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1. Abstract
1.1. Background: Our previous study indicated that STZ-induced 
diabetes led to colonic PDGFR α+ cell proliferation accompanied 
by slow colonic transit in mice, however, the mechanism is unclear. 

1.2. Aims: This study was designed to investigate whether protein 
as e-activated receptor 2 (PAR2) mediates PDGFR α+ cell prolifer-
ation.

1.3. Methods: Western blotting, immunohistochemistry and quanti-
tative PCR were applied to this study. 

1.4. Results: The present study showed that PDGFRα, PAR2 and 
Ki-67coexpression was increased in the diabetic colonic muscle layer. 
The expressions mRNA and protein of  PDGFRα and PAR2 were 
also observably enhanced in the diabetic colonic muscle layer. Mice 
treated with 2-furoyl-LIGRLO-amide (2-F-L-a), a PAR2 agonist, 
exhibited significant colon elongation and increased smooth mus-
cle weight. In the 2-F-L-a-treated mice, PDGFRα, PAR2 and Ki-67 
coexpression was increased, and PDGFRα and PAR2 mRNA and 
protein expression was significantly enhanced in the colonic smooth 
muscle layer. 2-F-L-a also increased proliferation and PDGFRα ex-

pression in NIH/3T3 cells cultured in high glucose, while LY294002, 
a PAR2 antagonist, decreased cell proliferation and PDGFRα expres-
sion. The expressions of  protein and mRNA in PI3K and Akt and 
the protein expression of  p-Aktin diabetic and 2-F-L-a-treated mice 
were markedly reduced in colonic smooth muscle. 2-F-L-a also re-
ducedPI3K, Akt and p-Akt protein expressions in NIH/3T3 cells, 
while LY294002, a PAR2 antagonist, increased this expression. 

1.5. Conclusions: The results indicate that PAR2 involve the pro-
liferation of  PDGFRα+ cells by the PI3K/Akt signaling approach 
in the colon of  STZ-induced diabetic mice, which contribute to the 
slow transit and constipation that are associated with diabetes.

2. Introduction
Diabetes is a universal metabolic sickness that seriously affects hu-
man health and can cause serious complications that involve multiple 
organ systems; the incidence of  diabetes worldwide has significantly 
increased in recent decades [1]. Diabetes is a systemic disease that af-
fects the nervous system, urinary system, cardiovascular system and 
digestive system. The dysmotility is a familiar chronic accompanying 
symptom of  gastrointestinal tract in diabetes mellitus [2-4]. The main 
manifestations of  this disorder are low esophageal pressure, insuffi-
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cient gastric motility, gastric emptying disorders, delayed gastrointes-
tinal transit (gastroparesis), abdominal distension, nausea, vomiting, 
constipation, and diarrhea and so on, and these symptoms seriously 
influence the survival quality of  patients, as well as the absorption 
of  hypoglycemic drugs and the control of  blood glucose. To date, 
the mechanisms underlying chronic constipation in DM patients re-
main unclear. Our previous study demonstrated that STZ-induced 
type 1 diabetes mellitus resulted in slow transit constipation in a 
mouse model. Our research further found that diabetes upregulated 
expressions of  purinergic neurotransmitter P2Y1 receptor and SK3 
channel in colonic smooth muscle tissue and led to slow transit con-
stipation in diabetic mice [5]. Therefore, it is necessary to explore the 
reason of  high expression of  SK3 channels in colon smooth muscle 
tissue caused by diabetes.

Recently, studies have found that in the alimentary tract, in addition 
to interstitial cells of  Cajal (ICCs), there is also a interstitial cell called 
platelet-derived growth factor receptor α positive cells (PDGFRα+ 
cell) and exhibit similar morphology and properties as ICCs. In the 
gastrointestinal tract ICCs and PDGFRα+ cells form gap junctions 
with the smooth muscle cell to constitute SIP (SMCs, ICCs and 
PDGFRα+ cells) syncytium6-8. The SIP syncytium is an important 
structure of  the enteric nerve that regulates smooth muscle motility. 
The ICCs and PDGFRα+ cells, are distributed around the varicos-
ity of  nerve endings, and the neurotransmitters that are released by 
the enteric nerve regulate smooth muscle motility through these two 
kinds of  interstitial cells; for example, the excitatory and inhibitory 
effects of  Ach and ON occur via ICCs, and the inhibitory effects 
of  purinergic neurotransmitters occur via PDGFRα+ cells9-11. Our 
previous study showed that in mice with STZ-induced type I dia-
betes, colon lengthening significantly decreased colon motility and 
reduced colon transit and that colonic PDGFRα+ cells were signifi-
cantly hyper plastic and hyper functional; however, the mechanism 
of  diabetes-induced PDGFRα cell proliferation was unclear [5, 12]. 

The protease-activated receptor (PARs) family has seven transmem-
brane fragments with PAR1, PAR2, PAR3 and PAR4 subunits, be-
longing to G protein-coupled receptors. PARs are widely distributed 
in epithelial cells, intestinal neurons, and immune cells, such as lym-
phocytes, macrophages and mast cells; these receptors are involved 
in the regulation of  digestive tract function under physiological and 
pathological conditions [13–17]. For example, PARs participate in 
gastrointestinal motility, secretion of  digestive mucosa, changes in 
epithelial permeability, regulation of  visceral sensory function and 
pathogenesis of  colitis. The colonic SIP syncytium mainly expresses 
PAR1 and PAR2, whereas PAR3 is expressed at significantly lower 
levels than PAR1 and PAR2, and the distribution of  PAR1 and PAR2 
in PDGFRα+ cell is much higher than that in ICCs and smooth 
muscle cells [16]. Recent research have indicated that positive PAR2 
in blood samples of  atherosclerotic patients and in vascular smooth 
muscle cells of  human treated with oxidized LDL after transfec-

tion-mediated PAR2 over expression promotes cell proliferation 
and migration and disrupts the quiescent condition of  VSMCs [18]. 
Whether PARs are involved in the cell proliferation processes caused 
by various pathogenic factors, especially the oxidative stress of  dia-
betes is unknown, and the answer to this question is of  great signif-
icance for explaining the pathogenesis of  many diabetic complica-
tions.   Based on these considerations, this study aimed to investigate 
whether PAR2 is participated in proliferation of  colonic PDGFRα+ 
cell in STZ induced diabetic mice.

3. Materials and Methods
3.1. Ethics Statement

All the animals were approved by the local ethic committee from 
Shanghai; China. This study was conducted according to the rec-
ommendations of  the Guide for the Care and Use of  Laboratory 
Animals of  the Science and Technology Commission of  the P.R.C. 
(STCC Publication No. 2, revised 1988). The protocol was approved 
by the Committee on the Ethics of  Animals at Our University and 
got the permit number of  686-2009 (Hu).

3.2. STZ-treated Diabetic mouse model

Adult male ICR mice (5wk old) were maintained at 22°C under a 
12-h light/dark cycle and given free access to water and food, In total 
90 mice were included in this research. Mice was injected with STZ 
(Sigma Aldrich, St. Louis, MO,200 mg/kg; USA), which dissolved in 
ice-cold citrate buffer (0.1 mol/L). The normal mice were injected 
with the same quantity of  citrate buffer.1 week and 2 months later, 
we measured the blood glucose levels of  STZ-treated mice; if  the 
blood glucose of  the mice were both beyond 16.7 mmol/L, we con-
firmed the establishment of  STZ-induced diabetic mouse.

3.3. PAR2 Agonist Treatment

Adult male ICR mice (3wk old) were maintained at 22°C under a 
12-h light/dark cycle and given free access to water and food, in total 
30 mice were included in this research. The mice in the 2-F-L-atreat-
ment group were intraperitoneally injected with 2-F-L-a (1 μM/L; 
0.2 ml/10 g; Tocris Bioscience, Ellisville, MO, USA) dissolved in 
ddH2O, and the mice in the control group were injected with the 
same volume of  saline.

3.4. NIH/3T3 Fibroblast Cell Culture

NIH/3T3 fibroblast cells were cultured in Dulbecco’s modified Ea-
gle’s medium (DMEM; Gibco, Grand Island, NY, USA) containing 
25 mmol/L glucose and supplemented with 100 mg/mL streptomy-
cin, 10% heat-inactivated bovine serum (BS) and 100 U/mL penicil-
lin. The cells were incubated at 37 °C and 5% CO2. The NIH/3T3 
cells were seeded in plates with 50 mmol/L glucose (high glucose), 
the expression of  PI3K, PDGFRα, Akt and p-Akt was measured12 
h and 24 h later.

3.5. Preparation of  Colonic Smooth Muscle Tissue

The mice were sacrificed by cervical dislocation, and the entire colon 
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was removed from the diabetic which was placed in Krebs solution 
with a carbonated mixture (95% O2and 5% CO2). The control mice 
had the same processing pattern. The Krebs solution contained the 
following components: glucose, 11.5; NaCl, 121.9; KCl, 5.9; MgSO4, 
1.2; NaHCO3, 15.5; CaCl2, 2.4 and KH2PO4, 1.2, all concentrations 
in mmol/L. The colon was cut along the mesentery, and the colon 
pellets were flushed out using Krebs solution. The colon tissues were 
pinned to a rubber plate, and the submucosa and mucosa were care-
fully shifted under a microscope. The tissue samples were stored at 
-80 °C.

3.6. Immunostaining 

Tissue samples or NIH/3T3 cells were embedded as frozen tissue 
blocks after dehydrated in 20% sucrose and fixed with ice-cold 4% 
paraformaldehyde for 6∼8 h, then were cut into frozen sections with 
thicknesses of  8∼10 µm at -20 °C. The sections were incubated in 
0.1 M PBS (phosphate-buffered saline) with 10% normal goat serum 
for 2 h to block nonspecific binding and then cultured with a goat 
anti-PDGFRα antibody (AF1062,1:200; R&D Systems, USA) and a 
rabbit anti-Ki-67 antibody (GB13030, 1:50; Wuhan Good Biotech 
Co., China) or a rabbit anti-PDGFRα antibody (1:1000; #3174; Cell 
Signaling Technology, Danvers, MA, USA) and 24 h  later a PAR2 
(SAM11) antibody (1:50; sc-13504; Santa Cruz Biotechnology, Inc.) 
in Triton X-100 (Sigma Aldrich, St. Louis, MO, 0.5%; USA) at 4 °C. 
The samples were washed with 0.1 M PBS for 30 min and then in-
cubated at room temperature with a Cy3-conjugated anti-goat IgG 
(1:300; GB21404, Wuhan Good Biotech Co., China), an Alexa Flu-
or 488-conjugated goat anti-rabbit IgG (Jackson Immuno Research, 
1:100, USA), an Alexa Fluor 488-conjugated goat anti-mouse IgG 
(A0428, 1:200; Beyotime Institute of  Biotechnology, China) and 
DAPI (2 h). Images were got using a fluorescence microscope 
(ZEISS Axiovert 200, Japan).

3.7. RNA Isolation and Reverse-Transcription Quantitative 
PCR

According to the manufacturer’s procedure, we extracted the total 
RNA from the smooth muscle layers of  colon via an (Tiangen, Bei-
jing, China) RNA simple Total RNA kit, then synthesized first-strand 
cDNA which used a Prime Script RT Reagent Kit (Takara, Dalian, 
China) with gDNA Eraser. Reverse-transcription quantitative PCR 
which was used the Fast Start Universal SYBR Green Master Mix 
(Roche, Mannheim, Germany) on a 7500 Real-Time PCR System 
(Applied Biosystems Waltham, MA, USA) performed with ad hoc 
primers. The ∆CT method determined the expression of  the tar-
get genes relative to that of  the endogenous control. The primer 
sequences what we used it is down below: 

PDGFRα: F-CTGGTGGTCATTTGGAAGC and R-GGAGTCG-
TAAGGCAACTG; 

PAR2: F-CACCTGGCAAGAAGGCTAA and R- CAACTGGACT-
GAAGCTCTAC;

PI3K: F-AGATGAGACAGCCAGACT and R-TCTTCAAGCCT-

GAGGTTTCCTA; 

GAPDH: F-TGCGACTTCAACAGCAACTC and R-ATGTAGG-
CAATGAGGTCCAC.

3.8. Western Blot Analysis 

Protein samples were obtained from the colon muscle layers lysed 
in RIPA (radioimmunoprecipitation assay) buffer (P0013, 1:10; Be-
yotime Chemical Co., Jiangsu, China) and 1:100PMSF solution. The 
suspensible material was centrifuged for 15 min at 12000 rpm and 
4 °C, combined with 4 × loading buffer, and stewed for 5 min in 
a boiling water bath. Equal amounts of  protein (30 μg/lane) were 
separated on 10% or 7.5% SDS-PAGE gels and consequently trans-
ferred to PVDF(polyvinylidenedifluoride) membranes. We incu-
bated the PVDF membranes which were blocked with 5% nonfat 
milk in 0.1% TBST (Tris-buffered saline/Tween 20) overnight with 
primary antibodies at 4 °C, then with secondary antibodies for 2h 
at indoor temperature. Which the antibody dilutions and antibodies 
we used were as follows: PAR2 (SAM11) antibody (1:500; sc-13504; 
Santa Cruz Biotechnology, Inc.), a PDGFRα rabbit antibody, PI3 
kinase p110α (C73F8) rabbit antibody, protein kinase B(Akt) rab-
bit antibody, phospho-Akt (ser473) rabbit antibody, glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) rabbit antibody, anti-rabbit 
IgG, HRP-linked antibody, anti-mouse IgG, HRP-linked antibody 
(1:1000; #3174; #4249; #4691; #4060; #2118;#7074;#7076; Cell 
Signaling Technology, Danvers, MA, USA), we got the anti-tubulin 
antibody(1:1000; AT819)from Beyotime Chemical Co.

3.9. Cell Survival Assay

Living cells was counted using a Cell counting kit-8 (Beyotime, Ji-
angsu, China), which combining monosodium salt, 1-methoxy PMS 
[5-methylphenazinium, methyl sulfate]and WST-8 [2- (2–methoxy-4–
nitrophenyl)-3-(4–nitrophenyl)–5-(2,4disulfophenyl)-2H-tetrazoli-
um]. Briefly, the cells were joined in 96-well tissue culture plates for 
24 h, the cells were incubated with control medium or drug. Next, 
20 μl of  kit reagent was modified and incubated with the cells for 
1 h in 5% CO2at 37 °C. Then, the formazan dye was quantified by 
detecting the optical density at 480 nm using an ELISA plate read-
er. The absorbance was correlated with the amount of  metabolically 
active cells.

3.10. Statistical Analysis

The results were calculated statistically by using the computer pro-
gram Gragh Pad Prism6 (La Jolla, CA, USA) or Image J software. 
The data were expressed as the means ± standard error of  the mean 
(SEM). Among the multiple groups, quantitative data were examined 
using one-way ANOVA by Bonferroni’s post hoc test. Unpaired Stu-
dent’s t-test were used to determine statistical significance for two 
group comparisons. The data were analyzed at a P-values<0.05 level 
of  significance.

4. Results
4.1. PAR2 and Pdgfrα Coexpression in Colonic Muscle Tissue 
of  Diabetic Mice
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PDGFRα+ cells play anvital function in the regulation of  colon-
ic motility through handling potassium channel, for example, SK3 
channels. In addition, the PAR2 ligand binds to PAR2 to activate SK3 
in PDGFRα+ cells and to hyperpolarize the cell membrane potential, 
which induces SIP-mediated smooth muscle relaxation. However, 
whether PAR2 contributes to colonic motility disorder induced by 
diabetes is currently unclear, so the coexpressions of  PDGFRα and 
PAR2 in colonic muscle tissues were investigated in STZ-induced 
diabetic mice. The data indicated that PDGFRα and PAR2 coexpres-
sions display a significant increase in colonic the smooth muscle lay-
ers in STZ-treated mice ((Figure 1A and C), p < 0.05, n = 4). More-
over, in order to further clarify the proliferation of  GDGFRα+ cell 
in colon muscle tissue in diabetes, the Ki-67 expression in in colon 
muscle tissue was stated in STZ-treated mice. The results indicated 
that the PDGFRα and Ki-67 coexpressions showed a significant in-
crease in STZ-treated mice ((Figure 1B and D), p < 0.05, n = 4).

We observed the expression of  DGFRα positive cells with reference 
to the experimental methods of  Iino et al19, and explored the differ-
ence of  PDGFRα expression in colon smooth muscle layer of  the 
control and diabetic mice. In STZ-treated diabetic mice the PDGFRα 
protein was found to be significantly increased to 117 ± 5% (Fig. 2A, 
p < 0.05, n = 5) in the colonic smooth layer. As well as the results of  
RT-PCR showed that the expression of  PDGFRα gene was raised 
to 120 ± 3% ((Figure 2C), p < 0.05, n = 5) in STZ-treated diabetic 
mice. The expression of  PAR2 protein and gene were also measured, 

and the results showed that the PAR2 protein and F2rl1 gene (en-
codes the PAR2 protein) expressions were significantly increased to 
135 ± 8% (Fig. 2B, p < 0.05, n = 5) and 127 ± 7% (Figure 2D), p < 
0.05, n = 5), respectively, in the STZ-induced diabetic mice. These 
phenomenons demonstrated that diabetes significantly ascended co-
exprssions of  the PDGFRα and PAR2 in the colonic muscle layer.

4.2. Effects of  PAR2 Agonist on Colonic Length and Smooth 
Muscle Weight 

PAR2 signaling is involved in cell proliferation and migration, such 
as promoting vascular endothelial cell proliferation/migration and 
increasing proangiogenic factors [20, 21]. Whether PAR2 signaling 
contributes to PDGFRα+ cell proliferation in diabetic mice is un-
clear. After two weeks, the mice were pretreated with 2-F-L-a as 
in the reference [22], a PAR2 agonist, and changes in the colonic 
length and smooth muscle weight were measured. In the mice in the 
2-F-L-a-treated group, the colons were significantly elongated, and 
colonic lengths were increased to 65.27 ± 0.30 mm from 53.33 ± 
0.67 mm of  control group ((Figure 3Aa and 3B), p < 0.05, n = 15). 
The weight of  the colonic smooth muscle from the 2-F-L-a-treated 
mice was significantly increased, with an average weight of  61.47 ± 
1.04 mg compared with an average weight of  43.93 ± 0.59 mg (n = 
15; p < 0.05; (Figure 3C)) in the control mice. These results suggest 
that PAR2 may be involved in diabetes-induced colon PDGFRα cell 
proliferation.

Figure 1: The expression of  PAR2, PDGFRα and Ki-67 in the colon muscle tissues of  STZ-induced diabetic mice. Immunofluorescence staining substan-
tiate different Ki-67 and PDGFRα coexpression levels (A) and PDGFRα and PAR2 coexpression levels (B) in the colon smooth muscle layers between the 
control and STZ-induced diabetic mice (bar = 100 m). C and D: The double-positive staining region was detected applying Image J (n = 4; *p < 0.05). 
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Figure 2: The expression levels of  PDGFRα and PAR2 in the colonic muscle tissues of  diabetic mice. Western blot analysis of  PDGFRα (A) and PAR2 
(B) in normal and STZ-treated diabetic mice. Ratio of  PDGFRα and PAR2 to tubulin or GAPDH compared with the control mice. (n = 5, *p < 0.05). The 
expression of  PDGFRα (C) and PAR2 (D) were used quantitative RT-PCR analysis in the colon muscle layers of  the normal and STZ-induced diabetic mice. 
The results were normalized to GAPDH expression and the normal mice (% of  GAPDH and normalized to the data of  the normal mice; PAR2, *p < 0.05, 
n = 5; PDGFRα, *p < 0.05, n = 5).

Figure 3: Change in colonic length in 2-F-L-a-treated mice. A: Comparison of  the colon length between the control and 2-F-L-a-treated mice. B: Summarized 
data showing the colon length in the control and 2-F-L-a-treated mice (*p < 0.05; n = 15). C: Summarized data showing the smooth muscle weight in the 
control and STZ-treated mice. The data are shown as the mean ± SEM. (*p < 0.05; n = 15). 

4.3. PAR2 Agonist Increased colonic Pdgfrα Expression in Di-
abetic Mice

To determine the relationship between PAR2 and diabetes-induced 
PDGFRα+ cell proliferation, the coexpression of  PDGFRα and 
PAR2 was observed in the colonic muscle tissues of  2-F-L-a-treated 
mice. The results indicated that the PDGFRα and PAR2expressions 
were notably increased in 2-F-L-a-treated mice. To specify the ex-
pression levels of  PAR2 and PDGFRα in the smooth muscle layers, 
the double-positive staining region was detected using Image J soft-
ware and showed significantly increased coexpression of  PDGFRα 
and PAR2 in the 2-F-L-a-treated mice PDGFRα and PAR2 coexpres-
sion levels was assessed by measuring double positive staining area 
by Image J software, and the results showed that the coexpression 
of  PDGFRα and PAR2 was much higher in 2-F-L-a-treated group 
than that in control group (Fig. 4A and C, n=4, p&lt; 0.05). ((Figure 

4A and C), n = 4, p < 0.05). Furthermore, at different stages of  the 
cell cycle, Ki-67 recognized cell proliferation indicators thus, Ki-67 
expression was observed in colon muscle tissue to assess PDGFRα 
positive cell proliferation status in 2- F-L-a treated mice. The expres-
sions of  colonic PDGFRα and Ki-67 in 2- F-L-a treated mice were 
significantly increased, and the evaluation of  double positive staining 
area showed that the co-expression of  PDGFRα and Ki-67 was evi-
dently increased ((Figure 4B and D), n = 4, p < 0.05).

In addition, the protein and mRNA expressions of  PDGFRα and 
PAR2 in the colonic muscle tissue of  2-F-L-a-treated mice were eval-
uated. Compared with the control mice, the 2-F-L-a-treated mice 
showed evidently up-regulated in protein and mRNA expressions of  
PDGFRα and PAR2 (Figure 5A, B, C, D), p < 0.05, n = 4). These 
results suggest that PAR2 may be involved in the proliferation of  
colonic PDGFRα positive cells in mice.
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Figure 4: PDGFRα, Ki-67 and PAR2 expression in the 2-F-L-a-treated colonic muscle tissues. A and B: Immunofluorescence staining revealed different 
PDGFRα and Ki-67 coexpression levels and PDGFRα and PAR2 coexpression levels in the colon smooth muscle layers between the control and 2-F-L-a-
treated mice (bar = 100 µm). The double-positive staining region was detected applying ImageJ software. (2-F-L-a: PAR2 agonist; n = 4; *p < 0.05). 

Figure 5: PDGFRα and PAR2 expression levels in the colon muscle tissues of  the 2-F-L-a-treated mice. The expression of  PDGFRα (A) and PAR2 (B) were 
analysed using western blot in the normal and 2-F-L-a-induced mice. GAPDH is shown as loading control, and densitometric values are shown. (2-F-L-a: 
PAR2 agonist; n = 5; *p < 0.05). The expression of  PDGFRα (C) and PAR2 (D) were used quantitative RT-PCR analysis in the colon muscle layers of  the 
normal and 2-F-L-a-induced mice. The results were normalized to GAPDH expression and the normal mice (% of  GAPDH and normalized to the data of  
the normal mice; 2-F-L-a: PAR2 agonist; n = 4; *p < 0.05). 

4.4. The Effect of  PAR2 Agonist on Expression of  PI3K/Akt in 
Colon of  Diabetic Mice 

As the main downstream effector of  growth factor PI3K/Akt path-
way is involved in many intracellular biological functions. To inves-

tigate whether PI3K/Akt signaling pathway mediates this process 
which PAR2-induced PDGFRα cell proliferation in STZ-treated di-
abetic colon, in the next experiment the effect of  PAR2 agonists on 
the colonic PI3K/Akt signaling pathway was investigated in diabetic 
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mice. The outcomes sustained the expressions of  phosphatidylinosi-
tol-3-kinase protein and mRNA were significantly decreased in STZ- 
induced diabetic mice ((Figure 6A, B), n = 6, p < 0.05). The total and 
phosphorylated protein levels of  Akt were significantly downregu-
lated in the colonic muscle tissues of  the diabetic group ((Figure 6C, 
D), p < 0.05, n = 6). Similarly, in the 2-F-L-a-treated group the ex-
pression of  PI3K protein was also importantly reduced (Figure 7B), 
n = 6, p < 0.05), and the total and phosphorylated Akt protein levels 
were evidently down regulated in the colonic muscle tissues ((Figure 
7A, C), p < 0.05, n = 6). These data suggest that PAR2 is involved in 
diabetes-induced colon PDGFRα cell proliferation processes which 
may be mediated by PI3K/Akt signaling pathways.

4.5 The Effect of  PAR2 Agonist on Pdgfrα+ NIH/3T3 Cell 
Proliferation

PDGFRα cells are called "fibroblast-like cells "(FLCs) by morphol-
ogists, and NIH/3T3 cells are established from mouse embryonic 
fibroblasts, so NIH/3T3 cells express PDGFRα cells too. Moreover, 
the PAR2 ((Figure 8A), n = 6) and PDGFRα proteins (Figure 8C) are 
expressed in NIH/3T3 cells. Therefore, NIH/3T3 cells are suitable 

for use as an in vitro model to examine the relationship between PAR2 
and PDGFRα+ cell proliferation. NIH/3T3 cells cultured in high 
glucose were incubated with the PAR2 agonist 2-F-L-a at 1 μmol/L 
for 24 h, and the NIH/3T3 cells exhibited significant growth; how-
ever, when NIH/3T3 cells were incubated with 1 μmol/L 2-F-L-a 
and LY294002, a PAR2 antagonist, for 24 h, the 2-F-L-a-induced 
NIH/3T3 cell growth was significantly inhibited (Figure 8B), n = 6, 
p < 0.05).Similarly, after treated with 1μmol/L2-F-L-a, a PAR2 ago-
nist, the expression of  PDGFRα proteins was significantly increase, 
while treated with 1μmol/L2-F-L-a plus LY294002 for 24 h, the ex-
pression of  PDGFRα proteins was significantly reduced in whole cell 
extracts ((Figure 8C), D, n = 6, p < 0.05). These results suggest that 
PAR2 promotes PDGFRα+ NIH/3T3 cell proliferation.

Next, the protein expression levels of  PI3K, Akt, and p-Akt in NI-
H/3T3 cells were found to be significantly decreased by treatment 
with 1 μmol/L 2-F-L-a, while treatment with 2-F-L-a and LY294002 
for 24 h significantly increased the protein expression levels of  PI3K, 
Akt, and p-Akt in NIH/3T3 cells ((Figure 9), n = 4, p < 0.05). These 
results suggest that PAR2 participate in the process of  NIH/3T3 cell 
proliferation, which is mediated by PI3K/Akt signals.

Figure 6: PI3K/Akt expression in colonic muscle tissues from diabetic mice. A, C, D: The expression of  PI3K/Akt were analysed using western blot in 
the normal and STZ-induced diabetic mice. GAPDH is shown as loading control, and densitometric values are shown. (n = 5, *p < 0.05). B: The expression 
of  PI3K were used quantitative RT-PCR analysis in the colon muscle layers of  the normal and STZ-induced diabetic mice. The results were normalized to 
GAPDH expression and the normal mice. (% of  GAPDH and normalized to data of  the normal mice; *p < 0.05; n = 5).

Figure 7: PI3K/Akt expression in colonic muscle tissues of  2-F-L-a-induced mice. A, B and C: Western blot analysis of  PI3K, Akt, and p-Akt expression in 
the control and 2-F-L-a-treated mice. The data were analyzed using densitometric quantification (% of  GAPDH and normalized to the data of  the control 
mice; n = 5, *p < 0.05). 
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Figure 8: PAR2 expression in NIH/3T3 cells. A: Immunofluorescence staining revealed the PAR2 expression levels (bar = 100 µm) in NIH/3T3 cells. B: 
LY294002 inhibited the 2-F-L-a-induced proliferation of  NIH/3T3 cells. The graph summarizes the data showing the relative growth rates of  the control, 
2-F-L-a-treated and 2-F-L-a plus LY294002-treated NIH/3T3 cells. C: Western blot analysis of  PDGFRα protein expression in the control, 2-F-L-a-treat-
ed and 2-F-L-a plus LY294002-treated NIH/3T3 cells. The graph summarizes the data showing PDGFRα protein expression. (2-F-L-a: PAR2 agonist; 
LY294002: PI3K antagonist; n = 6; *p < 0.05).

Figure 9: PAR2 expression in NIH/3T3 cells. Immunofluorescence staining revealed the expression levels of  PAR2 in NIH/3T3 cells (n = 6). LY294002 
inhibited the 2-F-L-a-induced proliferation of  NIH/3T3 cells. The graph summarizes the data showing the relative growth rates of  the control, 2-F-L-a-
treated and 2-F-L-a plus LY294002-treated NIH/3T3 cells. (2-F-L-a: PAR2 agonist; LY294002: PI3K antagonist; n = 6; *p < 0.05).

5. Discussion
In recent reports, colonic dysmotility has been shown to occur in 
diabetes patients, and many patients exhibit constipation [23, 24]. 
The patterns of  colonic motility and transit are regulated by enteric 
nervous system and interstitial cells, such as ICCs, PDGFRα+ cells. 
Purinergic nerve is an important inhibitory nerve in colon smooth 
muscle, while purinergic neurotransmitters activate SK3 channels 
through P2Y1 receptors on PDGFRα cells and mediate the inhib-
itory effect of  purinergic nerve on colon smooth muscle [25]. The 
expression of  PAR2 in PDGFRα cells is much higher in colon than 
in ICC and smooth muscle cells, however, in normal smooth muscle, 
PAR2 is activated by trypsin, which can lead to APAMIN sensitive 
outward potassium current activation16. Our previous study found 
that the expression of  PDGFRα+ cells increased significantly as well 
as the up-regulation of  purine neurotransmitter / P2Y1 / SK3 in 
diabetic colon, and which caused the colonic slow transit [5]. Howev-
er, in the present there are no reports that diabetes can affect colon 
PDGFRα positive cell proliferation by PAR2.The purpose of  this 
work is to study whether PAR2 are involved in the proliferation of  
PDGFRα cells under diabetic conditions. 

Regulatory disorders of  PAR-2 activation can lead to a large number 
of  common human diseases, especially due to the ability of  PAR-2 
receptors to induce key inflammatory signaling pathways [26]. More-
over, Ki-67 is a nuclear antigen that is generally used as an indicator 
of  cell proliferation, since Ki-67 is expressed only at the G1, S and 
G2 mitotic phases of  the cell cycle, but not at the G0 resting phase 
[27]. In this research, we first explored the interaction between PAR2 
and colon PDGFRα expression in diabetic mice and preliminarily 
judged whether it PAR2 affect PDGFRα cells. The results showed 
that the PDGFRα and Ki-67 co-expression in diabetes and PAR2 ag-
onist groups significantly increased compared with the control group 
(Figure 1 and 4). Furthermore, the expression levels of  PDGFRα 
and PAR2mRNA in the diabetic and PAR2 agonist-treated mice ex-
hibited significantly upregulated (Fig. 2 and Fig. 5), the PDGFRα and 
PAR2protein showed similar expression. The above results strongly 
suggest that increased co-expression of  PDGFRα and PAR2 in the 
colon of  diabetic or PAR2 agonist-treated mice may be associated 
with in the number of  PDGFRα+ cells. Previous evidence indicates 
that the binding of  a PAR2 agonist to PAR2 stimulates the cell pro-
liferation mediated the PI3K/Akt signaling pathway [28, 29]. In pres-
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ent study demonstrated that the expression levels of  the PI3K, Akt, 
and p-Akt in the colonic muscle tissues were significantly decreased 
in both STZ- and PAR2-treated mice (Figure 6 and 7). Above data 
suggest that in STZ-induced mouse diabetic model, the proliferation 
of  colonic PDGFRα+ cells increased significantly and accompanied 
by up-regulation of  PAR2 expression, and PAR2 involved in PDG-
FRα+ cell proliferation through the PI3K/Akt signaling pathway 
leading to an imbalance in the function of  ICCs and PDGFRα+ cells 
in SIP, which induced diabetic slow transit constipation. 

We propose that PAR2 signaling is linked to cell homeostasis and mi-
togenic signaling pathways in the NIH/3T3 fibroblast cell line. After 
NIH/3T3 cells were cultured in high glucose and incubated with a 
PAR2 agonist for 24 h, the cells exhibited significant growth; how-
ever, incubation of  the NIH/3T3 cells with the PAR2 agonist and 
LY294002, a PAR2 antagonist, significantly inhibited the growth-pro-
moting effect (Figure 8). Similarly, the expression of  the PDGFRα 
protein in NIH/3T3 cells was significantly increased by PAR2 ago-
nist treatment, while the expression the PDGFRα protein was signifi-
cantly decreased by PAR2 agonist and LY294002 treatment (Figure 
8). These data suggest that PAR2 may be involved in NIH/3T3 cell 
proliferation and PDGFRα expression, as PAR2 is associated with 
increased protease-mediated hydrolysis, both in vitro and in vivo 
experiments. In response to protease hydrolysis, the PAR2 proteins 
were activated, thus contributing to a decrease in PI3K/Akt activ-
ity. The decrease in PI3K/Akt activity was associated with FOXO 
dephosphorylation, and dephosphorylated FOXO translocated into 
the nucleus acts as a transcription factor30-33. Next, it was observed 
that the PI3K Akt and p-Akt protein expressions of  NIH/3T3 cells 
treated with PAR2 agonist were markedly decreased, while the PI3K 
Akt and p-Akt protein expressions of  the NIH/3T3 cells treated 
with PAR2 agonist and LY294002, a PAR2 antagonist were markedly 
increased (Figure 9). These data suggest that PAR2 is involved in the 
process of  NIH/3T3 cell proliferation, which is mediated by PI3K/
Akt signals.

In summary, diabetes induces the proliferation of  PDGFRα+ cells 
in the colon, leading to the imbalance of  ICC and PDGFRα+ cells 
in the colonic SIP, and which leads to diabetic slow transit constipa-
tion. The hyper function of  the colonic PAR2 induced by diabetes 
are involved in the process of  colonic PDGFRα+ cells proliferation, 
and which mediated by PI3K/Akt signaling pathway. It is also pos-
sible that PAR2 upregulation may be due to the inflammatory stress 
caused by hyperglycemia. The colonic transit is regulated by the en-
teric nerve, and this process is mediated by interstitial cells such as 
ICC and PDGFRα+ cells. The diabetes-induced increase in PAR2 
can promote colonic PDGFRα+ cells proliferation, as well as can 
stimulate SK3 channel activation on the cell membrane of  the PDG-
FRα+ cells, which may lead to colonic motility disorders. Therefore, 
PAR2 and PDGFRα+ cells may be new targets for clinical treatment 
of  diabetic colonic transit disorders.
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