated in several cancer types. However, its
function in non-small cell lung cancer (NSCLC) remains
poorly understood. Here, it was found that the expression
level of LATS2 was decreased in NSCLC tissues. Moreover,
forced expression of LATS2 in NSCLC cells inhibited cell
growth and migration, while knockdown of the expression of
LATS2 promoted the tumorigenicity of NSCLC cells. Mech-
anistically, LATS2 was found to negatively regulate NF-κB
signaling in NSCLC cells. Taken together, our study sug-
gested that down-regulation of LATS2 was very important in
the progression of NSCLC, and restoring the function of
LATS2 might be a promising therapeutic strategy for NSCLC.
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Introduction

Lung cancer remains the most common cause of cancer-
related death worldwide, and the incidence of lung cancer is
increasing [1]. Non-small cell lung cancer (NSCLC) is the
primary histological classification of lung cancer [2]. There
are three histologic subtypes of NSCLC: squamous cell car-
cinoma (SCC), adenocarcinoma (AC), and large-cell carcino-
ma (LCC) [3]. Overall, 5-year survival of NSCLC has

remained at 15 % for the last two decades and the prognosis
of patients with NSCLC principally correlates with tumor
invasion and metastasis [4]. The invasiveness of lung cancer
is characterized by multiple alterations of gene expression,
which lead to abnormal changes in signaling pathways and
biological behaviors [5, 6]. Tumor invasion and metastasis
greatly limit treatment options and account for 90 % of
NSCLCs [7]. Thus, it is important to search for new therapeu-
tic targets involved in the regulation of lung cancer cell growth
and invasion.

Large tumor suppressor (LATS), which encodes a putative
serine/threonine kinase, has been identified as a tumor sup-
pressor gene in Drosophila [8]. Disruption of the lats gene
function results in the promotion of cell proliferation and
tumor formation in Drosophila [8]. Two mammalian homo-
logues of the Drosophila lats (lats1 and lats2) have been
identified [9]. LATS1 and LATS2 are central players within
the conserved Hippo signaling pathway [10]. Components of
this pathway include the adaptor proteins WW45 and MOB
which bring LATS1/2 in contact with the kinaseMst1/2 which
phosphorylates and activates LATS1/2 [11].

Besides Hippo-LATS network, the molecular biology stud-
ies have showed that LATS is coupled to several well-
established cell signaling pathways, in particular, the Ras,
Rac/Cdc42 GTPases, p53 pathway [12–14]. Firstly, constitu-
tively active Ras induces LATS2 expression and loss of
LATS2 cooperates with oncogenic Ras to promote tumorigen-
esis. Secondly, the interaction with LIMK1 implicates LATS1
in the maintenance of genetic stability. Alternatively, this
interaction could potentially link LATS1 to Rac/Cdc42-
mediated actin dynamics at the leading edge of cells, which
is a possible mechanism of LATS-inhibited cell migration.
Thirdly, significant evidence links LATS to p53, including
its role in mediating LATS effects on the G1 checkpoint as
well as the identification of overlapping transcriptional targets
between LATS and p53, such as p21 and TP53INP1 [14].
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Overexpression of LATS1 can inhibit cell proliferation by
inducing G2/M arrest [15], whereas LATS2 has been reported
to inhibit cell growth by causing G1/S or G2/M cell cycle
arrest [16]. Dysregulation of LATS1 and/or LATS2 has been
implicated in soft tissue sarcomas, leukemia, astrocytoma, and
in cancers of the breast, prostate, lung, liver, and esophagus
[17–23]. Decreased expression of LATS2 is seen in prostate
cancer tissues [23, 24]. Previous studies have found that
LATS1 inhibited the proliferation and invasion of NSCLC
cells [24]. However, the function of LATS2 in NSCLC has
not been well studied. In this study, it was found that the
expression of LATS2 was down-regulated in NSCLC clinical
samples and cell lines. Overexpression of LATS2 inhibited the
growth and migration of NSCLC cells, while knockdown of
the expression of LATS2 promoted the growth, migration and
metastasis of NSCLC cells. Mechanistically, LATS2 was
found to inhibit NF-κB signaling in NSCLC cells. Collective-
ly, our study revealed the tumor suppressive role of LATS2 in
NSCLC.

Materials and methods

Cell culture

Human normal lung bronchus epithelial cell line BEAS-2B
and NSCLC cell lines A549, H1299, H520, and H23 were
purchased from ATCC (American Type Culture Collection)
and cultured in Dulbecco’s modified Eagle’s medium
(Invitrogen) supplemented with 10 % fetal bovine serum
(FBS; PAA Laboratories, Pasching, Austria), 10 units/ml pen-
icillin-G, and 10mg/ml streptomycin. All cells were incubated
at 37 °C in a humidified atmosphere containing 5 % CO2.

Clinical samples

Fifty-six NSCLC tissues (28AC, 22SCC, and 6LCC; 37 male
patients and 19 female patients) were collected from patients
who received surgery for NSCLC at Shanghai Chest Hospital
which was affiliated to Shanghai Jiaotong University for this
study. All of the patients have given informed consent. Dis-
sected samples were frozen immediately after surgery and
stored at −80 °C until needed.

Plasmid construction and transfection

To generate the LATS2 expression vector, the open reading
frame of human LATS2 complementary DNA (cDNA) was
cloned into the expression vector pcDNA3.1. The LATS2
expression vector and empty pcDNA3.1 were transfected into
H23 and H520 cells using Lipofectamine 2000 reagent

(Invitrogen). The transfected cells were selected in the pres-
ence of 600 μg/ml G418, and resistant cells were pooled and
further confirmed the expression of exogenous LATS2 by
Western blot.

RNA extraction and real-time PCR (RT-PCR) analysis

Total RNA was isolated from NSCLC tissues and matched
normal tissues of NSCLC patients after their informed consent
using TRIzol reagent (Invitrogen) according to the manufac-
turer’s instructions. The RNA samples were separated in 2 %
agarose gels containing ethidium bromide, and their quality
was then determined by visibility of 18 and 28S RNA bands
under UV light. Two micrograms of total RNA with high
quality (light absorbance A260/280=2.0) was processed di-
rectly to cDNA with the reverse transcription kit (Promega,
Madison, WI), following the manufacturer’s instructions, in a
total volume of 25 μl. The cDNA was diluted before used
(1:20). The primer pair used for amplification of the human
LATS2 gene was as follows: forward primer, 5′-AGCTGGAC
TCTGTGAAGCTG-3′, and reverse primer, 5′-TGTCCACC
TTACAAGCAAGG-3′. As an internal standard, a fragment of
human beta-actin was amplified by PCR using the following
primers: forward primer, 5′-GATCATTGCTCCTCCTGAGC-
3′, and reverse primer, 5′-ACTCCT GCTTGCTGATCCAC-
3′. Amplification reactions were performed in a 20 μl volume
of the LightCycler-DNA Master SYBR Green I mixture from
Roche Applied Science as follows: with 10 pmol of primer,
2 mMMgCl2, 200 μM dNTP mixture, 0.5 units of Taq DNA
polymerase and universal buffer. All of the reactions were
performed in triplicate in an iCycler iQ System (Bio-Rad), and
the thermal cycling conditions were as follows: 95 °C for
3 min; 40 cycles of 95 °C for 30s, 58 °C for 20s, and 72 °C
for 30s; 72 °C for 10 min. To confirm specificity of amplifi-
cation, the PCR products from each primer pair were subject-
ed to a melting curve analysis and electrophoresis in 2 %
agarose gel. In each reaction, the threshold cycle number
(CT) was determined for both the target (LATS2) and the
control gene (beta-actin) with the iCycler software and the
meanCT for three reactions were calculated. The△CTor the CT

of the housekeeping gene subtracted from the CT of the target
gene was plotted for each samples.

Western blot analysis

Cells were plated into 35-mm dishes and cultured to 80 %
confluence. The cells were then scraped and lysed in RIPA
buffer, and cell lysates were centrifuged at 10,000 g (4 °C for
20 min). Protein concentrations were determined using Brad-
ford reagent (Sigma) according to the manufacturer’s instruc-
tions. Equal amounts of total cellular protein were mixed with
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loading buffer (62.5 mM Tris–HCl, pH 6.8, 10 % glycerol,
2 % SDS, 2 % beta-mercaptoethanol and bromophenol blue),
boiled for 5 min, and subjected to 10 % SDS-PAGE. Proteins
were transferred to polyvinylidene difluoride membranes
(Millipore, Bedford, MA). The membranes were blocked with
Tris-buffered saline containing 0.05 % Tween 20 (TBST) and
5 % fat-free dry milk for 1 h at room temperature and incu-
bated overnight with primary antibodies in TBST with 1 %
bovine serum albumin. After washing with TBST, the mem-
branes were further incubated for 1 h at room temperature with
corresponding horseradish peroxidase-conjugated secondary
antibody in appropriate dilution and then washed five times
with the same buffer. The immunoreactive protein bands were
visualized by ECL kit (Pierce). Antibodies to P65 (#4765,
1:1000), IKKs (#9966, 1:1000), IκB (#9240, 1:1000), LATS2
(#13646, 1:1000), phosphorylated IKKs (#9958, 1:1000), and
IκB (#9246, 1:1000) were purchased from Cell Signaling
Technology. Antibody to GAPDH (SC-365062, 1:3000) was
purchased from Santa Cruz Biotechnology.

RNAi-mediated knockdown of LATS2

In our experiments, FG12 lentiviral vector, which has an
independent open reading frame of green fluorescence protein
(GFP), was used to produce double-stranded small interfering
RNA (siRNA) to inhibit target gene expression in A549 and
H23 cells. To construct the hairpin siRNA expression cassette,
complementary DNA oligonucleotides for siRNA of LATS2
(si LATS2) or mutated sequence as control (si con) were
synthesized, annealed, and inserted into FG12. Two LATS2
siRNA constructs were used as follows: LATS2 siRNA 1#
(highlighted sequence was the complementary sequence with
LATS2 mRNA), 5′-ACCG CTGGACTCTGTGAAGCTGTT
CAAGAGACAGCTTCACAGAGTCCAGTTTTTTGG
ATCCC-3′ and 5′-TCGAGGGATCCAAAAAGAGCTGGA
CTCTGTGAAGCTGTCTCTTGAACAGCTTCACAGA
GTCCAG-3′; LATS2 siRNA 2# (highlighted sequence was
the complementary sequence with LATS2 mRNA), 5′-
ACCGGGACATCCTGGCCGAGGCTTCAAGAG
AGCCTCGGCCAGGATGTCCTTTTTTGGATCCC-3′
and 5′-TCGAGGGATCCAA AAAGGGACATCCTGGC
CGAGGCTCTCTTGAAGCCTCGGCCAGGATGTCC-
3′; si con vector (highlighted sequence was the random se-
quence as control that was not related to LATS2 mRNA), 5′-
ACCGGTACATAGGGACGTAACGTTCAA GAGACG
TTACGTCCCTATGTACCTTTTTGGATCCC-3′ and 5′-
TCGAGGGATCCAAAAAGGTACATAGGGACGTAAC
GTCTCTTGAACGTTACGTCCCTATGTAC-3′. FG12
vector with si LATS2 or si con was transfected into HEK293T,
and the virus with LATS2 siRNA or si con was harvested from
culture medium. The harvested virus was purified by

centrifugation at 25,000 g (4 °C, 150 min), and appropriate
amounts of virus were used to infect A549 and H23 cells.
After 3 days of infection, the GFP-positive cells were sorted
by flow cytometry (BD Biosciences), which all stably
expressed si LATS2 or si con.

Immunohistochemistry

NSCLC tissues were fixed in formalin, embedded in paraffin,
and 5-μm-thick consecutive sections were cut and mounted
on glass slides. After deparaffin and antigen recovery (in
sodium citrate solution, pH 6.0, 20 min, 98 °C), the sections
were washed thrice in 0.01 mol/l PBS (8 mmol/l Na2HPO4,
2 mmol/l NaH2PO4, and 150 mmol/l NaCl) for 5 min each,
blocked for 1 h in 0.01 mol/l PBS supplemented with 0.3 %
Triton X-100 and 5 % normal goat serum, followed by addi-
tion of anti-LATS2 (1:100) antibody at 4 °C overnight. After
brief washes in 0.01 mol/l PBS, sections were exposed for 2 h
to 0.01 mol/l PBS containing horseradish peroxidase-
conjugated rabbit anti-goat IgG (1:500), followed by devel-
opment with 0.003 % H2O2 and 0.03 % 3,30-diaminobenzi-
dine in 0.05 mol/l Tris–HCl (pH 7.6). Immunohistochemistry
for each sample was performed at least three separate times,
and all sections were counterstained with hematoxylin.

In vivo metastasis assay

The A549-Luc stable cell line was established with G418
selection. Luciferase expression was determined by using
luciferin (Xenogen) and an in vivo imaging system
(Xenogen). The luciferase-expressing A549/si con cells and
luciferase-expressing A549/si LATS2 cells (1×106 cells in
200 μl PBS) were injected into the left ventricle of the nude
mice. The metastatic lesions were monitored every 8 days.
Before mice were anesthetized with Forane (Abbott), an aque-
ous solution of luciferin (150 mg/kg intraperitoneally) was
injected 10 min before imaging. The animals were placed into
a light-tight chamber of the CCD camera system (Xenogen),
and the photons emitted from the luciferase-expressing cells
within the animal were quantified for 1 min, using the soft-
ware program Living Image (Xenogen) as an overlay on Igor
(Wavemetrics).

Crystal violet assay

For cell growth assay, equal number of cells were seeded in 6-
well plates and cultured in medium supplemented with 10 %
FBS for 7 days. Medium was changed every other day. Cell
growth was stopped after 7 days in culture by removing the
medium and adding 0.5 % crystal violet solution in 20 %
methanol. After staining for 5 min, the fixed cells were
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washed with phosphate-buffered saline (PBS) and
photographed.

Soft agar assay

For clonogenic assay, cells were plated into 6-well flat bot-
tomed dishes using a two-layer soft agar system with 1.0×
104 cells per well in a volume of 1 ml per well. After 14 days
of incubation, the colonies were counted and measured. All of
the experiments were done at least three times.

Boyden chamber assay

Boyden chambers (8-μm pore size polycarbonate membrane)
were obtained from Neuroprobe Corporation, Bethesda, MD,
USA. Cells (2×105) in 0.05-ml medium containing 1 % FBS
were placed in the upper chamber, and the lower chamber was
loadedwith 0.152-ml medium containing 10% FBS. After 8 h
of incubation, cells migrated to the lower surface of filters
were detected with traditional H&E staining, and five fields of

each well were counted. Three wells were examined for each
cell type, and the experiments were repeated for at least three
times.

Results

LATS2 was down-regulated in NSCLC

Here, we first examined the messenger RNA (mRNA) level of
LATS2 in 51 NSCLC clinical samples and paired normal
tissues using real-time PCR analysis. Down-regulation of
LATS2 mRNA level was found in about 80 % (40/51)
NSCLC clinical samples compared with the matched normal
tissues (Fig. 1a). These observations were further confirmed
by the immunohistochemistry study, which demonstrating
loss of LATS2 protein level in NSCLC tissues (Fig. 1b). In
the next study, we used Western blot analysis to examine the
protein level of LATS2 in NSCLC samples. Consistent with

Fig. 1 Decreased expression level of LATS2 was detected in NSCLC.
Relative mRNA level of LATS2 in human NSCLC samples and normal
tissues. Real-time PCR was performed on 51 NSCLC samples and 51
normal tissues. The LATS2 expression was normalized to that of beta-
actin. Data was calculated from triplicates. b The protein level of LATS2

in NSCLC samples and paired normal tissues was examined by immu-
nohistochemistry. c The protein level of LATS2 in NSCLC tissues and
paired normal tissues was examined by Western blot. d The protein level
of LATS2 in lung bronchus epithelial cell line BEAS-2B and NSCLC cell
lines (H1299, H23, H520, and A549)
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the immunohistochemistry study, decreased protein level of
LATS2 was observed in six randomly chosen NSCLC tissues
compared with the normal tissues (Fig. 1c). Moreover, the
normal lung cells BEAS-2B and NSCLC cell lines (H23,
H1299, H529, and A549) displayed differential expression
of LATS2 with highest protein level of LATS2 in normal lung
cell line BEAS-2B and the decreased protein level of LAST2
in a panel of NSCLC cell lines (Fig. 1d). Taken together, these
observations indicated that the expression of LATS2 was
down-regulated in NSCLC.

Overexpression of LATS2 inhibited cell growth and migration

Down-regulation of LATS2 in the NSCLC samples promoted
us to investigate the biological function of LATS2 in NSCLC.
We first forced expression of LATS2 in H23 and H520 cells.
Overexpression of LATS2 in H23 and H520 cells was con-
firmed byWestern blot analysis (Fig. 2a). In the next study, we
examined the function of LATS2 on the growth of H23 and
H520 cells by crystal violet assay. Forced expression of

LATS2 inhibited the growth of H23 and H520 cells dramati-
cally (Fig. 2b). Furthermore, overexpression of LATS2
inhibited the anchorage-independent growth of H23 cells in
the soft agar (Fig. 2c). Moreover, up-regulation of LATS2
impaired the motility of NSCLC cells shown by the Boyden
Chamber assay (Fig. 2d). Taken together, these observations
showed that forced expression of LATS2 inhibited cell
growth, colony formation and cell migration.

Knockdown of the expression of LATS2 promoted cell
growth and migration

In the next study, we investigated whether endogenously
expressed LAST2 played an important role in the growth
and migration of NSCLC cells. Firstly, we down-regulated
the basal expression of LATS2 in H23 and A549 cells using
two independent siRNA sequences to exclude the off-target
effects. Western blot analysis showed that these two indepen-
dent siRNA sequences down-regulated the expression of
LATS2 effectively (Fig. 3a). Consistent with the observations

Fig. 2 Overexpression of LATS2
inhibited the growth and
migration of H23 and H520 cells.
a The H23 and H520 cells were
stably transfected with either the
pcDNA3.1 vector or the LATS2
expression vector. G418-resistant
cells were pooled and confirmed
the expression of exogenous
LATS2 by Western blot analysis.
b The effects of LATS2 on the
growth of H23 and H520 cells
were measured by crystal violet
assay. c The effects of LATS2 on
the anchorage-independent
growth of H23 cells were
measured by soft agar assay. Data
shown was the representative
results from three independent
experiments. **P<0.01
compared to the control group. d
The effects of LATS2 on the
migration of H23 and H520 cells.
**P<0.01
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obtained from the cells overexpressing LATS2, knockdown of
the expression of LATS2 promoted the growth of NSCLC
cells both in liquid culture and on soft agar (Fig. 3b and c).
Moreover, down-regulation of LATS2 enhanced the motility
of NSCLC cells shown by the migration assay using Boyden
Chamber (Fig. 3d). Collectively, these results revealed that
down-regulation of LATS2 in NSCLC cells promoted cell
growth and migration.

LATS2 inhibited NF-κB signaling in NSCLC cells

In the next study, we investigated the underlying mechanism.
As shown in Fig. 4a, overexpression of LATS2 significantly
repressed the activity of an NF-κB-responsive promoter in

H23 cells in a dose-dependent manner, while knockdown of
the expression of LATS2 in A549 cells activated the NF-κB
reporter (Fig. 4b). These observations indicated the negative
regulation of NF-κB signaling by the expression of LATS2 in
NSCLC cells. Moreover, overexpression of LATS2 in H23
cells decreased the accumulation of P65 in the nucleus shown
by the immunostaining assay (Fig. 4c). Furthermore, up-
regulation of LATS2 in H23 and H520 cells decreased the
phosphorylation of IKKs, indicating LATS2 inhibited the
activity of IKK IKKα/β/γ complex. Consistent with these
results, the phosphorylated IκB was decreased upon the over-
expression of LATS2 (Fig. 4d). Taken together, these studies
revealed that LATS2 inhibited NF-κB signaling in NSCLC
cells.

Fig. 3 Knockdown of the
expression of LATS2 promoted
the growth andmigration of A549
and H23 cells. a Knockdown of
the expression of LATS2 in A549
and H23 cells. b Cell growth of
LATS2 siRNA cells and control
cells was measured by crystal
violet assay. c Knockdown of the
expression of LATS2 promoted
the anchorage-independent
growth of A549 cells measured
by soft agar assay. Data shown
was the representative results
from three independent
experiments. dKnockdown of the
expression of LATS2 promoted
the migration of A549 and H23
cells. *P<0.05; **P<0.01
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Knockdown of the expression of LATS2 promoted
the metastasis of NSCLC cells in vivo

Our in vitro studies suggested that knockdown of LATS2
promoted the migration of NSCLC cells. Therefore, we eval-
uated whether knockdown of the expression of LATS2 in
NSCLC cells could promote the metastasis of NSCLC cells
in vivo by utilizing a tumor metastasis mouse model. A549-
luc cells knocking down the expression of LATS2 were
injected into SCID mice through tail vein. Knockdown of
the expression of LATS2 increased the number of metastasis
foci compared with control group (Fig. 5a), which was con-
firmed by the luciferase signal assay (Fig. 5b). Therefore,
down-regulation of LATS2 enhanced the metastasis of
NSCLC cells in vivo.

Discussion

Although the previous study has shown that LATS2 was
down-regulated in NSCLC and induced the apoptosis of
NSCLC cells through down-regulation of Bcl2 and Bcl-XL
[25], the detail mechanisms remained poorly understood. In

this study, we performed series of studies combining the
clinical samples, cell cultures, and animal model to evaluate
the function and the mechanisms of LATS2 in NSCLC tu-
morigenesis. Our data demonstrated that the expression of
LATS2 was down-regulated in NSCLC samples.We provided
evidence for the migration and metastasis suppression of
LATS2 in the NSCLC cells and animal models. Importantly,
we discovered that overexpression of LATS2 decreases the
migration and metastasis of NSCLC cells via, in part, inhibi-
tion of NF-κB signaling.

Among the frequently activated pathways in lung cancer is
the NF-κB transcription factor pathway. NF-κB activation
typically occurs by nuclear translocation following inducible
phosphorylation of inhibitory IκB proteins by the IKKα/β/γ
(IκB kinase) complex. Importantly, recent studies in mice
have defined a key role for NF-κB in KRAS-induced lung
cancer [26]. Although the function of NF-κB in lung cancer
has been extensively studied in mice, yet little is known about
NF-κB function in human lung cancer [27, 28]. NF-kB is a
transcription factor that is activated in response to various
stimuli including growth factors and inflammatory molecules
and is responsible for inducing gene expression associated
with cell proliferation, apoptosis, angiogenesis, and migration
[29]. C-myc and MMP9, two target genes of NF-κB pathway

Fig. 4 LATS2 regulated the
activity of NF-κB signaling. a
Overexpression of LATS2 down-
regulated the activity of NF-κB
reporter. b Knockdown of LATS2
up-regulated the activity of
NF-κB reporter. cOverexpression
of LATS2 inhibited the
accumulation of P65 in NSCLC
cells. dOverexpression of LATS2
inhibited the phosphorylation of
IKKs complex and IκB
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[30], have shown to promote the growth and migration of
NSCLC cells [31, 32]. Also, our study showed that LATS2
inhibited the NF-κB pathway in NSCLC cells, indicating
LATS2 might regulate the growth and motility of NSCLC
cells through modulating the expression of NF-κB target
genes.

Previous studies have shown that LATS2 was coupled to
several well-established pathways, such as P53 signaling,
YAP signaling [33, 34]. In this study, we have demonstrated
that LATS2 coupled NF-κB pathway in NSCLC cells. More-
over, in our study, LATS2 inhibited the phosphorylation of
IKKs as well as IκB and decreased the nuclear accumulation
of P65, suggesting LATS2 involved in the NF-κB signal
pathway upstream of IKKs complex. It has been reported that
genes encoding IKKβ and IKKγ underwent frequent ampli-
fication in the tumorigenesis [35], indicating IKKs complex
was not an ideal therapeutic target. Considering the fact that
LATS2 cross-talked with multiple pathways, LATS2 might be
a therapeutic target in the cancer treatment.

Although our data are suggestive, elucidation of the exact
role and underlying mechanism of action for LATS2 in the
development and progression of NSCLC will require addi-
tional investigations using LATS2 knockout mice model.
Also, additional studies and validation of LATS2 as a prog-
nostic marker in malignant NSCLC are needed.
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