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Abstract

PART, 2, and 4.

freatment.

Background: Protease-activated receptors (PARs) are a family of four G protein-coupled receptors expressed widely
in many types of cells. PAR1, 2, and 4 have been shown to play an important role in many of the physiological activi-
ties of cells and many types of cancer cells. Esophageal carcinoma has become the fourth most common clinically
diagnosed cancer and one of the top three leading causes of cancer-related deaths in China. The functions and
expression patterns of PAR1, 2, and 4 in esophageal carcinoma have not published previously.

Methods: Here, we systematically studied the expression of PART, 2, and 4 in clinical esophageal carcinoma patients
and determined their role in esophageal carcinoma in vivo and in vitro through the overexpression or knockdown of

Results: We found that the expression of PART and 2 expressed higher in esophageal carcinoma than in the para-
carcinoma tissues on clinical patients. PAR1 and 2 enhanced cell proliferation both in vivo and in vitro and reduced
apoptosis to strengthen cancer cell vitality in TE-1 cells. In contrast, the expression of PAR4 expressed decreased in
esophageal carcinoma, and its expression induced apoptosis in vivo and vitro.

Conclusion: In our previous studies and the present study, we noted that the expression of PART, 2, and 4 was
almost absent in different stages of esophageal carcinoma. PAR1T and 2 might be potential molecular markers for
esophageal carcinoma, and PAR4 might be an effective treatment target for esophageal carcinoma prevention and
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Background

Protease-activated receptors (PARs) are a family of four G
protein-coupled receptors that are expressed extensively in
many cell types in the human body (e.g., neurons, immune
cells, myocytes, platelets, fibroblasts, epithelial cells and
endothelial cells). PARs regulate the expression of 2.9% of
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known human proteins and 1.3% of human genome, and
the activation/deactivation of downstream signaling cas-
cades triggered by PARs range from coagulation cascade,
inflammation, pain transmission, and repair processes [1].
The presence of PAR1, 2, and 4 promote cell proliferation
and migration or apoptosis of types of cancer cells. PAR1
is primarily a thrombin receptor and has been shown to
present in human colon cells but not in human colonic
epithelial cells breast carcinoma cells, prostate cancer cells,
colorectal cancer cells, ovarian cancer cells. Furthermore,
the expression of PARI is involved in the promotion of
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tumor cell proliferation and migration. PAR1 and PAR2
both contribute to melanoma cell migration [2]. Also,
PAR2 has been proposed to contribute to breast cancer
development [3, 4], and cell proliferation and migration
in colon cancer [5]. At the same time, PAR4 functions as
a suppressor in most tumor cells. The up-regulation of
PAR4 induces apoptosis in prostate cancer cells [6], and
decreased expression of PAR4 resulted in aggressive gas-
tric cancer [7], breast cancer recurrence and poor progno-
sis [8, 9], and the promotion of colon cancer cells [10].

Esophageal cancer has become the 4th most common
clinical diagnosed cancer and one of the top three leading
causes of cancer-related deaths in China [11]. Although the
ratio of esophageal cancer only between one-third and one-
half in total esophageal cancer, but the overall 5-year sur-
vival of esophageal carcinoma ranges from 15 to 25% [12,
13]. The rates of esophageal carcinoma in rural areas were
about twice the rate in urban areas. And the low fruit and
vegetable intake and unhealthy lifestyle still was the popular
cause of esophageal carcinoma genesis. The early prognosis
would take a better chance of surviving 5 years after diag-
nosis. But the prognosis for esophageal carcinoma is poorly
dismal in China, and the relative survival rates are about
20% [11]. We hope the research would provide an efficient
prognosis target for the esophageal cancer prognosis.

In this study, we aimed to clarify the differences in the
expression of PAR1, 2, and 4 between human esophageal
epithelial cells and clinical esophageal carcinoma tumor
cells. Also, we show the relationships between the regu-
lated expression of PARs (1, 2, and 4) and proliferation
and apoptosis in the esophageal carcinoma cell line TE-1.
Furthermore, the relationship between the methylation
of CpG islands and the expression of PARs need more
research. We examined changes of esophageal carcinoma
cells growing ability based on the differential expressions
of PARI, 2, and 4 in vivo.

Materials and methods

Tissue samples

Tissue samples obtained from 28 cases (male=21,
female=5, 51-81 years old) the Affiliated Hospitals of
Kunming Medical University in Yunnan, China. The diag-
nosis of esophageal carcinoma based on standard clini-
cal, endoscopic, radiological, and histological criteria.
All patients were clean of any chemotherapy or radiation
treatment before surgery. The carcinoma tissue samples
and corresponding normal control tissue samples (at
least 5 cm away from the carcinoma tissue) were quickly
obtained during surgery and stored at — 80 °C.

Cell culture
HEEpiC, TE-1, and TE-10 cells obtained from the Cell Bank
of Kunming Institute of Zoology at the China Academy of
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Sciences. TE-1 and TE-10 cells were cultured in RPMI-1640
(HyClone, Shanghai, China), complete culture medium
containing 10% fetal bovine serum (Invitrogen, Shanghai,
China) and 1% penicillin—streptomycin and then incubated
at 37 °C with 5% CO,. HEEpiC cells were cultured with epi-
thelial cell medium 2 (EpiCM2, ScienceCell, China) under
similar culture conditions as the TE-1 and TE-10 cells.

Plasmid construction

To generate stably expressing constructs, the full-length
CDS fragments of the PARs (PAR1, 2, and 4) were ampli-
fied using the primers shown in Table 1. The Neo-tagged
CDS fragments of PAR1, 2, and 4 were subcloned direc-
tionally into the EcoRI and BamHI sites of the mam-
malian expression vector pIRES2-EGFP (Invitrogen,
Shanghai, China). Also, no-insertion pIRES2-EGFP
was used as a vehicle control. After construction, the
sequences were confirmed by DNA sequencing.

To generate stable high-efficiency PAR interference
constructs, the following CRISPR-Cas9 gene knockdown
system (Inovogen, Beijing, China) was used to knock-
down the PAR1, PAR2, and PAR4 genes. Exon 2 of PARI,
Exon 1 of PAR2, and Exon 2 of PAR4 were selected for
the guide RNA design, which was excised using Cas9
with the guide RNA (PARI: 5-ACTGTCATGAGCAAG
ATAG-3; PAR2: 5-GGTCATCGTGAACCCCATG-3';
PAR4: 5'-CCTGAGTGCAGTCATGTGG-3'). CRISPR/
Cas9 plasmids were constructed according to the manu-
facturer’s guidelines. Cas9 plasmids with pEGFP-puro
were transfected into cells with Lipofectamine 2000 rea-
gents (Life Technologies, Carlsbad, USA).

TE-1 cell transfection

For pcDNA3.1-PARs and the two vehicle controls, TE-1
cells were incubated in six-well plates at a density of
3.0 x 10° cells/well with the plasmids. After the forma-
tion of the complex, the cells were incubated for 12-16 h
for Lipofectamine transfection of each plasmid according
to the manufacturer’s instructions (Invitrogen, Shanghai,
China). The transfection efficiencies were detected visu-
ally using an Olympus IX inverted microscope with a flu-
orescence attachment.

Table 1 Primers for CDS amplification

Gene Primer sequences NCBI accession
name number
PART F: 5-GAATTCATGGGGCCGCG-3/ NM_001992.3
R: 5"-GGATCCCTAAGTTAACAGC-3/
PAR2 F: 5/-GAATTCATGCGGAGCCCCA-3’ NM_005242.3
R: 5-GGATCCTCAATAGGAGGTCTTAA-3/
PAR4 F: 5-GAATTCATGTGGGGGCGACT-3/ NM_003950.2

R: 5-GGATCCTCACTGGAGCAAAGAGG-3’
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Table 2 Primers for QPCR

Gene name Primer sequences Product (bp)
GAPDH F: 5-ATGGGGAAGGTGAAGGTCG-3/ 308
R: 5'-GGGGTCATTGATGGCAACAATA-3'
PAR1 F: 5-GCCGCCTGCTTCAGTCTGTGC-3/ 648
R: 5-GGCCAGACAAGTGAAGGAAGC-3’
PAR2 F: 5/-CCATCCAAGGAACCAATAGATC-3’ 643
R: 5/-ATGTCTCCCACCAAGAGCTGCTCA-3’
PAR4 F: 5'-GGCAACCTCTATGGTGCCTA-3’ 244

R: 5-TTCGACCCAGTACAGCCTTC-3/

RNA extraction and polymerase chain reaction (PCR)

RNA extraction and first-strand cDNA synthesis were
performed according to previously described methods
[14]. Quantitative reverse-transcription PCR (qPCR) was
performed using QuantStudio™ 12 K Flex Real-Time PCR
System-Time PCR System (Applied Biosystems, Shanghai,
China). PCR reactions were carried out with the SYBR
Green Real-Time PCR Master Mix (TOYOBO, Shang-
hai, China) and the reaction conditions were as follows:
hold stage at 95 °C for 3 min, 40 cycles of PCR at 95 °C
for 2 s and 60 °C for 20 s, and melt curve at 95 °C for 15 s,
60 °C for 1 min and 95 °C for 15 s. The primers used for
the amplification of GAPDH, PAR1, PAR2, and PAR4 are
shown in Table 2. The relative expression fold change of
the mRNAs was calculated using the 272" method.

Western blotting

Proteins of tissue samples and cells were extracted using
RIPA solution (Beyotime, Shanghai, China), separated
using a resolving gel (12%) and stacking gel (5%) and then
transferred onto PVDF membranes (Sigma, Shanghai,
China) according to the previously described methods
[14]. Antibodies for actin (1:1500 dilution), PAR1 (1:1000
dilution), PAR2 (1:1000 dilution) and PAR4 (1:1000 dilu-
tion) obtained from Santa Cruz (Santa Cruz, Shanghai,
China). The grayscale analysis was performed using soft-
ware Quantity One software (Bio-Rad Laboratories).

MTT assay

To measure cell viability, six TE-1 cells containing PARs
expression-regulating plasmids and an equal number
of vehicle control cells were equally plated in 96-well
plates. Cell viability was determined using the standard
MTT dye uptake method. MTT (5 mg/mL) was added
and the formazan crystals that formed were dissolved
in 10% SDS and 0.01 N HCL. The absorbance was meas-
ured at 570 nm with reference to 640 nm using a micro-
plate reader (Infinite® 200 Pro, Tecan, Switzerland) Cell
growth was assayed using the MTT Cell Proliferation Kit
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I (Roche, Shanghai, China) following treatment with the
inhibitor for 6, 12, 24, 48 and 72 h.

Apoptosis assay

Apoptosis was determined with the Cell Meter Annexin
V Binding Assay Kit (ATT Bioquest, America) according
to the manufacturer’s manual. Briefly, and the cells were
treated with gossypol and then 2 x 10° cells were equally
harvested. After pretreatment following the manufactur-
er’s protocol, the TE-1 cells containing PARs expression-
regulating plasmids were incubated with 5 pL of Annexin
V conjugated with FITC for 10 min at room tempera-
ture in the dark. The samples were washed with binding
buffer, resuspended in PBS, counter-stained with PI, and
analyzed with LSRFortessa (BD, America) and Flowjo 7.6
analysis software.

In vivo tumor growth and metastasis

Nude mice were purchased from Beijing Vitalriver Labo-
ratory Animal Co. Ltd. and maintained in an SPF labo-
ratory animal room. For the subcutaneous inoculation,
different TE-1 cells containing PARs expression-regulat-
ing plasmids were resuspended in PBS medium and then
4-week-old nude mice subcutaneously inoculated with
2x 107 cells. The tumor growth was measured weekly
after the appearance of the tumors. The mice were killed
1 month after the inoculation.

Statistical analysis

All results are presented as the mean + SD. Comparisons
between the different groups were performed using the
Student’s two-sample t test. Statistical significance was
set at P<0.05. The statistical analysis was performed
using SPSS/Win11.0 software (SPSS Inc.).

Results

The expression of PAR1 and 2 up-regulated and PAR4
down-regulated in esophageal carcinoma compared

to the corresponding normal control tissues

A total of 28 patients with esophageal cancer participated
in this study, and the patient characteristics are sum-
marized in a previous study [14]. Here, we assessed the
differences in the expression of PARI, 2, and 4 between
esophageal carcinoma and the corresponding normal tis-
sues of 4 patients randomly sampled from the 28 total
patients (Fig. 1). Similar to previous results, the mRNA
expression of PAR1 and 2 increased compared to each
corresponding control tissue (Fig. la). Among the 28
cases of esophageal cancer, 17 (60%) and 20 (71%) cases
were found to have increased expression of PAR1 and 2,
respectively, compared to each corresponding control tis-
sue. Furthermore, 19 (68%) cases had decreased PAR4
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Fig. 1 The relative mRNA and protein expression of PARs in ESOPHAGEAL CARCINOMA and control tissues. a The mRNA level (relative to GAPDH,
n=23) of PARs in patient cancer tissue compared to each corresponding control tissue (P < 0.05); b the protein expression of PARs in patient No. 4,
13,17 and 25 (N=3, P<0.05)

expression. Protein expression was determined using
[-actin as the internal reference (Fig. 1b).

Based on the clinical pathological data, the expression
of PAR1 was higher in central and lower located esopha-
geal cancer than in upper esophageal cancer (P<0.05).
The expression of PAR2 increased in phase III+IV
esophageal cancer compared with phase I+1I (P<0.05).
Further, the expression of PAR4 decreased in lower
esophageal cancer compared with central and upper
esophageal cancer (P=0.036).

Overexpression of PAR1, 2 and down-regulation of PAR4
enhanced TE-1 cell viability and reduced apoptosis in vitro
In the present study, we investigated the role of altered
expression of PARI, 2, and 4 in TE-1 cells using qPCR
and western blotting with PAR antibodies. The expression
of PAR1, 2 and 4 were significantly up- or down-regu-
lated in the TE-1 cells transfected with expression-regu-
lating plasmids (Fig. 2). As shown in Fig. 2, the mRNA
and protein expression of PARs decreased significantly
(P<0.05) in the PAR knockdown group (CRISPR group)
and increased (P<0.05) in the PAR overexpression group
(pIRES2 group).

To investigate the function of increased or decreased
PAR expression in esophageal cancer, we investigated cell
growth and apoptosis using MTT and Annexin V assays.
As shown in Fig. 3, TE-1 cells with up- or down-regulated
PAR expression plasmids were treated for 6, 12, 24, 48
and 72 h and then cell viability was measured using MTT
assay. A significant decrease in cell viability was observed
in the cells with down-regulated of PAR1 and PAR2 and
up-regulated of PAR4 compared to control cells, whereas
cell viability increased in the TE-1 cells with up-regulation
of PAR1 and PAR2 and down-regulation of PAR4.

TE-1 cells containing different PAR expression plas-
mids were cultured for 6, 12, 24, 48 and 72 h (n=3,
P<0.05), the data represented the mean + SE. Cell viabil-
ity was assessed using the MTT assay and the cell viabil-
ity value of the vehicle control was set as 100%.

Double staining with Annexin-V-FITC and 7-AAD
was conducted to investigate the induction of apopto-
sis in the TE-1 cells containing different PAR expres-
sion plasmids (Fig. 4). As shown in Fig. 4, there was no
difference in early apoptosis in the cells with increased
PAR1 and 2 expressions (pIRES2-PARI: 1.57% and
pIRES2-PAR2: 2.32%, respectively) compared to the
control cells (2.04%); however, in the cells with over-
expression PAR4 (pIRES-PAR4 group), the percentage
of early apoptotic cells significantly increased (45—
2.04%). In contrast, the PAR1 and 2 knockdown groups
(CRISPR-PAR and CRISPR-PAR2, respectively) showed
a greater percentage of early apoptotic cells (20.0 and
32.5%, respectively) compared to the CRISPR-N control
cells (1.35%). Furthermore, the cells with down-regu-
lated PAR4 expression (CRISPR-PAR4 group) exhibited
no significant reduction in apoptosis (2.93%) compared
to the CRISPR-N control cells (1.35%).

TE-1 cells containing different PAR expression plas-
mids were stained with Annexin V and 7-AAD for flow
cytometry analysis. The graphs represent the percent-
age of apoptotic cells (Annexin V and 7-AAD).

Regulating the expression of PARs influenced esophageal
carcinoma growth in vivo

To assess the effect of regulating the expression of PARs
on esophageal carcinoma formation in vivo, human
esophageal squamous cancer cells (TE-1 cell line,
5 x 10° per mouse) containing PARI, 2, and 4 expression
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Fig.3 Changes in cell viability in TE-1 cells containing different PAR
expression plasmids

plasmids were subcutaneously injected into BALB/c nude
mice. As shown in Fig. 5, we found that the tumors in
the nude mice injected with TE-1 cells containing PAR1

and 2 overexpression plasmids were larger than those
in the nude mice injected with control TE-1 cells. The
average volume of the tumors in the mice injected with
PAR1 overexpression plasmids (group pIRES2-PARI1)
was 17744212 mm? compared with 12064231 mm?
in the mice injected with the control TE-1 cells (n=5,
P<0.05). Similarly, the tumor volume in the nude mice
injected with the TE-1 cells containing PAR2 overexpres-
sion plasmids was significantly bigger (1632 + 184 mm?)
than in the control group. Furthermore, the volume of
the tumors in the mice injected with PAR4 overexpres-
sion plasmids was smaller (934+ 176 mm?) than in the
control group. In contrast, the volumes of tumors in the
mice injected with the TE-1 cells containing PARI1, 2,
and 4 knockdown plasmids were 8831164, 9811126,
1839+ 194 mm?3, respectively. No significant differences
were observed among each PAR expression-regulated

group.

Discussion

The present study provides evidence that PAR1, 2, and 4
play an important role in cell proliferation and survival in
different types of cancer cells. PAR1 has been confirmed
to be widely expressed in human cancers, and studies
have been shown that it promotes invasion and tumori-
genesis in breast cancer cells [15], mediates ERK1/2 and
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Fig.4 Alterations in apoptosis in TE-1 cells containing different PAR expression plasmids

epidermal growth factor receptor activation to drive cell
proliferation in human colon cancer cells [16], and is
associated with increased bone metastases in prostate
cancer cells [17]. PAR2 is a promiscuous receptor for a
broad range of proteases and was also shown to contrib-
ute to tumor cell motility and metastasis and protect can-
cer cells in skin carcinogenesis [2, 18]. PAR4 is a unique
pro-apoptotic gene that selectively induces apoptosis
in cancer cells [19]. PAR4 shows broad apoptotic func-
tions in prostate cancer cells [20], breast cancer cells,

endometrial cancer cells [21], lung cancer cells [22], pan-
creatic cancer cells [23], and in neuronal cells PAR4 also
mediates cell degeneration and pathogenesis [24].
However, the role and expression pattern of PARI, 2,
and 4 in esophageal cancer has not been published. Simi-
lar to our previous research, the results of this study indi-
cate that PAR1 and 2 are highly expressed in esophageal
cancer compared to the paracarcinoma tissue of clinical
patients [20]. Furthermore, in the 28 clinical esophageal
carcinoma patients, the expression of PAR1 was higher
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in central than in upper esophageal cancer and lower in
located than in upper esophageal cancer. The expression
of PAR2 is higher in late phase esophageal cancer than in
early phase. Taken together, the results of this study sug-
gest that increased expression of PAR1 and 2 contribute
to the development of esophageal cancer.

In our analysis, the expression of PAR1 and 2 in esoph-
ageal cancer increased significantly. PAR1 and 2 in TE-1
cells enhanced cell proliferation and inhibited apoptosis
to strengthen cancer cell vitality in vivo. Furthermore,
the overexpression of PAR1 and 2 promoted the devel-
opment of TE-1 cells in nude mice. It is possible that the
expressions of PAR1 and 2 are highly associated with
more aggressive esophageal carcinoma in nude mice. In
contrast, the expression of PAR4 decreased significantly
in esophageal cancer compared to the paracarcinoma tis-
sues, and the decreased expression of PAR4 in TE-1 cells
enhanced cell growth and decreased the apoptosis both
in vivo and in nude mice. These results are in agreement
with the role of PARI, 2, and 4 in other cancers. In our
previous work, we found that the expression of PAR4
was associated with tumor differentiation and distant
metastasis. Furthermore, the molecular mechanism of
altered PAR4 expression is most likely due to the hyper-
methylation and demethylation of CpG sites in the PAR4

promoter region. However, only a fraction of CpG sites
can be methylated or demethylated as part of a coordi-
nated regulatory program in the human genome [25].
The relationship between CpG promoter methylation and
the expression of PAR1, 2, and 4 needs further research
to discuss.

Conclusion

The majority of esophageal carcinoma is diagnosed
through endoscopy and clinical presentation; however,
increasingly essentially asymptomatic cases are being
diagnosed [12]. Advanced esophageal carcinoma is gen-
erally refractory to radiotherapy or chemotherapy, which
leads to poor prognosis [26]. PAR1, 2, and 4 might be
potential molecular markers or might be target treatment
in clinical treatment for esophageal carcinoma.

Abbreviation
PAR: protease-activated receptor.
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