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Colorectal cancer (CRC) is a leading cause of cancer-related death around the world whose recurrence and metastasis rate is high.
Due to the underlying unclear pathogenesis, it is hard so far to predict the tumorigenesis and prevent its recurrence. YAP/TAZ has
been reported to be activated and functioned as a potential oncogene in multiple cancer types and proved to be essential for the
carcinogenesis of most solid tumors. In the present study, we found that YAP/TAZ was markedly upregulated in CRC tissues
comparing with the adjacent noncancerous tissues due to the downregulation of LATS2, the main upstream regulator. We
further identified miR-429 as a direct regulator of LATS2-YAP/TAZ activation, suggesting that the miR-429-LATS2-YAP/TAZ
might be novel effective diagnostic axis and therapeutic targets for CRC.

1. Introduction

Colorectal cancer (CRC) is one of the most leading causes of
cancer-related deaths around the world [1]. It was estimated
to have 1.4 million new cases and about 0.7 million global
deaths in 2018 [2]. It took over 9.2% of cancer-relatedmortality.
The survival rate for colorectal cancer patients is 12 to 18
months. The five-year survival rate is 65% [3]. Conventional
surgery and/or chemotherapy are usually the most frequently
used treatments. Despite the advances in diagnosis and treat-
ment, CRC patients often relapse and metastasize [4]. Genetic
alterations such as activation of proto-oncogenes or loss of
function of tumor suppressor genes are the main pathogenesis
of CRC. Nevertheless, because of the knowledge shortage about
the molecular basis of CRC, there is up to now no effective
method to predict oncogenesis and prevent its recurrence. It is
extremely important to identify more novel effective diagnostic
biomarkers and therapeutic methods for CRC. The purpose of
this study is to explore key genes as potential biomarkers for
CRC diagnosis and prognosis for clinical utility.

Multiple signaling pathways are dysregulated due to
genetic or epigenetic alterations in cancer. Hippo signaling,
an evolutionarily conserved signaling pathway for tissue
growth, has been proven to be a significant regulator in
tumor biology by inducing target gene transcription and
enabling downstream biological effects [5, 6]. As the key
downstream mediator of the Hippo signaling pathway,
YAP/TAZ (Yes-associated protein and its transcriptional
coactivator with PDZ-binding motif) have been reported to
be activated and functions as potential oncogenes in multiple
cancer types such as oral squamous cell carcinoma [7], gli-
oma [8, 9], bladder cancer [10], liver cancer, breast cancer,
and lung cancer. Furthermore, the protein levels and activi-
ties of YAP/TAZ in cancer stem cells of breast and osteosar-
comas were elevated and were indispensable to maintain the
self-renewal and tumor-initiation abilities [11–13]. These
results suggested that YAP/TAZ might play important roles
in the development of most tumors or cancers.

Roles and regulations of Hippo/YAP signaling were
extensively studied in cancer biology. Studies showed that
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overexpression of YAP/TAZ could reduce the survival time
in CRC [14] patients and was found to mediate the tumor
suppression effect of the medicine JieduSangen Decoction
in colon cancer [15]. Overexpression of YAP attenuated the
inhibitory effects of the lncRNA B4GALT1-AS1 in colon
cancer [16]. YAP was also found to mediate tumor survival
enabled by Cucurbitacin B [17, 18] and GPRC5A [19]. How-
ever, the exact expression profiles and features of YAP/TAZ
in colon cancer have not been elucidated yet.

microRNAs are a class of evolutionarily conserved non-
coding small RNAs that usually regulate gene expression at
the posttranscriptional level. They may regulate as many as
30 percent of human genes by controlling the stability and
translation of target mRNAs and then modulate various cel-
lular processes such as proliferation, differentiation, apopto-
sis, and angiogenesis [20, 21]. It is believed that one mRNA
could be regulated by diverse microRNAs, and one micro-
RNA may target various mRNAs. The diversity and regula-
tion functions of microRNAs have been uncovered in many
diseases including cancers in recent years.

The current study aims to find out the biological roles
and mechanisms of YAP/TAZ expression in colon cancer
and shed a light on the development and prognosis of CRC.
We characterized YAP/TAZ expressions in colon adenocar-
cinoma (COAD) and identified a new regulator of their
expressions by finding out that miR-429 modulated YAP/-
TAZ expression via targeting LATS2. We also assessed the
impacts of miR-429 on CRC cell growth both in vitro and
in vivo. We demonstrated that YAP/TAZ signaling regulated
by miR-429 promoted cell proliferation and tumor growth of
COAD through targeting LATS2.

2. Materials and Methods

2.1. Human Clinical Samples. In the present study, 21 pairs of
human COAD tissues and corresponding nontumor control
tissues were obtained from Yangpu Hospital, Tongji Univer-
sity. Informed consent of all CRC patients was acquired
before the experiment. The study was approved by the Insti-
tutional Ethics Committee of Tongji University.

The RKO and HCT116 CRC cell lines were obtained
from ATCC. All cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum (FBS, Gibco), 1% penicillin, and 1% streptomy-
cin (Life Technologies).

2.2. Immunohistochemistry. The slides were dewaxed in
xylene twice for 10min, rehydrated in successive concentra-
tions of ethanol (100%, 95%, and 80%) and distilled water
for 5min each, and heated in 0.01M, pH6.0 sodium citrate
buffer for antigen retrieval. Endogenous peroxidase was then
eliminated with fleshly prepared 3% hydrogen peroxide for
20min. Nonspecific staining was blocked by incubation in
5% BSA for 2 hrs. The slides were then blotted with a 1 : 100
diluted YAP antibody (CST, Danvers, USA) or TAZ antibody
(CST, Danvers, USA) at 4°C overnight, followed by incuba-
tion with HRP conjugated secondary antibody (Abmart,
Shanghai, China) for 2 hrs at room temperature. Immuno-
staining was performed with the DAB Horseradish Peroxi-

dase Color Development Kit (Beyotime, Shanghai, China),
and counterstain was performed with hematoxylin. Positive
reactions were defined as those showing brown signals. The
expression levels of YAP/TAZ were evaluated by the IHC
score, which was calculated by multiplying a proportion to
2, ≥25%; 3, >25 to 50%; 4, >50%, and the intensity score
revealed the staining intensity (no staining, score 0; weak,
score 1-3; intermediate, score 4-6; strong, score greater than
6).

2.3. Short Hairpin RNA Interference. To stably knockdown
the expression of miR-429, we designed 7 shRNA sequences
that directly target the stem-loop structure of pre-miRNA-
429. The related oligos were chemically synthesized by
Guangzhou RiboBio Co. Ltd (Guangzhou, China). Oligos
were resolved into ddH2O at a concentration of 100μM
and annealed using Annealing Buffer for DNA Oligos
(D0251, Beyotime Biotechnology, Shanghai, China) by a pro-
gram of naturally cooling from 100 to 25°C. Annealing prod-
ucts were diluted (1/100) using ddH2O and subjected to
ligation into pLKO.1 vector (#10878, Addgene, Watertown,
USA). Only three shRNAs that efficiently knockdown miR-
429 were listed as follows. sh-miR-429_#1: Forward, 5′
-CCG GCC GGC CGA TGG GCG TCT TAC CTC GAG
GTA AGA CGC CCA TCG GCC GGT TTT TC-3′; Reverse,
5′-AAT TGA AAA ACC GGC CGA TGG GCG TCT TAC
CTC GAG GTA AGA CGC CCA TCG GCC GG-3′; sh-
miR-429_#2: Forward, 5′-CCG GGC CGA TGG GCG TCT
TAC CAG CTC GAG CTG GTA AGA CGC CCA TCG
GCT TTT TC-3′; Reverse, 5′-AAT TGA AAA AGC CGA
TGG GCG TCT TAC CAG CTC GAG CTG GTA AGA
CGC CCA TCG GC-3′; sh-miR-429_#3: Forward, 5′-CCG
GTT AGA CCT GGC CCT CTG TCT CTC GAG AGA
CAG AGG GCC AGG TCT AAT TTT TC-3′; Reverse, 5′
-AAT TGA AAA ATT AGA CCT GGC CCT CTG TCT
CTC GAG AGA CAG AGG GCC AGG TCT AA-3′.

Plasmids were then transfected into 293T cells with the
packaging plasmid psPAX2 and the envelope plasmid
pMD2.G using FuGENE® 6 transfection reagent (Roche
Applied Biosciences, Switzerland) to package the lentivirus.
After 24hrs and 48 hrs of transfection, the cell culture media
were collected and mixed, centrifuged at 1300 rpm for 5min,
and then filtered through a 0.45-μm filter and aliquoted. The
viral supernatants supplemented with 8μg/ml polybrene
(Sigma-Aldrich) were used to infect target cells. 24 hrs later,
the infected cell media were changed to fresh medium sup-
plemented with 2.5μg/ml puromycin (Sigma-Aldrich) every
two days for one week.

2.4. Quantitative PCR Amplification. Total RNA was
extracted and further reversely transcribed into cDNA by
using a PrimeScript™ II 1st Strand cDNA Synthesis Kit
(Takara, Japan). Gene expression was detected by real-time
quantitative PCR amplification with SYBR Premix Ex Taq™
(Tli RNaseH Plus) (Takara, Japan) mixed with cDNA tem-
plates and forward and reverse primers. Real-time PCR reac-
tions were conducted on an ABI 7500 Real-Time PCR
System with a two-step PCR procedure (denaturing at 95°C
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for 30 sec followed by 40 cycles of 95°C, 5 sec and 65°C,
30 sec). β-Actin was used as an endogenous loading refer-
ence. The ΔΔCt quantification method was used to analyze
the relative mRNA expression levels of genes. The oligos
involved in the study were listed as follows: YAP: Forward,
5′-CCC CCA CTG GAG TAG TCT CT-3′, Reverse, 5′
-GAC AGC ATG GCC TTC CTG GG-3′; TAZ: Forward,
5′-CCG TCA GTT CCA CAC CAG TG-3′, Reverse, 5′
-TGG ATT CTC TGA AGC CGC AG-3′; LATS1: Forward,
5′-CCC TCA AGC TGT CGA TGT GG-3′, Reverse, 5′
-CTT GCC TAA GCG ATC TTC GG-3′; LATS2: Forward,
5′-GGG CTT CAT CCA CCG AGA CA-3′, Reverse, 5′
-GCC CTC TGC TCT AGG GTC TT-3′.

For microRNA analysis, RNA was converted to cDNA
using the miScript II RT Kit (Qiagen, USA), and real-time
PCR was performed using a miScript Primer Assay (forward
primer) and the miScript SYBR Green PCR Kit in a final vol-
ume of 10μL (Qiagen, USA) and normalized on RNU48 and
RNU49 endogenous controls.

2.5. Western Blot Analysis. Tissues/cells were lysed using
RIPA lysis buffer that was freshly added protease inhibitor
cocktail (Roche, Switzerland) to extract total proteins. Pro-
tein concentration was determined by Pierce™ BCA Protein
Assay Kit (ThermoFisher, USA). 20μg protein was used for
each lane to electrophoresis in SDS-PAGE gel and trans-
ferred onto a 0.22-μm PVDF (polyvinylidene difluoride)
membrane (ThermoFisher, USA). After transferred, the
membranes were immersed in 5% nonfat milk for 1 h at
room temperature to block nonspecific reaction and incu-
bated with the primary antibodies of LATS2 (Abcam,
USA), YAP (Abcam, USA), TAZ (Abcam, USA), and
GAPDH (Invitrogen, USA) overnight at 4°C. Horseradish
peroxidase-conjugated secondary mouse anti-rabbit or goat
anti-mouse antibodies (Cell Signaling Technologies, USA)
were blotted for 1 hr at room temperature. Finally, Tanon™
High-sig ECL Western Blotting Substrate (Tanon, Shanghai,
China) was used for the detection of protein expression
levels.

2.6. Colony Formation Assay. 3000 cells were seeded onto
each 6-well plates well and cultured for 2 weeks. The cells
were fixed in 100% methanol for 20min and then stained
with 0.25% crystal violet solution and analyzed. Colonies
were determined under a microscope. A mass with ≥50 cells
was recognized as a colony. The efficiency of colony forma-
tion was figured out as ðnumber of colonies/number of cells
inoculatedÞ × 100%.

2.7. Luciferase Reporter Assay. The wild type and mutant 3′
UTR sequence of LATS2, respectively, LATS2-WT and
LATS2 3′-MUT, were amplified using PCR amplification
assay and cloned into the luciferase reporter vector pGL3-
Basic (Promega, USA) to construct the pGL3-LAST2 and
pGL3-LAST2-mut plasmids. Target cells were seeded onto
96-well plates and pGL3-LAST2 or pGL3-LAST2-mut plas-
mid transfected together with the Renilla reporter plasmid
pRL-TK using the Lipofectamine 3000. In the meantime,
either a miR-429 mimic or negative control was also cotrans-

fected. After 48hrs of transfection, cells were lysed with PLB,
and the activities of the Firefly and Renilla luciferase were
successively examined using the luciferase assay reagent II
and stop&glo reagent of the Dual-Luciferase Reporter Assay
System (Promega, USA).

2.8. In Vivo Animal Studies. Animal studies were conducted
following the National Academy of Sciences rules for the care
and use of laboratory animals. Animal experiments were
approved by the laboratory animal care committee of Tongji
University. Female BALB/c athymic nude mice of 4-6 weeks
old and 16-20 g weight were purchased from Shanghai SLAC
Laboratory Animal Co. Ltd.

To establish a tumor xenograft model, the nude mice
were randomly divided into four groups, sh-miR-429-1, sh-
miR-429-2, sh-miR-429-3 groups, and control group. Each
group had 3 mice, and tumor xenografts were made by bilat-
eral axillary injection. Briefly, the mice were anesthetized
with 2% pentobarbital sodium at a dose of 40-45mg/kg body
weight, and HCT116/RKO cells carrying sh-miR-429 or
mock cells diluted in 100μL PBS were subcutaneously
injected into the mice (3 × 106/mouse). Tumor sizes were
measured with a caliper every 5 days, and the tumor volumes
were calculated as follows: tumor volume ðmm3Þ = 0:5 ×
length × width2. Tumor weights were weighed out using an
analytical balance.

2.9. Statistical Analysis. Data were expressed as mean ± SD
from at least three independent experiments. The signifi-
cance of differences was determined with Student’s t-test or
ANOVA test. P values were calculated, and P < 0:05was con-
sidered as statistically significant. Asterisks were assigned as
follows: ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001, and n.s.: no
significance.

3. Results

3.1. YAP/TAZ Is Activated in COAD Tissues. To explore the
clinical role of YAP/TAZ in colon cancer, we first examined
their expression levels in the paired colon cancer and non-
cancerous tissues by immunohistochemistry staining. Results
showed that the YAP1 and TAZ expressions were signifi-
cantly upregulated in the COAD tissues (Figures 1(a) and
1(b)). Western blotting hybridization further confirmed that
the protein levels of YAP1 and TAZ markedly increased in
the 21 paired COAD tissues compared to the surrounding
noncancerous tissues (Figure 1(c) and 1(d)). However, it
was interesting for us to find out that there were no statisti-
cally significant differences of YAP1 and TAZ between
COAD and the control at the mRNA levels (Figure 1(e)), sug-
gesting that the different expression levels might occur at the
posttranscriptional stage.

3.2. LATS2 Is Related to YAP/TAZ Activation in COAD. It is
well known that activated LATS1/2 suppresses the activities
of YAP/TAZ by directly phosphorylate multiple serine resi-
dues in YAP/TAZ [22–24]. To investigate whether it was
LATS1/2 kinases that affected YAP/TAZ protein levels in
COAD, we first analyzed the colon cancer TCGA dataset
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with 275 COAD and 349 control tissues. Notably, the expres-
sion level of LATS2 but not LATS1 was remarkably downreg-
ulated in COADs compared to normal controls (Figure 1(f)).
Quantitative PCR amplification in the 21 paired COAD tis-
sues further verified that the LATS2 expression was down-
regulated (Figure 1(g)).

3.3. miR-429 Is Associated with LATS2 in COAD Samples.
microRNAs (miRNAs) have been reported to be involved
in various pathological processes including cancer. The rapid
development of bioinformatic technology provides a conve-
nient way for the identification of miRNA target genes. After
we analyzed the most common three miRNA databases
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Figure 1: YAP/TAZ is activated in COAD. (a, b) Representative examples of immunostaining images and column diagrams for YAP1 and
TAZ in the 21 COAD tumors and corresponding noncancerous tissues. (c, d) Western blotting analysis of YAP/TAZ protein expression
in the paired COAD tissues. (e) mRNA expression levels of YAP1 and TAZ in COAD. (f) Bioinformatic analysis in TCGA for LATS1 and
LATS2 expressions. (g) Quantitative PCR amplification verification of LATS1 and LATS2 expression in the collected 21 paired COAD tissues.
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Figure 2: Continued.
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including TargetScan, miRWalk, and miRBase for the puta-
tive miRNA regulators of LATS2, we found a total of 7 joint
miRNAs dysregulated, which were miR-361-5p, miR-299-3p,
miR-362-3p, miR-342-3p, miR-429, miR-520a-3p, and miR-
520c-3p (Figure 2(a)). Data from the TCGA colorectal cancer
miRNA sequencing dataset indicated that the expression
levels of miR-429, miR-299-3p, and miR-362-3p were signif-
icantly upregulated, while the level of miR-342-3p was down-
regulated in the COAD tissues compared to normal
(Figure 2(b)). Then, we detected the expression patterns of
these miRNAs in the paired colon cancer tissues and noted
that the expression levels of miR-429 were most significantly
higher in the COAD tissues as shown in the heat map
(Figure 2(c)). To give insight into whether these miRNAs
were regulators of LATS2, we investigated the relationship
between the levels of these miRNAs and LATS2 expression
in the database. As expected, data analysis showed that the
miR-429 level was highly inversely correlated with LATS2
(R2 = −0:43, P < 0:001), suggesting that miR-429 was a note-
worthy miRNA that downregulates LATS2 in CRC
(Figure 2(d)–2(g)).

3.4. sh-miR-429 Inhibits Tumor Cell Growth In Vitro. To
determine whether miR-429 confers tumor-progressive
function in CRC cells, miR-429 was knocked down via
shRNA in RKO and HCT116 cells by stably infecting RKO
and HCT116 cells with lentiviral constructs carrying one of
three miR-429-based shRNAs or with a scrambling vector
as control. Quantitative RT-PCR analysis revealed a marked
reduction of miR-429 levels in RKO and HCT116 cells after
knocking down (Figure 3(a)). The colony formation abilities
of RKO and HCT116 cells were significantly reduced follow-
ing knockdown of miR-429 (Figures 3(b) and 3(c)). On the
contrary, forced expression of the miR-429 mimics yielded
the opposite effects, which greatly increased the colony-
forming ability than the corresponding control (Figure 3(e)).

3.5. sh-miR-429 Inhibits Tumorigenesis in vivo. Given the
abovementioned results, we hypothesized that the weakened
expression of miR-429 might suppress CRC progression and

development. Therefore, we further examined the effect of
miR-429 on CRC tumor progression in vivo. The resulting
RKO and HCT116 cells carrying sh-miR-429s or control
were subcutaneously injected into the athymic nude mice to
create a subcutaneous xenograft model. Tumor volumes were
evaluated every day. Tumor weights were measured when the
mice were sacrificed four weeks later. In line with our in vitro
findings, the results showed that miR-429 depletion exhibited
significantly slower growth than those with the control as evi-
denced by reduced tumor weights (Figures 3(h) and 3(i)) and
tumor volumes (Figures 3(f) and 3(g)), implying that miR-
429 is actually involved in CRC tumor progression.

3.6. miR-429 Directly Targets LATS2 mRNA. microRNAs
regulate mRNAs expression by targeting the 3′-UTR of the
mRNAs with complementary sequences. Using the TargetS-
can program, we found that there were complementary bind-
ing sites of miR-429 in the 3′-UTR sequences of LATS2
(Figure 4(a)), suggesting that miR-429 was virtually a poten-
tial regulator of LATS2.

To verify their interaction, luciferase reporters and a
dual-luciferase reporter assay system were applied according
to the manufacturer. Briefly, the wild-type (WT) or the
mutant miR429 binding sequences in the 3′-UTR of LATS2
were cloned into the downstream of the firefly luciferase
reporter gene, then cotransfected with miR-429 mimic or
an unrelated sequence as a control into HEK 293T cells. As
shown in Figure 4(b), when miR-429 was overexpressed,
the relative luciferase activities were significantly suppressed
in cells carrying the WT 3′-UTR of LATS2 (Figure 4(b)).

To verify the direct regulation of miR-429 on LATS2
expression, we transfected RKO and HCT116 cell lines with
miR-429 mimics and detected the expression of LATS2. Both
quantitative real-time PCR and western blotting analyses
revealed that the LATS2 expression levels but not LATS1
were reduced in miR-429-expressing cells (Figures 4(c)–
4(g)), indicating that miR-429 directly bound to LATS2 at
the predicted binding site in its 3′-UTR sequence and nega-
tively regulated its expression. Furthermore, shRNA
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Figure 2: miR-429 is associated with LATS2 in COAD samples. (a) Databases searching of potential microRNAs for LATS2. (b) Expression
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Figure 3: Continued.
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interfering actually retrieved the protein expression levels of
LATS2 in the tumor xenografts (Figure 4(h)).

3.7. miR-429 Promotes Tumorigenesis in a LATS2-Dependent
Manner. To further validate that LATS2 was a direct target of
miR-429 and determine whether miR-429 suppresses cancer
cell proliferation and growth by regulating LATS2 and then
YAP/TAZ expression, flag-tagged LATS1 and LATS2 over-
expressing plasmids were constructed and transfected into
RKO or HCT116 cell line together with miR-429 mimics.
Overexpression of LATS1/2 was confirmed by western blot-
ting analysis (Figure 5(a)), and the effects on YAP/TAZ
expression level and their downstream target molecules were
evaluated. As shown in Figures 5(a) and 5(b), forced expres-
sion of miR-429 significantly increased the expression levels
of YAP/TAZ, while cotransfection of LATS2 or LATS1
together with miR-429 mimics significantly decreased their
expressions. Apart from this, the expression levels of the
YAP/TAZ target molecules such as CTGF, CYR61, and
ANKRD1 have been also influenced accordingly
(Figure 5(c)).

Cellular experiments of colony formation assays showed
that the restoration of LATS1/2 expression abrogated the
tumor-promoting effects of miR-429 as that miR-429-
mediated promotion of cell proliferation was markedly sup-
pressed by cooverexpression of LATS1/2 in RKO and
HCT116 cells compared to those with the vector controls
(Figures 5(d) and 5(f)).

4. Discussion

In this study, we first detected expressions of YAP/TAZ in 21
paired COAD and the adjacent noncancer tissue samples and
found that the YAP/TAZ expression levels were greatly
increased in the tumor tissues at the protein levels but not

at the mRNA levels. As the key serine/threonine kinase and
the main regulator of YAP/TAZ in the Hippo signaling path-
way, downregulation of LATS2, but not LATS1, contributed
to YAP/TAZ activation. Furthermore, we identified miR-
429 as the involved miRNA regulator in LATS2-YAP/TAZ
signaling. Functional assays showed that tumor growth and
colony-formation rates were markedly slower in miR-429-
silenced CRC cells than in the corresponding control cells.
We proposed that the increased expressions of YAP/TAZ
and their oncogenic function in colon cancer might due to
the downregulation of LATS2 kinase by overexpressing of
miR-429.

As the main effecter of the Hippo signaling and the hub of
many pathways including Hippo, Notch, Wnt/β-catenin, and
TGF-β/Smad signaling, YAP/TAZ dysregulation contributes
to the genesis and development of many kinds of cancers.
LATS1/2, as the main regulators, are supposed to phosphory-
late YAP/TAZ and eventually lead to their degradation [23].
LATS2 has beenmostly proved to be downregulated in human
cancers including colorectal cancer, breast cancer, and hepato-
cellular carcinoma. It is reported that LATS2 suppression pro-
moted EMT and cancer metastasis through enhancing
mitochondrial ROS production in liver cancer [25]. And over-
expression of LATS2 in breast cancer suppressed cell invasion
through controlling tumor glucose metabolism [26].

miRNAs are short noncoding RNA molecules of approx-
imately 19-24 nucleotides, involved in many processes of
tumor growth such as proliferation, apoptosis, migration,
invasion, and drug resistance. Expression of LATS2 could
be affected by kinds of microRNAs such as miR-93 and
miR-372. Guo and his colleagues reported that the occur-
rence of prostate cancer was related to the downregulation
of LATS2 and the upregulation of YAP and miR-302/367
cluster. They found out that miR-302/367 downregulated
LATS2 expression and reduced the phosphorylation of
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Figure 3: Sh-miR-429 inhibits tumorigenesis both in vitro and in vivo. (a) Knockdown of miR-429 in RKO and HCT116 cell lines by short
hairpin RNA technology. (b, c) Knockdown of miR-429 reduced the colony formation ability of RKO and HCT116 cells. (d) Forced
expressions of miR429 in RKO and HCT116 cell lines. (e) Overexpression of miR429 increased the colony formation ability of RKO and
HCT116 cells. (f, g) sh-miR-429 reduced tumor growth rates of RKO and HCT116 xenografts in nude mice (n = 6/group). (h) shRNA
interfering knock down the expression levels of miR-429 in the xenografts. (i) sh-miR-429 reduced tumor weights and dimensions of RKO
and HCT116 xenografts in nude mice (n = 6/group).
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Figure 4: miR-429 directly targets LATS2 mRNA. (a) Alignment of has-miR-429 and the 3′-UTR sequences of LATS2 and the mutant
miR429 binding sequence in the 3′-UTR of LATS2. (b) Dual-luciferase reporter assay showed the direct interaction between miR429 and
LATS2. (c, d) The mRNA levels of LATS2 but not LATS1 in RKO and HCT116 cells reduced by overexpression of miR-429. (e–g)
Western blotting analysis confirmed that LATS2 but not LATS1 was downregulated by overexpression of miR-429. (h) Western blotting
analysis confirmed that LATS2 protein expression levels were retrieved in the xenografts of sh-miR-429.
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Figure 5: miR-429 promotes tumorigenesis in a LATS2 dependent manner. (a, b) Western blotting analysis of YAP/TAZ expressions in miR-
429 mimics transfected RKO and HCT116 cells with or without LATS1/2 flag. (c) Expressions of the downstream molecules of YAP/TAZ,
CTGF, CYR61, and ANKRD1 were affected by miR-429 and LAST1/2 accordingly. (d, e) The enhanced colony formation abilities of RKO
and HCT116 cells by forced expression of miR-429 were retrieved by LAST1/2 overexpression.
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YAP, and then resulted in enhanced YAP nuclear transloca-
tion in prostate tumor-propagating cells [27]. Studies of Li
et al. showed that the upregulation of miR-373 promoted
the migration, invasion, and proliferation of endometrial
cancer cells via downregulating LATS2 [28]. LATS2 was also
reported to be regulated by many other microRNAs such as
miR-93 [29], miR-372 [30], and miR-744 [31] in different
cancers.

miR-429 is a miR-200 family member. It has been
recently found to be differentially expressed in various can-
cers and might play important roles during carcinogenesis.
As reported, the expression levels of miR-429 were signifi-
cantly higher in renal cancer patients compared with those
normal patients [32], and overexpression of miR-429
increased the cell proliferation rate and decreased the apo-
ptosis rate significantly. Another two studies separately iden-
tified miR429 as a tumor promoter in ovarian cancer as that
both comprehensive bioinformational analysis and serum
expression detection experiment showed overexpressing of
miR-429 [33, 34]. Nevertheless, numerous findings were sug-
gesting that miR-429 might act as a tumor suppressor as well
on the development and progression of several cancers. It
was shown to be downregulated and might function as a
tumor suppressor by targeting Myc [35], FSCN1 [36] in gas-
tric cancer, ZEB1 [37] in oral squamous cell carcinoma,
CRKL [38] in hepatocellular carcinoma, TLN1 [39] in naso-
pharyngeal carcinoma, AKT1 in melanoma [40], or BCL2
and SP1 in esophageal carcinomas [41].

In colon cancer, there were several studies showed that
miR429 inhibited colon cancer cell growth. Sun and
coworkers found that it was significantly downregulated in
stage II and III clinical progressions of colorectal cancer
[42]. miR-429 was able to inhibit the invasion of carcinoma
to the other organs [43]. On the contrary, Li and coworkers
showed that miR-429 was upregulated in human CRC tissues
and that overexpression of miR-429 inhibited CRC cell apo-
ptosis through negatively regulate SOX2 expression [44].
Functional studies by Han and colleagues also suggested that
miR-429 played an oncogenic role in the cellular procession
of CRC [45]. Supporting this, our present study revealed that
miR-429 could upregulate YAP/TAZ expression and pro-
mote COAD growth in CRC by directly targeting LATS2,
suggesting that miR-429 played an oncogenic role in CRC.

The mRNA expression levels in the abovementioned lit-
erature were based on RNA extraction. It is conceivable that
the contribution of nontumor cells, the variable volume of
stroma in the tissues, could be confounding factors in the
expression level determination when using whole tissue for
RNA extraction. When using laser capture microdissection
(LCM) as part of the methodologies, Bojmar et al. found that
miR-141 was significantly decreased in the primary tumor
versus controls, while there was no difference in its expres-
sion between the groups when total tumor tissue was used
for RNA extraction [46]. The study of Paterson et al. also
used LCM for tissue dissection and found the different
expression patterns of miR-200b at the invasive front of
tumors compared to normal and tumor core tissues [47].
Biogenesis and expression of miRNAs are subjected to strict
temporal and spatial control, and the different expression

patterns of miRNAs might be associated with many clinical
variables such as histological type, differentiation degree,
tumor location, and tumor grading and staging in these can-
cers. These variables might also account for some of the aber-
rations in the above study results. Investigators should
carefully consider these important factors when deciphering
the findings and making conclusions.

5. Conclusion

Collectively, we discovered a new signaling axis of the Hippo
pathway, miR-429-LATS2-YAP1/TAZ, in colon cancer
through bioinformatical gene expression screening and func-
tional analysis, offering a plausible mechanism accounting
for the tumor-promoting function of YAP/TAZ. We suppose
that targeting this signaling axis might represent a promising
therapeutic strategy for colorectal cancer.
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