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Background: Colorectal cancer (CRC) has a high worldwide incidence and mortality. Tumor metastasis 
is one of the primary reasons for the poor prognosis of CRC patients. However, the mechanism underlying 
CRC metastasis is still unclear. Myosin 1B (MYO1B) is important for cell migration and motility and is part 
of the myosin superfamily that contains various myosins. Studies of prostate, cervical, and head and neck 
cancer have revealed preliminary findings concerning the effect of MYO1B on tumor metastasis. However, 
the role of MYO1B in CRC metastasis, as well as its underlying mechanism, remains unknown.
Methods: Quantitative real-time PCR and immunohistochemical staining methods were used to analyze 
the expression of MYO1B in human CRC and normal mucosa tissues. Lentivirus vector-based MYO1B 
oligonucleotides and short hairpin RNA (shRNA) were used to examine the functional relevance of MYO1B 
in CRC cells. Co-immunoprecipitation, western blotting, and immunofluorescence assays were used to 
investigate the underlying mechanism of MYO1B-mediated cell migration.
Results: The expression of MYO1B was increased in most CRC tissues and was positively associated with 
a greater risk of tumor metastasis and poor prognosis for patients. MYO1B was significantly associated 
with the migration and invasion properties of CRC cells in vitro and in vivo. MYO1B promoted F-actin 
rearrangement through the ROCK2/LIMK/Cofilin axis by enhancing the activation of RhoA. MYO1B also 
promoted the assembly of focal adhesions by targeting RhoA.
Conclusions: MYO1B plays a vital role in CRC metastasis by promoting the activation of RhoA. MYO1B 
may not only be a valid biomarker for predicting the risk of metastasis and poor prognosis in CRC but may 
also be a potential therapeutic target for patients with a high risk of tumor metastasis.
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Introduction

Colorectal cancer (CRC) is the third most common type of 
cancer and the second leading cause of cancer-related death 
worldwide (1). Data from the Global Cancer Observatory 
(GCO) showed that more than 1.8 million patients 
were newly diagnosed with CRC in 2018, and there are 
approximately 0.88 million CRC-associated deaths each  
year (1). Many studies have demonstrated that tumor 
metastasis is the primary reason for the poor prognosis 
of CRC patients (2-6). However, due to the multitude of 
factors and processes associated with the incidence and 
progression of CRC, identifying the underlying mechanisms 
involved in CRC continues to be an extremely complex 
and challenging endeavor (7-10). There are many studies 
for mechanisms of CRC metastasis (11). Actin dynamics is 
involved in several biological processes, including metastasis 
of cancer cells in CRC, and it is thought to be associated 
with proteins such as FAK, Rho GTPases, PI3K, etc. (12).  
However, further studies in CRC are needed on its exact 
function and signal pathways involved. Our previous study 
screened potential target genes involved in CRC metastasis, 
including myosin 1B (MYO1B), which is an actin 
depolymerase (6). Due to its function, study of MYO1B may 
explain the underlying pathway and mechanism involved in 
regulation of Actin dynamics in CRC.

Myosins are a large and diverse superfamily of 
molecular motors that are important for cell migration and  
motility (13). Human myosins can be subdivided into  
12 classes, among which class I myosins are the most 
conserved and widespread members (13,14). Aberrant 
overexpression of class I myosins not only drives cells toward 
a more migratory phenotype but also plays a vital role in 
regulating endocytosis, vesicle shedding, channel gating, 
and cell signaling (15-17). Growing evidence indicates 
that an increased expression of MYO1B plays a significant 
role in tumor metastasis in prostate (13), cervical (18),  
and head and neck cancers (19,20). However, its role in 
CRC metastasis is still unclear.

Actin filaments (F-actin) regulate cell morphology 
and movement by providing a variety of dynamic  
architectures (21). During the migration of cancer 
cells, actin networks continually undergo assembly and 
disassembly, mediated in space and time under the control of 
regulatory proteins (22). A recent study proved that MYO1B 
is an important depolymerase of actin (21), but its role and 
underlying mechanism in the F-actin rearrangement of CRC 

cells remains unknown. 
Thus, the present study aims to investigate the role of 

MYO1B in CRC metastasis and achieve further insights 
into the mechanism of MYO1B-mediated cell migration 
and invasion. 

We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4702).

Methods

Clinical samples 

Fresh primary CRC samples with paired normal colorectal 
tissues (50 cases) were obtained from the Department of 
General Surgery in Zhujiang Hospital, Southern Medical 
University, Guangzhou, China, between 2012 and 2018. 
The distance between the cancerous and paired adjacent 
normal tissues was at least 2 cm. Paraffin samples (101 cases 
of tumor tissues from CRC patients and 77 cases of normal 
colorectal tissues from healthy people) were obtained from 
the Tissue Bank of Zhujiang Hospital between 2012 and 
2018. The pathological diagnosis of each case was made 
by the Department of Pathology in Zhujiang Hospital. 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved 
by Ethics Committee of Zhujiang Hospital of Southern 
Medical University and informed consent was taken from 
all the patients.

Cell culture

Colorectal cell line of FHC (Cat# CRL-1831), HT29 (Cat# 
HCT-38), HCT8 (Cat#CCL-244), HCT116 (Cat# CCL-
247), SW480 (Cat# CCL-228), SW620 (Cat# CCL-227), 
and RKO (Cat# CRL-2577) were purchased from Foleibao 
Biotechnology Development (Shanghai, China). For the use 
in experiments of the study, the cells were resuscitated and 
propagated less than 6 months. These cells were all cultured 
in RPMI 1640 medium (Cat# A1049101, Thermo Fisher 
Life Technologies Corporation; Grand Island, NY, USA) 
with 10% fetal bovine serum (Cat# 10091130, Invitrogen, 
MA, USA). The lentivirus with MYO1B oligonucleotides 
or MYO1B short hairpin RNA (shRNA) was purchased 
from GeneCopoeia (Guangzhou, China) and transfected 
as previously described (6). Exoenzyme C3 (E-C3) was 

https://dx.doi.org/10.21037/atm-21-4702
https://dx.doi.org/10.21037/atm-21-4702


Annals of Translational Medicine, Vol 9, No 20 October 2021 Page 3 of 16

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(20):1543 | https://dx.doi.org/10.21037/atm-21-4702 

purchased from CytoSkeleton (USA, Cat# CT03-B).

RNA isolation, reverse transcription, and quantitative 
real-time PCR

Total RNA was extracted using Trizol (Invitrogen; 
Carlsbad, California). To quantify the transcription level of 
MYO1B, we subjected the total RNA to polyadenylation 
and reverse transcription (RT) using a ThermoScriptTM 
RT-PCR System (Invitrogen). Real-time polymerase chain 
reaction (PCR) analysis was performed according to the 
instruction of SYBR Green PCR master mix (Applied 
Biosystems; Foster City, California) on an ABI 7500HT 
system. We chose GAPDH snRNA as the endogenous 
control. All samples were normalized to internal controls, 
and fold changes were calculated by relative quantification 
(2-ΔΔCT). Real-time PCR for the target genes was performed 
as previously described (23). The primers used are shown 
in Table S1. When the MYO1B expression was higher than 
the average value, the patient was assigned to the MYO1B-
high expression group. Otherwise, they were assigned to the 
MYO1B-low expression group.

Immunoblotting assay

For immunoblotting, the cultured cells were harvested, 
washed with phosphate-buffered saline (PBS), and lysed in a 
radioimmunoprecipitation assay (RIPA) buffer as described 
previously (6). The antibodies used were as follows: Rabbit 
antibodies against MYO1B (Cat# ab194356), ROCK2 
(Cat# ab71598), phosphorylated-ROCK2 (Cat# ab182648), 
LIMK1 (Cat# ab81046), LIMK2 (Cat# ab97766), and RAC1 
(Cat# ab155938) were purchased from Abcam (Shanghai, 
China). Rabbit antibodies against phosphorylated-LIMK1/2 
(Cat# 3841), Cofilin (Cat# 5175), phosphorylated-Cofilin 
(Cat# 3311), phosphorylated-paxillin (Cat# 2542), CDC42 
(Cat# 2462), FAK (Cat# 3285), and phosphorylated-
FAK (Cat# 8556) were purchased from Cell Signaling 
Technology (USA). The mouse antibody against paxillin 
(Cat# 610619) was purchased from BD Transduction 
Laboratories (USA), the mouse antibody against RhoA 
(Cat# sc-166399) was purchased from Santa Cruz (USA), 
and the mouse antibody against Active-RhoA (Cat# 26904) 
was purchased from NewEast Biosciences (USA). The 
rabbit antibodies against GAPDH (Cat# 60004-1-Ig) were 
purchased from Proteintech (USA). All the antibodies were 
used at 1:1,000 dilutions. The membranes, probed with 
the indicated primary antibodies, were subjected to the 

appropriate horseradish peroxidase-conjugated secondary 
antibodies (anti-rabbit: Cat# 7074 and anti-mouse: Cat# 
7076, Cell Signaling Technology, USA) and developed by 
enhanced chemiluminescence.

Immunohistochemical assay (IHC)

IHC was performed on the paraffin sections of the normal 
colorectal and CRC tissues as the labeled streptavidin-
biotin (LSAB) protocol (Dako) using primary antibodies 
against MYO1B (Cat# ab194356, Abcam, Shanghai, China). 
The score of IHC staining were evaluated by two senior 
pathologists respectively. The percent positivity of MYO1B 
staining was scored from 0–4: 0 (0%), 1 (1–25%), 2 (26–
50%), 3 (51–75%), and 4 (>75%). The staining intensity was 
scored on a 4-point scale: 0 (no staining observed in IHC), 
1 (weak staining, light yellow staining can be observed), 2 
(moderate staining, yellowish-brown staining was observed), 
and 3 (strong staining, brown staining was observed). 
Subsequently, the MYO1B expression score was calculated 
as the product of the percent positivity score and staining 
intensity score and ranged from 0–12. The final expression 
level of MYO1B was defined as low [0–5] or high [6–12].

Orthotopic xenograft CRC mouse model

SW480 (vehicle and MYO1B+) and HCT116 cells 
(Control and Sh-MYO1B) were suspended with PBS at a 
density of 1×106 cells/50 μL. Sixty 6-week-old Balb/c mice 
were randomly and equally divided into groups of veh, 
MYO1B+, Ctrl and Sh-MYO1B by simple randomization 
and they were anesthetized, and the cecum was exposed 
by laparotomy. In short, a small scratch (0.5–1 cm long) 
was incised on the skin, and we lifted abdominal wall 
musculature to open abdominal cavity for next step. Then 
we carefully isolated the cecum and a small gauze with warm 
saline-infused sterile was used to wet the cecum. The cells 
suspended in 50 µL PBS were carefully injected into the 
cecal wall. Check for leakage after remove the needle in the 
injection sit. Then the cecum was replaced in the abdominal 
cavity, and the abdominal wall and skin were sutured.  
in vivo imaging was performed on days 7, 14, and 28 
after cell injection, and luciferin (150 mg/kg) (Cat# 
P1043, Caliper Life Science, Hopkinton, MA, USA) was 
intraperitoneally injected into each mouse 10 min before 
imaging. A Caliper IVIS Lumina II (Caliper Life Sciences, 
Hopkinton, MA, USA) was used for the bioluminescence 
imaging to monitor the tumor growth. Twenty-eight days 
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later, the mice were sacrificed, and the orthotopic xenograft 
CRC masses were measured and harvested for further 
hematoxylin-eosin staining (HE). 

Animals experiments were performed under a project 
license granted by Ethics Committee of Zhujiang Hospital, 
Southern Medical University, in compliance with the 
Experimental Animal Center of Southern Medical 
University for the care and use of animals. A protocol was 
prepared before the study without registration.

Statistical analysis

SPSS v19.0 (SPSS, Chicago, IL, USA) was used for 
statistical analysis. The clinical data were analyzed using 
nonparametric tests (Wilcoxon and Mann-Whitney) 
and Kaplan-Meier and Cox Regression survival analyses. 
Difference between two groups was tested by Pearson’s chi-
squared (χ2) test, unpaired Student’s t-test, or paired t-test. 
All statistical tests were two-sided. Unless otherwise stated, 
data were expressed as mean ± SEMs.

Additional methods and material

Other methods can be found in the Supplementary file 
(Appendix 1).

Results

A higher MYO1B expression was associated with an 
increased risk of tumor metastasis and a poorer prognosis 
for CRC patients

We detected the transcriptional level of MYO1B in  
50 pairs of fresh CRC and matched normal mucosa tissues 
and found that the MYO1B transcriptional level in 38 CRC 
tissues was significantly higher than in the paired adjacent 
normal tissues (Figure 1A). The Student’s t-test confirmed 
that the MYO1B transcriptional level in the CRC tissues 
was statistically higher than in the normal mucosa tissues  
(Figure 1B) ,  indicating that alteration of MYO1B 
transcription may be related to the incidence of CRC. 
Further Chi-square tests found that a high transcriptional 
level of MYO1B in CRC tissues was significantly associated 
with tumor metastasis and progression (Figure 1C,1D,  
Table S2). We also detected MYO1B protein expression 
in 101 CRC and 77 normal mucosa tissues and found that 
MYO1B expression in the CRC tissues was significantly 

higher than in the adjacent normal tissues (Figure 1E). The 
MYO1B staining score in CRC tissues was statistically 
higher than that in the normal mucosa tissues (Figure 1F,1G).  
The chi-square test for the IHC staining data also revealed 
that an increased expression of MYO1B was significantly 
associated with a high risk of lymph and distal metastasis 
(Figure 1H,1I, Table S3). Moreover, the Kaplan-Meier 
survival analysis showed that an increased expression of 
MYO1B was closely related to a poorer prognosis for CRC 
patients (Figure 1J). Further univariate and multivariate cox 
regression analyses confirmed MYO1B as an independent 
prognostic factor for CRC (Tables S4,S5). Taken together, 
our results indicated that MYO1B expression was increased 
in most CRC tissues, and this higher expression was 
positively associated with a greater risk of tumor incidence, 
metastasis, and a poorer prognosis for CRC patients.

MYO1B promoted the migration, invasion, and motility of 
CRC cells in vitro

We also investigated MYO1B expression in one normal 
epithelial cell line (FHC) and six CRC cell lines (SW480, 
RKO, SW620, HCT116, HCT8, and HT29). We found 
that MYO1B expression in five of the CRC cell lines 
(especially the HCT116 cell line) was significantly higher 
than in the normal epithelial cell line. However, the 
MYO1B expression in the SW480 cell line was statistically 
lower than that in the normal epithelial cell line (Figure 2A). 
Therefore, we chose the SW480 and HCT116 cell lines for 
further studies. Lentivirus with MYO1B oligonucleotides 
was used to overexpress MYO1B in the SW480 cell line 
(MYO1B+ group), while lentivirus with short hairpin RNA 
(shRNA) was used to silence the expression of MYO1B in 
the HCT116 cell line (sh-MYO1B group). An immunoblot 
assay was used to verify the construction of the MYO1B-
overexpressed and silenced cell lines (Figure 2B). A transwell 
assay (with and without matrigel) showed that an increased 
MYO1B expression significantly promoted the migration 
and invasion ability of the SW480 cell line. The opposite 
result was achieved when MYO1B expression was silenced 
in the HCT116 cell line (Figure 2C-2F). A subsequent 
wound-healing assay also showed that overexpression of 
MYO1B dramatically promoted the motility of the SW480 
cells, whereas a decreased MYO1B expression inhibited 
the motility of the HCT116 cells (Figure 2G,2H). Taken 
together, these results showed that MYO1B significantly 
promoted the migration, invasion, and motility of CRC 

https://cdn.amegroups.cn/static/public/ATM-21-4702-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-4702-supplementary.pdf
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Figure 1 A high expression of MYO1B in colorectal cancer increases the risk of tumor metastasis and poor prognosis for patients. (A) 
Quantitative real-time PCR detection of the transcriptional level of MYO1B in fresh clinical tissues. Bars represent the ratio of MYO1B 
expression in CRC tissues (CTcancer, CRC tissues) to that in matched adjacent normal tissues (CTNormal, adjacent normal tissues). (B) 
The paired Student’s t-test analysis of the difference between MYO1B transcription in fresh CRC and matched adjacent normal tissues. (C) 
Pearson’s chi-squared (χ2) test analysis of the relationship between MYO1B transcription and tumor metastasis, where “nmCRC” indicates 
non-metastatic CRC, and “mCRC” indicates metastatic CRC. (D) Pearson’s chi-squared (χ2) test analysis of the relationship between 
MYO1B transcription and tumor stage, where “S1”, “S2”, “S3”, and “S4” indicate stage Ⅰ, stage Ⅱ, stage Ⅲ, and stage Ⅳ, respectively. (E) 
Representative figures of the MYO1B protein expression in CRC and adjacent normal tissues by immunohistochemical staining. Shown 
at ×100 original magnification. (F) Representative figures of the different levels of MYO1B expression in CRC and normal mucosa tissues 
by immunohistochemical staining. Shown at ×100 original magnification. (G) Unpaired Student’s t-test analysis of the difference between 
MYO1B expression in CRC and normal mucosa tissues in the paraffin CRC samples from Zhujiang Hospital. (H) The Pearson’s chi-squared 
(χ2) analysis of the relationship between MYO1B expression and tumor lymph classification in the paraffin CRC samples from Zhujiang 
Hospital. (I) The Pearson’s chi-squared (χ2) analysis of the relationship between MYO1B expression and tumor distal classification in the 
paraffin CRC samples from Zhujiang Hospital. (J) The Kaplan-Meier survival analysis of the paraffin CRC samples from Zhujiang Hospital. 
MYO1B (+), high MYO1B transcription. MYO1B (−), low MYO1B transcription. CRC, colorectal cancer.
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Figure 2 MYO1B promotes the migration, invasion, and motility of CRC cells in vitro. (A) Representative figures of the western blots for 
MYO1B expression in normal epithelial and colorectal cancer cell lines. The values under the membrane represent the expression of genes 
normalized to the expression of the reference gene GAPDH. (B) Representative figures of the western blots for MYO1B expression in cells 
transfected with lentivirus-MYO1B or lentivirus-shMYO1B. The values under the membrane represent the expression of genes normalized 
to the expression of the reference gene GAPDH. (C,D) Transwell assay without matrigel to investigate the migration property of CRC cells. 
Representative figures are in the left panel, and bars in the right panel are expressed as mean ± SEM. Cells were stained with crystal violet 
and counted. Scale bar: 200 μm. (E,F) Transwell assay with matrigel to investigate the invasion property of CRC cells. Representative figures 
are in the left panel, and bars in the right panel are expressed as mean ± SEM. Cells were stained with crystal violet and counted. Scale bar: 
200 μm. (G,H) Wound-healing assay for investigating the motility of CRC cells. Representative figures are in the left panel, and bars in the 
right panel are expressed as mean ± SEM. **P<0.01 vs. control. CRC, colorectal cancer; Ctrl, control; Veh, vehicle. 
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cells in vitro.

MYO1B was associated with a higher risk of tumor 
metastasis and poor prognosis in CRC in vivo

An orthotopic xenograft CRC mouse model was used 
to investigate the effect of MYO1B on CRC metastasis 
and progression. Four weeks after cell injection, the  
in vivo bioluminescence imaging assay showed that 13 out 
of 15 mice had liver metastases in the SW480/MYO1B-
overexpressed group compared with only 3 out of 15 mice 
in the SW480/control group (Figure 3A), with prolonged 
overall survival time (OS) in SW480/control group. 
Moreover, 11 out of 15 mice had liver metastases in the 
HCT116/control group compared with only 4 out of 
15 mice in the HCT116/sh-MYO1B group (Figure 3A), 
with prolonged overall survival (OS) time in HCT116/
sh-MYO1B group (Figure 3B). Notably, 2 weeks after cell 
injection, the in vivo bioluminescence imaging assay showed 
that six out of 15 mice had liver metastases in the SW480/
MYO1B-overexpressed group compared with none of the 
mice in the SW480/control group. In the HCT116/control 
group, five out of 15 mice had liver metastases compared 
with only 1 out of 15 mice in the HCT116/sh-MYO1B 
group 2 weeks after cell injection. Representative figures 
of in vivo imaging in the orthotopic xenograft colorectal 
cancer mouse model in 1, 2 and 4 weeks (Figure 3C,3D). 
The HE staining assay revealed that the liver metastasis 
nodules in the SW480/MYO1B-overexpressed group 
were much larger than those in the SW480/control group 
(Figure 3E), whereas the liver metastasis nodules in the 
HCT116/sh-MYO1B group were much smaller than those 
in the HCT116/control group (Figure 3F). Overall, these 
results showed that an increased expression of MYO1B 
dramatically promoted liver metastasis in CRC and led to a 
poorer prognosis of mice in vivo.

MYO1B promoted F-actin rearrangement and activation 
of the ROCK2/LIMK/Cofilin axis in CRC cells

MYO1B is a well-known depolymerase for F-actin and 
plays an important role in cell migration by exerting 
and sustaining pN forces on F-actin (21). Therefore, 
we invest igated the effect  of  MYO1B on F-actin 
depolymerization in CRC cells .  Surprisingly,  the 
immunofluorescence assay showed that an increased 

expression of MYO1B significantly promoted the 
rearrangement of F-actin in SW480 cells compared 
with the control group (Figure 4A), while a decreased 
expression of MYO1B had the opposite effect on F-actin 
rearrangement in the HCT116 cells (Figure 4B). An 
immunoblot assay revealed that overexpressing MYO1B 
promoted the phosphorylation of ROCK2, LIMK, and 
Cofilin in the SW480 cells, whereas silencing MYO1B 
inhibited their phosphorylation in the HCT116 cells, 
indicating that MYO1B promoted the activation of the 
ROCK2/LIMK/Cofilin axis (Figure 4C). Consistent 
changes in phosphorylated-LIMK and phosphorylated-
Cofi l in express ions were a lso found in a  further 
immunofluorescence assay (Figure 4D-4G). Notably, 
the ROCK2/LIMK/Cofilin axis is a well-known F-actin 
rearrangement-related signaling pathway, and its activation 
indicated the promotion of F-actin rearrangement (24,25). 
Taken together, these results indicated that MYO1B might 
play an essential role in promoting F-actin rearrangement 
through the ROCK2/LIMK/Cofilin axis.

MYO1B promoted RhoA activation in CRC cells

Small GTPase members of the Rho superfamily are vital 
regulators of cell migration by mediating the activation 
of cytoskeleton rearrangement-related signaling, among 
which RhoA, CDC42 (Cell Division Cycle-42), and RAC1 
are three known key members (25,26). We hypothesized 
that MYO1B might activate the ROCK2/LIMK/Cofilin 
axis through the Rho family small GTPase members, 
so we investigated the interaction of MYO1B with 
RhoA, CDC42, and RAC1 via an immunoprecipitation 
assay. In the HCT116 cell line, our results showed that 
MYO1B interacted with RhoA, but not CDC42 or RAC1  
(Figure 5A,5B). An additional immunofluorescence assay 
showed strong co-localized signaling between MYO1B 
and RhoA in the HCT116 cells (Figure 5C). Further 
immunoblot assays showed that MYO1B had no effect on 
regulating the expression of RhoA (Figure 5D). However, 
the quantitative immunoprecipitation assay found that 
overexpressing MYO1B significantly increased the level 
of GTP-binding RhoA (RhoAGTP) (Figure 5E), whereas 
silencing MYO1B decreased its level in HCT116 cells 
(Figure 5F). These results revealed that MYO1B played an 
essential role in promoting RhoA activation, which may 
explain the MYO1B-mediated promotion of the ROCK2/



Xie et al. MYO1B promotes the metastasis of CRC

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(20):1543 | https://dx.doi.org/10.21037/atm-21-4702 

Page 8 of 16

Figure 3 MYO1B promotes the risk of tumor metastasis and poor prognosis for CRC in vivo. (A) The rate of tumor formation and 
metastasis in the orthotopic xenograft mouse model. (B) The Kaplan-Meier survival analysis of the effect of MYO1B on CRC prognosis  
in vivo. (C,D) Representative figures of in vivo imaging in the orthotopic xenograft colorectal cancer mouse model. The square region 
of dotted lines indicates the CRC metastasis nodule in the liver; “w” indicates week. (E,F) HE staining of the CRC metastasis nodule in 
the liver. Representative figures are in the left panel, and bars in the right panel are expressed as mean ± SEM. Shown at ×400 original 
magnification. *P<0.05, **P<0.01, vs. control. CRC, colorectal cancer; Ctrl, control; Veh, vehicle.
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LIMK/Cofilin axis and F-actin rearrangement.

MYO1B promoted the formation of migratory focal 
adhesions in CRC cells

It has been confirmed that the activation of RhoA also 
plays an important role in forming a migratory phenotype 
of focal adhesions, which are another vital factor in cell 
migration (27,28). Therefore, we further investigated the 

effect of MYO1B on focal adhesion assembly. Immunoblot 
assay showed that overexpressing MYO1B significantly 
promoted the phosphorylation level of FAK and paxillin 
in SW480 cells while silencing MYO1B inhibited 
their phosphorylation level (Figure 5G). Moreover, an 
immunofluorescence assay revealed that an increased 
expression of MYO1B dramatically promoted the formation 
of disassembled focal adhesions in SW480 cells. In contrast, 
a decreased MYO1B expression promoted the formation of 
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Figure 4 MYO1B promotes F-actin rearrangement and the activation of the ROCK2/LIMK/Cofilin axis in CRC cells. (A,B) 
Immunofluorescence assay of the rearrangement of F-actin. Representative figures are in the left panel, red arrows indicate the 
polymerization of F-actin, while white arrows indicate the depolymerization of F-actin. Bars in the right panel are expressed as mean ± 
SEM. (C) Representative figures of the western blots for the expression of the ROCK2/LIMK/Cofilin axis signatures in cells transfected 
with lentivirus-MYO1B or lentivirus-shMYO1B. The values under the membrane represent the expression of genes normalized to the 
expression of the reference gene GAPDH. (D,E) Representative figures of the immunofluorescence assay for the expression of p-LIMK. (F,G) 
Representative figures of the immunofluorescence assay for the expression of p-Cofilin. Shown at ×10,000 original magnification (A,B,D-G). 
**P<0.01 vs. control. CRC, colorectal cancer; Ctrl, control; Veh, vehicle.
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Figure 5 MYO1B promotes the activation of RhoA and the formation of migratory focal adhesions in CRC cells. (A) Representative figures 
of the co-immunoprecipitation assay on MYO1B to CDC42, RAC1, and RhoA. (B) Representative figures of the co-immunoprecipitation 
assay on RhoA to MYO1B. (C) Representative figures of the immunofluorescence assay on the co-localization of MYO1B and RhoA in 
CRC cells. (D) Representative figures of the western blots for RhoA expression in cells transfected with lentivirus-MYO1B or lentivirus-
shMYO1B. The values under the membrane represent the expression of genes normalized to the expression of the reference gene GAPDH. 
(E,F) Representative figures of the co-immunoprecipitation assay for the expression of RhoA and GTP-binding RhoA (RhoAGTP). (G) 
Representative figures of the western blots for the expression of the FAK/paxillin axis signatures in cells transfected with lentivirus-MYO1B 
or lentivirus-shMYO1B. The values under the membrane represent the expression of genes normalized to the expression of the reference 
gene GAPDH. Shown at ×10,000 original magnification. (H) Representative figures of the immunofluorescence assay on the formation of 
migratory focal adhesions. Shown at ×10,000 original magnification. (F) The fibronectin adhesive assay of the adhesive property of CRC cells. 
Representative figures are in the left panel, and bars in the right panel are expressed as mean ± SEM. (I) fibronectin adhesive assay showed 
the correlation between MYO1B expression and adhesive property in SW480 cells and HCT116 cells. Cells were fixed and stained with 1% 
crystal violet. Scale bar: 100 µm. **, P<0.01 vs. control; ##, P<0.01. CRC, colorectal cancer; Ctrl, control; Veh, vehicle.
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assembled focal adhesions in HCT116 cells (Figure 5H). A 
fibronectin adhesive assay showed that an increased MYO1B 
expression significantly promoted the adhesive property of 
SW480 cells, while a decreased MYO1B expression had the 
opposite effect in HCT116 cells (Figure 5I). These findings 
strongly indicated that an increased expression of MYO1B 
significantly promoted the formation of migratory focal 
adhesions in CRC cells.

MYO1B promoted the migration, invasion, and motility of 
CRC cells by targeting RhoA

To further investigate the role of RhoA in MYO1B-
mediated CRC cell migration, invasion, and motility, we 
inhibited the activation of RhoA by using exoenzyme-C3, a 
specific inhibitor of RhoA activation (29,30). A quantitative 
immunoprecipitation assay was used to verify the inhibition 
of exoenzyme-C3 on RhoA activation (Figure 6A). A 
transwell assay showed that inhibiting the activation of 
RhoA almost eliminated the effect of MYO1B on cell 
migration and invasion (Figure 6B-6D). A wound-healing 
assay also showed that inhibiting the activation of RhoA 
significantly reversed the effect of MYO1B on cell motility 
(Figure 6E, Figure S1). A fibronectin adhesive assay showed 
that exoenzyme-C3 dramatically eliminated the promotion 
of MYO1B on cell adhesive properties (Figure 6F). A further 
immunofluorescence assay showed that exoenzyme-C3 
disturbed the MYO1B-mediated formation of migratory 
focal adhesions, as well as the F-actin rearrangement 
(Figure 6G,6H). Consistently, inhibiting RhoA activation 
substantially reversed the MYO1B-mediated alteration 
of the cytoskeleton polymerization (ROCK2, LIMK1/2, 
Cofilin) and the focal adhesion turnover (FAK, paxillin) 
signatures (Figure 6I,6J).

Discussion

CRC is the third most common malignancy worldwide, 
and 22% of patients present with metastatic disease and 
about 50% patients destine to develop metastasis which is 
associated with a dismal prognosis (31). Several targeted 
agents have emerged clinically such as Bevacizumab, 
Regorafenib and Fruquintinib (32-34). In addition to 
chemotherapy and immunotherapy, these agents have 
become the most common systemic therapies for metastatic 
patients (35). However, not all patients are sensitive to 
these agents (32-34). Because much is still unknown 
biochemically about CRC metastasis, it is of great clinical 

significance to explore other mechanism and new targets 
of CRC metastasis. In present study, we found MYO1B a 
potential target for CRC metastasis.

MYO1B is an important member of the Myosin-I class. 
It contains a motor domain at its N-terminus that binds 
F-actin in response to a light chain binding domain (LCBD) 
that, in turn, binds calmodulin (in most cases). MYO1B 
also has a Tail domain at the C-terminus that binds 
phosphoinositides (21,36). It is well established that MYO1B 
plays a vital role during cell migration, especially in cancer 
cells. Previous studies have found that MYO1B is commonly 
overexpressed in cervical (18), prostate (13), and head and 
neck cancer (19,20) and significantly increases the risk of 
tumor metastasis by promoting the migration, invasion, and 
motility properties of cancer cells. However, MYO1B's role 
in CRC metastasis, as well as its underlying mechanism, has 
remained unclear. This study demonstrated that MYO1B 
plays a crucial role in CRC metastasis by promoting the 
rearrangement of F-actin and the formation of migratory 
focal adhesions. Our findings strongly suggest that MYO1B 
may be a valid biomarker for predicting the risk of tumor 
metastasis and poor prognosis in CRC patients.

To clarify the exact role of MYO1B during cell 
migration, we carried out many in vitro and in vivo biological 
experiments. Our results showed that MYO1B significantly 
promoted the migration, invasion, and motility of CRC 
cells in vitro. Interestingly, we found that downregulating 
MYO1B dramatically decreased the incidence of liver 
metastasis in CRC in vivo, as well as the number of liver 
metastasis nodules. These findings are consistent with 
previous studies of cervical (18) and head and neck cancer 
(19,20). Our results indicate that MYO1B may also be a 
potential therapeutic target for patients with a high risk of 
tumor metastasis. Further investigation of the underlying 
mechanism involved in the aberrant overexpression of 
MYO1B in CRC cells is necessary. 

Previous studies have confirmed that MYO1B is an F-actin 
depolymerase and plays a significant role in promoting 
cell migration by exerting and sustaining forces on F-actin 
during its depolymerization (21,37). In the present study, 
we surprisingly found that MYO1B significantly promoted 
the F-actin rearrangement of CRC cells, which involves the 
polymerization and depolymerization of F-actin, signifying 
that MYO1B may have a direct or indirect role in promoting 
F-actin polymerization. Indeed, further investigation 
found that MYO1B significantly promoted activation 
of the ROCK2/LIMK/Cofilin axis, which is a crucial 
trigger for F-actin polymerization (25,38,39). Accordingly, 

https://cdn.amegroups.cn/static/public/ATM-21-4702-supplementary.pdf


Xie et al. MYO1B promotes the metastasis of CRC

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(20):1543 | https://dx.doi.org/10.21037/atm-21-4702 

Page 12 of 16

25 kDa

15 kDa

25 kDa

15 kDa

70 kDa
55 kDa

0.93            0.91

1.10            0.08

veh
MYO1B+

E-C3

veh
MYO1B+

E-C3

veh
MYO1B+

E-C3

veh
MYO1B+

E-C3

veh
MYO1B+

E-C3

SW480

MYO1B+     MYO1B+/E-C3

veh                               MYO1B+                       MYO1B+/E-C3

veh                              MYO1B+                      MYO1B+/E-C3

veh                              MYO1B+                   MYO1B+/E-C3 veh                              MYO1B+                   MYO1B+/E-C3

SW480

SW480

Matrigel (−)

Matrigel (−)

Matrigel (+)

Matrigel (+)

SW480

SW480 SW480

SW480 SW480SW480

SW480

DAPI/F-actin

FN (−)

FN (+)

FN (−)

FN (+)

DAPI/p-PAXILLIN/F-actin

RhoA

RhoAGTP

IgG

IP:   RhoA    IgG  RhoA    IgG

100

75

50

25

0

N
um

be
r 

of
 c

el
ls

100

80

60

40

20

0

N
um

be
r 

of
 c

el
ls

50

40

30

20

10

0

F-
ac

tin
 re

ar
ra

ng
em

en
t r

at
io

, %

80

60

40

20

0

N
um

be
r 

of
 in

va
de

d 
ce

lls

0.8

0.6

0.4

0.2

0.0

M
ig

ra
te

d 
ra

te

****

**

** **

**

##

##

## ##

##

A

E

B

F

C

G

D

H



Annals of Translational Medicine, Vol 9, No 20 October 2021 Page 13 of 16

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(20):1543 | https://dx.doi.org/10.21037/atm-21-4702 

we suggest that MYO1B may play a key role in F-actin 
polymerization, even though time-lapse detection of F-actin 
polymerization was not provided in our study. In addition, it 
is conceivable that factors that concurrently promote F-actin 
polymerization and depolymerization are much more 
favorable for cell migration because they can effectively 
accelerate the cycle of F-actin rearrangement. Thus, we 
consider that a high expression of MYO1B in CRC tumor 
cells presents a crucial risk factor for metastasis.

It is widely recognized that small GTPase members 
of the Rho superfamily are the key regulators for F-actin 
polymerization, especially CDC42, RAC1, and RhoA 

(25,40,41). In the present study, we found that MYO1B 
significantly promoted the activation of RhoA, but not 
CDC42 or RAC1. Notably, we also found that MYO1B 
promoted the activation of ROCK2, which has been 
defined as a key downstream effector of RhoA in many 
studies (26,29,38). Further recovery experiments showed 
that inhibiting the activation of RhoA mostly eliminated the 
effect of MYO1B on cell migration, invasion, and motility 
properties, as well as F-actin depolymerization. Thus, we 
consider that MYO1B may promote the migration, invasion, 
and motility of CRC cells through F-actin rearrangement 
by targeting RhoA activation.

Figure 6 MYO1B promotes the migration, invasion, and motility of CRC cells by targeting RhoA. (A) Representative figures of the 
immunoprecipitation assay for the expression of RhoA and GTP-binding RhoA (RhoAGTP) in cells treated with exoenzyme-C3, where “E-
C3” indicates exoenzyme-C3. (B) Representative figures of the transwell assay with and without matrigel. Cells were stained with crystal 
violet and counted. Scale bar: 200µm. (C) Bars are expressed as mean ± SEM, indicating the number of migrating cells in the transwell 
assay without matrigel. (D) Bars are expressed as mean ± SEM, indicating the number of invading cells in the transwell assay with matrigel. 
(E) Bars are expressed as mean ± SEM, indicating the migration rate of cells in the wound-healing assay. (F) The fibronectin adhesive 
assay of the adhesive property of CRC cells. Cells were fixed and stained with 1% crystal violet. Scale bar: 100 μm. Representative figures 
are in the left panel, and bars in the right panel are expressed as mean ± SEM. (G) Representative figures of the immunofluorescence 
assay on the formation of migratory focal adhesions. Shown at ×10,000 original magnification. (H) The immunofluorescence assay of the 
rearrangement of F-actin. Representative figures are in the left panel, red arrows indicate the polymerization of F-actin, while white arrows 
indicate the depolymerization of F-actin. Bars in the right panel are expressed as mean ± SEM. Shown at ×10,000 original magnification. (I) 
Representative figures of the western blots for the expression of the ROCK2/LIMK/Cofilin axis signatures. The values under the membrane 
represent the expression of genes normalized to the expression of the reference gene GAPDH. (J) Representative figures of the western blots 
for the expression of the FAK/paxillin axis signatures. The values under the membrane represent the expression of genes normalized to the 
expression of the reference gene GAPDH. **, P<0.01 vs. control. ##, P<0.01. Ctrl, control; Veh, vehicle.
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It has also been well demonstrated that the activation 
of RhoA plays a vital role in promoting the formation of 
migratory focal adhesions, another well-known factor for 
cell migration (27,42). Thus, we further investigated the 
role of MYO1B in focal adhesion formation in CRC cells. 
Our results showed that MYO1B significantly promoted 
the formation of migratory focal adhesions and enhanced 
the adhesive property of CRC cells. Moreover, our recovery 
experiments showed that inhibiting the activation of RhoA 
significantly eliminated the effect of MYO1B on the 
formation of migratory focal adhesions and the promotion 
of the adhesive property of CRC cells. Thus, MYO1B also 
appears to play a vital role in promoting the formation of 
migratory focal adhesions, which may be another important 
mechanism underlying MYO1B-mediated cell migration.

Focal adhesions are F-actin binding attachments in 
cells and provide the dynamic fulcrum for the F-actin 
architecture (43). There is a preferential ability for their 
formation at the leading edge of the cell membrane along 
with cell movement (44). Although some evidence points 
to the existence of a cytoskeletal complex that regulates 
the formation of adhesive complexes, its specific molecules 
have not been well identified. A previous study has pointed 
to the existence of a cytoskeletal complex that precedes 
the incorporation of focal adhesions (45). Interestingly, 
MYO1B may bind to and depolymerize F-actin to form a 
disassembled F-actin/MYO1B complex in cells. Moreover, 
our study found that MYO1B also played a crucial role 
in promoting the formation of migratory focal adhesions. 
Thus, we consider that MYO1B may be the key component 
of the cytoskeletal complex accounting for the incorporation 
of initial focal adhesions by targeting RhoA. 

Conclusions

The present study found that MYO1B plays a key role in 
CRC tumor metastasis by targeting the activation of RhoA. 
MYO1B may not only be a valid biomarker for predicting 
the risk of metastasis and poor prognosis in CRC but may 
also be a potential therapeutic target for patients with a high 
risk of tumor metastasis.
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Supplementary

Materials and methods

Cell migration and invasion analysis

The cells were maintained in a serum-containing growth medium for 48–72 h and then maintained in a serum-free medium 
for 24 h. The cells (1×105 cells/100 μL) were added to 8-μm pore transwell and matrigel chamber plates (Corning Star, 
Cambridge, Massachusetts). The bottom chamber was prepared using 10% fetal bovine serum as the chemoattractant. Cells 
were maintained at 37 ℃ and allowed to migrate through the porous membrane or the matrigel for 48 and 72 h, respectively. 
Fixation/staining solution (0.1% crystal violet, 1% formalin, and 20% ethanol) were used to fix and stain those cells that stuck 
to the lower surface of the membrane. The cells were counted under a microscope in five randomly selected fields with scale 
bar of 200 μm. At least five chambers from experiments in triplicate were analyzed. 

Cell adhesion assay

Twenty-four-well plates coated with Fibronectin (FN, BD Biosciences, USA) were incubated for 1 h at 37 °C. After blocking 
with 1% BSA, 3×104 cells were seeded in each well and incubated at 37 °C for 30 min. Then cells were fixed with 4% 
paraformaldehyde and stained with 0.1% crystal violet, and randomly select 5 visual fields in microscope and count the cells.

Cell motility assay

Confluent monolayers of cells were cultured in a serum-containing medium for 48–72 h and followed by 24-hour culture in 
serum-free medium. The monolayers were scratched by 1,000-μL plastic pipette tip followed by 48-hour culture in a serum-
free medium and wounded cells photographed under an inverted phase-contrast microscope. Three different points were 
marked on the plate, and the distance between each point and the edge of the scratch wound was measured before and after 
cell migration. The mean migration distance (μm) was calculated by subtracting the length after 48 h from that at 0 h. The 
result was expressed as a migration index, i.e., the distance migrated by the treated cells compared with the distance migrated 
by the control cells. Experiments were carried out in triplicate and repeated at least five times.

Immunofluorescence assay

Cells were cultured on coverslips for 12 h, and then 4% paraformaldehyde was used to fix cells for 30 min, followed by  
15-min treatment of 0.5% Triton X-100. The reaction was blocked with 10% normal blocking serum at room temperature 
for 15 min, the slides were incubated with rabbit antibodies to phosphorylated-LIMK2 and phosphorylated-cofilin (1:150) 
(Cell Signaling Technology; Danvers, Massachusetts) and rabbit antibodies to paxillin (1:100) (BD Transduction Laboratories, 
USA) at 4 ℃ overnight. This was followed by thrice PBS rinsing. The coverslips were then incubated with a fluorescein 
isothiocyanate (FITC)-conjugated anti-rabbit or mouse stain and Texas Red-conjugated anti-mouse or –rabbit antibodies 
(1:200) (SantaCruz Biotech) for 30 min at room temperature, then stained with 6-diamidino-2-phenylindole (DAPI, 
Invitrogen).

Co-immunoprecipitation assay

Cells were harvested and washed three times with chilled PBS, then lysed in IP Lysis Buffer (Pierce, USA) with a protease 
and phosphatase inhibitor cocktail (Sigma, USA). The protein was quantified by using a BCA Protein Assay Kit (KeyGen, 
Biotechnology, China), then diluted into 1 mg/mL with chilled wash buffer (with protease and phosphatase inhibitor), and 
divided into two equal parts, to which were added mouse anti-MYO1B or mouse anti-RhoA antibody (3–4 μg) (Santa Cruz, 
USA) and the same amount of rabbit IgG (Beyotime, China), respectively, rotated slowly and incubated overnight at 4 ℃. 
Protein A agarose beads were washed twice with cold wash buffer and added to the two parts of protein based on 20 μL for 
every 1 mL of total protein, then incubated for 4–6 h at 4 ℃ with low-speed rotation. Afterward, the protein mixture was 
washed three times with 500 μL chilled wash buffer (containing protease and phosphatase inhibitor). The protein mixtures 
were diluted with wash buffer. After heat denaturation in 10% SDS-PAGE sample loading buffer, the protein samples were 
subjected to western blot assay.
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Animals

Mice were 6-week-old and purchased from Experimental Animal Center of Southern Medical University (GuangZhou, 
China). The body weight, feeding behavior, and motor activity of animals were monitored as indicators of general health. 
Mice were kept under specific pathogen-free conditions in the Experimental Animal Center of Southern Medical University. 
Experiments were performed under a project license granted by Ethics Committee of Zhujiang Hospital, Southern Medical 
University, in compliance with the Experimental Animal Center of Southern Medical University for the care and use of 
animals.

Table S1 RT-PCR primer sequences for human genes

Gene Forward primer Reverse primer Product length

MYO1B GCTGGAGACCATGGCCAAAA TCCTCCTAGTGGATCGCCTT 559 bp

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG 197 bp

Table S2 Correlation of demographic characteristics and MYO1B transcription among 50 CRC patients

Characteristics Total (n)
MYO1B

P value1

Low [n (%)] High [n (%)]

Sex 0.007

Female 19 9 (47.4) 10 (52.6)

Male 31 4 (12.9) 27 (87.1)

Age at diagnosis (year) 0.050

≤50 9 0 (0.0) 9 (100.0)

>50 41 13 (31.7) 28 (68.3)

Tumor location 0.509

Right colon 27 6 (22.2) 21 (77.8)

Left colon 23 7 (30.4) 16 (69.6)

T classification 0.007

Tis + T0 0 0 (0.0) 0 (0.0)

T1 + T2 19 9 (47.4) 10 (52.6)

T3 + T4 31 4 (12.9) 27 (87.1)

N classification 0.004

N0 18 9 (50.0) 9 (50.0)

N1 + N2 32 4 (12.5) 17 (87.5)

M classification 0.148

M0 39 12 (30.8) 27 (69.2)

M1 11 1 (9.1) 10 (90.9)

Stage 0.026

S1 + S2 18 8 (44.4) 10 (55.6)

S3 + S4 32 5 (15.6) 27 (84.4)
1, Pearson χ2 test of independence between covariables and MYO1B transcription.
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Table S3 Correlation of demographic characteristics and MYO1B expression among 101 CRC patients

Characteristics Total (n)
MYO1B

P value1

Low [n (%)] High [n (%)]

Sex 0.386

Female 41 11 (26.8) 30 (73.2)

Male 60 21 (35.0) 39 (65.0)

Age at diagnosis (year) 0.453

≤50 27 7 (25.9) 20 (74.1)

>50 74 25 (33.8) 49 (66.2)

Stage 0.053

S1 + S2 31 14 (45.2) 17 (54.8)

S3 + S4 70 18 (25.7) 52 (74.3)

T classification 0.739

Tis + T0 0 0 (0.0) 0 (0.0)

T1 + T2 11 3 (27.3) 8 (72.7)

T3 + T4 90 29 (32.2) 61 (67.8)

N classification 0.029

N0 41 18 (43.9) 23 (56.1)

N1 + N2 60 14 (23.3) 46 (76.7)

M classification 0.006

M0 82 31 (37.8) 51 (62.2)

M1 19 1 (5.3) 18 (94.3)
1, Pearson χ2 test of independence between covariables and MYO1B expression

Table S4 Univariate cox regression analysis of factors associated with overall survival in colorectal cancer patients

Exp(B) 95% CI for Exp(B) P value

Lower Upper

Sex 1.464 0.689 3.109 0.322

Age 1.009 0.979 1.040 0.556

T 2.072 0.493 8.704 0.320

N 1.663 0.799 3.457 0.174

M 1.862 0.793 4.373 0.153

Chemotherapy 0.775 0.382 1.575 0.482

MYO1B 1.205 1.054 1.377 0.006
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Table S5 Multivariate cox regression analysis of factors associated with overall survival in colorectal cancer patients

Exp(B) 95% CI for Exp(B) P value

Lower Upper

Sex 1.449 0.651 3.228 0.364

Age 1.014 0.983 1.046 0.385

T 1.250 0.659 2.368 0.495

N 1.372 0.619 3.041 0.436

M 0.983 0.381 2.532 0.971

Chemotherapy 0.884 0.415 1.883 0.749

MYO1B 1.218 1.054 1.407 0.008

Figure S1 Representative figures for would healing assay.


