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Abstract: The purpose of this study is to explore the effects of lentivirus-mediated overexpression of the SOCS3 
gene on proliferation and apoptosis of fibroblasts-like synoviocytes (FLSs) in rheumatoid arthritis (RA). A total of 
20 Lewis rats were randomly assigned into experimental and normal groups. Rats in the experimental group were 
modeled with adjuvant arthritisand the normal group was given no treatment. After culture for 28 days, rats in 
the experimental group were sacrificed, and the third-generation FLSs were collected and randomly allocated into 
SOCS3 group, control group, and blank group. MTT assay was used for detecting cell viability, flow cytometry was 
used for analysis ofcell apoptosis, and enzyme-linked immunosorbent assay (ELISA) was used to determine levels 
of inflammatory factors (interleukin [IL]-2, interferon [IFN-γ] and tumor necrosis factor [TNF-α]). MTT assay showed 
that the optical density of the SOCS3 group was significantly higher than that of the control and blank groups. Flow 
cytometry showed that the apoptosis rate of FLSs in the SOCS3 group was significantly lower than that in the control 
and blank groups. The results of ELISA assay showed that the levels of IL-2, IFN-γ and TNF-α in the SOCS3 group 
were higher than those in the control and blank groups. Our study demonstrates that over-expression of SOCS3 
promotes proliferation and inhibits apoptosis of FLSs in RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflam-
matory joint disease and autoimmune disorder 
that often leads to pain, swelling, and ultimate-
ly destruction of bones and joints, as well as 
immune cell infiltration of the synovia [1, 2]. RA 
affects over 1% of the worldwide population [3], 
and is related to high morbidity and mortality 
rate of cardiovascular [4]. Patients with RA 
have higher risk of malignancies than general 
population [5]. RA is triggered by a complicated 
interaction between genetics and the environ-
ment [6]. Smoking is a one of the most prevent-
able environmental factors for the development 
and severity of RA [7]. Inflammation results in 
progressive injury to joints and bones and is a 
sign of RA [8]. Interstitial lung disease is also a 
common pulmonary reflection of RA and a 

major source of increased incidence and death 
in RA [9, 10]. No therapeutic agent has been 
proven to be generally and consistently effec-
tive in all RA patients [11]. Therefore, there is 
an urgent need to find new diagnostic and ther-
apeutic treatments for RA patients.

Suppressor of cytokine signaling 3 (SOCS3) can 
inhibit cell growth and migration by blocking  
the activation of Janus-activated kinase/signal 
transducers and activators of transcription 
(JAK/STAT) in oncogenesis [12]. SOCS3 is a 
negative feedback regulator of the JAK/STAT 
signaling pathway, leukemia inhibitory factor, 
IL-6, and IL-11, and plays an essential role in 
the pathogenesis of various cancers [13, 14]. 
SOCS3 deficiency has far-reaching effects on 
placental development, inflammation, and insu-
lin sensitivity [13]. Furthermore, the role of 
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SOCS-3 over-expression in arthritis has been 
reported [15]. Fibroblast-like synoviocytes 
(FLSs), key effector cells in the inflamed joints, 
show a high proliferation rate, constitutive ex- 
pression of cytokines, and anchorage-indepen-
dent cell growth [16]. As the mesenchymal cells 
of synovial joints, activation of FLSs in RA helps 
to activate cells of the immune system and  
resident joints, stimulating inflammation and 
joint damage [17]. FLSs have been recognized 
to play an increasingly important role in the 
development of RA by increasing joint inflam-
mation and destruction [18]. Lentiviral vectors 
have functions in gene delivery with the ability 
to enter and integrate their genetic material 
into non-dividing cells [19], so they are useful in 
transplantation when pro-inflammatory factors 
are unavailable [20]. Recently, a large number 
of lentivirus-based vectors with unique charac-
teristics available for gene therapy have been 
identified, and some recombinant lentivirus 
vectors also exhibit an anti-tumor function [21, 
22]. Therefore, we carried out an experiment to 
explore whether and how lentivirus-mediated 
SOCS3 would affect FLSs in RA.

Material and methods

Ethical statement

This study was performed with the approval of 
ethics committee for laboratory animals of 
China-Japan Union Hospital of Jilin University. 
All experimental procedures were done strictly 
in accordance with the regulations of the pro-
tection and use of animals of the International 
Association for the Study of Pain [23].

Study subjects

A total of 20 female Lewis rats (4~5 weeks old, 
weighing 100~120 g) were selected randomly. 
Rats were all healthy, free of other diseases, 
and specific pathogens, and were provided by 
the Animal Experimental Center of the Hubei 
Academy of Medical Sciences (Certification No: 
SCXK11-00-0010). The rats were fed for one 
week with controlled temperature, humidity 
and ventilation so as to ensure the good health 
of the rats.

Construction of recombinant lentiviral over-
expression vector of SOCS3 gene

Primers were designed according to the mRNA 
sequences of SOCS3 gene, and the primers 

were as follows, rSOCS3 forward primer: 
5’-CTCACGA-AGCTAGCGTTGA-3’ (spanning the 
hEFla and CMV promoters), reverse primer: 
5’-CTCGACGCTCA-GTGTGAAGA-3’ (in rSOCS3). 
The restriction enzyme site Xba I was inserted 
in forward primer, and GGG was inserted in the 
reverse primer to form the blunt end of the 
restriction site of Sam I (Restriction enzymes 
were purchased from Takara Holdings Inc., 
Dalian, China). FLSs cDNA of Lewis rats served 
as the template and gene fragments were 
obtained by polymerase chain reaction (PCR) 
amplification. pHIV-H2BmRFP vector (Takara 
Holdings Inc., Dalian, China) was digested with 
Xba I and Sam I enzymes for linearization. After 
enzyme digestion, 2 μL of digested DNA vector 
and 6 μL digested SOCS3 fragments were 
selected for ligation overnight using T4 DNA 
ligase. The ligation product was transformed 
into DH5α competent cells (Takara Holdings 
Inc., Dalian, China). The positive clones were 
screened out using PCR amplification and 
sequence identification. 

The 293FT cells (Takara Holdings Inc., Dalian, 
China) in logarithmic growth phase were cho-
sen for lentivirus packaging. In a proportion of 
1:3, the cells were cultured and seeded in a 6 
cm plate. When the cells reached confluence of 
85%, transfection was done for 72 h and the 
cell supernatant was collected, centrifuged at 
3000 r/min for 20 min, filtered through a 0.45 
μm filter and stored at -80°C. One day before 
the determination of virus titer, the recombi-
nant virus was digested, counted and diluted 
into 5 × 104 cells/mL. The recombinant virus 
was added into a 96-well plate with 100 μL/
well, and six duplicated wells were prepared for 
each virus. The supernatant of 10 μL virus was 
taken and diluted for 10~106 times, then 100 
μL of supernatant was added into the cell cul-
ture wells successively and incubated in a 5% 
CO2 incubator at 37°C. Twenty-four hours later, 
100 μL of fresh culture medium was added  
to each well. Seventy-two hours later, the titer 
was testedand calculated according to the fol-
lowing formula: virus titer (TU/mL) = The green-
fluorescent protein (GFP) × dilution times/virus 
volume.

Rat model establishment

The rats were randomly assigned into 2 groups: 
experimental group and normal group, with 10 
rats in each group. The rat model was induced 
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by adjuvant arthritis (AA) modeling [24]. Lanolin 
and paraffin oil (North China Pharmaceutical 
CO., Ltd, Shijiazhuang, Hebei, China) were  
heated and mixed evenly at the ratio of 1:2. 
After autoclaving, the mixtures were preserved 
at 2°C, and 12 g/L of bacille calmette-guerin 
(BCG) vaccine (North China Pharmaceutical 
Co., Ltd, Shijiazhuang, Hebei, China) was added 
to prepare Freund’s complete adjuvant (CFA). 
The tail root of rats in the experimental group 
was sterilized by iodine. Along the midline of the 
rat spinal column, a subcutaneous injection of 
50 μL of adjuvant was performed. Rats in the 
normal group were injected with 50 μL of nor-
mal saline. After modeling, rats were raised 
with normal diet and activity, and the body 
weight, ankle joint thickness, and growth sta-
tus were observed every day.

Isolation and culture of FLSs in RA rats

The animals were sacrificed at the 28th day 
after modeling, and cells in the joint cavity of 
rats in the normal and experimental groups 
were observed and pathological analysis was 
carried out. The posterior ankle joint with 
severe swelling was isolated, and the incras-
sated synovial tissues of the posterior ankle 
joint were stripped on the clean operating table. 
The tissues were cultured in serum-free serum 
Dulbecco’s Modified Eagle’s Medium (DMEM) 
(North China Pharmaceutical Co., Ltd, Shijia- 
zhuang, Hebei, China) containing type I collage-
nase (2.5 mg/mL) (Sigma-Aldrich Chemical 
Company, St Louis MO, USA), then crushed into 
small fragments and placed in a culture dish  
for digestion and culture. On the second day, 
the culture dish was taken out and filtered to 
remove impurity, and the filtrate was collected 
in a centrifuge tube. The filtrate was centri-
fuged at 1200 r/min for 10 min with the super-
natant removed. DMEM (100 U/mL) containing 
20% fetal bovine serum (FBS), penicillin and 
streptomycin was added to re-suspend cells. 
Cells (1 × 106 cells/mL) were seeded in a 25 
cm2 culture bottle overnight. The bottom of the 
culture bottle was washed by phosphate buffer 
saline (PBS) the next day. The non-adherent 
cells were removed and the adherent cells were 
FLSs.

FLSs transfected with lentivirus-mediated 
SOCS3 gene

The primary FLSs were cultured to the third 
generation, and cells in the third generation 

were seeded in a 6-well plate at 5 × 105 cells/
well, and 4 mL of DEME containing 10% FBS 
was added into each well. When cell confluence 
reached 75%~80%, FLSs were allocated ran-
domlyinto SOCS3, control, and blank groups, 
with added lentivirus-mediated SOCS3 gene, 
blank carrier solution, and PBS respectively. 
Cells were then transfected and the culture 
plate was gently shaken every 15~25 min to 
promote adequate infection. After the cells 
were cultured for 48 hours, the supernatant 
was collected for further use.

3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromide (MTT) assay

Cells infected with lentivirus-mediated SOCS3 
gene for 48 h were taken and seeded in a 
96-well plate with 2 × 104 cells/well and 100 
μL per well. Four duplicated wells were set up 
for each group. Cell viability was detected at 0, 
24 h, and 48 h respectively. Each group was 
added with 5 mg/mL MTT (20 μL) (Sigma-
Aldrich Chemical Company, St Louis, MO, USA), 
and cells were further cultured for 4 h after 
gently shake. Then the supernatant was re- 
moved, and each well was added with 200 μL 
dimethyl sulphoxide (DMSO) solution (Sigma-
Aldrich Chemical Company, St Louis, MO, USA), 
gently shake for 10 min to make Formazan  
fully dissolved. The optical density (OD) values 
at 490 nm were measured and recorded with  
a microplate reader (Omega Bio-TekInc., Nor- 
cross, GA, USA). The experiment was repeated 
3 times.

Flow cytometry

Apoptosis assay was carried out according to 
the operator’s instructions. The cells of each 
group were digested and collected into the  
centrifuge tube. The cells were washed 3 times 
with PBS and then suspended with 400 μL 
binding buffer (Sigma-Aldrich Chemical Com- 
pany, St Louis, MO, USA). V-fluorescein isothio-
cyanate (FITC) (Sigma-Aldrich Chemical Com- 
pany, St Louis, MO, USA) (5 μL) was then added, 
mixed and reacted in the dark for 20 min. 10 μL 
of propidium iodide (PI) (Sigma-Aldrich Chemical 
Company, St Louis, MO, USA) was then added, 
mixed and reacted in thedark for 5 min. Flow 
cytometry was usedto detect cell apoptosis. As 
the scatter diagram showed, the upper left 
quadrants represented the dead cells, the 
lower left included thelive cells, the upper right 
were late apoptotic cells, and the lower right 
were early apoptotic cells.
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Enzyme-linked immunosorbent assay (ELISA)

The supernatants were collected as samples, 
and the levels of interleukin-2 (IL-2), interferon-γ 
(IFN-γ) and tumor necrosis factor α (TNF-α) in 
the 3 groups were detected by ELISA Kit (Perlin-
Elmer, Waltham, MA, USA). The supernatants of 
the experimental group and cells in the control 
group were added to the corresponding wells 
(100 μL/well) with the reaction wells sealed 
and incubated in a 37°C incubator for 90 min. 
The plate was washed 5 times, and biotinylated 
antibody working solution was added to each 
well (100 μL/well) (except the blank wells). The 
reaction wells were sealed and the samples 
were incubated in a 37°C incubator for 60 min. 
The plate was washed 5 times, and the enzyme 
conjugate working solution was added to each 

well (100 μL/well) (except the blank wells). The 
reaction wells were sealed by gummed paper 
and the samples were incubated in a 37°C 
incubator for 30 min in the dark. The plate was 
washed 5 times, and chromogenic substrate 
was added to each well (100 μL/well) (including 
the blank wells). The reaction wells were sealed 
and the samples were incubated in a 37°C 
incubator for 10~15 min in the dark. The stop 
buffer was added to each well (100 μL/well) 
(including the blank wells), and the OD value 
was immediately measured at 450 nm within 
10 min after mixing. 

Statistical analysis

SPSS 20.0 statistical software (IBM Corp, 
Armonk, NY, USA) was used to process the 
data. Measurement data were presented as 

Figure 1. Identification of recombinant lentiviral vector by enzyme digestion and infection. Note: A, Electrophoretic 
strip of the empty vectors of pHIV-SOCS3 and pHIV; B, Recombinant lentiviral vector  fluorescence; M, DNA marker; 
1, recombinant lentiviral vector of pHIV-SOCS3; 2, lentiviral blank vector; a, pYrAd-RSOCS3 infection effect, b, yRrAd-
GFP infection effect; SOCS3, suppressor of cytokine signaling 3.

Figure 2. FLSs in the third generation under the mi-
croscope. Note: FLSs, fibroblasts-like synoviocytes.

Figure 3. Viability of FLSs in the SOCS3, blank and 
control groups detected by MTT assay. Note: *, com-
pared with the blank group, P < 0.05; #, compared 
with the control group, P < 0.05; FLSs, fibroblasts-
like synoviocytes; MTT: 3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide; SOCS3, suppressor 
of cytokine signaling 3.
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mean ± standard deviation. The comparisons 
between two groups were done by the t test 
and the comparisons among multiple groups 
were conducted by the one-factor analysis  
of variance (ANOVA). Enumeration data were 
expressed as percentages and rates, and 
checked by chi-square test. A probability value 
of P < 0.05 indicated the difference was statis-
tically significant.

Results

The lentiviral vector was successfully trans-
fected

After the double enzyme digestion of the empty 
vectors of pHIV-SOCS3 and pHIV, the positive 
clones were digested by double enzymes, and 
a DNA strip around 1400 bp was formed by gel 
electrophoresis. The same method was used 
after negative clone, but there was no band at 
the same location (Figure 1A). After enzyme 
digestion, the positive clones were screened to 
ensure the inserted sequences were correct. 
After lentiviral vector was transfected with 

293FT cells for 24 h, the green fluorescence  
of cells was observed under a fluorescence 
microscopy (Figure 1B), indicating that the len-
tiviral vector was successfully transfected. The 
titer of lentivirus was determined by hole-by-
dilution titer assay, showing that the titers of 
therecombinant lentiviral over-expression vec-
tor SOCS3 and lentivirus empty vector were 4.5 
× 106 TU/mL and 2 × 107 TU/mL respectively.

FLSs in the third generation were used as ex-
perimental cells

The FLSs were isolated from the posterior ankle 
joint of rats in the SOCS3 group and cultured by 
collagenase digestion. After enlargement cul-
ture of the primary FLSs, FLSs in the third gen-
eration were used as experimental cells (Figure 
2).

Lentivirus-mediated overexpression of SOCS3 
promotes viability of FLSs

The results of MTT assay showed that the num-
ber of FLSs increased gradually with time, and 
showed a temporal dependence, as is shown in 
Figure 3. The OD values in the blank group and 
the control group gradually increased with time. 
Their data were similar without significant dif-
ferences (P > 0.05) at 0 h, however compared 
with the control and blank groups, the SOCS3 
group had a similar OD value and there was no 
significant difference (P > 0.05). At 24 h and 48 
h, compared with the control and blank groups, 
the SOCS3 group had a higher OD value (P < 
0.05). The results show that lentivirus-mediat-
ed overexpression of SOCS3 promotes the via-
bility of FLSs.

Lentivirus-mediated overexpression of SOCS3 
inhibits apoptosis of FLSs

The cells in the 3 groups were stained by an 
apoptosis kit and detected by flow cytometry. 

Figure 4. Cell apoptosis of FLSs in the SOCS3, blank, and control groups detected by flow cytometry. Note: *, com-
pared with the blank group, P < 0.05; #, compared with the control group, P < 0.05; FLSs, fibroblasts-like synovio-
cytes; SOCS3, suppressor of cytokine signaling 3.

Figure 5. Levels of inflammatory cytokines (IL-2, IFN-γ 
and TNF-α) in supernatant were detected by ELISA. 
Note: *, compared with the blank group, P < 0.05; 
#, compared with the control group, P < 0.05; ELISA, 
Enzyme-linked immunosorbent assay; IL-2, interleu-
kin-2; IFN-γ, interferon-γ; TNF-α, tumor necrosis fac-
tor.
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The result is shown in Figure 4. The cell distri-
bution in the control group and the blank group 
was similar, and the difference was not statisti-
cally significant (P > 0.05). Compared with the 
blank and control groups, the early apoptotic 
cells and the late apoptotic cells in the SOCS3 
group were significantly decreased (P < 0.05).

Lentivirus-mediated SOCS3 inducesIL-2, IFN-γ 
and TNF-α

The expression of inflammatory factors (IL-2, 
IFN-γ and TNF-α) was detected by ELISA assay 
(Figure 5). As can be seen from the figure, the 
levels of IL-2, IFN-γ and TNF-α were similar and 
there was no significant difference in the blank 
group and the control group (P > 0.05). The lev-
els of IL-2, IFN-γ and TNF-α in the control group 
and the blank group were lower than that in the 
SOCS3 group (P < 0.05).

Discussion

RA patients have higher mortality rate than the 
general population, and RA affects about 1% of 
the population and over 3% of the population 
aged over 65 years [25, 26]. A priorstudy indi-
cated that better understanding of how FLSs 
are triggered and how they corporate with other 
cells in the synovium tissues of RA may offer 
insights to develop new targets for RA therapy 
[17]. The role of induction or inactivation of 
SOCS3 has been already reported in RA in a for-
mer study mainly conducted by Croker BA [27]. 
In this study, we investigated the role of lentivi-
rus-mediated SOCS3 in FLSs in RA. Our experi-
mental results indicate that lentivirus-mediated 
overexpression of SOCS3 promotes prolifera-
tion and inhibited apoptosis of FLSs in RA. 

Initially, our study showed that compared with 
the control and blank groups, rats in the SOCS3 
group had higher OD value, i.e. increased prolif-
eration of FLSs, and reduced apoptosis of FLSs. 
A recent study demonstrated that FLS prolifera-
tion is important forthe development of RA [28]. 
Previous studies have reported that SOCS3 is  
a classic inhibitor of the JAK/STAT signaling 
pathway [29], and regulates the PI3K/AKT sig-
naling pathway [30]. The activation of nuclear 
factor kappa B (NF-κB) is a critical factor bind-
ing inflammation and tumor formation, and its 
activation leads to the proliferation of FLSs [31, 
32]. The p-AKT (also known as protein kinase B) 
signaling pathway is also crucial in regulating 

cell proliferation in RA [28]. The increased cell 
proliferation of FLSs in RA can also be caused 
by the PI3K/AKT signaling pathway through  
the over-expression of microRNA-126 [33]. The 
protein arginine methyltransferase 5 (PRMT5) 
mediated cell proliferation of FLSs, can beal-
tered by the NF-κB and AKT signaling pathways 
[34]. The JAK/STAT signaling pathway promotes 
activation of NF-κB [35]. Over-expression of 
SOCS3 was reported to induce a marked in- 
crease in apoptosis of chronic myeloid leuke-
mia cells [36]. A former study revealed that 
SOCS3 suppressed cytokine-induced apopto-
sis in keratinocytes [37]. Overexpression of 
SOCS3 was also found to reduce tumor necro-
sis factor-related apoptosis inresveratrol-treat-
ed DU145 cells in prostate cancer [38]. These 
results were all similar to our result, therefore, 
we conclude that lentivirus-mediated overex-
pression of SOCS3 promoted proliferation and 
inhibited apoptosis of FLSs.

Furthermore, compared with the blank and 
control groups, the levels of IL-2, IFN-γ, and 
TNF-α of rats in the SOCS3 group were in- 
creased. IFN-γ is a pro-inflammatory cytokine 
and produced by T-helper 1 (Th1) cells and 
involved in Th1-mediated autoimmune process-
es [39]. Itplays a pivotal role in the progression 
of RA [40]. IFN-γ activates macrophages for 
inflammatory response through the activation 
of the JAK/STAT1 signaling pathway, and is neg-
atively regulated by SOCS [41]. IL-2 has also 
been considered to play an important role in 
the pathogenesis of RA [42]. TNF-α is a pivotal 
inflammatory cytokine which exerts great im- 
portance between inflammation and cancer, 
and plays an important role in tumor prolifera-
tion and angiogenesis [43]. TNF-α, a key in- 
flammatory factor in the pathogenesis of RA, 
facilitates development of RA symptoms [44]. 
SOCS3 is a negative regulator associated with 
IFN-γ and TNF-α [45]. In addition, SOCS3 is  
produced by TNF-α and is a negative regulator 
of the NF-κB-mediated signal pathway [46]. 
Previous studies have figured out that anti-
TNF-α therapy canachieve considerable im- 
provement in RA therapy, and it has been the 
most effective therapy for RA patients [47, 48]. 
The Th1 differentiated cells induce IL-2, IFN-γ 
and TNF-α [49]. A previous study mainly per-
formed by Toh ML demonstrated that RA 
patients have systemic low accumulation of 
Th1 cells correlated with inflammation [50]. 
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The results showed that over-expression of len-
tivirus-mediated SOCS3 promoted the levels of 
IL-2, IFN-γ and TNF-α. 

Conclusions

In summary, our data indicated that over-
expression of lentivirus-mediated SOCS3 in- 
creased proliferation and suppressed apopto-
sis of FLSs in RA. This is a preliminary experi-
mentand more complicated mechanisms sho- 
uld be further studied to find effective thera-
peutic regimens for RA patients. 
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