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Abstract. Rheumatoid arthritis (RA) is an autoimmune 
disease characterized by chronic inflammation of the joints 
and joint destruction. Monocyte chemoattractant protein 1 
(MCP‑1) is highly expressed in the joints of patients suffering 
from RA. The present study aimed to evaluate the effects 
of MCP‑1 on the phenotype of fibroblast‑like synoviocytes 
(FLSs) and their differentiation potential towards vascular 
endothelial cells. The expression of MCP‑1 in collagen‑induced 
arthritis (CIA) rats was investigated by PCR, ELISA and 
immunohistology. Cell proliferation induced by MCP‑1 
was measured using a Cell Counting Kit‑8 (CCK‑8) and 
5‑Bromo‑2‑deoxyuridine ELISA assay. In addition, the effects 
of MCP‑1 on the migration of FLSs was examined using a 
Transwell assay. Activation of PI3K and P38 were investigated 
by western blotting following MCP‑1 treatment. The vascular 
endothelial cell markers, tumor necrosis factor α (TNF‑α) and 
interleukin‑1 β (IL‑β), were also examined by western blot-
ting. LY294002 [PI3K inhibitor, (LY)] and SB203580 [P38 
inhibitor, (SB)] were used to examine the proliferative and 
pro‑differentiation effect of PI3K and P38. The present find-
ings showed that the expression level of MCP‑1 in the synovium 
of CIA rats was significantly higher compared with controls. 
The present in vitro study suggested that MCP‑1 increased the 
FLSs cell numbers with a maximal effect at 200 ng/ml, and 

induced the maximal phosphorylation of PI3K at 15 min and 
P38 at 30 min. In addition, MCP‑1 stimulation significantly 
increased the migration of FLSs. Furthermore, MCP‑1‑induced 
the expression of vascular endothelial growth factor and 
CD31 in FLSs. Suppression of PI3K and P38 was found to 
reduce MCP‑1 induced FLSs proliferation and migration, 
and decreased the expression levels of angiogenesis markers 
increased following MCP‑1 treatment. MCP‑1 was also found 
to increase the expression levels of both TNF‑α and IL‑β. 
Therefore, MCP‑1 could promote the proliferation and migra-
tion of FLSs, and was found to increase the expression levels 
of various angiogenesis markers via PI3K/P38, suggesting a 
role for this pathway in synovium hyperplasia in RA.

Introduction

Rheumatoid arthritis (RA) is an autoimmune disease 
characterized by chronic inflammation of joints, leading to 
progressive and irreversible joint destruction (1,2). The major 
events in RA are the hyperplasia of the synovial tissue, which 
leads to the formation of a pannus, and the release of proin-
flammatory cytokines (3). The aggressive pannus invades and 
destroys cartilage and bone, therefore playing a vital role in the 
pathogenesis of RA (3,4). The pannus is mainly comprised of 
fibroblast‑like synoviocytes (FLSs) and infiltration of lympho-
cytes and macrophages (5). 

FLSs serve an essential role in the progression of RA, 
important components of the invasive hypertrophied 
pannus (6). The phenotype of FLSs in RA patients are similar 
to the phenotype of tumor cells, demonstrating pro‑migratory 
and pro‑invasive properties, which result in joint cartilage 
and bone destruction (6‑8). Several cytokines destroy joints 
by activating proliferation and migratory pathways of FLS; 
for example, tumor necrosis factor (TNF) receptor‑associated 
factor six can promote the migration capacity of FLSs in 
patients with RA (9). Transcription factor SRY‑Box 5 (SOX5) 
is involved in joint destruction in collagen‑induced arthritis 
(CIA) animal models, as SOX5 can increase the migration and 
invasion of FLSs (10). Interferon‑γ can stimulate the differen-
tiation of FLSs into immune effector cells in Lyme arthritis, 
an autoimmune disease like RA (11). Therefore, investigating 
the mechanisms underlying the migration and invasion of 
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FLSs is crucial to understand RA pathogenesis, and for the 
development of therapeutics for RA. 

Accumulating evidence demonstrated that monocyte 
chemoattractant protein 1 (MCP‑1) is highly expressed in 
the joints of patients suffering from RA (12‑15). MCP‑1 is a 
chemokine, and has been detected in endothelial cells, epithe-
lial cells, fibroblasts, monocyte‑macrophages and vascular 
smooth muscle cells  (16). MCP‑1 serves a major role in 
inflammation by attracting monocytes and macrophages (16). 
A previous study assessing 92 subjects showed that MCP‑1 
was higher among patients who developed RA compared with 
controls (17). A previous study using a CIA animal model 
suggested that MCP‑1 can destroy joints via the recruitment 
of monocytes (18). Furthermore, the inhibition of MCP‑1 with 
P8A‑MCP‑1, after the onset of arthritis, ameliorated joint 
inflammation and decreased macrophage accumulation, cyto-
kine expression and p38MAPK activation (19). 

Although MCP‑1 is critical to the development and 
progression of arthritis, it is unclear whether MCP‑1 destroys 
joint by changing the function of FLSs, including their prolif-
eration, invasion and differentiation potential. MCP‑1 has 
the potential to change the phenotype of many cells, such as 
their invasion capacity and differentiation potentials (20‑22). 
MCP‑1 was found to stimulate the proliferation and migration 
capacity of renal carcinoma cells (20). Additionally, MCP‑1 
induced in the herniated nucleus pulposus was identified to 
enhance osteoclastogenesis in the vertebral column, resulting 
in increased bone erosion  (22). Furthermore, MCP‑1 can 
mediate angiogenesis and tumor progression via vascular 
endothelial growth factor (VEGF) in vitro and in vivo (21). 
Targeted inhibition of MCP‑1 decreases the development and 
mobilization of endothelial precursor cells, thereby blocking 
tumor neovascularization of mammary tumors (23).

Since MCP‑1 plays an important role in the migration and 
invasion of tumor cells, in the present study it was hypothesized 
that MCP‑1 may affect the phenotype of FLSs and subse-
quently participate in the hypertrophy and angiogenesis of the 
pannus during joint destruction in RA. Therefore, the aims of 
the present study were as followed: i) To investigate the effect 
of MCP‑1 on the proliferation and migration of FLSs; ii) to 
investigate the effect of MCP‑1 on the differentiation potential 
of FLSs towards endothelial cells; and iii) to investigate the 
signaling pathways downstream of MCP‑1 affecting the cell 
proliferation, migration and differentiation of FLSs. 

Materials and methods

Induction of collagen‑induced arthritis (CIA) model. All exper-
iments were carried out following the Guide for the Care and 
Use of Laboratory Animals of the National Institutes of Health 
and all the procedures were pre‑approved by the Review Board 
of the First Affiliated Hospital of Medical College of Zhejiang 
University. Male Sprague‑Dawley rats (n=14; age, 8 weeks; 
weight, 250 g) were purchased from Zhejiang University. 
The rats were housed under standardized conditions with 
a 12‑h light‑dark cycle at 25˚C and 45% humidity, with free 
access to sterilized water and pellet food. CIA was induced 
by immunization with bovine type II collagen (cat. no. 20021; 
Chondrex, Inc.). Rats were anesthetized using 1% sodium 
pentobarbital (40 mg/kg) via intraperitoneal injection prior to 

the establishment of CIA. Type II collagen was solubilized in 
0.05 M acetic acid to a concentration of 4 mg/ml. Using an 
electric homogenizer, collagen II was emulsified with equal 
volume of incomplete Freund's adjuvant (Chondrex, Inc.). CIA 
model rats were established by immunization with 0.1 ml 
emulsion subcutaneously injected into the tail base at day 0 
and day 7. Rats injected with vehicle (adjuvant alone) were 
used as controls (n=7). 

Isolation and identification of FLSs. FLSs were isolated from 
synovium samples obtained from CIA rats. The rats were 
anesthetized using 1% sodium pentobarbital (40 mg/kg) via 
intraperitoneal injection, and then euthanatized by cervical 
vertebra dislocation before FLSs isolation. FLSs were obtained 
by 0.2% collagenase digestion at 37˚C for 4 h. The synovium 
tissue was washed five times on ice with PBS containing 1% 
ampicillin and streptomycin. The synovium tissue was then 
sectioned into 1‑mm‑thick slices which were placed in a 
plate containing 0.2% type II collagenase (cat. no. 17101015; 
Gibco; Thermo Fisher Scientific, Inc.) and then transferred to 
a 37˚C incubator for 4 h. Over the process, the supernatant was 
collected every 60 min and centrifuged at 290 x g for 5 min at 
room temperature to collect the cell pellet. These procedures 
were repeated four times. The cells were re‑suspended in 
DMEM (Gibco; Thermo Fisher Scientific, Inc.) complete culture 
medium containing 10% FBS (Gibco; Thermo Fisher Scientific, 
Inc.), and 100 U/ml of ampicillin and streptomycin. The cells 
were then filtered through 200‑mesh stainless steel filters and 
seeded in flasks at the density of 1x105 cells/cm2 and cultured 
at 37˚C in 5% CO2 incubator for 3‑4 days. Upon reaching 90% 
confluence, the cells were passaged. Cells at passage two were 
used for further experiments. For ELISA, western blotting, and 
reverse transcription‑quantitative PCR (RT‑qPCR) experiments, 
FLSs were seeded in 6‑well plates at 2x105 cells/well. 

ELISA. The content of MCP‑1 in the synovial tissue of CIA rats 
was measured using a rat MCP‑1 ELISA kit (cat. no. ab100778; 
Abcam), according to the manufacturer's protocol. The syno-
vial tissue in all samples were performed in duplicate.

Cell Counting Kit‑8 (CCK‑8) assay. FLSs were plated at 
a density of 5x103 cells/well in a 96‑well plate with 0.1 ml 
complete DMEM for 24  h, and then starved for 24  h in 
serum‑free DMEM medium. MCP‑1 (cat. no. 279‑MC‑010; 
R&D Systems, Inc.) was added (at final concentration of 1, 10, 
100, 200, 500 and 1,000 ng/ml) with or without 100 ng/ml 
TNF‑α (cat. no. 210‑TA‑005; R&D Systems, Inc.). The cells 
were incubated for an additional 48 h at 37˚C and then counted 
using a CCK‑8 kit (cat.  no.  CK04‑11; Dojindo Molecular 
Technologies, Inc.). A total of 10 µl kit reagent was added 
to each well, and the cells were incubated for 2 h at 37˚C. 
Cell viability was determined by measuring the absorbance 
at 450  and  655  nm with a microplate reader (Bio‑Rad 
Laboratories, Inc.). Each experimental condition was assessed 
in four wells. To confirm that P38 kinase and PI3K play a role 
in MCP‑1‑induced proliferation, FLSs were pretreated with 
PI3K inhibitor LY294002 [LY; cat. no. 9901; Cell Signaling 
Technology, Inc. (CST)] and P38 inhibitor SB203580 (SB; 
cat. no. 5633; CST; final concentrations, 10, 50 and 100 µM) 
for 1 h and then stimulated with 200 ng ⁄ml MCP‑1.
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5‑Bromo‑2‑deoxyuridine (BrdU) assay. The proliferation of 
FLSs was also assessed using a BrdU cell proliferation ELISA 
kit (cat. no. ab126556; Abcam). FLSs were treated in the same 
manner as described in the CCK‑8 experiments. BrdU was 
added to FLSs and then incubated for 2 h at 37˚C to incorpo-
rate it into their DNA. Paraformaldehyde (4%) was added for 
10 min to fix the cells at 4˚C and denature the DNA. The solu-
tion was then removed and each well washed with PBS three 
times. The primary detector antibody in the kit was added to 
each well and incubated at room temperature for 1 h. The cells 
were washed again with PBS three times. A horseradish perox-
idase (HRP)‑conjugated secondary antibody included in the 
kit was added to each well and incubated at room temperature 
for 30 min. 3,3',5,5'‑tetramethylbenzidine solution was added 
to each well after washing. Stop solution was added after the 
detection of the signal, and the signal intensity was recorded 
immediately by measuring the absorbance at 450 and 655 nm 
with a microplate reader (Bio‑Rad Laboratories, Inc.). Each 
experimental condition was assessed in four wells.

Transwell assay. FLSs migration ability was evaluated using 
24‑well chambers (pore size, 8 mm; Corning, Inc.). MCP‑1 
(200 ng/ml), with or without PI3K and P38 inhibitor (final 
concentrations, 50 µM), was added to the supernatant. FLSs 
(1x104 cells/well) were seeded in the upper chamber coated 
with Matrigel, while the lower chamber was filled with 500 µl 
DMEM medium containing 10% FBS. FLSs that remained on 
the top of the filters were removed with a cotton swab after 12 h 
of incubation at 37˚C. Cells that invaded the Matrigel to the 
lower chamber of membrane were fixed with 4% paraformal-
dehyde at 4˚C for 20 min and then stained with crystal violet 
(cat. no. C0121; Beyotime Institute of Biotechnology) at room 
temperature for 20 min. The number of migrated cells were 
manually counted in three random fields.

Western blotting. After MCP‑1 stimulation for 0, 15, 30 and 
60 min, the total protein was extracted from each group using 
RIPA lysis buffer (Beyotime Institute of Biotechnology), 
according to the manufacturer's instructions  (24). For the 
determination of CD31 and VEGF, the cells were incubated 
with MCP‑1 for 48 h at 37˚C. Protein concentrations were 
determined using a bicinchoninic acid assay and equal 
amounts of protein (20‑30 µg) were resolved by SDS‑PAGE 
(10 or 12%). Immunoblot analysis was performed as described 
previously  (25). PVDF membranes were incubated with 
primary antibodies overnight at  4˚C after blocking with 
5% non‑fat milk for 2 h at room temperature. The primary 
antibodies used were the following: Phosphorylated‑(p‑)P38 
(1:1,000; cat. no. 4511; CST), P38 (1:1,000; cat. no. 2387; CST), 
p‑PI3K (1:2,000; cat. no. ab182651; Abcam), PI3K (1:500; 
cat. no. 4249; CST), CD31 (1:1,000; cat. no. ab134168; Abcam), 
VEGF (1:1,000; cat. no. ab53465; Abcam), TNF‑α (1:1,000; 
cat. no. ab6671; Abcam) and interleukin‑1β (IL‑1β; 1:2,000; 
cat. no. ab150777; Abcam). GAPDH (1:2,000; cat. no. 2118; 
CST) was used as an internal control. 

On the following day, after washing three times with 
TBS/0.1% Tween‑20, the membranes were incubated 
with an HRP‑conjugated anti‑rabbit secondary antibody 
(cat. no. BA1054; Boster Biological Technology) for 1 h at 
room temperature, then washed another three times. The 

membranes were soaked in an enhanced chemiluminescence 
reagent (cat.  no.  AR1191; Boster Biological Technology) 
for 5 min at room temperature, and the bands were visual-
ized with X‑ray films (VersaDoc imaging systems; Bio‑Rad 
Laboratories, Inc.). The intensity of bands was analyzed using 
QuantityOne software (version 4.6; Bio‑Rad Laboratories, Inc.). 
Data are presented as the relative expression level, following 
normalization to the internal loading control GAPDH. 

RT‑qPCR. For the FLSs experiments, 2x105 FLSs/well were 
seeded and stimulated for 24  h with 200  ng/ml MCP‑1, 
100 ng/ml TNF‑α, or 200 ng/ml MCP‑1 with 50 µM LY294002 
or 50 µM SB203580. Total RNA from 2 g synovial tissue and 
FLSs were extracted using TRIzol® reagent (Takara Bio, Inc.). 
RNA (1  µg) was reverse transcribed into cDNA using the 
RevertAid First Strand cDNA Synthesis kit (Takara Bio, Inc.), 
according to the manufacturer's protocol. qPCR was performed 
using ABI PRISM 7000 (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) and SYBR‑Green Real‑Time PCR Master mix 
(cat.  no. RR430A; Takara Bio, Inc.). The following primer 
pairs were used for the qPCR: MCP‑1 forward, 5'‑AGC​CAC​
CTT​CAT​TCC​CCA​AG‑3' and reverse, 5'‑CTC​CTT​GGC​CAC​
AAT​GGT​CT‑3'; VEGF forward, 5'‑CGG​TTC​CAG​AAG​GGA​
GAG​GA‑3' and reverse, 5'‑CTG​GGA​CCA​CTT​GGC​ATG​G‑3'; 
CD31 forward, 5'‑GCC​TCA​CCA​AGA​GAA​CGG​AA‑3' and 
reverse, 5'‑AAT​TGG​ATG​GCT​TGG​CCT​GA‑3'; and GAPDH 
forward, 5'‑ACA​GCA​ACA​GGG​TGG​TGG​AC‑3' and reverse, 
5'‑TTT​GAG​GGT​GCA​GCG​AAC​TT‑3' [Sangon Biotech 
(Shanghai) Co., Ltd.]. The thermocycling conditions used were 
as follows: Initial denaturation at 94˚C for 4 min, followed by 
30‑35 cycles at 95˚C for 30 sec, 55˚C for 30 sec and 72˚C for 
30 sec. Quantification of the relative expression levels of the 
target genes was achieved using the formula: 2‑ΔΔCq, where Cq 
is quantification cycle and ΔΔCq=(Cq of the target gene‑Cq of 
GAPDH) after treatment‑(Cq of the target gene‑Cq of GAPDH) 
in the control (26);. Data are presented as relative expression 
level, which was normalized to GAPDH and the control.

Immunohistochemical analysis. The knee joints of rats 
were removed and fixed with 10% paraformaldehyde for 
2 days at room temperature and then embedded in paraffin. 
Paraffin‑embedded sections were subsequently cut into 5‑µm 
sections. The sections were first incubated with 3% peroxyl in 
methanol for 15 min at room temperature, then boiled (~100˚C) 
in citrate buffer solution for 10  min for antigen retrieval. 
Following the incubation with 5% BSA (cat. no. AR1006; 
Boster Biological Technology) for 20 min at room tempera-
ture, sections were then covered with anti MCP‑1 antibody 
(1:300; cat. no. ab9669; Abcam) overnight at 4˚C. Sections 
were then incubated with the HRP‑conjugated secondary anti-
body (1:2,000; cat. no. ab205718; Abcam) for 30 min at room 
temperature and then incubated with diaminobenzidine for 
3‑5 min at room temperature to visualize the positive expres-
sion of the targeted protein. All sections were counterstained 
with 5% hematoxylin for 1 min at room temperature. Positive 
cells were observed using a light microscope (magnification, 
x400; Nikon Corporation).

As for the staining of FLSs with vimentin, 1x106 FLSs/cm 
were seeded and cultured for 3 days; subsequently the supernatant 
was removed and FLSs were fixed with 4% paraformaldehyde 
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for 20 min at 4˚C. Following permeabilization with Triton X 
for 20 min at room temperature, FLSs were treated with 3% 
H2O2 for 15 min at room temperature. Following incubation 
with 5% BSA for 20 min at room temperature, the slices were 
incubated with the anti‑vimentin primary antibody (1:500; 
cat. no. ab92547; Abcam) for 2 h at 37˚C. Then, the proce-
dures were the same as the immunohistochemical analysis of 
sections described above.

Statistical analysis. Data are presented as the mean ± SEM 
and were analyzed using GraphPad Prism (version  5.0; 
GraphPad Software, Inc.). ANOVA was used when making 
comparisons containing multiple groups, and Tukey's test 
was used as post hoc test. Student's t‑test was used to analyze 
MCP‑1 content between the CIA group and control group. 
P<0.05 was considered to indicate a statistically significant 
difference. 

Results

Isolation and identification of synovial fibroblasts. With a 
seeding density of 1x105 cells/cm2, the passage two cells began 
to adhere and gradually form clusters, and reached 80‑90% 
confluence within 3‑4  days. FLSs appeared spindle‑like 
shaped (Fig. 1A). FLSs were identified by immunohistology, 
and positive vimentin staining was observed within FLSs 

(Fig. 1B and C), while no positive staining was observed in 
negative controls (Fig. 1D)

Increase in MCP‑1 expression in the joints of CIA rats. Using 
RT‑qPCR, the present study demonstrated that the expression 
levels of MCP‑1 in the synovial tissue of CIA rats were signifi-
cantly increased compared with the control group (Fig. 2A). 
In addition, ELISA was used to assess the protein expression 
levels of MCP‑1 in synovial tissue from CIA rats, and it was 
found that the protein expression levels of MCP‑1 in the 
inflamed synovium of CIA rats were also significantly higher 
compared with controls (3‑fold increase; Fig. 2B). 

MCP‑1 protein expression level was also examined by 
immunohistology. Numerous lumen structures were observed 
in the synovial tissue of CIA rats, and broad areas positive 
for MCP‑1 staining were identified in the inflamed synovium 
(Fig. 2C and D), especially around lumen structures (thin 
arrow in Fig. 2D). By contrast, MCP‑1 staining was rarely 
observed in the controls (Fig. 2E and F), especially around 
lumen structures (rough arrow in Fig. 2F).

MCP‑1 induces proliferation of FLSs in CIA rats via the 
activation of the PI3K /P38 pathway. Cell proliferation was 
analyzed using CCK‑8 and BrdU assay. To investigate the 
effect of MCP‑1 on the viability of FLS cells, FLS cells were 
treated with increasing doses of MCP‑1 (0‑1,000  ng/ml). 

Figure 1. Isolation and identification of fibroblast‑like synoviocytes. (A) FLSs exhibited a typical elongated and spindle‑like shape. Passage two cells began 
to adhere and gradually form clusters, and reached 80‑90% confluency within 3‑4 days. (B) Purity of FLSs was identified by vimentin staining. (C) Abundant 
positive staining was observed in FLSs but not in (D) negative controls. Scale bars, 50 or 100 µm. FLS, fibroblast‑like synoviocyte.
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MCP‑1 promoted the proliferation of FLSs in a dose‑depen-
dent manner (Fig. 3A). MCP‑1 exerted the maximum effect 
on the proliferation of FLSs at a concentration of 200 ng/ml 
(Fig. 3A), which was then used in the subsequent experiments. 
This finding was also confirmed by the BrdU test results 
(Fig. S1). Additive effects of MCP‑1 in combination with 
TNF‑α on FLSs proliferation were also found by stimulating 
FLSs with TNF‑α (100 ng/ml), MCP‑1 (200 ng/ml) or the 
two cytokines in combination (Fig. 3B). The present study 
observed that TNF‑α could also promote the proliferation of 

FLSs, and increase the proliferation potential of FLSs induced 
by MCP‑1 (Fig. 3B).

The present study analyzed the effect of MCP‑1 on the phos-
phorylation levels of PI3K and P38. Phosphorylation level of 
PI3K increased 2.68‑fold compared to that of untreated samples 
at 15 min following treatment with MCP‑1 (Fig. 3C). One of 
the PI3K downstream signaling molecules, P38, was analyzed 
in addition to PI3K in FLSs. The phosphorylation levels of P38 
were 2.45‑ and 4.2‑fold higher after 15 and 30 min of MCP‑1 
stimulation, respectively, compared with the control groups 

Figure 2. Evaluation of MCP‑1 expression in the joints of CIA rats. (A) quantitative PCR results showed that the expression level of MCP‑1 in the synovial 
tissue from CIA rats was greater than in the control. (B) Expression level of MCP‑1 in the synovial tissue from CIA rats was assessed by ELISA. A significant 
upregulation of MCP‑1 was found in the inflamed synovial of CIA rats compared with controls (3.5‑fold). Immunohistological results showed that there were 
a lot of lumen structures in the synovial tissue of CIA rats. (C and D) Positive staining of MCP‑1 was observed in the inflamed synovium, especially around 
lumen structures (thin arrows). (E and F) Staining was scattered in the control synovium (thin arrow), whereas there is no positive staining of MCP‑1 around 
the lumen structures in the control group (thick arrow). Scale bars, 100 or 200 µm. Data are presented as the mean ± SEM. **P<0.01, ***P<0.001 vs. control. 
MCP‑1, monocyte chemoattractant protein‑1; CIA, collagen‑induced arthritis.
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(Fig. 3D). To further examine whether P38/PI3K signaling was 
involved in the proliferation of FLSs via MCP‑1, FLSs were 

pretreated with SB, aP38 inhibitor (at 10, 50 and 100 µM) and 
LY, a PI3K inhibitor (at 10, 50 and 100 µM) for 30 min prior 

Figure 3. Effect of MCP‑1 on the proliferation of FLSs. (A) FLSs were incubated with MCP‑1 at 1, 10, 100, 200, 500 and 1,000 ng/ml. Columns show the 
percentage of the values of cells without MCP‑1 treatment. MCP‑1 at a concentration of 200 ng/ml exerted the maximum effect on the proliferation of 
FLSs. (B) MCP‑1 with TNF‑α increased the proliferation of FLSs. (C) Total and phosphorylated expression levels of PI3K and P38 at 15, 30 and 60 min 
following MCP‑1 treatment compared with untreated samples. (D) Phosphorylation expression levels relative to total protein expression levels of P38 and 
PI3K were higher after 15, 30 and 60 min of MCP‑1 stimulation compared with the control. To test whether PI3K and P38 were involved in the proliferation 
of FLSs induced by MCP‑1, FLSs were pretreated with LY294002 (at 10, 50 and 100 µM) and SB203580 (at 10, 50 and 100 µM) for 30 min prior to MCP‑1 
stimulation, which was performed for 48 h. The cell proliferation induced by MCP‑1 was significantly reduced when incubated with (E) LY and (F) SB in 
a concentration‑dependent manner. Data are presented as the mean ± SEM. *P<0.05, **P<0.01 and ***P<0.001 vs. respective control; ##P<0.01, ###P<0.001 vs. 
MCP‑1 group. MCP‑1, monocytes chemotactic protein 1; FLSs, fibroblast‑like synoviocytes; CCK‑8, cell counting kit‑8; LY, LY294002; SB, SB203580; t‑, 
total; p‑, phosphorylated; TNF‑α, tumor necrosis factor‑α. 
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to MCP‑1 stimulation. Cell proliferation induced by MCP‑1 
was significantly reduced when incubated with SB or LY, in a 
concentration‑dependent manner (Fig. 3E and F).

MCP‑1 promotes the migration of FLSs through the activation 
of PI3K/P38 pathway. The involvement of MCP‑1 in the 
migration and invasion of FLSs was then investigated. MCP‑1 
stimulation significantly increased the migration of FLSs 
(Fig. 4A and B). Additionally, the present study investigated 
whether PI3K and P38 could regulate FLS migration; the 
results demonstrated that MCP‑1‑induced migration of FLSs 
was significantly blocked by LY and SB (Fig. 4C‑E), suggesting 
that the migration of FLSs induced by MCP‑1 was activated by 
the PI3K and P38 pathway. 

MCP‑1, and not TNF‑α, induces differentiation of FLSs 
through the activation of P38/PI3K pathway. MCP‑1 is known 
to act as a regulator of cell differentiation and proliferation, 
but, to the best of our knowledge, the role of MCP‑1 on the 
differentiation potential of FLSs towards vascular endothelial 
cells remains unclear. The results from the present study 
showed that the protein expression levels of vessel formation 
biomarker proteins, such as VEGF and CD31, in FLSs were 
significantly increased after MCP‑1 treatment, while TNF‑α 
treatment (100 ng/ml) was unable to increase their expression 
levels (Fig. 5A and B). The expression levels of VEGF and 
CD31 induced by MCP‑1 were also significantly reduced 
by the PI3K and P38 inhibitors SB and LY (Fig. 5C and D). 
Furthermore, MCP‑1 was found to upregulate the RNA 
expression levels of CD31 and VEGF in FLSs (Fig. S2). 

MCP‑1 induces the expression levels of TNF‑α and IL‑1β. In 
the present study, it was found that the expression levels of 
TNF‑α and IL‑1β were significantly upregulated by treatment 

from MCP‑1 (Fig. 5E and F). The present results suggested 
that MCP‑1 may be involved in the pathogenesis of arthritis, 
partly through the secretion of TNF‑α and IL‑1β.

Discussion

RA is a severe and debilitating disease that ultimately results in 
disability (1,3). The tumor‑like proliferation of FLSs is thought 
to be the major cause of hyperplasia of the synovium and the 
destruction of joints (24). MCP‑1 is involved in tumor progres-
sion and metastasis in cancer through its pro‑migratory and 
pro‑invasive effects on tumor cells (20,21,23,27,28). Although 
it has been previously reported that MCP‑1 plays a critical role 
in the development of RA or CIA by affecting monocytes and 
pro‑inflammatory cytokine expression (29), the role of MCP‑1 
on the behavior of FLSs remains unclear. The present study, to 
the best of our knowledge, is the first to identify that MCP‑1 
can promote the proliferation, migration and differentiation 
potential of FLSs through the P38/PI3K signaling pathway. 
The results of the present study increased the understanding of 
the role of MCP‑1 in joint destruction in RA and CIA animal 
models, which may facilitate the development of novel thera-
peutic strategies.

It was previously reported that MCP‑1 secreted by FLSs 
is involved in RA and bacterial‑mediated joint destruction. 
Scian et al (30) found increased secretion of MCP1 by FLSs 
in joint damage induced by Brucella abortus infection. A 
previous study found that lipopolysaccharides can enhance the 
expression of MCP‑1 in cultured FLSs (31). Another previous 
study found that the expression levels of MCP‑1 were high in 
the inflamed synovium of patients with RA, but were limited 
in the tissue of normal controls (32), which is partly consis-
tent with the present immunohistological and ELISA results. 
Additional evidence indicated that MCP‑1 could activate FLSs 

Figure 4. Effect of MCP‑1 on the migration of FLSs. In comparison with (A) control, (B) MCP‑1 stimulation significantly enhanced migration of FLSs. In 
addition, MCP‑1‑induced migration of FLSs was blocked by (C) PI3K inhibitor and (D) P38 inhibitor. (E) Statistical analysis. *P<0.05 vs. control, #P<0.05, 
###P<0.001 vs. MCP‑1. MCP‑1, monocytes chemotactic protein 1; FLSs, fibroblast‑like synoviocytes; LY, LY294002; SB, SB203580.
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Figure 5. Effect of MCP‑1 on the expression level of VEGF, CD31, TNF‑α and IL‑1β in FLSs. Expression levels of the angiogenesis biomarkers (A) VEGF and 
(B) CD31 in FLSs increased significantly after treatment with MCP‑1, while their expression after TNF‑α treatment slightly increased. P38 and PI3K signaling 
were examined to evaluate their effects on the expression levels of (C) VEGF and (D) CD31. Expression levels of (E) TNF‑α and (F) IL‑1β were also increased 
significantly after treatment with MCP‑1. Data are presented as the mean ± SEM. **P<0.01, ***P<0.001 vs. control group; ###P<0.001 vs. MCP‑1 group; &P<0.05 
vs. MCP at 100 ng/ml. MCP‑1, monocytes chemotactic protein 1; FLSs, fibroblast‑like synoviocytes; SB, SB203580; LY, LY294002; TNF‑α, tumor necrosis 
factor‑α; IL‑1β, interleukin‑1β; t‑, total; p‑, phosphorylated.
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directly, as MCP‑1 receptors were found to be expressed in 
FLSs in patients with RA (33).

However, the effect of MCP‑1 on FLSs remains unclear. 
MCP‑1 is a promoter not only of inflammation, but of cell 
migration and invasion in tumor cells (20,21,28). Therefore, 
the present study examined the effects of MCP‑1 on the 
proliferation and migration capacity of FLSs, and found that 
both processes were enhanced by treatment with MCP‑1. The 
present results indicated that MCP‑1 induced proliferation and 
migration of FLSs, and could therefore contribute to severe 
joint damage. Therefore, the present results provided novel 
evidence on the association between MCP‑1 and the aggressive 
features of FLSs. The present findings may have important 
clinical significance. Elevated MCP‑1 content in joints may 
lead to more severe cartilage and bone damage. Therefore, 
MCP‑1 may be a novel indicator of disease severity, which is 
supported by the fact that blood MCP‑1 levels may be useful 
in monitoring RA activity (12). Therefore, targeting MCP‑1 or 
its receptor may facilitate the suppression of RA progression. 

In addition, angiogenesis of the pannus is important during 
the pathological process of RA (34). VEGF and CD31 are 
biomarkers of endothelial cell differentiation, secreted by 
a variety of cell types such as fibroblasts, endothelial cells 
and osteoblasts, and serve important roles in inducing the 
differentiation of vascular endothelial cells  (35,36). It was 
also reported that MCP‑1 could serve as a direct mediator 
of angiogenesis by increasing C‑C chemokine receptor 
type 2 expression in the endothelium (21). Consistent with 
these studies, the present study showed that the expression 
of MCP‑1 was mainly located around the lumen structures 
in the synovium, and in  vitro experiments indicated that 
MCP‑1 could induce the expression of VEGF and CD31 in 
FLSs. Therefore, MCP‑1 may contribute to the formation of 
capillaries in the pannus through increasing the expression 
of VEGF and CD31 in FLSs. Another possible explanation is 
that MCP‑1 may promote FLSs differentiation into endothelial 
cells, as FLSs were shown to have the potential to differentiate 
into osteoblasts and chondrocytes (37,38). Nevertheless, addi-
tional studies are required to explore the role of MCP‑1 in the 
angiogenesis in the pannus formed during RA. 

PI3K and P38 pathways have been reported to be involved 
in inflammation activation and cell differentiation induced 
by MCP‑1  (39). MCP‑1 has been reported to promote the 
proliferation of smooth muscle cells by activating PI3K (40,41) 
and myoblast cell proliferation by activating P38 (42). There 
are multiple crosstalk between P38 and PI3K pathways, 
and various previous studies showed that proliferation and 
pro‑inflammatory mechanisms are activated by PI3K/P38 
pathway  (42,43). In the present study, the accumulation of 
p‑PI3K was observed following MCP‑1 treatment at 15 min, 
while P38 phosphorylation was activated by MCP‑1 treat-
ment after 30 min. Collectively, the present results suggested 
that MCP‑1 could alter the phenotype of FLSs through the 
PI3K/P38 pathway.

In conclusion, the present study suggested that MCP‑1 
may promote the proliferation and migration of FLSs. In addi-
tion, MCP‑1 induced FLSs differentiation potential towards 
vascular endothelial cells through the PI3K/P38 pathway, 
which contributed to the formation of the pannus in CIA rats. 
The present study described a novel possible mechanism of 

MCP‑1 in joint destruction in RA, a finding which may be 
beneficial to the identification of novel disease indicators and 
the development of novel therapeutic strategies. 
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