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Abstract. Recent studies have revealed fibroblast-like 
synoviocytes (FLS) as a pivotal effector cell in the inflamed 
joint of rheumatoid arthritis (RA) patients. FLS exhibit high 
proliferation rates and constitutive expression of cytokines, 
contributing to the pathogenesis of RA. In this study, we 
found that the expression of tripartite motif-containing 
protein 3 (TRIM3), a candidate tumor suppressor gene, was 
lower in synovial tissue samples of RA patients than in that of 
healthy controls. We then investigated the role of TRIM3 on 
the proliferation and cytokine secretion of primary cultured 
FLS from RA patients. Enforced expression of TRIM3 in 
RA FLS led to significantly decreased cell proliferation as 
indicated by Cell Counting Kit-8 assay, reduced secretion 
of tumor necrosis factor-α (TNF)-α, interleukin (IL)-1β and 
IL-6 as indicated by enzyme-linked immunosorbent assays, 
and decreased p38 phosphorylation as assessed by western 
blot analysis. The proteins promoting cell cycles (cyclin D1 
and PCNA) were downregulated and the protein nega-
tively regulating cell cycle progression (p53 and p21) was 
upregulated after TRIM3  overexpression. Importantly, 
TRIM3  knockdown had reverse effects on cell prolif-
eration, which was suppressed by the p38-specific inhibitor 
SB203580. In conclusion, the current results demonstrated 
the downregulation of TRIM3 expression in RA synovial 
tissues. Importantly, TRIM3 exerted an anti-proliferation 
role in RA FLS via p38 signaling pathway.

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease, 
which primarily affects small joints of the hands and feet. The 

pathological characteristic of RA includes synovial hyperplasia 
and inflammation, pannus formation, cartilage loss and joint 
destruction (1). Fibroblast-like synoviocytes (FLS), a type of 
synovial lining cell, is considered as a pivotal effector cell in 
the inflamed joint. FLS exhibit high proliferation rates, consti-
tutive expression of cytokines, and anchorage-independent cell 
growth (2-5). The hyperplasia of FLS leads to pannus forma-
tion and joint destruction (6). The production of cytokines, 
such as tumor necrosis factor (TNF)-α, interleukin (IL)-1β 
and IL-6, causes the erosion of cartilage and contributes to 
pathogenesis of RA (7).

Tripartite motif-containing protein 3 (TRIM3) belongs 
to TRIM proteins family, which regulates diverse biological 
functions including innate immune response, development 
and carcinogenesis (8,9). Emerging evidence has suggested 
that TRIM3 is a candidate tumor suppressor gene for glio-
blastomas (10-12) and colorectal cancer (13). Overexpression 
of TRIM3 inhibited cell proliferation of cancer cells (13,14). 
However, little is known about the expression and function of 
TRIM proteins, including TRIM3 in RA progression.

In the present study, we found that the mRNA and protein 
levels of TRIM3 were significantly decreased in RA synovial 
tissues. TRIM3 exerted an anti-proliferation role in primary 
cultured FLS from RA patients via p38 signaling pathway. 
Taken together, results of the current study suggest TRIM3 
may be a candidate therapeutic target for RA.

Materials and methods

Tissue specimens. A total of 30 RA patients and 12 joint trauma 
patients  (healthy control) were enrolled in this study. RA 
patients were diagnosed according to the American College of 
Rheumatology Criteria for Classification of RA (15). Written 
informed consent was obtained from all patients, and the study 
was approved by the Ethics Committee of the First Affiliated 
Hospital of Soochow University. Synovial tissue samples were 
obtained during joint replacement surgery, snap-frozen and 
stored at -80˚C.

Real-time polymerase chain reaction (PCR). Total RNA was 
isolated from collected synovial tissue samples using TRIzol 
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's protocol. After treating with RNase‑free DNase (Roche 
Diagnostics, Indianapolis, IN, USA) to remove any residual 
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genomic DNA, total RNA  (2 µg) was reverse‑transcribed 
using cDNA synthesis kit (Thermo Fisher Scientific, Inc., 
Rockford, IL, USA). TRIM3 mRNA levels were examined by 
real‑time  PCR with SYBR-Green qPCR  Master  Mixes 
(Thermo Fisher Scientific Inc.) on an ABI 7300 cycler (Applied 
Biosystems,  Foster  City,  CA, USA).  Glyceraldehyde‑3‑phosphate 
dehydrogenase (GAPDH) mRNA levels were used for normal-
ization. The primers were as follows: TRIM3, 5'-GAGGGCAA 
GTTCAAGACCAAG-3' and 5'-GGAAGGTAAAGACGC 
AGCAAG-3'; GAPDH, 5'-CACCCACTCCTCCACCTTTG-3' 
and 5'-CCACCACCCTGTTGCTGTAG-3'. TRIM3 mRNA 
expression was calculated using the CT method as previously 
described (16).

Western blot analysis. Protein were extracted from frozen 
tissue samples and cells by using RIPA buffer in the pres-
ence of proteinase inhibitor cocktail (Sigma, St. Louis, MO, 
USA). Protein concentrations were determined using the 
BCA kit (Thermo Fisher Scientific, Inc.). Equal amounts of 
protein from samples were separated on 10% SDS-PAGE 
and then transferred to a nitrocellulose membrane (Millipore 
Corp., Bedford, MA, USA). For western blot analysis, the 
membrane was pre-incubated with 5%  skimmed milk in 
TBST (Tris‑buffered saline containing 0.1% Tween-20) at 
25˚C for 1 h, and then incubated with primary antibodies 
overnight at 4˚C. After being washed three times in 
TBST, horseradish peroxidase-conjugated secondary anti-
bodies  (Beyotime Institute of Biotechnology, Shanghai, 
China) were added and incubated for 1 h at 25˚C. After three 
washes in TBST, hybridized bands were detected using the 
ECL detection kit (Millipore Corp.). The sources of primary 
antibodies were as follows: antibodies against TRIM3, 
cyclin D1, and p21 were from Abcam  (Cambridge, MA, 
USA); antibodies to PCNA, p53, p-p38, p38 and GAPDH 
were from Cell Signaling Technology, Inc. (Danvers, MA, 
USA).

Isolation of FLS cell lines from RA patients. FLS cell lines 
were prepared from the synovium of RA patients as previ-
ously described (17). In brief, synovial tissues were minced 
into 1-mm pieces and treated with 0.4%  type  1  collage-
nase  (Sigma) and DNase in Dulbecco's modified Eagle's 
medium (DMEM; Hyclone, Logan, UT, USA) for 2 h at 37˚C 
in a 5% CO2-humidified incubator. Undigested tissues were 
removed with a cell strainer.

The dissociated cells were centrifuged at 1,000 rpm for 
10 min, resuspended in DMEM supplemented with 10% fetal 
bovine serum (FBS; Gibco, Carlsbad, CA, USA), 100 U/ml 
penicillin, and 100 µg/ml streptomycin and seeded in 10-cm 
culture plates. Medium was replaced every 2-3  days to 
remove suspended cells, and cells were sub-cultured when 
the primary culture reached confluence. After the third 
passage, the cells exhibited characteristic morphology of 
fibroblasts and were verified by immunocytochemistry as 
a homogeneous population (>95% vimentin-positive and 
CD68-negative (5); Fig. 1). FLS at passages 4-8 were used 
for the experiments.

Lentivirus production and RNA interference. To create 
TRIM3 lentiviral expression construct, the full length human 

TRIM3  cDNA was inserted into pLVX‑puro  (Clontech 
Laboratories, Inc., Palo Alto, CA, USA) and verified by 
sequencing. pLVX-puro or pLVX-puro-TRIM3 together 
with viral packaging plasmids (psPAX2 and pMD2G) was 
transfected into HEK293T cells using Lipofectamine 2000 
(Invitrogen) according to the manufacturer's protocol. Vector 
or TRIM3 expression viral supernatant was harvested at 48 h 
after transfection and used to transduce FLS cell lines.

siRNA targeting human TRIM3 mRNA (5'-GCUCACUG 
UCACUACCAAA-3') and a non-specific scramble siRNA 
sequence (siNC) were synthesized by GenePharma (Shanghai, 
China) and transfected into FLS cells using Lipofectamine 2000 
(Invitrogen) according to the manufacturer's instructions.

Experimental grouping. To investigate the function of 
TRIM3 in RA, the FLS cells were divided into three groups: 
group 1 (Mock), cells were cultured without any treatment; 
group 2, cells were infected with pLVX-puro vector virus; 
group 3, cells were infected with TRIM3-expressing virus. 
Cell Counting Kit-8 (CCK-8) assays were carried out at 0, 1, 
2 and 3 days after viral infection. Western blot analysis and 
enzyme-linked immunosorbent assays were performed at 48 h 
after viral infection.

To further explore the involvement of p38 signaling, the 
FLS cells were divided into five groups: group 1  (Mock), 
cells were cultured without any treatment; group 2, cells 
were pretreated with DMSO for 1 h and then transfected 
with control siRNA (siNC); group 3, cells were pretreated 
with 10 µM p38  inhibitor  (SB203580; Selleck Chemicals, 
Houston, TX, USA) for 1 h and then transfected with siNC; 
group 4, cells were pretreated with DMSO for 1 h and then 
transfected with TRIM3 siRNA (siTRIM3); group 5, cells 
were pre‑treated with 10 µM SB203580 for 1 h and then trans-
fected with siTRIM3. CCK-8 assays were carried out at 0, 1, 2 
and 3 days after siRNA transfection. Western blot analysis was 
performed at 48 h after siRNA transfection.

Cell proliferation assay. FLS proliferation was determined 
with the CCK-8 kit (Signalway Antibody LLC (SAB), College 
Park, MD, USA). FLS cells  (3x103/well) were plated into 
96-well plates. After cultured overnight, the cells were treated 
as indicated and cultured at 37˚C for 0, 1, 2 and 3 days. After 
the incubation period, the cultured media were replaced with 
10% CCK-8 reagent (in DMEM), and the cells were incubated 
at 37˚C for another 1 h. The absorbance at 450 nm was read 
with a microplate reader (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA).

Immunoassays of IL-1β, IL-6 and TNF-α. The amounts 
of secreted cytokines in culture media were measured by 
ELISA. Assays were performed following the manufacturer's 
instructions (Bio-Swamp Life Science, Shanghai, China). The 
absorbance was read at 450 nm and recorded on a microplate 
reader (Bio-Rad Laboratories, Inc.).

Statistical analysis. The results are presented as the 
mean  ±  SD. One-way analysis of variance followed by 
Dunnett's multiple comparisons was used for statistical anal-
ysis by GraphPad Prism 6.0 software (GraphPad, San Diego, 
CA, USA). P<0.05 was considered significant.
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Results

TRIM3 is downregulated in synovial tissue samples of 
RA patients. To determine TRIM3 expression in synovial 
tissues, synovial tissue specimens were collected from 
30 RA patients and 12 joint trauma patients (healthy control). 
As indicated by real-time PCR analysis, compared with healthy 
control, the TRIM3 mRNA in synovial tissues of RA patients 
decreased by 57.2% (Fig. 2A, P<0.0001). Western blot analysis 
also showed the downregulation of TRIM3 in RA tissues at 
translational level (Fig. 2B).

Inhibition of RA FLS cell proliferation by TRIM3 overex-
pression. Synoviocyte hyperplasia is the most prominent 
characteristic of RA (6). To investigate the function of TRIM3 
in RA, FLS cells were isolated from the synovium of 
RA  patients and TRIM3 was overexpressed in RA FLS 
cells by lentiviral transduction. CCK-8 assays showed that 
TRIM3 overexpressing virus (pLVX-puro-TRIM3) signifi-
cantly inhibited the proliferation of RA FLS cells at 1, 2 
and 3 days as compared to untreated cells (Mock) and cells 
transduced with vector virus  (pLVX-puro)  (Fig. 3A). The 
overexpression of TRIM3 in virally transduced cells was 
confirmed by western blot analysis at 48 h after lentiviral 
transduction (Fig. 3B).

The expression levels of cell proliferation regulators, 
cyclin D1, PCNA, p53 and p21, were also evaluated by western 
blot analysis. The levels of PCNA (a marker of cell prolifera-
tion) (18) and cyclin D1 (a cell cycle-promoting protein) (19) 

were downregulated, while the levels of p53  (a growth 
suppressor protein) (20) and its downstream target gene, p21, 
was upregulated by TRIM3 overexpression (Fig. 3B). These 
results suggested that TRIM3 inhibited the proliferation of RA 
FLS cells.

Suppression effect of TRIM3 on the secretion of cytokines 
from RA FLS. Cytokines, such as TNF-α, IL-1β and IL-6, 
contribute to the pathogenesis of RA (7). We next measured 
the changes of three cytokines in culture medium conditioned 
with RA FLS after overexpression of TRIM3 (Fig. 4). All 
cytokine levels were significantly decreased in the presence of 
TRIM3 overexpression.

TRIM3 inhibits the proliferation of RA FLS via p38 signaling. 
p38 is a key signaling component of inflammatory disease 
including RA  (21). To further investigate the molecular 
mechanism through which TRIM3 inhibited the growth 
of RA FLS, western blot analyses were performed to study 
changes in p38 signaling. As shown in Fig. 5, p-p38 levels were 
significantly decreased at 48 h after TRIM3 expressing viral 
infection, while total p38 levels were unchanged.

To further explore the involvement of p38 signaling in 
suppression effect of TRIM3 on the proliferation of RA 
FLS, the p38-specific inhibitor SB203580 was added before 
TRIM3 siRNA transfection. Cell proliferation was repressed 
by SB203580 treatment, but promoted by TRIM3 knockdown. 
Additionally, SB203580  treatment reduced the promotion 
effects of TRIM3 on FLS proliferation (Fig. 6A).

Figure 1. Identification of primary cultured FLS. FLS cultured in the coverslips were immunocytochemically stained with antibodies against CD68 or 
vimentin, and counter-stained with hematoxylin (DAB, brown; hematoxylin, blue). More than 95% of the cells were vimentin-positive and CD68‑negative. 
FLS, fibroblast-like synoviocytes.

Figure 2. TRIM3 expression in synovial tissues. (A) mRNA levels of TRIM3 in synovial tissue samples from RA patients (n=30) and healthy control (n=12) 
were detected by real-time PCR. (B) Protein levels of TRIM3 in RA synovial tissue samples (RA1-RA4) and healthy control (C1-C4) were determined by 
western blot analysis. TRIM3, tripartite motif-containing protein 3; RA, rheumatoid arthritis.
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The protein levels of TRIM3, p-p38, p38, cyclin D1, PCNA, 
p53 and p21 were then assessed by western blot analysis. As 

shown in Fig. 6B, SB203580 blocked the TRIM3 knockdown 
mediated increase of p-p38, cyclin D1 and PCNA, and rescued 

Figure 3. Inhibition of RA FLS cell proliferation by TRIM3 overexpression. (A) Results of CCK-8 assays following infection of pLVX-puro or pLVX‑puro‑TRIM3 
lentivirus into RA FLS cells. Proliferation was significantly suppressed by pLVX-puro-TRIM3 viral transduction. (B) Expression of TRIM3, cyclin D1, 
PCNA, p53 and p21 was evaluated by western blot analysis at 48 h after viral transduction. Data are based on three independent experiments, and shown as 
mean ± SD. *P<0.05, **P<0.01, ***P<0.001. RA, rheumatoid arthritis; FLS, fibroblast-like synoviocytes; TRIM3, tripartite motif-containing protein 3; CCK-8,  
Cell Counting Kit-8.

Figure 4. Suppression effect of TRIM3 on the secretion of cytokines from RA FLS. Results of ELISA assays following infection of pLVX-puro or 
pLVX‑puro‑TRIM3 lentivirus into RA FLS cells. Levels of (A) IL-1β, (B) IL-6 and (C) TNF-α were significantly suppressed at 48 h after pLVX-puro‑TRIM3 
viral transduction. ***P<0.001. TRIM3, tripartite motif-containing protein 3; RA, rheumatoid arthritis; FLS, fibroblast-like synoviocytes; IL, interleukin; 
TNF-α, tumor necrosis factor-α.
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Figure 5. TRIM3 inactivates p38 signaling. Expression of p-p38 and p38 was evaluated by western blot analysis at 48 h after viral transduction. Data are based 
on three independent experiments, and shown as mean ± SD. ***P<0.001. TRIM3, tripartite motif-containing protein 3.

Figure 6. TRIM3 inhibits the proliferation of RA FLS via p38 signaling. The FLS cells were pre-treated with DMSO or 10 µM SB203580 for 1 h and then 
transfected with control siRNA (siNC) or TRIM3 siRNA (siTRIM3). Cells cultured without any treatment were set as control (Mock). (A) CCK-8 assays were 
performed at 0, 1, 2 and 3 days after siRNA transfection. (B) Expression of TRIM3, p-p38, p38, cyclin D1, PCNA, p53 and p21 was evaluated by western 
blot analysis at 48 h after treatment. Data are based on three independent experiments, and shown as mean ± SD. **P<0.01; ***P<0.001. TRIM3, tripartite 
motif‑containing protein 3; RA, rheumatoid arthritis; FLS, fibroblast-like synoviocytes; siTRIM3, TRIM3 siRNA; CCK-8, Cell Counting Kit-8.
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the TRIM3 knockdown mediated decrease of p53 and p21. 
Collectively, these results support the hypothesis that the 
suppression effects of TRIM3 on RA FLS proliferation may 
be achieved via inactivating p38 signaling.

Discussion

In the present study, we show that the expression of TRIM3 
was significantly lower in RA synovial tissues than in control 
tissues. Overexpression of TRIM3 in RA FLS led to decreased 
cell proliferation and reduced production of TNF-α, IL-1β and 
IL-6. The suppression effects of cell proliferation by TRIM3 
were partially mediated via impaired p38 signaling.

Pathologic expression of TRIM3 has been identified in 
glioblastomas (10-12), colorectal cancer (13) and hepatocellular 
carcinoma, where its expression levels are lower than in normal 
tissues. TRIM3 functions as a tumor suppressor (10-13). Studies 
of cancer cells have also shown that TRIM3 overexpression 
can inhibit cell proliferation (13,14). The present results of 
CCK-8 and western blot (PCNA and cyclin D1) analyses in 
RA FLS were in accordance with previous findings.

It has been reported that RA synovium expressed many 
cytokines (22). Among these cytokines, IL-1β, IL-6 and TNF-α 
are critical in the evolution of RA, partly because anti‑cytokine 
strategies have been successfully applied for patients (23,24). 
Several members of TRIMs, such as TRIM30α, TRIM8 and 
TRIM21, are involved in the innate immunity response (8). 
The current study revealed that TRIM3 overexpression can 
inhibit the secretion of IL-1β, IL-6 and TNF-α, indicating the 
role of TRIM3 in inflammatory response and the potential 
clinical application of TRIM3 in RA.

Overexpression of TRIM3 in colorectal cancer cells is able 
to upregulate p53 with concomitant induction of downstream 
target genes, p21 and GADD45 (13). p38, a cell proliferation 
regulator, is a key signaling component of inflammatory 
disease including RA (21). Chemotherapeutic agents can acti-
vate p53 via p38 signaling (25). Here, TRIM3 overexpression 
decreased the expression of p53, p21 and p-p38 in RA FLS. 
By using the p38-specific inhibitor SB203580, we found that 
the effects of TRIM3 on p53 was dependent on p38 activity. 
SB203580 blocked the effects of TRIM3 knockdown that 
increased cell proliferation, and enhanced the expression of 
cyclin D1 and PCNA. Therefore, the collective evidence indi-
cated that TRIM3 may inactivate p38/p53 signaling pathway 
and could serve as a potential therapeutic target.

In conclusion, our findings demonstrated that TRIM3 
expression was downregulated in RA synovium. It inhib-
ited RA FLS proliferation via p38 signaling pathway, and 
suppressed cytokine secretion. Thus, TRIM3 plays a poten-
tially protective role for FLS hyperplasia and inflammation.
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