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Abstract

This study aims to investigate the effects of targeted regulation of Mst1 (Mammalian sterile 20-like
kinase 1) expression on the proliferation and apoptosis of SW480 colorectal cancer cells and to elucidate
the mechanisms underlying these effects. PolyJetTM in vitro DNA transfection reagent was used to
transfect pEGFP-N1-Mst1 into SW480 colorectal cancer cells, and LipofectamineTM2000 was used to
transfect Mst1-specific siRNA for the targeted silencing of Mst1. MTT assay was then performed to
detect the survival rate of the cells, flow cytometry was used to determine apoptosis, and RT-qPCR and
western blot were used to measure the mRNA and protein levels of Mst1, PUMA, p73, p53, YAP (Yes
Associated Protein 1), and caspase-3. Compared with the control group, the p-EGFP-Mst1 and p-EGFP-
Mst1+5-FU groups showed significantly higher rate of cell proliferation inhibition and apoptosis
(P<0.05). The protein levels of MST1, Phospho-YAP1 (Ser127), P73, P53, PUMA, and Caspase-3 were
significantly increased (P<0.05), while the protein levels of CTGF (Connective Tissue Growth Factor)
and AREG (Amphiregulin) were significantly reduced (P<0.05). In the Mst1-siRNA group, the apoptosis
rate was significantly decreased (P<0.01), cell proliferation was accelerated, p73, p53, and PUMA were
downregulated, and CTGF, AREG, and YAP were upregulated. The targeted regulation of Mst1
expression significantly affected the proliferation and apoptosis of the SW480 cells. Thus, Mst1 has
potential for use as a new target for the prevention and treatment of colorectal cancer.
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Introduction
Mammalian sterile 20-like kinase 1/2 (Mst1/2) is a key
member of the Hippo signaling pathway in mammals, and
plays a role in the regulation of organ size, cell proliferation,
apoptosis, and tumor growth inhibition [1-3]. Ste20 (Sterile 20
protein kinase) was first identified from yeast by Leberer et al.
[4] and was found to be a key molecule involved in cell
proliferation [5] and apoptosis [6,7]. Mst1 is a tumor
suppressor gene that can code for Ser/Thr kinase [8]. The Mst1
protein mainly consists of a catalytic domain (N-terminus, 330
amino acids) and a non-catalytic tail (C-terminus), in which the
non-catalytic region contains one 63-amino-acid autogenetic
inhibitory region, one 56-amino-acid dimerization region (also
known as the helical coiling region), and two functional
nuclear export signaling peptides [9], the deletion or mutation
in which would lead to excessive cell growth and

transformation [10]. The Hippo signaling pathway was first
identified in Drosophila by Huang et al. [11]. Later, Dong et al.
[12] established a Yes Associated Protein 1 (YAP) conditioning
transgenic mouse model and determined the Mst1-YAP
signaling transduction pathway in mammals. Abnormalities in
the Mst1 gene are common in colorectal cancer [13] and liver
cancer [14]. Further, Zhou et al. [8] found that mice lacking
Mst1/2 could not suppress the proliferation-promoting and
anti-apoptotic activities of the oncogene Yap1, thus resulting in
the formation of hepatocellular carcinoma. However, when
Mst1 was transfected into hepatoma cells, YAP1 loses its
proliferation-promoting activity, while its apoptosis-inducing
activity is increased. Thus, the tumorigenicity of the hepatoma
cells is eliminated, indicating that the expression of Mst1 plays
a significant role in tumorigenicity. Previously, we found that
the introduction of an exogenous Mst1 gene increased the
protein levels of Mst1, Caspase-3, and Phospho-YAP (Ser127)
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in HepG2 cells, and reduced the protein levels of Connective
Tissue Growth Factor (CTGF), Amphiregulin (AREG), and
Survivin, thus inhibiting the proliferation of HepG2 cells and
promoting apoptosis [15]. Recent studies [16-18] have shown
that abnormalities in the Hippo pathway were closely related to
the occurrence and development of colorectal cancer. In
colorectal cancer and colorectal cancer-derived cell lines, YAP
was overexpressed, and the activation of Mst1 and Mst2
protein kinases suppressed the overexpression of YAP, thus
preventing the proliferation of intestinal stem cells and the
occurrence of colorectal cancer [13]. However, studies on the
effects of the regulation of Mst1 expression on the proliferation
and apoptosis of colorectal cancer cells have not been reported.
In this study, we performed the targeted silencing of Mst1 gene
expression in SW480 colorectal cancer cells with an aim to
investigate the impacts of regulation of Mst1 expression on the
proliferation and apoptosis of colorectal cancer cells and to
determine the underlying mechanisms. Our findings provide
experimental evidence supporting the use of Mst1 in targeted
therapy for colorectal cancer.

Materials and Methods

Cells and experimental grouping
Cells of the human colorectal cancer cell line SW480
(purchased from the Cell Bank of Type Culture Collection
Committee, Chinese Academic of Sciences) were cultured in
H-DMEM complete culture medium (GIBCO Co) containing
100 U/ml penicillin and 100 U/ml streptomycin at 37°C and
5% CO2. SW480 cells were collected when they were in the
logarithmic growth phase and randomly divided into 7 groups:

1) Control group: the cells were seeded at a density of 2 ×
105/well in 6-well plates, the culture medium was removed on
the next day, and serum-free culture performed for another 6 h,
after which the medium was replaced with complete medium
for another 48 h of culture.

2) Group p-EGFP-N1: cells were transfected with the p-
EGFP-N1 plasmid and cultured for 48 h.

3) Group p-EGFP-Mst1: cells were transfected with the p-
EGFP-Mst1 plasmid and cultured for 48 h.

4) Group 20 μmol/l 5-FU: 20 μmol/L 5-FU (Ameresco Co)
was added on the next day of seeding and the cells were
cultured for 48 h.

5) Group 20 μmol/l 5-FU+p-EGFP-Mst1: cells were
transfected with the p-EGFP-Mst1 plasmid on the next day of
seeding and cultured for 24 h; 20 μmol/l 5-FU was then added
and the cells were cultured for another 24 h.

6) Group NC-siRNA: cells were transfected with NC-siRNA
and cultured for 48 h.

7) Group Mst1-siRNA3: cells were transfected with Mst1-
siRNA3 and cultured for 48 h.

The transfection efficiency was determined after every
transfection. The MTT assay was used for the determination of

cell proliferation in each group, flow cytometry was used for
determining the apoptosis rate and RT-qPCR and western blot
analyses were performed to determine the gene expression in
each group.

Transfection
PolyJetTM in vitro DNA transfection reagent was used to
mediate the transfection of pEGFP-N1-Mst1 recombinant
plasmid (Cat# SL100688; SigmaGen, Rockville, USA) and the
empty vector plasmid pEGFP-N1 (Clontech, Mountain View,
USA) into the SW480 cells. First, the SW480 cells were
cultured in six-well plates until the cell confluence reached
60-70%; the medium was discarded before transfection, and
900 μl of fresh complete medium was added into each well,
followed by incubation for 30-60 min. We then added 100 μl of
transfection solution into each well, mixed the wells gently,
and cultured them at 37°C and 5% CO2 for 5 h; 10% FBS-
containing DMEM culture (TransGen Biotech, Beijing, China)
was then added, and the cells were cultured for another 24-48
h. Fluorescence microscopy was then performed to observe
and photograph the transfection efficiencies.

The transfection solution was prepared as follows: solution A
was prepared by dissolving 1 μg of plasmid in 50 μl of serum-
free DMEM medium; the solution was mixed by gentle
repeated pipetting for 3-4 times. Solution B contained 3 μl of
PolyJetTM reagent dissolved in 50 μl of serum-free DMEM
medium, mixed by gentle repeated pipetting 3 to 4 times.
Solution C (transfection solution) was prepared by quickly
adding solution B into solution A followed by quick repeated
pipetting 3 to 4 times. The solution was then allowed to stand
for 15 min at room temperature.

Design and screening of siRNA
According to the human Mst1 (cDNA) sequence, the siRNA
molecule was designed and synthesized by Shanghai Novobio
Biological Technology Co., Ltd. The siRNA was double-
stranded with a 21-bp sense strand including 19 bp of target
sequence and 2 TT residues at the 3’ end, and a 21 bp antisense
strand exactly complementary to the target sequence; the
average molecular weight was 13,300. The sequences were
identified to have no homology with any of the genes except
Mst1 based on the sequence data obtained from GenBank. An
appropriate amount of DEPC water was added to achieve a
final concentration of 20 μM. Cells were seeded in six-well
plates and cultured with FBS and antibiotic-containing DMEM
medium (the number of inoculated cells should reach 50-70%
confluence within 24 h). After the cells adhered to the walls of
the plates after 4 h, appropriate amounts of the transfection
reagent Lipofectamine TM2000 at a ratio of 1:1 were added to
the siRNA for transfection.

MTT assay
The cells were collected and added to H-DMEM complete
medium to obtain a single cell suspension. The cells were then
seeded at a concentration of 1 × 103 to 1 × 104 cells/well into
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96-well plates, with 200 µl of suspension in each well (the
edges of the well were filled with sterile PBS). Transfection
was performed and different concentrations of the drug were
added for treatment. Each treatment was performed on three
wells. After culturing in a cell incubator for 24 h, 48 h, or 72 h,
20 µl of MTT (Beyotime, Haimen, China) was added into each
well, and the cells were cultured for another 4 h before the
treatment was terminated. The wells were shaken for 10 min to
fully dissolve the crystals. The absorbance in each well was
detected at 490 nm 3-5 times, and the results were recorded.
The rate of inhibition of cell proliferation was as determined as
follows: Cell proliferation inhibition rate (%)=1-cell survival
rate=(1-Absorbance of the experimental group at 490 nm/
Absorbance of the control group at 490 nm) × 100.

Flow cytometry
The SW480 cells were plated at a density of 1 × 105 cells/ml.
After treatment for 48 h, 1-5 × 105 cells were collected and 500
μl of Binding Buffer was added to suspend the cells. 5 μl of
Annexin V-FITC (MultiSciences, Hangzhou, China) was then
added to the cell suspensions and mixed well. 5 μl of
propidium iodide was added and mixed well. The reaction was
allowed to occur in darkness and at room temperature for 5-15
min, followed by the detection of cell apoptosis by flow
cytometry (Becton Dickinson, Facscallbar type), each analysis
was performed on at least 30,000 events.

RT-qPCR
The primers for RT-qPCR were selected from http://
pga.mgh.harvard.edu/primerbank/ and synthesized by
GeneScript Biotechnology Co., with the primer sequences
shown in Table 1. β-Actin was used as the internal standard,
and the experiment was performed using SYBR®Premix Ex
TaqTM II (Tli RNase H Plus) according to the manufacturer’s
instructions. PCR was performed 40 cycles of: 95°C for 40 s,
58°C for 40 s, and 72°C for 60 s. The relative amount of target
mRNA was determined using the relative expression values by
normalizing the target mRNA Ct values to those for β-Actin
(∆Ct).

Western blot
Total proteins were extracted from the collected cells, followed
by protein denaturation and SDS-PAGE. The total protein
content of each well was 30 μg; the wet transferring method
was used to transfer the proteins onto a Polyvinylidene
Fluoride membrane (PVDF). Bands were detected
immunologically using antibodies against PUMA (Cat.
#55120-1-AP, Proteintech Co., USA), P53 (Cat. #21086-1,
SAB Co.), P73 (Cat. #ab40658, Abcam Co.), Mst1 monoclonal
antibody (Cat. #ab51134, Abcam Co.), YAP (Cat. #4912, Cell
Signaling Technology Co.), P-YAP (Cat. #ab76252, Abcam
Co.) and Caspase-3 monoclonal antibody (Cat. #9665, Cell
Signaling Technology Co.) overnight at 4°C and at a ratio of
1:200. The membrane was then cultured with horseradish
peroxidase-labeled secondary antibody (1: 2000, ZDR-5307,
Beijing Zhongshan Golden Bridge Co.) for 1.5 h. Finally, ECL

immunoassay was performed in the dark. Image-Pro Plus6.0
gel image analysis software was used to scan the gray scale
values of protein bands for semi-quantitative analysis using β-
actin as the control (AF7018, Santa Cruz Co.).

Statistical analysis
SPSS 19.0 statistical software was used for the analysis of
experimental data. The comparisons between the groups were
performed using ANOVA (one-way ANOVA) or an unpaired t-
test, and the pairwise comparison between the groups was
performed using the q test, with P<0.05 considered to indicate
statistical significance.

Results

Plasmid transfection efficiency
The SW480 cells transfected with p-EGFP-N1 and p-EGFP-
Mst1 plasmids, in which about 80% of the cells exhibited
green fluorescence under fluorescence microscopy (Figure S1),
while the control group showed no fluorescence. In addition,
the NC-FAM-siRNA group also showed green fluorescence,
suggesting that the siRNA fragment was transferred into the
SW480 cells.

Proliferation and apoptosis of the SW480 cells
MTT colorimetric assay was performed to determine the
effects of Mst1 gene overexpression on the proliferation of
SW480 cells. The results showed that (Figure 1) the p-EGFP-
Mst1, 5-FU and p-EGFP-Mst1+5-FU groups exhibited
significantly higher growth inhibition rates than the control
group or the p-EGFP-N1 group within 48 h (P<0.01). In
addition, compared to the p-EGFP-Mst1 or 5-FU groups, the p-
EGFP-Mst1+5-FU group exhibited significantly stronger
proliferation inhibition (P<0.01), indicating that the
overexpression of the Mst1 gene could inhibit the growth of
SW480 cells, and the effects were enhanced with 5-FU.

Figure 1. Impacts of Mst1 gene overexpression on proliferation of
SW480 cells. **P<0.01 vs. Control or p-EGFP-N1; #P<0.05 vs. p-
EGFP-MST1; ΔP<0.05 vs. 5FU.
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Figure 2. The apoptosis rate of SW480 cells after the treating in each
group. Note: (A) Control. (B) p-EGFP-N1. (C) p-EGFP-Mst1. (D)
5FU. (E) p-EGFP-Mst1+5FU. (F) The statistical analysis of the
apoptosis rate. **P<0.01 vs. Control or p-EGFP-N1; ##P<0.01 vs. p-
EGFP-Mst1; ΔΔP<0.01 vs. 5FU.

As determined by flow cytometry (Figure 2), the total
apoptosis rate, early apoptosis rate (Annexin V-FITC+/PI-, right
lower limit), and late apoptosis rate (Annexin V-FITC+/PI+,
right upper limit) of the p-EGFP-Mst1 and 5-FU groups were
significantly higher than those of the control and the p-EGFP-
N1 groups (P<0.01). The total apoptosis rate and early
apoptosis rate of the p-EGFP-Mst1+5FU group were
significantly higher than those of the control and p-EGFP-N1
groups (P<0.05). The total apoptosis rate and early apoptosis
rate of group p-EGFP-Mst1+5FU were also both significantly
higher than those of the p-EGFP-Mst1 or 5FU groups
(P<0.05), indicating that the Mst1 gene could promote the
apoptosis of the SW480 cells; this effect would be further
enhanced with the use of 5-FU.

mRNA expression
As shown in Figure 3, the mRNA expression of Mst1 in the p-
EGFP-Mst1 and p-EGFP-Mst1+5FU groups was
approximately 40-fold and 70-fold higher than that in the
control group (Figure 3A); the expression in these groups was
significantly higher than those in the control and p-EGFP-N1
groups (P<0.01). The mRNA expression of p73 (P<0.01), p53
(P<0.05), PUMA (P<0.01), and caspase-3 (P<0.01) in the p-
EGFP-Mst1 group were increased by varying degrees. The
expression of p73 increased by ~3.5-fold, that of p53 increased
by ~2-fold, that of PUMA increased by ~1.8-fold, and that of
caspase-3 increased by ~5-fold in comparison with the control
and p-EGFP-N1 groups (Figures 3B and 3C). The mRNA
expression of CTGF, AREG, and YAP in the p-EGFP-Mst1
group decreased to 0.2-, 0.6-, 0.4-fold of those in the control
group (Figure 3D), and the differences in comparison to the
expression in the control and p-EGFP-N1 groups were
significant (P<0.05). The mRNA expression of CTGF, AREG,
and YAP in the p-EGFP-Mst1+5FU group was decreased to
about 0.2-fold of that in the control group, and the expression
was significantly different from that in the p-EGFP-Mst1
(P<0.05) and 5FU (P<0.05) groups. This indicated that the

overexpression of the Mst1 gene could upregulates the mRNA
levels of p73, p53, PUMA, and caspase-3, while
downregulating those of CTGF, AREG, and YAP.

Figure 3. Cells were transfected with plasmids and cultured for 48 h
then RT-qPCR of Mst1, p73, p53, puma, caspase-3, yap, CTGF
AREG mRNA of SW480 cells in each group were performed. Each
experiment was repeated three times. *P<0.05, **P<0.01 vs. Control
or p-EGFP-N1; #P<0.05, ##P<0.01 vs. p-EGFP-Mst1; ΔP<0.05,
ΔΔP<0.01 vs. 5-FU.

Protein expression
Western blot was used to determine the protein expression of
Mst1, YAP, Phospho-YAP1 (Ser127) P73, P53, PUMA, and
Caspase-3. As shown in Figure 4, compared to the control and
p-EGFP-N1 groups, the total Mst1 protein in the p-EGFP-Mst1
group was increased by about 2.2-fold, and that of Phospho-
YAP1 (Ser127)/YAP was increased by about 4.5-fold. The
protein expressions of p73 (P<0.01), p53 (P<0.01), PUMA
(P<0.05), and Caspase-3 (P<0.01) were significantly different
from those in the control and p-EGFP-N1 groups. Total Mst1
protein expression in the p-EGFP-Mst1+5-FU group increased
by about 2.5-fold when compared to that in the control and p-
EGFP-N1 groups, and the expression of Phospho-YAP1
(Ser127)/YAP also increased by about 20-fold (Figure 4C).
The protein expression of p73, p53, PUMA, and Caspase-3
exhibited significant differences compared to the expression in
the control and p-EGFP-N1 groups (P<0.01). Compared with
the pEGFP-Mst1 or 5-FU groups, the p-EGFP-Mst1+5-FU
group showed a 4.5-fold increase in the expression of Phospho-
YAP1 (Ser127)/YAP. The results showed that Mst1
overexpression could promote the phosphorylation of YAP in
SW480 cells, and could enhance the protein expression of p73,
p53, PUMA, and Caspase-3. The addition of 5-FU could
further increase the expression of these proteins in the SW480
cells.

Effects of silencing of the Mst1 gene on the
proliferation and apoptosis of SW480 cells
RT-qPCR (Figure 5A) showed that all the three siRNA
fragments decreased Mst1 mRNA levels to varying levels. The
differences in the Mst1 mRNA expression of the three siRNA
fragments exhibited significant differences in comparison to
the expressions in the control or NC-siRNA groups. The
silencing efficiency in the Mst1-siRNA3 group was the highest
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(P<0.01) at about 85.7%. Western blot results, as shown in
Figure 5B, indicated that the transfection with these three
siRNA segments downregulated the expression of the Mst1
protein to varying degrees. The largest degree of
downregulation was observed in the Mst1-siRNA3 group
(0.580 ± 0.029) (about 41.1%), and the expression was
significantly different from that in the control group (P<0.01).

Figure 4. Expression results of MST1, etc., in each group by Western
blot. **P<0.01 vs. Control or p-EGFP-N1; ##P<0.01 vs. p-EGFP-
Mst1; ΔΔP<0.01 vs. 5-FU. IOD: Integrated Optical Density.

Figure 5. The screening of siRNA fragments in SW480 cells. Note:
(A) RT-qPCR of Mst1 mRNA relative expression after the transfection
of siRNAs. (B) Western blot analysis of Mst1 expression after the
transfection of siRNAs. (C) Relative levels assessed by gray-values
and statistical analysis of MST1 expression. Values were normalized
to β-actin protein. *P<0.05, **P<0.01 vs. control.

Based on these results, we selected the Mst1-siRNA3 fragment
as the fragment for further use in the targeted silencing of
Mst1.

Figure 6 showed that, after 48 h of transfection, the absorbance
in the Mst1-siRNA3 group was significantly higher than that in
the control and NC-siRNA groups (Figure 6A) (P<0.01). In
addition, the proliferation rate in this group was negative,
indicating that cell proliferation was promoted (Figure 6B).
The differences in comparison to the control and NC-siRNA
groups were statistically significant (P<0.01).

As shown in Figure 7, compared to the control and NC-siRNA
groups, the Mst1-siRNA3 showed significantly lower rates of
total apoptosis, early apoptosis (Annexin V-FITC+/PI-, right
lower limit), and late apoptosis (Annexin V-FITC+/PI+, upper

limit) (P<0.01), which indicated that Mst1 silencing could
inhibit the apoptosis of the SW480 cells.

Figure 6. The cell growth of SW480 cells in each group was detected
by MTS assay. Note: (A) The absorbance values of SW480 cells in
each group. (B) The proliferation inhibition rate of SW480 cells in
each group. **P<0.01 vs. Control or NC-siRNA.

Figure 7. The apoptosis rate of SW480 cells in each group. Note: (A)
Control, (B) NC-siRNA, (C) MST1-siRNA, (D) 5-FU, (E) The
statistical analysis of the apoptosis rate; **P<0.01 vs. Control or NC-
siRNA.

Effects of the targeted silencing of the Mst1 gene on
the mRNA expression of p73, p53, YAP, PUMA,
CTGF, AREGE, and caspase-3
RT-qPCR results revealed that (Figure 8), compared to the
control and NC-siRNA groups, the Mst1-siRNA3 group
showed a significantly lower Mst1 mRNA expression (Figure
8A); the Mst1 mRNA expression was about 0.15-fold of the
control group, and the difference was statistically significant
(P<0.01). The mRNA expression of p73 (P<0.01), p53
(P<0.05) and PUMA (P<0.05) was also decreased by different
degrees, and the differences were significant in comparison to
those in the control and NC-siRNA groups (Figures 8B and
8C). In addition, the mRNA expression of CTGF, AREG, and
YAP in the Mst1-siRNA3 group were 20-, 2-, and 4-fold higher
than those in the control group (Figure 8D), and the differences
were statistically significant (P<0.01), indicating that Mst1
silencing could downregulates the mRNA levels of p73, p53,
and PUMA, while upregulating the mRNA levels of CTGF,
AREG, and YAP.

Effect of targeted mammalian sterile 20-like kinase 1 regulation on proliferation and apoptosis of SW480 colorectal
cancer cells
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Figure 8. Quantitative RT-PCR analysis of Mst1, p73, p53, YAP,
PUMA, CTGF, AREGE and Caspase-3 mRNA expression in each
group SW480 cells. *P<0.05, **P<0.01 vs. Control or NC-siRNA.

Figure 9. Western blot analysis of MST1, YAP, phospho-YAP1
(Ser127), P73, P53, PUMA and Caspase-3 of SW480 cells in each
group. Note: (A) The expression of proteins such as MST1, YAP,
phospho-YAP1 (Ser127), p73, p53, PUMA and Caspase-3 detected by
western blot. (B-E); Relative levels assessed by gray-values and
statistical analysis of MST1, YAP, phospho-YAP1 (Ser127), p73, p53,
PUMA and Caspase-3. Values were normalized to β-actin protein.
*P<0.05, **P<0.01 vs. Control or NC-siRNA.

Effects of the targeted silencing of the Mst1 gene on
the protein expression of YAP, P73, p53, PUMA, and
Caspase-3 and the phosphorylation level of YAP
Western blot assay revealed that (Figure 9) the MST1 protein
expression in the Mst1-siRNA3 group was 0.6-fold of the
control group (Figure 9B), and the ratio of Phospho-YAP1
(Ser127)/YAP was 0.3-fold of that in the control group (Figure
9C). The protein expression of P73 (P<0.05), P53 (P<0.01),

PUMA (P<0.01), and Caspase-3 (P<0.01) was significantly
lower than that in the control or NC-siRNA groups (Figures 9D
and 9E), indicating that Mst1 silencing could downregulate the
protein expression of p73, p53, PUMA, and Caspase-3 in the
SW480 cells, and inhibit the phosphorylation of the YAP
protein.

Table 1. Sequence of synthetic siRNA.

SiRNA sample SiRNA sequence (5' to 3')

Mst1-siRNA-245 Sense CCGGCCAGAUUGUUGCUAUTT

(Mst1-siRNA1) Anti-sense AUAGCAACAAUCUGGCCGGTT

Mst1-siRNA-716 Sense CCCUGGGAAUAACUGCCAUTT

(Mst1-siRNA2) Anti-sense AUGGCAGUUAUUCCCAGGGTT

Mst1-siRNA-1127 Sense CCAUGACUGAUGGAGCCAATT

(Mst1-siRNA3) Anti-sense UUGGCUCCAUCAGUCAUGGTT

Negative Control Sense UUCUCCGAACGUGUCACGUTT

(NC-siRNA) Anti-sense ACGUGACACGUUCGGAGAATT

Negative Control Sense UUCUCCGAACGUGUCACGUTT

FAM Anti-sense ACGUGACACGUUCGGAGAATT

Discussion
Colorectal cancer is one of the most common human
malignancies, with its incidence rate ranked third among the
malignant tumors in the world [19]. Studies have shown that
Mst1 could be a potential therapeutic target for tumor [1,8] or
chronic vascular diseases. Xu et al. [1] found that when Mst1
was transfected into Non-Small Cell Lung Cancer (NSCLC)
cells, Mst1 would be re-expressed, thus inactivating the
oncogene Yap1 and phosphorylating Yap1 at the Ser127
residue, which eliminated the tumorigenicity and promoted
apoptosis of the NSCLC cells. Ono et al. [20] introduced Ad-
Mst1 into the vascular smooth muscle cells, and found the
number of apoptotic cells to increase. This indicated that Mst1
could promote the apoptosis of vascular smooth muscle cells.
The Mst1 gene in the Hippo signaling pathway can inhibit the
accumulation of the YAP protein in cell nuclei, thus limiting
cell growth; it was also found that the expression of the YAP
protein in colorectal cancer was the highest [14]. However, the
cell proliferation and tumorigenesis caused by the loss of the
Mst1 gene in Drosophila and murine animals could be
neutralized by the reduction or absence of YAP, suggesting that
the Mst1 gene might control cell proliferation and
tumorigenesis through YAP [21]. The results of this study
showed that overexpression of Mst1 increased the ratio of
Phospho-YAP1 (Ser127)/YAP as well as the phosphorylation
level of YAP. Further, the expression of apoptosis-related
genes, such as p73, p53, PUMA, and caspase-3, was increased,
while the mRNA levels of downstream transcription factors
downstream of YAP, as CTGF and AREG, were
correspondingly decreased. Cell proliferation was reduced
while apoptosis was increased.
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When Mst1 was silenced, the ratio of Phospho-YAP1
(Ser127)/YAP decreased, YAP was less phosphorylated, the
expression of p73, p53, PUMA, and Caspase-3 reduced, and
the mRNA levels of CTGF and AREG correspondingly
increased, so that the proliferation rate of the SW480 cells
increased while the apoptosis rate decreased. These results
confirmed that the Mst1 gene could control cell proliferation,
apoptosis, and tumorigenesis through YAP. Strano et al. [22,23]
found that after YAP was phosphorylated to Phospho-YAP,
without treatment with CDDP, Phospho-YAP (Ser127) would
combine with the 14-3-3 protein inside the cytoplasm.
However, after treatment with CDDP, Phospho-YAP (Ser127)
might dissociate from the 14-3-3 protein, enter nuclei, and then
combine with PML, p73, and p300 to form a transcriptional
activator complex. When apoptotic conditions are satisfied, the
complex promotes the transcription of p53AIP1 (p53-regulated
apoptosis-inducing protein 1) and Bax, leading to apoptosis.
p53AIP1 is a target gene of p53, which can mediate p53-
dependent apoptosis [24], and p53-dependent apoptotic target
genes include Bax [25], Fas [26,27], and PUMA [28,29].
Therefore, we believe that the targeted regulation of Mst1
expression in cells can be used in the clinical treatment of
colorectal cancer. Mst1 can be used to promote the
phosphorylation of YAP (Ser127) inside the cytoplasm, so that
the Phospho-YAP1 inside cytoplasm will dissociate from the
14-3-3 protein, enter nuclei, and act with p73 to increase the
expression of p53 and PUMA, activate caspase-3, and enhance
the apoptosis of the cancer cells. At the same time, after Mst1
expression is increased, the content of YAP entering the nuclei
from the cytoplasm would be reduced, resulting in decrease in
the expression of CTGF and AREG, thereby reducing the
expressions of cell proliferation-related genes and inhibiting
cell proliferation.
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