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Abstract: MYO10 is an actin-based motor protein and correlates with cancer metastasis. However, the regulation 
of MYO10 by tumor microenvironment is unknown. In the current study, we found that the expression of protease 
activated receptor 2 (PAR2) was highly correlated with that of MYO10 in colorectal carcinoma (CRC) specimens. 
Both MYO10 and PAR2 were up-regulated in lymph node metastasis group compared with non-metastasis group. 
Activation of PAR2 significantly induced cell migration through the up-regulation of MYO10, which was mediated 
by repression of miR-204 in multiple cell lines. Interestingly, it was observed that tryptase was highly expressed in 
adjacent tissue around primary tumor of CRC. Furthermore, tryptase stimulated cell migration and up-regulated 
MYO10 expression through a PAR2-dependent manner. Taken together, our findings showed that PAR2 enhanced 
the expression of MYO10 through the repression of miR-204. PAR2 mediated tryptase-induced cell migration and 
might contribute to the invasion of cancer cells at the edge of tumor.
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Introduction

Tumor metastasis is the leading cause of death 
from cancer. Metastasis is a multi-step, compli-
cated process involving genetic and epigenetic 
changes in tumor cells. Furthermore, cancer 
develops within a complex tissue microenviron-
ment, which also regulates tumor cell invasion, 
migration and metastasis [1, 2]. Cancer metas-
tasis requires the invasion of tumor cells into 
the stroma and the directed migration of tumor 
cells toward the vasculature and lymphatics 
where they can disseminate and colonize sec-
ondary organs. Therefore, the invasion of can-
cer cells into the surrounding tissue is a prereq-
uisite and initial step in metastasis. Micro- 
environment of invasion front plays a vital role 
in that progress.

Enhanced motility of cancer cells by remodeling 
of the actin cytoskeleton seems crucial in the 
process of cancer invasion and metastasis. 
Invasive cell migration requires the formation 

of various structures, such as filopodia, invado-
podia and pseudopodia [3]. Myosin-X (MYO10), 
the molecular motor of actin, has been shown 
to participate in the extension of filopodia [4] 
and to be involved in cancer metastasis. It is 
predominantly expressed at the invasive edges 
[5]. Overexpression of MYO10 is associated 
with poor prognosis and has been observed in 
several aggressive cancers, including melano-
mas, acute lymphoblastic leukemia, glioblas- 
toma and basal-like breast carcinoma [6, 7]. 
Recently, it was reported that MYO10 was locat-
ed at the tips of invadopodia, which are protru-
sions with proteolytic activity and digest sur-
rounding extracellular matrix, involving in es- 
caping of cancer cell from primary tumor [8]. 
Furthermore, knockdown of MYO10 inhibits 
matrix digestion, and decreases invadopodia 
formation and matrix metalloproteinase pro-
duction [9]. However, the relationship between 
MYO10 and colorectal cancer metastasis is 
poorly understood.
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The microenvironment of tumor invasion front 
may enable the cancer cells to gain the ability 
of anomalously high motility and penetrate the 
surrounding stroma. It is worthy of note that the 
invasion front of tumor is particularly rich in a 
variety of proteinases, which facilitate cancer 
invasion and metastasis through the remodel-
ing of the extracellular matrix and promote cell 
migration. Moreover, some of serine proteinas-
es can selectively cleave and activate protease 
activated receptors (PARs). Most recently, we 
found that overexpression of PAR2, a member 
of PARs family, correlated with metastasis of 
colorectal cancer and activation of PAR2 pro-
moted cancer cell migration directly [10, 11]. 
PAR2-activating serine proteases are widely 
distributed in microenvironment, including tryp-
sin, tryptase and elastase, which are produced 
and released by mast cells, neutrophils and 
even tumor cells [12]. Although up-regulation of 
PAR2 has been observed in invading frontier 
cells of colorectal cancer, whether PAR2 medi-
ates MYO10 expression is not known. In the 
present study, we investigated the relationship 
between PAR2 and MYO10. We found that PA- 
R2 enhanced the expression of MYO10 through 
the repression of miR-204. In addition, PAR2 
mediated tryptase-induced cell migration and 
might contribute to the invasion of cancer cells 
at the edge of tumor.

Materials and methods

Cell culture and treatment

Human embryonic kidney (HEK)-293 cells, Hu- 
man colonic epithelial cell line HT-29, SW620 
and human lung adenocarcinoma A549 cell 
line were purchased from ATCC (Manassas, VA, 
USA). These cells were grown in Dulbecco’s mo- 
dified Eagle’s medium/F12 (Hyclone) supple-
mented with 10% fetal bovine serum (CELL). 
Stable transfectant cell lines with PAR2 knock-
down were developed and cultured as described 
previously [13].

PAR2-activating peptide (SLIGRL-NH2, 100 μM) 
(Shanghai Apeptide Co. Ltd., China), Human 
recombinant Tryptase β (G7071) and ENMD-
1068 (ab141699) were purchased from Pro- 
moga and Abcam respectively. GB88 was pre-
pared by Shanghai Sandia biological company. 
MiR-204 mimic, inhibitor and negative control 
oligos were obtained from GeneCopoeia (Gu- 
angZhou Ribobio Co. Ltd., China). SiRNA-targ- 

eting MYO10 695 (5’-GCG-GCU-CCA-UCA-UGU-
AUA-ATT-3’), 1146 (5’-GCU-GAA-CAU-CUG-UCA-
GAA-ATT-3’) and 2249 (5’-GCA-ACA-ACC-AGG-
AUA-CCU-UTT-3’) were purchased from Gene- 
pharma (Suzhou, China).

RNA isolation, RT and real-time PCR

Total RNA was isolated from cell lines, patient 
samples with Trizol reagent (Invitrogen). After 
treated with DNase I, RNA was reversely tran-
scribed into cDNA with Thermo scientific maxi-
ma first strand cDNA synthesis kit for mRNA 
detection, or with TakaraTM microRNA tran-
scription kit for microRNA detection. Real-time 
PCR was carried out on Bio-Rad S1000 PCR 
instrument and each sample was analyzed in 
triplicate. PCR data were normalized to GAPDH 
and U6 snRNA expression for mRNA and miRNA 
respectively.

Primers for miR-204, U6, PAR2 were obtained 
from GeneCopoeia (GuangZhou Ribobio Co. 
Ltd., China), The antisense primer for miRNAs 
was bought from Takara (Dalian, China). MYO10 
primers were as follows: sense, 5’-AGATCTGC- 
AGCTGTCTCCACT-3’ and antisense, 5’-GCACA- 
CTTTGGGGCTGACAT-3’.

Western blotting

Proteins were extracted from cell lines with 
RIPA buffer (0.01% EDTA, 0.1% TritonX-100 and 
10% proteinase inhibitor cocktail). Protein con-
centrations were quantified with a protein as- 
say kit (Bio-Rad). 100 μg lysate were separated 
on 10% SDS-PAGE gel and transferred to polyvi-
nylidene difluoride membranes. The membr- 
anes were probed overnight at 4°C with prim- 
ary antibody against human MYO10 (Santa 
cruze, 1:100), β-Actin (Sigma, 1:10000), p-ERK 
(Cell Signaling Technology, 1:2000), total-ERK 
(Cell Signaling Technology, 1:1000), followed by 
incubation with peroxidase-conjugated seco- 
ndary antibody (Cell Signaling Technology, 
1:10000) for 1.5 hours. The signal was visual-
ized with ECL (Millipore).

Migration assay

About 30 hours after transfection, cells were 
starved with serum-free media overnight. 5 × 
104 cells were seeded on the top chamber of 
transwell (8.0-µm pore; Corning, MA, USA) and 
incubated with 100 µM PAR2-AP or 250 nM 
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Tryptase β, while 600 µl media containing 10% 
FBS was added to the bottom chamber. 8 hours 
later, the cells remaining in the upper chamber 
were removed with cotton swabs, and the cells 
on the undersurface of transwells were fixed 
and stained with crystal violet solution. The 
number of migratory cells was calculated by 
counting five different fields under a phase-
contrast microscope of each transwell filter.

MYO10 3’-UTR luciferase reporter

3’-UTR sequence of MYO10 containing the 
putative miR-204 target sites was amplified 
from HEK-293 genomic DNA with MYO10 
sense, 5’-CGCTAGCGTGTACGTGCTTGCCTGTTC- 
3’ and antisense, 5’-CTCTAGAACAGATGGCAG- 
ACTTTGCTACA-3’, and cloned into the down-
stream of the luciferase reading frame in the 
plasmid PIS0-Report-vector. The mutation of 
miR-204 recognition elements was generated 
by KOD-plus-mutagenesis kit (TOYOBO Co., Ltd. 
Japan). The following primer pair was used: 
sense, 5’-GAAGCTATGCGTAAAAGGATGTGTAAT- 
GGTGTGCAC-3’ and antisense, 5’-TTAATGCTC- 
ATGAAACCATG-3’. The sequence of PCR prod-
uct was confirmed by DNA sequencing.

Transient transfection and luciferase reporter 
assay

The cells in 24-well plates were transfected 
with or without miR-204 mimic (100 nM) to- 
gether with wild type or mutant MYO10 3’-UTR 
reporter (200 ng) and pRL-TK (2 ng). The trans-
fection agent Lipofectamine 2000 (Invitrogen) 
was incubated with DNA or RNA in serum-free 
medium for 20 min before being added to cells 
and then incubated for an additional 4-6 h. 
After treated with PAR2-AP, cell lysate was col-
lected for luciferase activity assay, which was 
performed with a Dual-Luciferase assay kit 
(Promega). All data were normalized by pRL- 
TK.

Immunohistochemical analysis for mast cells

Human CRC samples were embedded in paraf-
fin. The primary antibody used in immunostain-
ing was mouse anti-Tryptase (Abcam, ab23- 
78). The secondary antibody was two-step 
plus®Poly-HRP Anti-Mouse/Rabbit IgG Dete- 
ction System (OriGene, Wuxi, China). Immuno- 
histochemical analysis for MCs was based on 

the appearance of tryptase (+) MCs in the tis-
sue stroma, as previously reported [14]. To 
evaluate MC density, the stained sections were 
screened under ×40 microscopic field to iden-
tify representative fields. Then, MCs were co- 
unted in six to eight non-overlapping ×200 
microscopic fields, covering all the connecting 
zones between cancer tissue and invasive front 
of cancer. Cells showing an equivocal staining 
or lacking a nucleus were not counted.

Cytosolic Ca2+ measurements

The free intracellular Ca2+ concentration ([Ca2+]i) 
was determined with the Ca2+ sensitive fluores-
cent dye Fluo-4 AM as described previously 
[15]. Fluo-4 AM dye was prepared with the fol-
lowing reagents: Fluo-4 AM (Invitrogen, F14- 
201), Pluronic F-127 and 20% solution in DM- 
SO. Bringing all dye reagents to room tempera-
ture before beginning was essential; moreover, 
all preparation and loading steps were carried 
out at room temperature in foil-wrapped tubes 
to protect dye fluorescence. HEK-293 cells 
were digested with Enzyme-free cell dissocia-
tion buffer (Gibco, REF13151-014). Cells were 
incubated with Fluo-4 AM for 30 min at 37°C 
and washed twice with the buffer for measuring 
Ca2+ signal. The calcium assay buffer has the 
following composition: 150 mM NaCl, 3.0 mM 
KCl, 10 mM Dextrose, 20 mM HEPES and 250 
mM sulfinpyrazone, pH 7.4. Flow cytometry (ex- 
citation at 485 nm, emission at 520 nm) mea-
sured the fluorescence intensity of [Ca2+]i, and 
caculated the mean fluorescence intensity 
(MFI) at different times.

Human clinical samples

All the colorectal cancer tissues and the paired 
normal tissues (≥ 5 cm from cancer tissue) 
were obtained from Cancer hospital, Chinese 
Academy of Medical Sciences, Beijing, China. 
Informed consent was obtained from all CRC 
patients. All specimens were classified accord-
ing to the tumor node metastasis (TNM) classi-
fication system. No patients received chemo-
therapy or radiotherapy before resection. Tis- 
sues were submerged in RNA laterTM (Ambion) 
for 24 h and then stored at -80°C until use. The 
use of human tissues was approved by the 
Institutional Review Board of the Chinese 
Academy of Medical Sciences Cancer Institute.
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Statistical analysis

Statistical analyses were performed on data 
collected from at least three independent 
experiments. Data were presented as means ± 
SD and analysis was performed on GraphPad 
Prism 5. When more than 2 groups were com-
pared, ANVOA with Tukey test was used. When 
2 groups were compared, Student’s t test was 
used for unpaired data. The difference was 
considered as statistically significant when P < 
0.05.

Results

Activation of PAR2 signaling up-regulates the 
expression of MYO10

Firstly, we explored the relationship between 
PAR2 and MYO10 in Gene Expression Omnibus 
Database. We found that the transcription level 
of MYO10 was positively correlated with that of 
PAR2 in different databases of CRC (GEO30378 
and GEO44076) (Figure 1A). Then, we tested 
the expression of PAR2 and MYO10 mRNA in 
paired human CRC tissue specimens (n = 24). 
As illustrated in Figure 1B, both PAR2 and 
MYO10 were up-regulated in lymphatic metas-
tasis group compared with non-metastasis 
group. To test whether the activation of PAR2 
caused the expression of MYO10, PAR2 was 
selectively activated by activating peptide 
(PAR2-AP). To confirm the activation of PAR2, 
the increase of intracellular Ca2+ concentration 
and phosphorylation of ERK1/2 were mea-
sured (Figure 1C, 1D). As shown in Figure 1E, 
PAR2-AP significantly increased MYO10 expres-
sion, while knockdown of PAR2 dramatically 
reduced MYO10 at both mRNA and protein lev-
els in HT-29 and SW620 cells (Figures 1F, S1). 
These results revealed that PAR2 signaling 
might regulate the level of MYO10.

PAR2-induced cell migration is mediated by 
MYO10

We have shown previously that the activation of 
PAR2 promotes cell migration in different cell 
lines [10]. Since A549 cells response to PAR2 
agonist very well, we used it as a model for 
PAR2 activation and epithelial cell migration. In 
order to investigate whether MYO10 mediates 
PAR2-induced cell migration, specific siRNAs 
against MYO10 were used to reduce the expres-
sion of MYO10 at both mRNA and protein levels 

in cell line tested by RT-PCR and Western Blot 
(Figure 2A). Knockdown of MYO10 substantial-
ly blocked PAR2-induced cell migration (Figure 
2B). These findings implied that MYO10 regu-
lates cell migration induced by PAR2 activa- 
tion.

PAR2 raises MYO10 expression by repressing 
miR-204

To investigate the mechanism of the up-regula-
tion of MYO10 by PAR2, miRNAs were taken 
into consideration. We found that the expres-
sion of miR-204 was repressed by PAR2 activa-
tion in different cell lines (Figure 3A). Kn- 
ockdown of PAR2 significantly elevated miR-
204 expression (Figure 3B). Furthermore, fo- 
rced expression of miR-204 inhibited MYO10 
expression induced by PAR2 (Figures 3C, S2A). 
On the contrary, knockdown of PAR2 inhibited 
the expression of MYO10 mRNA, which was 
restored by miR-204 inhibitor (Figures 3D, 
S2B). Based on TargetScan prediction analysis, 
miR-204-targeting sites were identified in the 
3’-UTR of MYO10 mRNA (Figure 3E). To further 
examine whether MYO10 is a direct target gene 
of miR-204, we constructed the luciferase re- 
porters containing wild type or mutant 3’-UTR 
of MYO10 (Figure 3E). It was found that miR-
204 mimic dramatically reduced the activity of 
the luciferase reporter, which was partially 
abolished by the mutation of miR-204 binding 
site in 3’-UTR of MYO10 (Figure 3E). Further- 
more, PAR2 activation elevated the activity of 
wild-type MYO10 3’-UTR luciferase reporter, but 
did not elevate the activity of the mutated vec-
tor (Figure 3F). Collectively, these findings vali-
dated that MYO10 is a direct target of miR-204 
and PAR2 regulates MYO10 expression by 
repressing miR-204.

MiR-204 inhibits PAR2-induced cell migration

To further determine whether miR-204 is in- 
volved in PAR2-related migration, we overex-
pressed the mimic of miR-204 (mimic-204) and 
its control (mimic-NC) in cell lines (Figure 4A). It 
was found that the overexpression of miR-204 
remarkably abolished cell migration induced by 
PAR2 activation (Figure 4B). Consistent with 
the findings in vitro, miR-204 was down-regulat-
ed in CRC tumor tissue compared with non-
tumor tissue (Figure 4C) and inversely correlat-
ed with lymph node metastasis in CRC speci-
men (Figure 4D). Moreover, we confirmed the 
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Figure 1. Activation of PAR2 signaling up-regulates the expression of MYO10. A. The correlation analysis was conducted for PAR2/MYO10 in GEO databases, 
GSE30378 and GSE44076. B. The expression of PAR2 and MYO10 in human CRC samples (n = 24) were tested with real-time PCR. The fold change of tumor 
sample (T) to paired normal tissue (N) was conducted. C. Changes in [Ca2+]i were recorded before (20 seconds) and after (80 seconds) delivery of 100 μM PAR2-AP 
to HEK-293 cells. Y-axis is the mean fluorescence intensity(MFI) of [Ca2+]i at different time. D. HEK-293 cells were serum-starved overnight and then stimulated with 
PAR2-AP (100 μM) for 5 min, 15 min, 30 min. The level of p-ERK and total-ERK were measured with Western blot. E. HEK-293 cells were serum-starved overnight 
and then stimulated with PAR2-AP (100 μM). The cell lysates were collected for MYO10 mRNA and protein expression test. F. The expression levels of MYO10 and 
PAR2 were examined in stable transfectant HT-29 and SW620 cells with or without shRNA against PAR2 (shPAR2). The data showed the means ± SD from three 
independent experiments.

Figure 2. PAR2-induced cell migration is mediated by MYO10. A. A549 cells were transfected with siRNA against MYO10. The cells were collected to measure the 
expression of MYO10 at protein and mRNA levels 48 hours after transfection. B. For cell migration assay, about 30 hours after transfection, cells were serum-starved 
overnight and then seeded on transwell and treated with PAR2-AP. After 8-hour treatment, migrated cells were quantified (right), and representative pictures for the 
migration assay were shown (left). The data showed the means ± SD from three independent experiments.
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Figure 3. PAR2 raises MYO10 expression by repressing miR-204. A. After serum-starved overnight and treatment with PAR2-AP (100 µM), HEK-293 and A549 cells 
were collected and measured for miR-204 expression by real-time PCR. B. The level of miR-204 was measured in HT-29 cells and SW620 cells stably transfected 
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with or without shRNA-PAR2 (shPAR2). C. HEK-293 cells were transfected with miR-204 mimic or control RNA. After 30 hours, the cells were serum-starved overnight 
and then treated with PAR2-AP for 6 hours, and the cell lysates were collected for MYO10 mRNA expression assay. D. HT-29 cells with or without stable transfection 
of shPAR2 were transfected with inhibitor of miR-204 or control RNA. 48 hours later, the cell lysates were collected for mRNA expression assay. E. Diagram showed 
the putative miR-204-targeting seed sequence on MYO10 3’UTR and the structure of wild type and mutant luciferase reporter of MYO10 3’UTR (top). HEK-293 cells 
were transfected with or without miR-204 mimic combined with wild type or mutant luciferase reporter of MYO10 3’UTR. 24 hours later, the cells were collected for 
luciferase assay (bottom). F. After the transfection with wild type or mutant luciferase reporter of MYO10 3’UTR, HEK-293 cells were stimulated with PAR2-AP and 
then collected for luciferase assay. The data showed the means ± SD from three independent experiments.

Figure 4. miR-204 inhibits PAR2-induced cell migration. A. Real-time PCR detected the miR-204 level of A549 after transfected with miR-204 mimic (mimic-204) 
or control RNA for 48 hours. B. Cells were transfected with miR-204 mimic. For the migration assay, about 30 hours after transfection, cells were serum-starved 
overnight and seeded on transwell, then treated with PAR2-AP for another 8 hours. The data showed the means ± SD from three independent experiments. C. The 
miR-204 expression level of tumor and normal tissue of human CRC in GEO databases GSE18392, GSE10259. D. The comparison of miR-204 level between no me-
tastasis and lymph node metastasis in GSE10259. E. The expression of miR-204 in tumor and normal tissue of human CRC samples was tested with real-time PCR.
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down-regulation of miR-204 with 36 paired 
CRC specimens (Figure 4E). These findings indi-
cate that the repression of miR-204 mediates 
PAR2-induced cell migration in vitro and in vivo.

PAR2 and MYO10 mediate tryptase-induced 
cell migration

As mentioned previously, various serine pro-
teinases, such as tryptase, which is secreted by 
mast cell in colonic mucosa, have been shown 
to activate PAR2 [14, 16]. Using immunohisto-
chemical staining, we found that tryptase was 
highly expressed at the edge of CRC (Figure 
5A). Treatment with tryptase significantly in- 
creased the expression of MYO10 at both 
mRNA and protein levels in cell lines (Figure 
5B). Consistent with previous report in DLD1 
cell line, exposure to tryptase stimulated calci-
um signaling in HEK-293 cells (Figure 5C). Mo- 
reover, different antagonists of PAR2, GB88 
and ENMD1068, completely abolished trypt-
ase-induced up-regulation of MYO10 (Figure 
5D) and repression of miR-204 (Figure 5E). 
Furthermore, knockdown of MYO10 blocked 
tryptase-induced cell migration (Figure 5F). 
Taken together, PAR2 and MYO10 mediate 
tryptase-induced cell migration which may con-
tribute to cancer metastasis in vivo.

Discussion

Proteases are important component in micro-
environment. PAR2 is activated by serine prote-
ase-mediated cleavage of its N terminus, which 
reveals a tethered ligand that then binds and 
activates the receptor [12]. As the sensor of 
protease, PAR2 and its activating proteinases 
are expressed at the leading edge of cancer 
invasion [17], and its expression level is tightly 
correlated with lymphatic metastasis in breast 
cancer and colorectal carcinoma [10, 13, 18]. 
Different lines of evidence, including ours, sh- 
owed that activation of PAR2 promoted cancer 
cell migration through different signaling path-
ways [10, 13]. Modulation of adhesion ability 
contributes to the migration induced by PAR2 
signaling. For example, PAR2 facilitated breast 
cancer cell chemokinesis through the G (alp- 
hai)-c-Src-JNK-paxillin signaling pathway [18]. 
However, the mechanism by which PAR2 pro-
motes cell motility and facilitates tumor cell 
invasion has not been fully understood. In this 
study, we demonstrated that activation of PAR2 
significantly enhanced the expression of MY- 
O10 which mediates cell migration in CRC cells.

MYO10 is an actin-based motor protein known 
to associate with cell migration and plays a cru-
cial part in many physiological processes. As an 
unconventional myosin, MYO10 contains the 
basic domains (head and neck) and is further 
distinguished from conventional members by 
the tail domains [19, 20]. The head and neck 
domains can bind to F-actin, calmodulin, hydro-
lyze ATP produce force and regulate myosin 
movement and the activity of motor. The MYO10 
tail contains different function domains which 
bridge MYO10 with various signaling. For exam-
ple, PH domain can bind to PIP3 of plasma 
membrane, the downstream of PI3K, playing an 
important role in dimerization and activation of 
MYO10. FERM domain can bind to β-integrin, 
which is cell surface receptor and involved in 
cell adhesion and migration [19]. As we men-
tioned before, high level of MYO10 is correlated 
with metastasis of cancer. Although MYO10 is 
very important in cell migration, the regulation 
of its expression is not clear. In the study, the 
data suggested that proteases, such as trypt-
ase, enhanced the expression of MYO10 and 
promoted cell migration through PAR2 signal-
ing. Furthermore, we found that MYO10 mRNA 
is a direct target of miR-204.

MicroRNAs (miRNAs) are ~22-nucleotide small 
non-coding RNAs which regulate gene expres-
sion by translational repression and/or degra-
dation of mRNA [21]. MiR-204 is located in 
human chromosome 9, transcribed from the 
sixth intron of Transient Receptor Potential cat-
ion channel subfamily M member 3 (TRPM3), 
which functions as an oncogene. As a tumor 
suppressor miRNA, miR-204 inhibits the ex- 
pression of its host gene product TRPM3, indi-
cating an intronic miR-mediated self-loop with 
negative feedback [22]. In addition, miR-204 is 
down-regulated in a variety of tumors, such as 
non-small cell lung cancer, breast cancer, blad-
der cancer, gastric cancer, head and neck can-
cer and endometrial carcinoma [23]. Consistent 
with previous report, we found down-regulation 
of miR-204 in colorectal cancer tissues, which 
is associated with poor prognoses [24]. MiR-
204 plays a fundamental role in proliferation, 
invasion and metastasis through different tar-
get genes. MiR-204 mediates metastasis by 
inhibiting SOX4 in renal and gastric cancer [25, 
26]. MiR-204 acts as a tumor suppressor in 
colorectal cancer through inhibiting RAB22A as 
well, which is a member of the RAS oncogene 
family [24]. Furthermore, miR-204 has been 
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shown to regulate cell death through the repres-
sion of Bcl-2 expression in colon cancer cell 
lines [27]. In current study, we demonstrated 
that MYO10 is a direct target of miR-204 and 
mediates PAR2-induced cell migration in CRC.

In conclusion, we found a positive correlation 
between PAR2 and MYO10 mRNA level in CRC. 
High level of MYO10 was associated with lym-
phatic metastasis. In addition, tryptase was 
highly expressed in adjacent tissue around pri-
mary tumor of CRC. Trypatse activated PAR2 
signaling and up-regulated MYO10 through the 
repression of miR-204. Our study reveals a 
novel mechanism by which proteases in the 
microenvironment regulate actin-based motor 
protein MYO10 and promote cancer cell mig- 
ration.
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Figure S1. Real-time PCR detected the mRNA level of PAR2 in stable transfectant HT-29 and SW620 cells with or 
without shRNA against PAR2 (shPAR2).

Figure S2. The transfection efficiency of miR-204 mimic and inhibitors. The level of miR-204 was detected with real-
time PCR after transfected with (A) miR-204 mimic (mimic-204) or (B) miR-204 Inhibitor (Inhibitor-204) in HEK-293 
or HT-29 cells.


