
Am J Transl Res 2019;11(6):3317-3327
www.ajtr.org /ISSN:1943-8141/AJTR0097582

Original Article
Co-culture with synovial tissue in patients with  
rheumatoid arthritis suppress cell proliferation  
by regulating MAPK pathway in osteoblasts

Weiwei Zheng*, Xueping Gu*, Dan Hu, Yuefeng Hao

Department of Orthopaedics, The Affiliated Suzhou Hospital of Nanjing Medical University, Suzhou 215008, PR 
China. *Co-first authors.

Received April 13, 2019; Accepted May 28, 2019; Epub June 15, 2019; Published June 30, 2019

Abstract: There is growing evidence that synovial tissue affects osteoblasts although the mechanisms behind the 
aberrant bone metabolism in rheumatoid arthritis (RA) are unclear. The aim of this study is to preliminarily establish 
a co-culture system of rheumatoid arthritis-derived synovial tissue (RAS) and osteoblasts in vitro and to investigate 
the potential mechanism of RAS on osteoblasts. A consistent volume of approximately 85 mm3 of RAS was cultured 
isolated and co-cultured with Hfob1.19 cells for up to 21 days. Equal volume of normal synovial tissue (NS) was 
co-cultured as a control group. Cell proliferation, cell cycle and bone markers were valued and the mechanisms 
underlying MAPK pathway have been fully delineated. Our findings suggested that co-cultures with RAS exhibited de-
creased proliferation of Hfob1.19 cells. Moreover, gene and protein expressions of GLUT3 in cells were suppressed, 
and the cell cycle was also down-regulated. The expressions of related proteins of MAPKs (JNK and p38) signaling 
pathway were found to be inhibited. Rescue experiments demonstrated that co-cultures with RAS could decrease 
the growth and cell cycle of Hfob1.19 cells, which were reversed by p-JNK and p-p38 over expression. In conclusion, 
this study suggested that synovial tissue in patients with RA may negatively regulate osteoblasts proliferation by 
declining MAPK pathway.
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Introduction

Articular bone erosion followed by rheumatoid 
arthritis (RA) is a hallmark of joint destruction 
and progressive disability that is linked to poor 
functional outcomes [1, 2]. Hence there is an 
urgent need to develop novel targets for bone 
erosion therapy. Although the precise aetiology 
of RA remains elusive, abundant evidence has 
suggested that pathological change of synovi-
um plays a critical role in the pathophysiology 
of RA [3, 4]. Bone erosion represents localized 
bone loss resulting from an imbalance in which 
bone resorption by osteoclasts is more active 
over bone formation by osteoblasts [5, 6]. 
Understanding the mechanisms that define the 
formation of bone erosions requires insight into 
the interaction of synovium tissue with osteo-
cytes in RA patients.

In vitro models allow exploration of potential 
interactions between tissue and cells, and 

have been useful for studying effects of sy- 
novial tissue and bone cells on articular bone 
metabolism. However, most investigations tar-
get only synovial fibroblasts or bone cells, which 
is extremely disparate from RA conditions in 
vivo [7, 8]. Prior studies have noted that synovi-
al tissue was invaded by inflammation and 
experienced complex pathological processes 
when rheumatoid arthritis occured, including 
synovial fibroblasts and macrophages [9-11]. 
Therefore, synovial tissue needs to be consid-
ered as an organized whole when studying the 
effects of synovium on osteocytes. Hence, it is 
vital to develop a straightforward and reliable 
platform to assay the interaction of synovial tis-
sue with bone cells to study the underlying 
mechanisms of bone erosion in RA patients. In 
the present study, we constructed a co-culture 
system of synovial tissue and osteoblasts in 
vitro and the interactions were further in- 
vestigated.
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Table 1. Patient characteristics

Patients No. Sex Age Course of 
RA (years)

Aggravation 
(months) Fever Morning 

numb
RF  

(IU/ml)
CRP  

(mg/L)
ESR 

(mm/h)
ASO  

(IU/ml)
RA 1 F 35 2 3 Yes No 134 23.5 35.6 75.3

2 F 27 1 2 No No 88 7.1 14.7 44.5
3 M 41 4 5 Yes Yes 54 18.4 18.2 29.6
4 F 39 2 6 Yes No 79 25.5 26.1 33.5
5 F 54 6 3 Yes Yes 104 19.7 30.9 18.9
6 M 43 3 2 Yes Yes 49 33.6 11.4 50.8

N 1 M 36 - - - - 0.5 10.6 23.2 19.9
2 F 29 - - - - 1.2 7.5 9.4 30.6
3 M 23 - - - - 3.6 1.9 5.7 28.7
4 M 41 - - - - 0.7 7.2 3.4 12.7
5 F 38 - - - - 1.5 3.4 7.7 20.5

Notes: RA, rheumatoid arthritis; N, normol; RF, rheumatoid factor; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; 
ASO, Antistreptolysin-O.

Materials and methods

Hfob1.19 cells culture

Hfob1.19 cells purchased from BioHermes  
Co., Ltd. (Shanghai, China), and were cultured 
in Dulbecco’s modified Eagle medium (Gibco, 
Rockville, MD, USA) containing 10% fetal bovine 
serum (ProSpec-Tany TechnoGene, Ltd.), and 
were maintained in a 5% CO2 incubator at 37°C. 
The culture medium was replaced according to 
cell growth. The medium was replaced twice a 
week and the cells were passaged at conflu-
ence of 80%.

Tissue harvest and co-culture

This study was approved by the institutional 
review board of Suzhou Hospital Affiliated to 
Nanjing Medical University (NO. IRB20180321). 
The informed consent were signed by all pati- 
ents. Synovial tissue of six patients with rheu-
matoid arthritis and normal synovial tissues 
from five patients with acute cruciate ligament 
injury were collected by arthroscopy (Table 1). 
Patients with rheumatoid arthritis matching  
the 2010 ACR/EULAR criteria for RA [12], with 
symptomatic knee synovitis for at least six 
months (despite adequate medical treatment), 
treated with arthroscopic synovectomy of the 
knee were included.

Synovial tissue was excised from each knee 
joint, and the pathological observation was 
shown in Figure 1. Tissues were immediately 
separated and cut into pieces to fill a 6 mm 
diameter, 3 mm deep well to obtain a consis-

tent volume of approximately 85 mm3. The sy- 
novial membrane explants were washed with 
phosphate buffered saline (PBS, Lonza, Basel, 
Switzerland) three times and were randomly 
allocated to one of two experimental groups 
(n=6 explants/group): 105 Hfob1.19 cells with 
normal synovial tissue (Hfob1.19+NS), 105 
Hfob1.19 cells with rheumatoid arthritis-deri- 
ved synovial tissue (Hfob1.19+RAS). Tissue 
and cells were co-cultured in the Dulbecco’s 
Modified Eagle Medium (DMEM) medium (Gib- 
co, Rockville, MD, USA) containing 10% fetal 
bovine serum (FBS), 1% L-glutamic acid and 1% 
double antibiotics (HyClone, South Logan, UT, 
USA). Schematic of synovial tissue and Hfob- 
1.19 cells was shown in Figure 2.

Cell cycle and apoptosis analysis

The cells were trypsinised into a single-cell sus-
pension for cell cycle and apoptosis analy- 
sis. After washed by washed twice with PBS 
(Thermo Fisher Scientific, Inc.) for two times, 
106 cells were trypsinised and resuspended in 
1 ml PBS. 70% ethanol was blending into cell 
suspension on ice to form final volume of 4.0 
ml. Then cells were incubated with RNAase for 
30 min, and 40 µg/ml PI (Yearthbio) was add- 
ed prior to flow cytometer analysis.

Proliferation assay

Cell Counting Kit-8 (CCK-8) assay was used to 
evaluate cell viability. Briefly, the hFOB 1.19 
cells were collected and seeded into the 96- 
well plates at a dose of 5×103/mL. 10 μL of 
CCK-8 solution (Nanjing Jiancheng Biotechno- 
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logy Institute) were added into each well after 
cell culture for 1 d, 3 d, 5 d and 7 d, respec-
tively. Cells were cultured at room temperature 
for 4 h in the dark. The absorbance was mea-
sured at 450 nm and then cells were detected 
by the microplate reader (Bio-Rad 550 Bio-Rad 
Laboratories, Inc., Hercules, CA, USA).

Cell transfection

Hfob1.19 cells were transfected with small 
interfering RNA (siRNA) or c-DNA as previously 
described [13]. Hfob1.19 cells were placed into 
6-well plates for 24 h. Cells were transfected 
with specific siRNA (Ambion, Huntingdon, UK) 
or c-DNA targeting JNK and p38 with Li- 
pofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA). After transfection for 48 h, the cells were 
co-cultured with a volume of approximately 85 
mm3 of RAS for consistent 7 days. Then, cells 
were collected for western blot analysis.

AGATCCCTCCAAAAT-3’, OPN, reverse 5’-GGCT- 
GTTGTCATACTTCTCATGG-3’. The thermocycling 
conditions were 25°C for 5 min, 42°C for 60 
min and at 95°C for 15 sec. Fold changes were 
calculated using the 2-ΔΔCq approach normalized 
to GAPDH.

Western blot analysis

Hfob1.19 cells were harvested on ice in PBS 
and centrifuged. Total protein was extracted 
using radioimmunoprecipitation assay lysis 
buffer (Sigma-Aldrich; Merck-Millipore, Dar- 
mstadt, Germany) and quantified using a bicin-
choninic acid protein assay (Beyotime Institute 
of Biotechnology, Suzhou, China). 20 μg pro-
teins were separated by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-
PAGE; 10% gel) and transferred onto polyvinyli-
dene difluoride membranes (PVDF) (Millipore, 
Bedford, MA). The PVDF membranes were then 

Figure 1. Synovial tissue harvest and observation. A, B. Synovial tissue was 
obtained by arthroscopy. C. Observation of normal synovial tissue via HE 
staining. D. Observation of rheumatoid arthritis-derived synovial tissue via 
HE staining. Inflammatory cell infiltration, such as lymphocytes and plasma 
cells, can be seen in the visual field.

Reverse transcription-quanti-
tative polymerase chain reac-
tion (RT-qPCR)

TRIzol reagent (Life Techno- 
logies; Thermo Fisher Scien- 
tific, Inc.) was used to extract 
total RNA from hFOB1.19 
cells. Target gene and endog-
enous control β-actin were 
amplified by qPCR using the 
SYBR Green PCR Kit (Ta- 
kara Biotechnology Co., Ltd., 
Dalian, China). GAPDH was 
used as an internal refer- 
ence. The primers for PCR 
were as follows: GLUT3, for-
ward 5’-CGGCTTCCTCATTAC- 
CTTC-3’, GLUT3, reverse 5’- 
GGCACGACTTAGACATTGG-3’, 
CBF-α1, forward 5’-GATGC- 
CTTAGTGCCCAAATGT-3’, CBF-
α1, reverse 5’-GGCTGAAGG- 
GTGAAGAAAGC-3’, Col-I, for-
ward 5’-GAGGGCCAAGACGA- 
AGACATC-3’, Col-I, reverse 5’- 
CAGATCACGTCATCGCACAAC- 
3’, OCN, forward 5’-CACTCC- 
TCGCCCTATTGGC-3’, OCN, re- 
verse 5’-CCCTCCTGCTTGGA- 
CACAAAG-3’, OPN, forward  
5’-CAAATACCCAGATGCTGT- 
GGC-3’, OPN, reverse 5’-TC- 
CTGGCTGTCCACATGGAC-3’, 
GAPDH, forward 5’-GGAGCG- 
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blocked with 5% nonfat milk for 2 h at room 
temperature and incubated with GLUT3, core 
binding factor α1 (CBF-α1), collagenI (Col-I), 
osteocalcin (OCN), osteopontin (OPN), total 
c-Jun N-terminal kinase (JNK), p-JNK, p-p38, 
total p38 antibodies (1:500; Inc., Beverly, MA, 
USA) and GAPDH antibody (1:3000, Sigma-
Aldrich, USA) overnight at 4°C. Then, the mem-
branes were re-probed with horseradish peroxi-
dase (HRP)-conjugated secondary antibodi- 
es (Cell Signaling Technology, Inc.). The signal  
was visualized using an HRP chemiluminescent 
substrate reagent kit (Invitrogen Life Techno- 
logies, Carlsbad, CA, USA). Then, an ECL Wes- 
tern Blotting kit (Pierce; Thermo Fisher Scien- 
tific, Inc.) was used for immunodetection and 
densitometry was performed using image J 
(Version 1.25, Bethesda, MD, USA).

Statistical analysis

We used Statistical Product and Service Solu- 
tions (SPSS) 19.0 software (IBM, Armonk, NY, 
USA) for statistical analysis. The differences 
between groups were compared using t-test or 
one-way ANOVA. P<0.05 was considered statis-
tically significant.

Results

Cell proliferation

Our findings suggested that the cell viability  
of Hfob1.19 cells was significantly suppressed 
since the day 3 after co-cultured with RAS 
(Figure 3A). Furtherly, the mRNA expression 
and protein expression of GLUT3 were mark- 

RAS suppressed the proliferation of hFOB 1.19 
cells.

Gene and protein expressions of bone markers

To explore the effect of RAS on the mineraliza-
tion of osteoblasts, bone markers, such as 
CBF-α1, Col-I, OCN and OPN were valued via 
RT-PCR. It revealed that no significant changes 
have been found at day 7, day 14 and day 28, 
which suggested that RAS might not decrease 
the osteogenesis ability of osteoblasts within 
28 days (Figure 4). Similar results of the protein 
expressions were found in Figure 5A, 5B. It 
suggested that there were no significant differ-
ences were found between the two groups on 
the protein expression of CBF-α1, Col-I, OCN 
and OPN.

JNK and p38 pathway

To character the mechanism of RAS on osteo-
blasts proliferation, the effects of JNK and p38 
were determined by evaluating signal pathway 
activity and cell proliferation. Our findings sug-
gested that the protein expressions of p-JNK 
and p38 were markedly down-regulated after 
co-cultured with RAS. Little changes of total 
JNK and total p38 protein expressions were 
found between the two groups (Figure 5C, 5D).

To determine the time variation of JNK and p38 
phosphorylation, the protein expressions of 
p-JNK and p-p38 were valued. It suggested that 
the protein expression of p-JNK was effectively 
suppressed since the day 3, and p-p38 was 
markedly suppressed since the day 7, respec-
tively (Figure 6).

Figure 2. Schematic of co-culture system of synovial tissue and osteoblasts.

edly decreased as compared 
with the Hfob1.19+NS group 
(Figure 3B, 3C). Flow cytome-
try detection demonstrated 
that co-cultured with RAS re- 
markably suppressed cell cy- 
cle when compared with the 
Hfob1.19+NS group. G0/G1 
phase cell gradually increa- 
sed when co-cultured with 
RAS, while S phase and G2/ 
M phase cell did not obviously 
change (Figure 3D). However, 
Flow cytometry revealed that 
there was no significant dif- 
ference between Hfob1.19+ 
NS group and Hfob1.19+RAS 
group of Hfob1.19 cells. The- 
se results all suggested that 
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The cells were further divided into three groups, 
including the control group, single Hfob1.19-si-
JNK or p38-induced knockdown+RAS group 
and Hfob1.19-cDNA-induced JNK or p38 over- 
expression+RAS group. It revealed that p-JNK 
and p-p38 were effectively down-regulated via 
si-JNK or p38-induced knockdown and up-regu-
lated by cDNA-induced JNK or p38 overexpres-
sion (Figure 7).

Additionally, cell viability, GLUT3 gene expres-
sion and cell cycle were detected, respectively. 
It suggested that cell viability was effectively 
suppressed by si-JNK-induced knockdown and 
promoted via cDNA-induced JNK overexpres-
sion from day 3 (Figure 8A). Similarly, the cell 

viability was effectively suppressed by si-p38- 
induced knockdown and promoted via cDNA-
induced p38 overexpression from day 5 (Fig- 
ure 8B). Subsequently, the gene expression of 
GLUT3 was valued, and it revealed that the 
mRNA expression of GLUT3 could effectively 
suppressed by si-JNK or p38-induced knock-
down, and reversed by cDNA-induced JNK or 
p38 overexpression (Figure 8C, 8D).

Besides, cell cycle was also detected, and re- 
sults revealed that cDNA-induced JNK or p38 
overexpression promoted the cell cycles when 
compared with that of the control group. In con-
stract, si-JNK or p38-induced knockdown effec-
tively blocked the cell cycles as compared with 

Figure 3. Effects of RAS on the cell proliferation of Hfob1.19 cells. A. RAS effectively suppressed the cell viability 
since day 3 valued by CCK-8 assay. B, C. RAS markedly suppressed the GLUT3 expressions detected via RT-PCR 
and western blot. D. RAS could significantly inhibit the cell cycle of Hfob1.19 cells detected by flow cytometry. E, F. 
Apoptosis was detected by flow cytometry, and no significant difference was found between the two groups. All data 
were expressed as mean ± SD, *P<0.05, **P<0.01, as compared with Hfob1.19+NS group.
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the control group (Figure 8E, 8F). These results 
all suggested that RAS suppressed the prolif-

tion. Synovial tissue as an organized whole has 
been reported to have erosive effects on osteo-

Figure 4. Effects of RAS on the gene expression of the bone markers of Hfob1.19 cells at day 7, 14 and 21. RAS 
exhibited no significant influence on the mRNA expressions of (A) CBF-α1, (B) Col-I, (C) OCN and (D) OPN of Hfob1.19 
cells detected by RT-PCR.

Figure 5. Effects of RAS on the protein expression of bone markers and 
MAPKs pathway. A. Protein expressions of CBF-α1, Col-I, OCN and OPN were 
detected by western blot. B. No significant changes were found on CBF-α1, 
Col-I, OCN and OPN protein expression. C. Protein expressions of p-JNK, JNK, 
p-p38 and p38 were detected by western blot. D. RAS markedly suppressed 
the protein expressions of p-JNK and p-p38, and exhibited no significant in-
fluence on the expressions of total JNK and p38. All data were expressed as 
mean ± SD, *P<0.05, as compared with Hfob1.19+NS group.

eration of hFOB 1.19 cells 
probably via inhibition of JNK 
and p38 pathway.

Discussion

Rheumatoid arthritis (RA) is 
characterized by focal articu-
lar erosion that is mediated  
by regulating the balance be- 
tween osteoblasts and osteo-
clasts [14, 15]. Cortical bone 
around the joints is the initial 
target of bone erosion follow-
ing RA [16]. Progression of 
bone erosion leads to sub-
chondral bone loss and con-
tributes to destruction of artic-
ular cartilage [17]. Interdiction 
of bone erosions in RA pati- 
ents has been documented by 
excision of invaded synovial 
tissue, whcih to some extent, 
suggesting an ongoing sup-
pression of function of bone-
forming osteoblasts [18]. Bo- 
ne metabolism is regulated  
at multiple levels by factors 
that control osteoblast func-
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blasts [19, 20]. However, most studies target 
only interactions of synovial fibroblasts and 
osteocytes, or focused on bone erosion in vivo 
experiments [21-23]. Therefore, it is necessary 
to develop a simple and effective platform to 
explore the interaction of synovial tissue and 
bone cells to guide the treatment of RA. Tissue 
and cell co-culture system has been widely 
used in various disciplines [24-26]. In the pres-
ent study, we constructed a co-culture system 
of synovial tissue and osteoblasts to study the 
effect of synovial tissue in patients with rheu-
matoid arthritis on osteoblasts in vitro.

In the present study, we constructed a co-cul-
ture system of synovial tissue and osteoblasts 
in vitro. After co-cultured with RAS, the prolif-
eration and cell cycle of hFOB 1.19 were signifi-
cantly suppressed. Meanwhile, we noticed that 
p-JNK and p-p38 protein expressions were ma- 
rkedly decreased after co-cultured with RAS. 
Therefore, we suspected that JNK and p38 

might regulate the proliferation of hFOB 1.19 
cells through MAPK pathway. MAPK signaling 
generally resides in mammalian cells, which 
plays a pivotal role in cell survival, proliferation 
and differentiation [27, 28]. Previous investiga-
tions have demonstrated that gene expression 
and function of osteoblasts are related to the 
stimulation of MAPK signaling [29, 30]. The 
MAPKs, including JNK and p38, may contribute 
by phosphorylating key transcription factors, 
such as activator protein-1 (AP-1), that are 
required to facilitate downstream gene tran-
scription [31]. JNK, in particular, plays a key 
role in cytokine-mediated AP-1 induction and 
regulate matrix metalloproteinase (MMP) gene 
expression in osteoblasts [32]. Three subtypes 
of JNK have been characterized, namely JNK1-
3. JNK1 and 2 are ubiquitous in animal cells, 
while JNK3 is mainly confined to nerve tissue 
[33]. Studies demonstrated that JNK could be 
activated by phosphorylation of amino acid ter-
minal residues and the phosphorylated JNK 
(p-JNK) could be translocated to nucleus, facili-
tating downstream gene transcription in osteo-
blasts [34, 35]. Recent evidence suggested 
that dncreased expression of JNK could be 
found in articular bone tissue of rats with syno-
vitis, suggesting that JNK participates in the 
synovial inflammation and joint destruction of 
RA and could potentially be targeted in diseas-
es like RA [36].

The MAPK p38 signalling pathway is involved in 
regulation of the release of inflammatory medi-
ators, and is demonstrated to play a key role in 
the pathogenesis of bone erosion in patients 
with RA [37]. Although activation of all four 
MAPK p38 isoforms (α, β, γ and δ) has been 
proved in rheumatoid arthritis-derived osteo-
blasts, genetic and pharmacological evidence 
suggests that MAPK p38α is likely to be the 
most important contributor to joint inflamma-
tion and bone erosion [38, 39]. The MAPK 
p38α subtype has been proven to be abundant 
in expression in synovial tissues of RA patients, 
which could also be directly activated by cyto-
kines such as tumor necrosis factor α (TNF-α), 
interleukin-1 (IL-1) [40, 41]. For osteoblasts, 
mineralization induced by vitamin C and β-ph- 
osphate glycerol could be significantly decre- 
ased via blocking the MAPK p38 pathway, 
which suggested that interdiction of the MA- 
PK p38 pathway inhibites the differentiation  

Figure 6. Effects of RAS on the protein expressions of 
p-JNK and p-p38 of Hfob1.19 cells at day 0, 3, 7 and 
11. The protein expression of p-JNK was effectively 
suppressed since the day 3, and p-p38 was marked-
ly suppressed since the day 7, respectively. All data 
were expressed as mean ± SD, *P<0.05, **P<0.01, 
as compared with day 0 group.
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Figure 7. Effects of RAS on the decreased MAPK phosphorylation of Hfob1.19 cells. siRNA-induced knockdown of (A) 
JNK and (B) p38 promoted the inhibitory effects of RAS on JNK and p38 phosphorylation. cDNA-induced overexpres-
sion of (A) JNK and (B) p38 suppressed the inhibitory effects of RAS on JNK and p38 phosphorylation. All data were 
expressed as mean ± SD, **P<0.01, as compared with control group.
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of osteoblasts and matrix mineralization [42]. 
Thouverey et al. [43] found that the tibial bone 
mass decreased by 62% for six months in the 
MAPK p38 knockout mice, which suggested 
that the MAPK p38 pathway plays an important 
role in regulating the bone formation of osteo-
blasts. In addition, previous studies have repor- 
ted that MAPK p38 are crucial in the mainte-
nance of the cell survival and proliferation of 
osteoblasts [37, 42].

Based on the characteristics of RA and the 
important role of the MAPK signaling pathway 
in osteoblasts, we noticed that JNK and p38 
signal transduction when Hfob1.19 cells were 
co-cultured with RAS. Therefore, we suspected 
that JNK and p38 might regulate the prolifera-
tion of Hfob1.19 cells through MAPK pathway. 
The cells were further divided into three groups, 
including the control group, single Hfob1.19-si-
JNK or p38 induced knockdown+RAS group 
and Hfob1.19-cDNA induced JNK or p38 over- 
expression+RAS group. It suggested that JNK 
and p38 knockdown could effectively suppress 
the proliferation and cell cycle of osteoblasts, 
and JNK and p38 overexpression could signifi-
cantly reverse this phenomenon, which sug-
gested that RAS suppressed the proliferation 
of osteoblasts probably via inhibition of JNK 
and p38 pathway.

The complex bone erosion microenvironment 
could be formed when osteoblasts co-cultured 
with rheumatoid arthritis derived synovial tis-
sue. Synovial tissue produces certain mole-
cules, such as exosomes and microRNAs [44, 
45]. Additionally, synovial extracellular matrix 
can release some pro-inflammatory factors, 
such as TNF-α, IL-1 [44, 46]. These exosomes, 
microRNAs and pro-inflammatory factors might 
be released into the culture medium during the 
co-culture process and have an impact on the 
JNK and p38 expression of osteoblasts and 
ultimately induced cells inhibition. The specific 
mechanisms still need to be further explored. 
Although no significant changes of bone mark-
ers were observed in this experiment, the rea-
sons may be summarized as follows: the co-
culture time of RAS and Hfob1.19 cells is not 

long enough to stimulate osteoblasts sufficient-
ly. The amount of synovial tissue is too small 
that substances, such as exosomes, microR-
NAs and pro-inflammatory factors secreted by 
synovial tissue could not reach the effective 
concentrations to make the changes of bone 
markers in osteoblasts.

In conclusion, we preliminarily established a 
co-culture system of synovial tissue from 
patients with rheumatoid arthritis and osteo-
blasts in vitro, and we showed that RAS could 
suppress the proliferation of osteoblasts via 
MAPK pathway, which might contribute to 
exploring the interaction of synovial tissue with 
bone cells as well as drug sensitivity to guide 
the treatment of RA.
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