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RESEARCH PAPER

Myosin light chain 9 promotes the proliferation, invasion, migration and 
angiogenesis of colorectal cancer cells by binding to Yes-associated protein 1 
and regulating Hippo signaling
Min Fenga, Ningfei Donga, Xin Zhoua, Lihong Mab, and Rui Xiangb

aDepartment of Gastroenterology, East Hospital of Zibo Central Hospital, Shandong Province, Zibo City, China; bDepartment of 
Gastroenterology, West Hospital of Zibo Central Hospital, Zibo, Shandong Province, China

ABSTRACT
Colorectal cancer is a common type of cancer with high incidence and poor prognosis. Increased 
expression of myosin light chain 9 (MYL9) has been reported in early-stage and recurrent color-
ectal cancer tissues. This study aimed to investigate the precise role of MYL9 on the progression of 
colorectal cancer. MYL9 expression in several colorectal cancer cell lines was detected by Western 
blotting and RT-qPCR. Following MYL9 overexpression or knockdown, MYL9 expression was 
determined via RT-qPCR. Cell proliferation was detected with Cell Counting Kit-8 assay. Cell 
invasion, migration and angiogenesis were, respectively, examined with transwell, wound healing 
and tube formation assays. The binding between MYL9 and Yes-associated protein 1 (YAP1) was 
verified by a co-immunoprecipitation assay. The expression of YAP1, connective tissue growth 
factor and cysteine-rich angiogenic inducer 61 was examined by Western blotting. Subsequently, 
YAP1 silencing or Hippo antagonist was performed to clarify the regulatory mechanisms of MYL9 
in colorectal cancer progression. Experimental results showed that MYL9 expression was elevated 
in colorectal cancer cell lines. MYL9 overexpression promoted cell proliferation, invasion, migra-
tion and angiogenesis, while silencing of MYL9 exerted the opposite effects. Results of co- 
immunoprecipitation assay indicated that MYL9 could bind to YAP1. Further experiments revealed 
that MYL9 affected the expression of YAP1 and its downstream signaling proteins. Afterward, 
YAP1 knockdown or the addition of Hippo antagonist inhibited the proliferation, invasion, migra-
tion and angiogenesis of colorectal cancer cells. Overall, MYL9 promotes the proliferation, inva-
sion, migration and angiogenesis of colorectal cancer cells by binding to YAP1 and thereby 
activating Hippo signaling.
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Introduction

Colorectal cancer ranks third among all common 
cancers worldwide, and the number of deaths 
increases annually with age [1]. Colorectal cancer 
is more prevalent in Western countries, and its 
incidence is lower in women than in men. 
Although incidence rates are beginning to decline 
in highly developed countries due to the availability 
of screening programs and colonoscopies [2], the 
incidence rates of colorectal cancer in developing 
countries are not encouraging due to the high cost 
of screening and surgery [3]. Furthermore, there has 
been a significant increase in the rates of colorectal 
cancer in patients aged <50 years [4]. Despite the 
fact that genetics, lifestyle, obesity and environmen-
tal factors may be associated with the incidence of 

colorectal cancer, the exact reasons for the increased 
number of cases are not fully understood [5].

Myosin light chain 9 (MYL9) is the most exten-
sively studied member of the myosin superfamily. 
MYL9 protein expression increases significantly 
with tumor recurrence [6]. However, the expres-
sion of MYL9 in cancer cells is controversial. 
MYL9 expression was shown to be higher in eso-
phageal squamous cell carcinoma [7] but lower in 
prostate cancer [8] and non-small cell lung cancer 
[9]. Additionally, it has been suggested that MYL9 
expression is increased in early-stage [10] and 
recurrent colorectal cancer tissues [11]. However, 
the specific role and regulatory mechanisms of 
MYL9 in colorectal cancer have not been exten-
sively investigated.
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On the other hand, on the basis of database the 
BioGRID database (https://thebiogrid.org/), MYL9 
can combine with Yes-associated protein 1 
(YAP1). YAP1 signaling is a pro-cancer signaling 
pathway involved in the role of colorectal cancer 
[12]. YAP1 promotes cancer development in 
a variety of ways, including promoting 
a malignant phenotype, expansion of cancer stem 
cells, and cancer cell resistance [13]. Thus, phar-
macological or genetic inhibition of YAP1 can 
inhibit tumor progression. Numerous studies 
have demonstrated that YAP1 plays an important 
role in the development of colorectal cancer, pro-
moting the proliferation and survival of colorectal 
cancer cells [14]. YAP1 is one of the most impor-
tant regulators in the Hippo pathway, which is 
a novel tumor suppressor pathway [15]. The 
Hippo signaling pathway acts as a key player in 
the regulation of cell proliferation, migration and 
organ growth [13].

In the current study, the expression of MYL9 in 
several colorectal cancer cell lines was detected. 
Then, MYL9 was silenced or overexpressed to 
explore whether MYL9 affects the biological beha-
vior of colorectal cancer cells. The latent regula-
tory mechanism of MYL9 related to AP1-Hippo 
signaling in HCC progression is explored.

Materials and methods

Cell culture and treatment

Human normal intestinal epithelium cells 
(NCM460) and several colorectal cancer cell lines 
(SW480, SW620, HT-29, HCT116) were obtained 
from American Type Culture Collection (ATCC; 
Manassas, VA, USA). Cells were grown in 
Dulbecco’s modified Eagle medium (DMEM; 
Gibco, Carlsbad, CA, USA) containing 10% fetal 
bovine serum (FBS; Rwdls, Shenzhen, China) and 
100 U/mL penicillin, and 100 mg/mL streptomy-
cin in a humidified atmosphere of 5% CO2 at 
37°C. The human umbilical vein endothelial cells 
(HUVECs) were maintained in the Vascular Cell 
Basal Medium (ATCC, Manassas, VA, USA) con-
taining with Vascular Endothelial Cell Growth Kit- 
VEGF (Abebio, Wuhan, China) at 37°C in 
a suitable incubator. Hippo inhibitor (CA3) dis-
solved in dimethylsulfoxide was purchased from 

SelleckChem and diluted to 1 μM with phosphate 
buffer saline (PBS) before use [16,17]. HCT116 
cells were treated with 1 μM hippo inhibitor for 
1 h before transfection.

Cell transfection

Specific small interfering RNA (siRNA) and nega-
tive control siRNAs were synthesized by 
Invitrogen (Thermo Fisher Scientific, Inc.). 
SiRNAs against MYL9, namely si-MYL9-1 and si- 
MYL9-2, as well as siRNA-YAP1-1 and siRNA- 
YAP1-2 were transfected into HCT116 cells by 
using Lipofectamine 3000 transfection reagent 
(Invitrogen, Thermo Fisher Scientific, Inc.) follow-
ing the recommendations of manufacturer. 
A plasmid encoding MYL9 (Shanghai 
GenePharma Co., Ltd.) was designed to overex-
press MYL9. The successful transfection was eval-
uated via reverse transcription-quantitative PCR 
(RT-qPCR) and Western blot assays at 48 h after 
transfection.

Cell proliferation assay

Cell proliferation was determined by Cell 
Counting Kit-8 (CCK-8; Dojindo, Tokyo, Japan). 
HCT116 cells (1 × 103 cells/well) were seeded in 
96-well plates for the incubation of 24, 48, 72 h 
under the conditions of 37°C and 5% CO2. 
Subsequently, 10 μL CCK-8 solution was added 
into medium. Cell proliferation was estimated 
with a microplate reader (Reagen, Shenzhen, 
China) at absorbance of 450 nm.

RT-qPCR assay

RT-qPCR was used in the detection of mRNA 
expression of the MYL9 and YAP1 genes. RNA 
extraction was carried out in HCT116 cell lines 
using Eastep® Super Total RNA Extraction Kit 
(Promega Corporation). Experimental steps were 
performed strictly as instructed by the reagent 
manufacturer. RNA transcription was reverse 
transcribed to complementary DNA (cDNA) 
using an RT kit (Takara, Biotechnology Co., 
Ltd.). The concentration and purity of RNA were 
determined by using a BioPhotometer (Eppendorf, 
Hamburg, Germany). Afterward, PCR assays were 
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performed with SYBR Green PCR Master Mix 
(Applied Biosystems; Thermo Fisher Scientific, 
Inc.) on an ABI 7300 thermal-recycler (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). Gene 
expression was calculated as fold change according 
to the 2−ΔΔCq method [18]. The glyceraldehyde- 
phosphate dehydrogenase (GAPDH) was used as 
an endogenous control for normalization.

Western blotting

Cell lysis buffer was used to cleave proteins on ice for 
30 min. Then, the lysed cells were processed by 
centrifugation for 10 min and the supernatant was 
collected and protein quantification was performed 
by means of a bicinchoninic acid (BCA) Protein 
assay kit (GlpBio, Montclair, USA) following the 
standard procedures of the manufacturer. Total pro-
tein (50 μg per lane) was separated with the help of 
12% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) gel electrophoresis and 
then transferred to polyvinylidene fluoride (PVDF) 
membranes (Roche, Basel, Switzerland), which were 
later washed with PBS three times and blocked with 
5% skimmed milk. For the next step, the membranes 
were incubated with diluted antibody overnight at 
4°C. After three series of washing at room tempera-
ture, the corresponding secondary antibodies were 
added for 1 h incubation. Finally, visualization was 
performed with the enhanced chemiluminescent 
substrate (Yeasen, Shanghai, China) solution. 
ImageJ software (National Institutes of Health) was 
used to evaluate the band density. The relative pro-
tein expression was calculated using GAPDH as the 
loading control.

Wound healing assay

Cells were plated into 6-well plates. Once the cells 
reached 95% confluence, a pipette tip was utilized to 
scratch the cell monolayers. The original medium was 
discarded and replaced with a serum-free medium. 
Cell images were taken by an inverted microscope 
(Olympus, Tokyo, Japan) 48 h after transfection.

Cell invasion assay

Transwell assay was carried out to test the cell 
invasion capacity after cell transfection for 48 h. 

Briefly, Matrigel was diluted and smeared on the 
upper chamber side of the membrane at the bot-
tom of the chambers and placed at 37°C for 
30 minutes to polymerize into a gel. Then, cell 
suspensions were prepared and added to the 
chambers. The lower chamber was filled with the 
medium containing 10% FBS. Subsequently, the 
chambers were removed and the culture medium 
was discarded, washed twice with calcium-free 
PBS. Cells were fixed with methanol for 30 minutes 
and then stained with 0.1% crystal violet for 
20 min. The non-invading cells on the upper sur-
face of the filter were gently wiped off with cotton 
swabs, followed by washing, and the invading cells 
were finally counted under a microscope 
(Olympus, Tokyo, Japan).

Tube formation assay

The angiogenic capacity of tumor cells was deter-
mined by a tube formation assay. Pre-chilled 
Matrigel was applied to 24-well plates and incu-
bated for 45 min at 37°C. The prepared suspension 
of HUVECs was added to each well coated with 
gel and treated differently in the culture medium. 
Finally, after 24 h incubation, the formation of 
endothelial tubes was observed and photographed 
under a microscope (Olympus, Tokyo, Japan).

Co-immunoprecipitation (Co-IP) detection

Co-IP was performed to determine the binding of 
proteins in HCT116 cells. The treated supernatant 
was collected and added to the corresponding anti-
body for 1 h at 4°C with shaking. Add Protein 
A-Sepharose suspension was added by shaking at 
4°C for 30 minutes. After washing and collecting, 
1X SDS Gum Spiking Buffer and mixture were 
added into the pellet beads and boiled for 4 min-
utes. The samples were added to the SDS-PAGE 
gradient gel for electrophoresis overnight. The 
protein bands were observed by using Komas 
Brilliant Blue staining. Subsequently, the sections 
were washed twice with 1 ml 50% acetonitrile for 
3 min and the proteins in the gel were digested 
with trypsin. The peptides were separated by nar-
row-well high-performance liquid chromatogra-
phy (Agilent Technologies, Santa Clara, CA, 
USA). The collected peptides were subjected to 
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automated Edman degradation sequencing on an 
ABI 477A (Thermo Fisher Scientific, Waltham, 
MA, USA).

Statistical analysis

Values are presented as the mean ± standard 
deviation and analysis was performed using 
GraphPad Prism 8.0 (GraphPad Software, Inc.). 
Differences among groups were evaluated by one- 
way analysis of variance (ANOVA) with Tukey’s 
post hoc test. A level of p < 0.05 was considered 
significant.

Results

MYL9 expression is increased in colorectal cancer 
cell lines

Compelling evidence indicates that MYL9 protein 
expression increases significantly with tumor 
recurrence and MYL9 level is elevated in early- 
stage and recurrent colorectal cancer tissues 
[10,11]. To explore the precise role of MYL9 on 
the progression of colorectal cancer, the expression 
of MYL9 in several human colorectal cancer cell 
lines was measured via Western blotting and RT- 
qPCR. As presented in Figure 1a and b, MYL9 
protein and mRNA expression was upregulated 
in colorectal cancer cell lines SW480, SW620, 
HT-29 and HCT116, compared with the 
NCM460 cells. HCT116 cells were subsequent 
assays as MYL9 expression was highest in this 
cell line. These results indicate the abnormally 
high expression of MYL9 in colorectal cancer cells.

MYL9 regulates proliferation, migration, invasion 
and angiogenesis of colorectal cancer cells after 
overexpression or knockdown of MYL9

To verify the influence of MYL9 on the progression 
of colorectal cancer, MYL9 was silenced or overex-
pressed by transfection with siRNA-MYL9 or Ov- 
MYL9 in HCT116 cells. There was a notable down-
regulation in the expression of MYL9 compared with 
the siRNA group after MYL9 knocked down 
(Figure 2a). SiRNA-MYL9-1 was chosen for the 
next experiments on account of its stronger level of 
interference. As presented in Figure 2b, MYL9 
expression was rapidly increased after transfection 
with Ov-MYL9, as compared with the empty vector 
control group. Additionally, it can be easily observed 
in Figure 2c that proliferation of HCT116 cells was 
remarkably decreased following transfection with 
siRNA-MYL9-1 compared with the siRNA-NC 
group, while a dramatic rise was found after MYL9 
overexpression when compared with the Ov-NC 
group. As presented in in Figure 2d-G, cell migration 
and invasion were decreased following transfection 
with siRNA-MYL9-1, but there was a notable 
increase in both following MYL9 overexpression. 
Additionally, results of Figure 2h reveals that there 
was a marked decrease in the protein levels of matrix 
metalloproteinase (MMP)2 and MMP9 following 
MYL9 knockdown, while there was a notable 
increase in the expression of MMP2 and MMP9 
protein levels following MYL9 overexpression. 
These findings suggested that MYL9 silencing inhi-
bits the proliferation, migration and invasion of 
HCT116 cells while MYL9 overexpression promotes 
the proliferation, migration and invasion of HCT116 
cells.

Figure 1. MYL9 expression was elevated in colorectal cancer cell lines. (a-b) Detection of MYL9 protein and mRNA expression in 
several colorectal cancer cell lines (SW480, SW620, HT-29 and HCT116) and human normal intestinal epithelium cells (NCM460) using 
Western blotting and RT-qPCR. ***P < 0.001 vs. NCM460.
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MYL9 affects the angiogenesis of colorectal 
cancer cells after overexpression or knockdown 
of MYL9
Accumulating study confirms that angiogenesis 
plays an important role in the development of 
tumor metastasis, and inhibition of this process 
can significantly prevent the development and 
spread of tumor [19,20]. In this study, HUVECs 

were added to each group of medium to verify the 
angiogenic ability by means of a tube formation 
assay. The tubule formation capacity of siRNA- 
MYL9 was diminished compared to siRNA-NC 
but increased in Ov-MYL9 compared to Ov-NC 
(Figure 3). We suggest that expression of MYL9 is 
positively correlated with the angiogenic ability of 
colorectal cancer cells.

Figure 2. MYL9 affected cell proliferation, migration and invasion of colorectal cancer cells after overexpression or knockdown of 
MYL9. (a) Detection of MYL9 mRNA expression after transfection with siRNA-MYL9-1 or siRNA-MYL9-2 in HCT116 cells by RT-qPCR 
assay. ***P < 0.001 vs. siRNA-NC. (b) Inspection of overexpression of MYL9 in colorectal cancer cell lines was carried out by RT-qPCR. 
***P < 0.001 vs. Ov-NC. (c) CCK-8 was adopted to detect cell proliferation levels. (d-e) Wound healing was used to evaluate the 
ability of cell migration. (f-g) Transwell assay was performed for cell invasion. (h). Western blot assay was used to test the expression 
of MMP2 and MMP9. **P < 0.01, ***P < 0.001 vs. siRNA-NC; ###P < 0.001 vs. Ov-NC.
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MYL9 can interact with YAP1 and regulate the 
expression of YAP1 and its downstream signaling 
proteins after overexpression or knockdown of 
MYL9

To explore the potential mechanisms of MYL9 on 
the regulation of colorectal cancer progression, 
BioGRID database (https://thebiogrid.org/) was 
used to predict the genes that could interact with 
MYL9. It was found that YAP1 could bind to MYL9 
(Figure 4a). To explore the relationship between 
MYL9 and YAP1, as well as the impact of MYL9 
on YAP1, the binding between MYL9 and YAP1 was 
verified by Co-IP experiment in HCT116 cells. The 
experiments demonstrated that MYL9 and YAP1 
could bind to each other (Figure 4b). However, this 
is in vitro (Co-IP), and only in cells not in actual 
tissues and therefore we only demonstrated here 
a putative interaction between the two proteins. 
Additionally, the levels of YAP1 and its downstream 
signaling protein connective tissue growth factor 
(CTGF) and cysteine-rich angiogenic inducer 61 
(CYR61) were distinctly reduced following transfec-
tion with siRNA-MYL9-1, but were enhanced fol-
lowing the overexpression of MYL9 (Figure 4c). 
Taken together, MYL9 is demonstrated to bind to 
YAP1, and MYL9 silencing represses the expression 
of YAP1 and its downstream signaling proteins, 
which are promoted by MYL9 overexpression.

MYL9 promotes the proliferation, migration and 
invasion of colorectal cancer cells via 
YAP1-Hippo signaling

To further investigate whether MYL9 affected col-
orectal cancer cells through YAP1-Hippo 

signaling, siRNA-YAP1-1 and siRNA-YAP1-2 
were transfected into HCT116 cells and 1 μM 
Hippo inhibitor was added to the culture medium. 
It was observed that YAP1 expression showed 
a notably downregulation after transfection with 
siRNA-YAP1-1 or siRNA-YAP1-2 (Figure 5a-b). 
SiRNA-YAP1-1 was chosen for the subsequent 
experiment due to the lower YAP1 expression. 
As displayed in Figure 5c, it was shown that 
MYL9 overexpression promoted cell proliferation. 
Following MYL9 overexpression and YAP1 knock-
down, cell proliferation was greatly reduced. 
Similar results were obtained treating the cells 
with a Hippo inhibitor instead of siRNA-YAP1-1. 
Subsequently, it was apparent in Figure 5d-g that 
under the overexpression of MYL9 and 
YAP1knockdown, the migratory and invasive abil-
ities of HCT116 cells were markedly reduced com-
pared with the Ov-MYL9+ siRNA-NC group. 
Similarly, as comparison to the Ov-MYL9 group, 
a same decreased trend was observed in the group 
of MYL9 overexpression and Hippo inhibitor. In 
addition, there was also an obvious reduction in 
the protein levels of MMP2 and MMP9 in both the 
Ov-MYL9+ siRNA-YAP1 and Ov-MYL9+ Hippo 
inhibitor groups (Figure 5h). In general, these 
results demonstrate that MYL9 promotes the pro-
liferation, migration and invasion of colorectal 
cancer cells through YAP1-Hippo signaling.

MYL9 promoted the angiogenesis of colorectal 
cancer cells via YAP1-Hippo signaling

To determine whether MYL9 affected colorectal 
carcinogenesis through YAP1-Hippo signaling, 
angiogenesis was assessed experimentally. 

Figure 3. MYL9 affects the angiogenesis of colorectal cancer cells after overexpression or knockdown of MYL9. Tube formation assay 
was utilized to detect in vitro angiogenic capacity. *P < 0.05 vs. siRNA-NC; ###P < 0.001 vs. Ov-NC.
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According to the results presented in Figure 6, 
YAP1 deletion notably reversed the impact of 
MYL9 overexpression on the tube formation 
capacity. Consistently, the addition of Hippo 
inhibitor also remarkably decreased the ability 
of tube formation in HUVECs when compared 
with the Ov-MYL9 group. These results suggest 
that MYL9 contributes to the angiogenesis of 
colorectal cancer cells through YAP1-Hippo 
signaling.

Discussion

Colorectal cancer remains one of the cancers that 
seriously threaten human health, with poor prog-
nosis and high recurrence rates as obstacles to its 
successful treatment [21,22]. Further research is 

needed to determine treatment goals. In the cur-
rent study, MYL9, a pivotal gene associated with 
recurrence in colorectal cancer patients, was 
selected to determine its role in colorectal cancer. 
This study confirmed that MYL9 was highly 
expressed several colorectal cancer cell lines and 
MYL9 silencing inhibited cell proliferation, inva-
sion, migration and angiogenesis, while MYL9 
overexpression promoted cell proliferation, inva-
sion, migration and angiogenesis. Besides, it was 
also demonstrated that MYL9 could bind to 
YAP1, and MYL9 could regulate the expression 
of YAP1 and its downstream signaling proteins 
CTGF and CYR61. Mechanically, MYL9 pro-
moted the proliferation, invasion, migration and 
angiogenesis of colorectal cancer cells via YAP1- 
Hippo signaling.

Figure 4. MYL9 bound to YAP1 and regulated the expression of YAP1 and its downstream signaling proteins after overexpression 
and knockdown of MYL9. (a) BioGRID database (https://thebiogrid.org/) was used to predict that MYL9 could interact with YAP1. (b) 
Co-IP assay was used to validate the binding between MYL9 and YAP1 in HCT116 cells. (c). Expression of YAP1 and its downstream 
signaling proteins CTGF and CYR61 was examined by Western blotting. ***P < 0.001 vs. siRNA-NC; ##P < 0.01, ###P < 0.001 vs. Ov-NC.
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MYL9 is one of the fibroblast-specific biomarkers 
of poor prognosis in colorectal cancer [23]. The 
increased expression of MYL9 in early-stage color-
ectal cancer tissues and recurrent colorectal cancer 
tissues has been mentioned previously [10,11]. In 
this study, it was found that MYL9 expression was 
notably elevated in several human colorectal cancer 
cell lines. An increasing number of researches have 

validated that MYL9 can play a role in the prolif-
eration, metastasis and invasion of cancer cells. For 
example, it has been shown that MYL9 mediates the 
proliferation, migration and invasion of colon can-
cer tumor stem cells by interacting with sponge 
microRNA-412-3p and long-stranded non-coding 
RNA MBNL1-AS1 [24]. Furthermore, miR-663a 
promotes proliferation and migration of 

Figure 5. MYL9 promoted proliferation, migration and invasion of colorectal cancer cells through YAP1-Hippo signaling. (a-b) 
Western blotting and RT-qPCR were adopted to test the expression level of YAP1 protein and mRNA in after YAP1 silencing. 
***P < 0.001 vs. siRNA-NC. (c) CCK-8 assay was utilized to detect cell proliferation. (d-e) Wound healing was used to evaluate the 
ability of cell migration. (f-g) Transwell assay was performed for the evaluation of cell invasion. (h). Western blot assay was used to 
test the expression of MMP2 and MMP9. ***P < 0.001 vs. control; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. Ov-MYL9+ siRNA-NC; ΔP < 
0.05, ΔΔP < 0.01, ΔΔΔP < 0.001 vs. Ov-MYL9.
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osteosarcoma by targeting MYL9 [25]. 
Overexpression of myocardin-related transcription 
factor A significantly promotes the migration of 
breast cancer cells through reverse transcription of 
MYL9 and CYR61 genes [26]. In this study, MYL9 
silencing was followed by reduced cell proliferation, 
migration and invasion, whereas MYL9 overexpres-
sion exerted the opposite effects on these process. 
Previous evidence has indicated that MMP2 and 
MMP9 are two important genes that are closely 
related to the migration of tumor cells, including 
colorectal cancer [27–29]. The present study 
revealed that MYL9 deletion downregulated the 
expression of MMP2 and MMP9 while MYL9 over-
expression upregulated the expression of MMP2 
and MMP9 in colorectal cancer cells. Moreover, 
angiogenesis plays an important role in the devel-
opment of tumor metastasis, and inhibition of this 
process can significantly prevent the development 
and spread of tumor [19,20]. MYL9 is critical in the 
process of sprouting angiogenesis [30]. Results of 
the current study indicated that MYL9 knockdown 
attenuated the tubule formation capacity of 
HCT116 cells, suggesting the potential pro- 
angiogenic role of MYL9 in colorectal cancer.

Based on the BioGRID database, it was 
demonstrated that MYL9 could bind to YAP1, 
which is a pro-cancer signaling pathway 
involved in colorectal cancer. Cyr61 and CTGF 
are two downstream signaling proteins of YAP1 
that belong to the CCN family and are involved 
in cell proliferation, differentiation and apopto-
sis [31]. It was confirmed by in vitro Co-IP and 
Western blotting assays that MYL9 can bind 

YAP1 to activate or repress its expression and 
that of downstream genes CYR61 and CTGF. It 
has been well reported that YAP1 is 
a transcriptional coactivator of the Hippo path-
way that plays an oncogenic role in a variety of 
malignancies [32–34]. Dysregulation of the 
Hippo pathway may induce tumor development, 
including colorectal, lung, liver and gastric can-
cers [35,36]. In our experiments, MYL9 was 
found to promote proliferation, invasion, migra-
tion, angiogenesis in colorectal cancer cells via 
binding to YAP1 and regulating Hippo signaling.

Conclusion

In conclusion, this study elucidated that MYL9 
potentially regulated cell proliferation, migration, 
invasion and angiogenesis in colorectal cancer by 
interacting with YAP1 and regulating Hippo signal-
ing. This work on MYL9 identified its novel effects 
in colorectal cancer. Later efforts will be concen-
trated on determining the mechanism of this effect, 
potentially giving rise to novel molecules that make 
use of this property to prevent colorectal cancer.
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