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PAR4 overexpression promotes colorectal
cancer cell proliferation and migration
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Abstract. Protease-activated receptor 4 (PAR4), a member
of the G-protein-coupled receptor family, was previously
identified to be involved in the progression of cancer. Previous
study revealed that the expression of PAR4 was increased
in colorectal cancer tissues compared with the associated
normal tissues, particularly in positive lymph node and poorly
differentiated types of cancer. We hypothesized that PAR4
serves a function in the progression of colorectal cancer. In
the present study, overexpression of PAR4 in colorectal cancer
LoVo cells promoted proliferation, anchorage-independent
growth and migration. In vivo, PAR4 increased LoVo cell
tumorgenicity. In contrast, knockdown of PAR4 in HT-29 cells
decreased proliferation, anchorage-independent growth and
migration. Mechanistic studies revealed that PAR4 increased
the phosphorylation of extracellular-signal-regulated kinase
1/2 in colorectal cancer cells, which is the potential molecular
mechanism that promotes cellular proliferation and migra-
tion. Taken together, the results of the present study indicated
that overexpression of PAR4 promoted colorectal cancer cell
proliferation, survival and metastasis, indicating that PAR4
is a promising therapeutic target for preventing colon cancer
progression.

Introduction
Colorectal cancer (CRC) is the most prevalent type of cancer

and the second most important cause of cancer-associated
mortality in Western countries (1), and the incidence of CRC
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is increasing in certain countries of Eastern Europe and
Asia (2). The progression from normal colonic mucosa to
malignant tumor is a multistep process, which is involved
in many genetic alternations. Chromosomal instability,
primarily including adenomatous polyposis coli (APC)
gene mutation, and the inactivation of the mismatch repair
gene system are the potential molecular mechanisms that
lead to CRC (3.4). Proteinase-activated receptors (PARs),
a subfamily of G-protein-coupled receptors, composed of
four members, PAR1, PAR2, PAR3 and PAR4 (5), have been
identified to be involved in the progression of various types
of cancer (6-10). PAR1 and PAR2 were widely expressed
in adenocarcinomas, melanomas, osteosarcomas, glioblas-
tomas, meningiomas, leukemias, and breast and colon cancer.
PARI and PAR2 promote cancer cell proliferation, motility
and metastasis (11-13). PAR3 was expressed in kidney and
liver cancer (14,15). In human pancreatic adenocarcinoma
PANC-1 cells, knockdown of PAR3 markedly enhanced
cell migration and invasion (16). PAR4 was also expressed
in multiple tumors. In prostate cancer, PAR4 expression was
increased compared with the normal glands; however, no
correlation between PAR4 expression and Gleason score was
identified (17,18). PAR4 mRNA was identified in 10/14 (71%)
human colon cancer cell lines. PAR4 protein expression was
absent from normal colon mucosa, but appeared as evident
staining in the dysplastic and colon cancerous mucosa (19).
In our previous study, we identified that PAR4 expression
was increased in colon cancer compared with the associated
normal tissue, and the upregulated expression was associated
with lymph node invasion and cell differentiation (6). However,
the effect of PAR4 on CRC cell proliferation, survival and
migration, and the potential molecular mechanism involved
in the functions have, to the best of our knowledge, not been
investigated. We hypothesized that PAR4 promoted the
proliferation and migration of CRC cells. Therefore, PAR4
was overexpressed in CRC LoVo cells or knocked down
in HT-29 cells, and the effect of PAR4 on the proliferation
and migration of CRC cells, and the phosphorylation level
of extracellular-signal-regulated kinase (ERK)1/2 were
investigated. The results of the present study indicated that
overexpression of PAR4 promoted proliferation, survival and
migration of CRC cells, and increased the phosphorylation
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level of ERK1/2. These observations suggested that PAR4 is
involved in the progression of CRC.

Materials and methods

Ethics statement. The present study was reviewed and
approved by The Second Affiliated Hospital of Kunming
Medical University. All animals were raised according to the
protocols approved by the Kunming Medical Experimental
Animal Care Commission.

RNA extraction and quantitative polymerase chain reaction
(qPCR). RNA extraction, first-strand cDNA synthesis and
the design of primers were as described previously (7). The
primers used for qPCR were as follows: GAPDH (107 bp
product; internal control), 5"-TGATGACATCAAGAAGGT
GGTGAAG-3' (forward) and 5-TCCTTGGAGGCCATG
TGGGCCAT-3' (reverse); PAR4 (147 bp product), 5'-CCTTCA
TCTACTACTACTACGTGTCG-3' (forward) and 5'-ACTGGA
GCAAAGAGGAGTGG-3' (reverse). qPCR for PAR4 and
GAPDH were performed using an SYBR Green Real-Time
PCR kit (Thermo Fisher Scientific, Inc., Waltham, MA,
USA) with the conditions as follows: Initial denaturation at
95°C for 1 min, followed by 40 cycles of 95°C for 15 sec and
60°C for 1 min. Each sample was run three times. Products
were analyzed using a continuous fluorescence detector with
Opticon Monitor 3.0 software (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). No-template controls (no cDNA in PCR)
were included to detect non-specific or genomic amplification
and primer dimerization. Relative quantitative evaluation of
PAR4 was performed using the E-method (6,7) and expressed
as a ratio of the transcript of PAR4 to GAPDH in the different
cell lines. The identities of qPCR products were confirmed by
DNA sequencing.

Western blot analysis. Mouse anti-human PAR4 monoclonal
antibody (cat. no. sc-130078; 1:1,000) and mouse anti-human
B-actin monoclonal antibody (cat. no. sc-517582; 1:1,000)
were from Santa Cruz Biotechnology, Inc. (Dallas, TX,
USA), and mouse anti-human phospho-ERK1/2 monoclonal
antibody (cat. no. 9106; 1:2,000) and rabbit anti-human
ERK1/2 polyclonal antibody (cat. no. 9102; 1:1,000) were from
Cell Signaling Technology, Inc. (Danvers, MA, USA). Cells
(1x10*) were washed twice with ice-cold PBS and were lysed
with radioimmunoprecipitation lysis buffer (Thermo Fisher
Scientific, Inc.) containing a protease and phosphatase inhibitor
cocktail (Roche Diagnostics, Basel, Switzerland). The protein
concentration was determined using a Quick Start™ Bradford
protein assay kit (cat. no. 5000201; Bio-Rad Laboratories,
Inc.). Samples (20 ug protein) were separated by SDS-PAGE
(30% acrylamide) and then transferred onto a polyvinyl difluo-
ride membrane. The membrane was subsequently blocked
with 3% bovine serum albumin diluted in TBS with 0.1%
Tween-20 (1:1,000; cat. no. T8220; Beijing Solarbio Science
and Technology Co., Ltd., Beijing, China) and incubated with
the primary antibody and the horseradish peroxidase-labeled
goat anti-rabbit (cat. no. SE134; 1:1,000) and anti-mouse (cat.
no. SE131; 1:1,000) (both from Beijing Solarbio Science and
Technology Co., Ltd.). Proteins were visualized using Super
Signal reagents (Pierce; Thermo Fisher Scientific, Inc.) with
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the ChemiDoc XRS imaging system (Bio-Rad Laboratories,
Inc.) and analyzed using the Image Lab 5.2 software (Bio-Rad
Laboratories, Inc.).

Cell culture. Human CRC LoVo and HT-29 cell lines were
from the American Type Culture Collection (Manassas, VA,
USA). LoVo cells were cultured in Ham's F-12K (Kaighn's)
medium (cat. no. 21127022; Pierce; Thermo Fisher Scientific,
Inc.) supplemented with 10% (v/v) fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and
100 U/ml streptomycin (Gibco; Thermo Fisher Scientific, Inc.),
and HT-29 cells were cultured in Dulbecco's modified Eagle's
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% (v/v) FBS, 100 U/ml penicillin and 100 U/ml strepto-
mycin. Cells were cultured at 37°C in a humidified atmosphere
containing 5% CO,.

Generation of LoVo cells overexpressing PAR4. cDNA
encoding human PAR4 was inserted into bicistronic retroviral
vector to obtain pPBMN-PAR4-NEO. pPBMN-PAR4-NEO was
used to produce retrovirus containing PAR4, and LoVo cells
were infected using the retrovirus. In brief, retrovirus expressing
PAR4 was generated by transfecting pPBMN-PAR4-NEO
plasmid into Phoenix cells (Pierce; Thermo Fisher Scientific,
Inc.). At 48 h after transfection, the retrovirus supernatant was
collected, centrifuged (1,000 x g for 3 min at room tempera-
ture) and filtered through a 0.45 pm filter. LoVo/PAR4 cells
were produced using the retrovirus supernatant with PAR4,
and LoVo/vector cells were generated using the retrovirus
supernatant with pPBMN-I-NEO only. G418 (600 ug/ml) was
used to select the stable overexpression of PAR4 (LoVo/PAR4)
and the empty vector (LoVo/vector).

Knockdown of PAR4 in HT-29 cells. Since PAR4 was expressed
in CRC HT-29 cells, short hairpin RNA (shRNA) was used to
knock down PAR4 in HT-29 cells. shRNA targeting PAR4 was
from GE Healthcare Dharmacon, Inc. (Lafayette, CO, USA).
Briefly, lentivirus expressing PAR4 shRNA was generated by
co-transfecting PAR4 shRNA plasmids with pCMV-dR8.2
dvpr and pCMV-VSVG packaging plasmids into 293FT cells
(Shanghai Genechem Co., Ltd., Shanghai, China.). At 48 h
after transfection, the lentiviral supernatant was collected,
centrifuged (1,000 x g for 3 min at room temperature) and
filtered through a 0.45 pm filter. HT-29 cells were infected
with collecting lentivirus supernatant with shPAR4. The
lentiviral vector pGIPZ, containing puromycin and green
fluorescent protein (GFP) selection markers, was used to
knock down PAR4. HT-29/pGIPZ cells were generated using
the lentivirus supernatant with pGIPZ only as control. HT-29
cells transduced with pGIPZ only or pGIPZ-shPAR4 were
selected using 5 pg/ml puromycin to generate HT-29/pGIPZ
or HT-29/shPARA4, respectively.

Cell proliferation assay. Cell proliferation was determined
by viable cell counting in Dulbecco's modified Eagle's
(high-glucose) medium (Gibco; Thermo Fisher Scientific,
Inc.) containing 10% FBS. LoVo/vector or LoVo/PAR4
cells were seeded in a 6-well plate with each containing
1x10° cells in 3 ml culture medium individually The
number of cells was determined daily for 5 days using a
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Figure 1. PAR4 increases LoVo cell proliferation and survival. (A) Quantitative polymerase chain reaction analysis of PAR4 from LoVo/vector and LoVo/PAR4
cells. “P<0.05 vs. LoVo/vector cells. (B) Western blot analysis of PAR4 of whole cell lysates from LoVo/vector and LoVo/PAR4 cells. B-actin was used as a
loading control. (C) Proliferation of LoVo/vector and LoVo/PAR4 cells in the presence of 10% fetal bovine serum. Results are expressed as the fold change in
cell number relative to day 1 (n=3). ‘P<0.05. (D) Number of colonies observed from LoVo/vector and LoVo/PAR4 cells in soft agar containing 5% fetal bovine

serum. "P<0.05 vs. LoVo/vector cells. PAR4, protease-activated receptor 4.

hemocytometer and the fold increase in cell proliferation
was calculated.

Cell survival assay. The soft agar colony assay was performed
as described by Yu er al (20). In brief, 2x10* LoVo/vector or
LoVo/PAR4 cells were seeded in the 0.35% top agarose in
culture medium with 5% FBS, and the base agarose concentra-
tion was 0.7% in the same medium in a 6-well plate, and the
cells were fed every 3 days with culture medium containing
5% FBS. The colony number was quantified in 10 randomly
selected visual fields when the cells were cultured for 2 weeks.

Invivotumorigenicity assay.The animal protocol was designed to
minimize pain or discomfort to the animals. The female BALB/c
nude mice with 4-6 weeks old were obtained from Experimental
Animal Center of Kunming Medical University (Kunming,
China), and were randomly divided into 2 groups (n=4/group).
The animals (weight, 21.19+1.45 g) were acclimatized to labora-
tory conditions (23°C, 12-h light/12-h dark cycle, 50% humidity,
ad libitum access to food and water) for 2 weeks prior to experi-
mentation. A total of 1x10° LoVo/PAR4, LoVo/vector cells,
HT-29/pGIPZ, HT-29/shPAR4#4 or HT-29/shPAR4#5 cells in
50 ul PBS were injected subcutaneously into the two sides of
the male nude mice. Tumor growth was monitored weekly by
determining the tumor volume using the formula V=(W? x L)/2,
where V is volume; W is width and L is length. After 5 weeks,

the mice were sacrificed, and the tumors were isolated and
weighed. Animals were sacrificed immediately on presentation
of signs of pain, distress, suffering or impending mortality.

Cell migration assay. Migratory activities of LoVo/PAR4,
LoVo/vector cells, HT-29/pGIPZ, HT-29/shPAR4#4 or
HT-29/shPAR4#5 cells in vitro were determined using a
Matrigel insert migration assay. Following starvation for 24 h,
3x10° cells in 300 ml serum-free medium were seeded into
a FluoroBlok™ Cell Culture insert (Corning Incorporated,
Corning, NY, USA). The lower chamber of a 24-well plate
contained 500 ml pre-warmed culture medium containing
10% FBS. At 16 h after seeding, the non-migrating cells
remaining in the insert were scraped off using a cotton swab
and the migrated cells in the bottom part of the insert were
labeled with calcein acetoxymethyl ester (Invitrogen; Thermo
Fisher Scientific, Inc.) in culture medium containing 10%
FBS. Cells that had migrated through the membranes were
quantified by determining the number of cells in five randomly
selected visual fields.

Statistical analysis. Results are expressed as the
mean + standard deviation. Differences between the groups
were evaluated using a paired Student's t-test or one-way
analysis of variance. Statistical analyses were performed
using SPSS software for Windows (version 21.0; IBM Corp.,
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Figure 2. PAR4 is required for HT-29 cell proliferation and survival. (A) Quantitative polymerase chain reaction analysis of PAR4 expression from HT-29
cells transfected with empty vector (pGIPZ) or shPAR4 (clones #4 and #5). (B) Western blot analysis of PAR4 of whole cell lysates from HT-29/shPAR4#4
and HT-29/shPAR4#5 cells. 3-actin was used as a loading control. (C) Proliferation of HT-29/pGIPZ, HT-29/shPAR4#4 or shPAR4#5 cells in the presence of
10% fetal bovine serum. Results are expressed as the fold change in cell number relative to day 1 (n=3). (D) Number of colonies observed from HT-29/pGIPZ,
HT-29/shPAR4#4 or shPAR4#5 cells in soft agar containing 5% FBS. "P<0.05 vs. HT-29/pGIPZ cells. PAR4, protease-activated receptor 4; shPAR4, short

hairpin RNA targeting PAR4.

Armonk, NY, USA). P<0.05 was considered to indicate a
statistically significant difference.

Results

PAR4 increases LoVo cell proliferation and survival. To
investigate the effect of PAR4 on CRC cell proliferation, PAR4
was overexpressed in LoVo cells. qPCR analysis indicated that
mRNA expression of PAR4 was increased significantly in
LoVo/PAR4 cells compared with in LoVo/vector cells (Fig. 1A).
Western blot analysis revealed that PAR4 protein was increased
in LoVo/PAR4 cells compared with in the LoVo/vector cells
(Fig. 1B). The effect of overexpression of PAR4 on LoVo cells
was investigated. In culture medium containing 10% FBS, from
day 3 onwards, a significant difference in cell proliferation
activity between LoVo/PARA4 cells and the control LoVo/vector
cells was identified (Fig. 1C), indicating that PAR4 promotes
LoVo cell proliferation under standard culture conditions. It
was next investigated whether the PAR4-mediated prolifera-
tion leads to increased anchorage-independent growth in soft
agar. When LoVo/vector cells were plated in soft agar, none or
few colonies were observed when the colonies were cultured

for 2 weeks, whereas a significant number of LoVo/PAR4 cells
colonies was observed. Quantification indicated that expres-
sion of PAR4 led to a >3-fold increase in colony formation of
LoVo cells (Fig. 1D). Taken together, these results indicated
that increased expression of PAR4 enhances proliferation and
survival of LoVo cells.

Knockdown of PAR4 decreases proliferation and
anchorage-independent growth of HT-29 cells. Since overex-
pression of PAR4 promotes LoVo cell proliferation, the effect
of proliferation of knocking down PAR4 on CRC cells as inves-
tigated. Since PAR4 was expressed in CRC HT-29 cells (21),
lentiviral sShRNA was used to knock down PAR4 in HT-29 cells.
The lentiviral vector pGIPZ, containing puromycin and GFP
selection markers, was used to knock down PAR4. HT-29 cells
with knockdown of PAR4 were generated with 5 pg/ml puro-
mycin resistance selection. HT-29 cells transfected with pGIPZ
vector were selected using 5 ug/ml puromycin and were used
as a control. qPCR indicated that PAR4 mRNA expression was
decreased in HT-29/shPAR4#4 (P<0.05) or HT-29/shPAR4#5
(P<0.05) clones compared with HT-29/pGIPZ control cells
(Fig. 2A). Western blotting using PAR4-specific antibody
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Figure 3. Overexpression of PAR4 in LoVo cells increases LoVo tumorigenesis. (A) LoVo/vector or LoVo/PAR4 cells were separately injected into nude mice
subcutaneously, and the tumor volume was quantified weekly. The LoVo/PAR4 tumor increased in volume more rapidly compared with the LoVo/vector
tumor, and a significant difference in tumor volume between the LoVo/vector and LoVo/PAR4 was observed from week 3 onwards. (B) Mice injected with
LoVo/vector and LoVo/PAR4 cells, and (C) tumors from LoVo/vector and LoVo/PAR4 mice. (D) Average tumor weights from mice 5 weeks after injection
with LoVo/vector and LoVo/PAR4 cells. The tumor volumes and weights are expressed as the mean + standard deviation. “P<0.05 vs. LoVo/vector. PAR4,

protease-activated receptor 4.

was used to confirm the knockdown of PAR4 in these cell
lines. As expected, the protein expression level of PAR4 in
HT-29/shPAR4#4 and HT-29/shPAR4#5 cells was markedly
decreased compared with HT-29/pGIPZ control cells (Fig. 2B).

The effect of knockdown of PAR4 on HT-29 cell prolifera-
tion was investigated. As presented in Fig. 2C, the proliferative
activities of HT-29/shPAR4#4 and HT-29/shPAR4#5 clones
were significantly decreased compared with HT-29/pGIPZ
control in standard culture medium containing 10% FBS.
Similarly, in the colony formation assay, when these cells were
plated in agarose with culture medium containing 5% FBS and
cultured for 2 weeks, colony formation of HT-29/shPAR4#4 or
HT-29/shPAR4#5 cells in soft agar was decreased significantly
compared with HT-29/pGIPZ cells after 2 days. Determination
of the colony numbers indicated that knockdown of PAR4
in HT-29 cells led to a 4-fold decrease in colony formation
compared with the HT-29/pGIPZ control cells (P<0.05;
Fig. 2D). The results suggested that knockdown of PAR4 in
HT-29 cells significantly decreased the proliferation and
survival of CRC HT-29 cells.

Overexpression of PAR4 increases LoVo cell tumorigenesis.
Since PAR4 overexpression increased LoVo cell proliferation

and survival, the effect of PAR4 on tumorigenesis was investi-
gated. LoVo/vector and LoVo/PAR4 cells were injected into the
two sides of each nude mouse subcutaneously, and the tumor
volume was determined weekly. As presented in Fig. 3A, quan-
tification of the tumor volume over 5 weeks indicated that the
LoVo/PAR4 tumor volume increased more rapidly compared
with the LoVo/vector tumor volume, and there was as significant
difference between LoVo/PAR4 and LoVo/vector from 3 weeks
onwards. When the mice were sacrificed in week 5, it was
identified that there were six tumors present in the LoVo/vector
group, but seven tumors present in the LoVo/PAR4 group.
The tumor of mouse no. 1 in PAR4/LoVo group exhibited the
longest diameter (1.83 cm). Multiple tumors was observed for
mouse no. 2 (two tumors; 0.3 and 0.5 cm), no. 3 (two tumors;
0.2 and 0.5 cm) and no. 4 (two tumors; 0.2 and 0.3 cm) in the
control group, and no. 1 (two tumors; 1.8 and 0.5 cm), no. 2
(two tumors; 0.2 and 0.7 cm) and no. 3 (two tumors; 1.7 and
0.2 cm) in the LoVo/PAR4 group (Fig. 3B). The average tumor
weight for the LoVo/vector group was 0.675+0.12 g, and for the
LoVo/PAR4 group was 1.875+0.09 g, which suggested that there
was significant difference between the tumor weight between
LoVo/vector and LoVo/PAR4 group (Fig. 3C and D). The
weights of the animals at the time of sacrifice were 1.87, 1.89,


https://www.spandidos-publications.com/10.3892/ol.2018.9407
https://www.spandidos-publications.com/10.3892/ol.2018.9407
https://www.spandidos-publications.com/10.3892/ol.2018.9407

5750

>
g

'S
o
1

(]
(=]
|

N
o
1

Cell number per field
[==]

LoVo/vector LoVo/PAR4

w
3]
(&)

1

n
[=]
1

jury
(4]
1

e
(=]
1

|_

Cell number per field

HT-29/pGIPZ shPAR4#4 shPAR4#5

ZHANG et al: PAR4 PROMOTES COLORECTAL CANCER CELL PROLIFERATION AND MIGRATION

Migration

LoVo/vector LoVo/PAR4

HT-29/pGIPZ

shPAR4#4 shPAR4#5

Figure 4. Effects of PAR4 on the migratory activity of colon cancer cells. (A) Migratory activity of LoVo/vector and LoVo/PAR4 cells. Left: Quantification of
cells that migrated to the other side of the migration insert. Right: Migratory cells from an area randomly selected from five fields. "P<0.05 vs. LoVo/vector.
(B) Migratory activity of HT-29/pGIPZ, HT-29/shPAR4#4 and HT-29/shPAR4#5cells. Left: Quantification of cells that migrated to the other side of the migra-
tion insert. Right: Migratory cells from an area randomly selected from five fields. "P<0.05 vs. HT-29/pGIPZ. PAR4, protease-activated receptor 4.

. \160&0( \'4 S
NN
\/0 \/0

O
37 kDa |W— - 0-ERK1/2

37 kDa | " S (A ctin
B \de &
\es' 5\(\? N

37 kD2 [WE— S R < 1/2

37 kDa _- A tin

Figure 5. Overexpression of PAR4 activates ERK1/2. (A) Western blot
analysis of phospho-ERK1/2 and total ERK1/2 of whole cell lysates from
LoVo/vector and LoVo/PAR4 cells. B-actin was used as a loading control.
(B) Western blot analysis of phospho-ERK1/2 and total ERK1/2 of whole cell
lysates from HT-29/pGIPZ, HT-29/shPAR4#4 and HT-29/shPAR4#5cells.
B-actin was used as a loading control. ERK, extracellular-signal-regulated
kinase; p-, phospho-.

1.19 and 1.96 g for the LoVo/PAR4 group. The tumor burden of
mouse no. 1 and no. 3 in the LoVo/PAR4 group was >10% of
its body weight, and the maximum tumor burden was 11.6%.
Furthermore, a ‘cornmeal-like appearance’ in mouse #4 (but no
other mouse) of the LoVo/PAR4 group may have been caused
by an infection by Corynebacterium bovis, which healed after
6 days, and the mouse did not exhibit signs of pain or suffering
during the experimental period. The alteration in the skin of this
mouse had little effect on the results of the present study. The
results indicated that expression of PAR4 promoted colorectal
tumor growth, possibly through an increase in proliferation
and survival of CRC cells. However, when HT-29/pGIPZ,
HT-29/shPAR4#4 or shPAR4#5 cells were each injected into
nude mice subcutaneously, there was no significant difference
in tumor growth among them (data not shown).

Effects of PAR4 on the migration of CRC cells. To determine
whether PAR4 is able to induce changes in colon cancer cell
motility, the migration effect of PAR4 on LoVo cells and HT-29
cells was investigated. The migratory activity was investigated
using a Transwell migration assay. As presented in Fig. 4A,
LoVo/PAR4 cells exhibited increased migratory activity
compared with LoVo/vector cells after 16 h. Quantification
of migratory cells indicated that expression of PAR4 led to a
>2-fold increase compared with the LoVo/vector cells. Similarly,
knockdown of PAR4 in HT-29 also decreased the migratory
activity compared to the relative control cells. Quantification
of migration of HT-29/shPAR4#4 and HT-29/shPAR4#5 cells
demonstrated that knockdown of PAR4 (P<0.05) led to a >2-fold
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decrease in migratory activity compared with the HT-29/pGIPZ
control (Fig. 4B). These results indicated that the expression of
PAR4 increased colon cancer cell migration.

PAR4 activates ERK1/2 in CRC cells. In order to explore the
potential underlying molecular mechanism for the effects of
PAR4 in CRC cells, the expression level of phospho-ERK1/2
in CRC cells was investigated. As presented in Fig. 5, the
level of phospho-ERK1/2 was increased in LoVo/PAR4 cells
compared with the LoVo/vector cells. However, the level of
phospho-ERK1/2 was decreased markedly in HT-29/shPAR4#4
or HT-29/shPAR4#5 clones compared with the HT-29/pGIPZ
control (Fig. 5B). These results indicated that PAR4 overex-
pression in CRC cells increased the level of phospho-ERK1/2.

Discussion

PARA4, the most recently identified member of the PAR family,
is a G-protein-coupled receptor, and serves physiological func-
tions in the presence of thrombin, trypsin and cathepsin G (22).
Besides platelet activation and relaxation of esophageal smooth
muscle, PAR4 is involved in the progression of cancer (23,24).
In human hepatocellular carcinoma (HCC), PAR1 and PAR4
were identified to trigger HCC cell migration through activating
common pro-migratory signaling pathways (14,25). In gastric
cancer, PARI and PAR2 promote gastric carcinogenesis by
trigging intracellular signals, whereas PAR4 serves a nega-
tive function in the progression of gastric cancer (26). In our
previous research, the expression of PAR4 was decreased in
gastric, lung and esophageal cancer compared with the normal
tissues, and the downregulation of expression was associated
with poor cell differentiation and lymph node invasion (7,9,10).
However, the expression of PAR4 was increased in CRC tissues,
and the upregulation of expression partly resulted from the
hypomethylation of the promoter (6). In the present study, in
order to investigate further the function of PAR4 in the progres-
sion of CRC, PAR4 was overexpressed in CRC LoVo cells, and
it was identified that PAR4 promotes LoVo cell proliferation
and anchorage-independent growth compared with the control.
When PAR4 was knocked down in HT-29 cells, proliferation
and colony formation of HT-29 cells were decreased compared
with the vector only. The results suggested that PAR4 serves a
function in the proliferation and survival of CRC cells. When
the cells were injected into the nude mouse subcutaneously, it
was identified that the tumor growth of LoVo/PAR4 was more
rapid compared with that of the LoVo/vector, suggesting that
PAR4 promoted colorectal tumorigenesis. The tumorigenesis
of PAR4 is possibly a result of the effect of PAR4 increasing
cell proliferation and survival. However, no significant differ-
ence in tumor growth was identified between HT-29/pGIPZ
and HT-29/shPAR4#4 or shPAR4#5 cells (data not shown),
which may be improved by increasing the number of animals
in future research. In the present study, it was also identified
that overexpression of PAR4 in LoVo cells promoted cell migra-
tion, and knockdown of PAR4 in HT-29 cells decreased cell
migration. The results indicated that PAR4 promoted CRC cell
migration. In fact, in Hep3B hepatocellular carcinoma cells,
PAR4 and PARI have been identified to promote cell migration
depending on reactive oxygen species formation and receptor
tyrosine kinase transactivation (25). Similarly, the study of
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Zhang et al (21) revealed that human trefoil factor 2 (WTFF2)
promoted the invasion of gastric cancer cells that overexpressed
PARA4, but there was no promotion effect when the PAR4 was
knocked down. In our previous study, it was identified that the
expression levels of PAR4 were markedly increased in CRC
tissues compared with the matched non-cancerous tissues,
particularly in cancer with positive lymph node metastasis (6).
These results are consistent with the promotion effect on
migration of PAR4, and suggested that PAR4 serves a func-
tion in lymph mode metastasis of CRC. Finally, the potential
underlying molecular mechanism for the function of PAR4
in the progress of CRC was investigated. It was investigated
that overexpression of PAR4 in LoVo cells increased the level
of phospho-ERK1/2, and that knockdown of PAR4 in HT-29
cells decreased ERK1/2 expression. These results suggested
that PAR4 increased the level of phospho-ERK1/2. In fact, it
has been identified previously that the function of PAR4 was
associated with the activation of the ERK2 signaling pathway.
A study by Gratio er al (19) identified that the increase in the
extracellular phosphorylation level of ERK1/2 and ErbB-2 was
associated with the promotion effect of PAR4 on colon cancer
cell proliferation. In recent research, Smith et al (27) identified
that the internalization of activated PAR4 is associated with
proper ERK1/2 and protein kinase B activation. Recombinant
hTFF2 promoted gastrointestinal cancer AGS and LoVo cell
migration via phosphorylation of ERK1/2 when PAR4 was
overexpressed in the cells (21). In that study, it was identified
that PAR4 activated the ERK1/2 signaling pathway, which is
possibly involved in the promoted effect of CRC cell prolifera-
tion, migration and tumorigenesis.

In conclusion, the results of the present study indicated that
PAR4 serves a function in proliferation and migration of colon
cancer cells, which possibly results in tumorigenesis and inva-
sion of CRC tumors. Further investigation of the molecular
mechanism of the involvement of PAR4 in tumorigenesis and
metastasis in CRC is warranted.
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