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Abstract: Propofol is an anesthetic drug commonly used in the clinical practice. The aim of this study is to explore 
the effect of propofol on the aggressive behaviors of rheumatoid arthritis fibroblast-like synoviocytes (RA-FLSs). 
Propofol treatment for 48 or 72 h significantly inhibited the viability of RA-FLSs, but a 24-h treatment did not produce 
cytotoxic effects. Propofol exposure for 48 h led to reduction of proliferation and induction of apoptosis in RA-FLSs, 
which was coupled with increased Bax and decreased Bcl-2 and survivin levels. Additionally, treatment with propofol 
for 24 h significantly suppressed the migration and invasion of RA-FLSs. Mechanistically, propofol inhibited nuclear 
factor-κB (NF-κB) activity. Overexpression of constitutively active NF-κB p65 reversed the inhibitory effects of propo-
fol on RA-FLSs. Taken together, propofol exerts anti-proliferative and anti-invasive effects on RA-FLSs via the NF-κB 
pathway and may have therapeutic potential in treatment of RA. 
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Introduction

Rheumatoid arthritis (RA) is a chronic inflam-
matory disease that is characterized by hyper-
plasia of the synovium and destruction of carti-
lage and bone [1]. Fibroblast-like synoviocytes 
(FLSs) play an important role in the pathogen-
esis of RA by releasing a large amount of proin-
flammatory cytokines and matrix metallopro-
teinases [2]. Moreover, RA-FLSs show aggres-
sive phenotypes including hyperproliferation, 
apoptosis defect, and invasiveness [3, 4]. 
Therefore, many efforts have been made to 
modulate the biological behaviors of RA-FLSs 
in the treatment of RA [5, 6].

Activation of the nuclear factor-κB (NF-κB) path-
way is responsible for the aggressive proper-
ties of RA-FLSs [6]. Pharmacological inhibition 
of NF-κB has been documented to suppress 
inflammation response and proliferation in 
human RA-FLSs [7]. NF-κB is predominantly a 
heterodimeric transcription factor composed of 
p50 and p65, which can regulate a lot of genes 
involved in inflammation, cell proliferation, sur-
vival, and invasion [8]. At baseline, NF-κB is 

sequestered in the cytoplasm by inhibitory IκB 
proteins. Upon activation, IκB proteins are 
degraded, thereby allowing NF-κB to undergo 
nuclear translocation and activate target gene 
expression [8]. Phosphorylation of p65 at Ser-
536 can increase the NF-κB transcriptional 
activity [9]. 

Propofol, an anesthetic drug commonly used in 
the clinical practice, has shown multiple biologi-
cal activities including anti-inflammatory [10] 
and anti-tumor [11] properties. It has been 
reported that propofol reduced the production 
of proinflammatory cytokines in a rat model of 
lipopolysaccharide (LPS)-induced acute lung 
injury [12]. In a rat model of ischemic brain 
damage, administration of propofol was found 
to attenuate inflammatory response in the brain 
[13]. In addition, propofol was reported to exert 
growth-suppressive effects against esophageal 
squamous cell carcinoma [14] and prostate 
cancer [15] cells. However, the effects of propo-
fol on the aggressive phenotypes of RA-FLSs 
remain unclear.

Therefore, in this study, we explored the effects 
of propofol on RA-FLS proliferation, apoptosis, 
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and invasion, and examined associated molec-
ular pathways.

Materials and methods

Cell culture and propofol treatment

RA-FLSs were obtained from Cell Applications 
(San Diego, CA, USA) and cultured in RPMI 
1640 medium (Solarbio, Beijing, China) con-
taining 10% fetal bovine serum (FBS; Invitrogen, 
Carlsbad, CA, USA). Propofol was purchased 
from Sigma-Aldrich (St. Louis, MO, USA) and 
dissolved in RPMI 1640 medium. For propofol 
treatment, RA-FLSs were seeded in triplicate at 
a density of 3 × 103 cells/well in 96-well plates 
or 2 × 104 cells/well in 24-well plates and 
allowed to attach overnight. The cells were then 
exposed to propofol at a final concentration 
ranging from 10 to 80 μM for 24, 48, or 72 h. 
Afterwards, the cells were collected and tested 
for viability, proliferation, apoptosis, and gene 
expression. 

MTT assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay was used to 
determine cell viability. In brief, cells were incu-
bated with MTT solution (0.5 mg/mL; Sigma-
Aldrich) at 37°C for 4 h and then added with 
dimethyl sulfoxide to dissolve formazan crys-
tals. The number of viable cells was determined 
by measuring absorbance at 570 nm.

BrdU incorporation assay

Cell proliferation was measured using the 5- 
bromo-2’-deoxy-uridine (BrdU) Cell Proliferation 
Assay Kit (BioVision, Milpitas, CA, USA) follow-
ing the manufacturer’s protocol. BrdU incorpo-
ration was determined spectrophotometrically 
by measuring absorbance at 450 nm.

Apoptosis analysis by flow cytometry

For apoptosis detection, cells were incubated 
with propidium iodide (PI) and Annexin-V (Sig- 
ma-Aldrich) for 30 min in the dark. Stained cells 
were analyzed on a flow cytometer (Becton 
Dickinson Biosciences, San Jose, CA, USA).

Caspase-3 activity assay

Caspase-3 activity was measured using the 
Caspase 3 Colorimetric Assay Kit (Sigma-Ald- 

rich), following the manufacturer’s protocols. 
Absorbance was recorded at 405 nm. 

Western blot analysis

Cells were lysed in a lysis buffer containing the 
complete protease inhibitor mixture (Roche 
Diagnostics, Indianapolis, IN, USA). Protein con-
centrations were determined using the BCA 
protein assay reagent kit (Pierce, Rockford, IL, 
USA). Equal amounts of protein were separated 
by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and transferred electrophoreti-
cally to polyvinylidene difluoride membranes. 
Membranes were incubated with anti-Bax, anti-
Bcl-2, anti-survivin, anti-phospho-NF-κB p65 
(Ser536), anti-NF-κB p65, anti-IκBα, and anti-β-
actin antibodies (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) for 2 h at room tempera-
ture, followed by incubation with horseradish 
peroxidase-conjugated secondary antibodies 
(Pierce). Proteins were visualized by chemifluo-
rescence using the ECL Plus Western Blotting 
Detection Reagents (Amersham Biosciences/
GE Healthcare, Piscataway, NJ, USA). Quanti- 
tation of the protein bands was done with 
Quantity One software (Bio-Rad Laboratories, 
Hercules, CA, USA).

In vitro cell migration and invasion assays

Cell migration was determined using wound 
healing assays as previously reported [17]. In 
brief, RA-FLSs were seeded onto 6-well plates 
and grew to confluence. Alinear wound was 
generated on the cell monolayer using a 200-μl 
pipette tip. The cell cultures were added with 
indicated concentrations of propofol and incu-
bated for 24 h. Cells were photographed by a 
microscope. Cell migration was determined by 
calculating a percent recovery of wound area.

Cell invasion assays were performed using 
Transwell inserts (8 μm in pore size) that were 
pre-coated with Matrigel (Becton Dickinson 
Biosciences). The inserts were placed in 24-well 
plates. The upper chamber was added with 
RA-FLSs in serum-free medium (5 × 104 cells/
well). The lower chamber was filled with RPMI 
1640 medium containing 10% FBS and indi-
cated concentrations of propofol. After incuba-
tion for 24 h, the cells on the top membrane 
surface were removed. The invaded cells were 
stained with 0.5% crystal violet and counted 
under a microscope.
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RNA isolation and quantitative real-time PCR 
(qRT-PCR) analysis

Total RNA was extracted from RA-FLSs using 
TRIzol reagent (Invitrogen) following the manu-
facturer’s protocol. RNA was reverse-transcri- 
bed to cDNA using the SuperScript III reverse 
transcription kit and random hexamers (Invi- 
trogen). Real-time PCR was performed using 
the SYBR green PCR master mix (Applied Bio- 
systems, Foster City, CA, USA). PCR primers are 
as follows: MMP3 forward, 5’-AGCAAGGACCTC- 
GTTTTCATT-3’ and MMP3 reverse, 5’-GTCAAT- 
CCCTGGAAAGTCTTCA-3’ [18]; MMP9 forward, 
5’-TGACAGCGACAAGAAGTG-3’ and MMP9 re- 
verse, 5’-CAGTGAAGCGGTACATAGG-3’ [19]; β- 
actin forward, 5’-ATCCACGAAACTACCTTCAAC- 
TC-3’ and β-actin reverse, 5’-GAGGAGCAATG- 
ATCTTGATCTTC-3’. Gene expression results 
were normalized to that of β-actin mRNA.

Luciferase reporter assay

RA-FLSs (2 × 104 cells/well) seeded on 24-well 
plates were co-transfected with the NF-κB-
dependent reporter construct pNF-κB-Luc (0.2 
μg; Agilent Technologies, Santa Clara, CA, USA) 
together with the Renilla luciferase reporter 
pRL-TK (0.02 μg; Promega, Madison, WI, USA) 

using FuGENE 6 (Roche Diagnostics, India- 
napolis, IN, USA). At incubation for 12 h, trans-
fected cells were exposed to 20 or 80 μM of 
propofol for additional 48 h. Cells were lysed 
and luciferase activities were measured using 
the dual-luciferase assay kit (Promega). The 
NF-κB-driven reporter activity was normalized 
to Renilla luciferase activity. 

Overexpression of constitutively active NF-κB 
p65

A constitutively active p65 mutant (S536D) was 
generated using the QuickChange Site-Directed 
Mutagenesis Kit (Stratagene, La Jolla, CA, USA), 
as described previously [20]. For rescue experi-
ments, RA-FLSs (2 × 106) were seeded on 60- 
mm dishes and transfected with 5 μg of the 
p65 (S536D) construct using FuGENE 6. Twen- 
ty-four hours after transfection, the transfected 
cells were treated with 80 μM of propofol for 
additional 24 or 48 h and subjected to BrdU 
incorporation and Transwell invasion assays. 

Statistical analysis

Values are presented as means ± standard 
deviation. Statistical differences were analyzed 
using one-way analysis of variance (ANOVA) 

Figure 1. Propofol inhibits cell viability and proliferation in RA-FLSs. A-C. RA-FLSs were treated with indicated con-
centrations of propofol for 24, 48, or 72 h, and cell viability was measured using the MTT assay. D. BrdU incorpora-
tion assays were conducted to assess cell proliferation in RA-FLSs after 48-h treatment with propofol. *P<0.05 vs. 
vehicle-treated control.
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with Tukey’s post-hoc test. P<0.05 was consid-
ered statistically significant.

Results

Propofol inhibits cell viability and proliferation 
in RA-FLSs

MTT assays showed that treatment with propo-
fol for 24 h did not impact the viability of 
RA-FLSs after 24-h treatment (P>0.05 vs. con-
trol; Figure 1A). However, treatment with propo-
fol for 48 or 72 h led to a significant inhibition of 
the viability of RA-FLSs, compared to control 
cells (P<0.05; Figure 1B and 1C). The IC50 val-
ues of propofol at 48 and 72 h were 62.3 ± 1.8 
and 29.6 ± 1.2 μM, respectively. However, BrdU 
incorporation assays confirmed concentration-
dependent inhibitory effects of propofol on 
RA-FLS proliferation after 48-h treatment (P< 
0.05 vs. control; Figure 1D). 

wound closure was significantly lower in propo-
fol (80 μM)-treated cells than in control cells 
(22 ± 4% vs. 63 ± 7%, P<0.05). In Transwell 
invasion assays (Figure 3B), RA-FLSs showed a 
high capacity to invade through the Matrigel 
membrane in response to serum stimulation. 
Propofol at the low concentration of 20 μM 
inhibited RA-FLS invasion by 25%, whereas a 
higher concentration of propofol (80 μM) led to 
a 70% reduction in cell invasion. It should be 
mentioned that after 24-h treatment, propofol 
up to 80 μM significantly blocked cell migration 
and invasion (Figure 3), without causing notice-
able cytotoxic effects to RA-FLSs (Figure 1B). 

Propofol inhibits NF-κB activity in RA-FLSs

As detected by Western blot analysis, propofol 
treatment led to 35-67% decrease in the phos-
phorylation of NF-κB p65 on Ser-536 and 1.8-

Figure 2. Propofol promotes apoptosis in RA-FLSs. A. Flow cytometric analysis 
of apoptosis in RA-FLSs treated with 20 or 80 μM of propofol for 48 h after 
annexin-V/PI staining. B. Quantification of apoptosis from three independent 
experiments. C. Measurement of caspase-3 activity using Colorimetric Caspase 
Assays. D. Western blot analysis of indicated proteins. Bar graphs show densi-
tometric analysis of protein levels after normalization to β-actin levels. *P<0.05 
vs. vehicle-treated cells.

Propofol promotes apopto-
sis in RA-FLSs

Propofol at 20 and 80 μM 
caused a 2.4- and 5.2-fold, 
respectively, in the percent-
age of apoptosis after 48-h 
treatment, as determined 
by flow cytometry with an- 
nexin-V/PI staining (P<0.05 
vs. control; Figure 2A and 
2B). Moreover, the cas-
pase-3 activity was signifi-
cantly higher in propofol-
treated RA-FLSs than in 
control cells (P<0.05; Fig- 
ure 2C). In addition, Wes- 
tern blot analysis of key 
apoptosis-related proteins 
revealed that propofol tre- 
atment significantly raised 
the level of Bax and re- 
duced the levels of Bcl-2 
and survivin (Figure 2D). 

Propofol suppresses the 
migration and invasion of 
RA-FLSs

In vitro wound-healing as- 
says demonstrated that the 
addition of propofol signifi-
cantly impaired the migra-
tion capacity of RA-FLSs 
(Figure 3A). After 24-h incu-
bation, the percentage of 
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3-fold increase in IκBα protein levels (Figure 
4A). To assess the effect of propofol on the 
transcriptional activity of NF-κB, RA-FLSs were 
pre-transfected with the NF-κB p65-dependent 
reporter construct 12 h before propofol treat-
ment. We found that the addition of propofol 
significantly decreased NF-κB-dependent tran-
scription from reporter constructs (Figure 4B). 
The expression of NF-κB target genes MMP3 
and MMP9 was significantly downregulated by 
propofol (Figure 4C).  

Overexpression of constitutively active NF-κB 
p65 reverses the inhibitory effects of propofol 
on RA-FLSs

To determine whether inhibition of NF-κB activ-
ity was required for the biological effects of pro-
pofol on RA-FLSs, we overexpressed a constitu-
tively active mutant of NF-κB p65 in RA-FLSs 

before propofol exposure. Western blot analy-
sis verified that RA-FLSs transfected with the 
p65 (S536D) construct had significantly great-
er levels of phosphorylated p65 in the pres-
ence of propofol (Figure 5A). Notably, overex-
pression of p65 (S536D) almost completely 
abolished the inhibitory effects of propofol (80 
μM) on RA-FLS proliferation (Figure 5B) and 
invasion (Figure 5C). 

Discussion

Propofol has shown anti-proliferative activity in 
hippocampal neurons [21] and cardiac fibro-
blasts [22], as well as several types of malig-
nant cells [14, 15]. In this study, we provided 
first evidence for the growth-suppressive activ-
ity of propofol in RA-FLSs. We found that expo-
sure to propofol for longer than 24 h caused a 
significant inhibition of viability and prolifera-

Figure 3. Propofol suppresses the migration and invasion of RA-FLSs. A. In vitro wound-healing assays. Wound 
closure was quantified after 24-h culturing in the presence or absence of 80 μM of propofol. B. Transwell invasion 
assays were done to determine the invasion of RA-FLSs after treatment with 80 μM of propofol for 24 h. *P<0.05 
vs. vehicle-treated cells.
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tion in RA-FLSs. Moreover, propofol treatment 
for 48 h significantly triggered apoptotic death 
and increased caspase-3 activity in RA-FLSs. At 
the molecular level, multiple apoptosis-related 
proteins including Bax, Bcl-2 and survivin were 
deregulated by propofol. These results suggest 
that propofol-mediated apoptosis of RA-FLSs 
may be causally linked to increased expression 
of the pro-apoptotic protein Bax and decreased 
expression of the anti-apoptotic proteins Bcl-2 
and survivin. In line with our findings, propofol 
has been reported to induce apoptosis by 
downregulating Bcl-2 in neurons [21]. However, 
it should be mentioned that in some cellular 
contexts, propofol can upregulate the expres-
sion of Bcl-2 and suppress the expression of 
Bax [23, 24], consequently protecting from 
apoptosis. 

Apart from suppression of cell proliferation, 
propofol showed the ability to hamper the 
migration and invasion of RA-FLSs. MMPs are 
important mediators of cell invasiveness [25]. 
Inhibition of MMP3 and MMP9 has been linked 

further demonstrated that NF-κB-dependent 
transcriptional activity was significantly inhibit-
ed in the presence of propofol. These observa-
tions suggest that propofol may exert its bio-
logical activities in RA-FLSs by interfering with 
the activation of NF-κB signaling. In support of 
this hypothesis, rescue experiments using a 
constitutively active construct of NF-κB p65 
demonstrated that overexpression of p65 
(S536D) almost completely reversed the inhibi-
tory effects of propofol on RA-FLS proliferation 
and invasion. Propofol can also modulate sig-
naling pathways other than NF-κB signaling, 
such as mTOR [11] and ERK [14]. Therefore, it is 
possible that several other signaling pathways 
may be involved in the action of propofol in 
RA-FLSs. 

In conclusion, our results show that propofol 
has inhibitory effects on the aggressive behav-
iors of RA-FLSs, which is, at least partially, 
ascribed to inactivation of NF-κB signaling. 
These findings suggest that propofol may have 
therapeutic benefits in the treatment of RA. 

Figure 4. Propofol inhibits NF-κB activity in RA-FLSs. (A) Western blot analysis of 
indicated proteins in RA-FLSs treated with 20 or 80 μM of propofol for 48 h. (B)
NF-κB p65-dependent luciferase reporter assays. RA-FLSs were pre-transfected 
with the NF-κB p65-dependent reporter construct 12 h before propofol treat-
ment and luciferase activities were then measured. (C) Quantitative real-time 
PCR analysis of MMP3 and MMP9 mRNA levels in RA-FLSs treated as in (A). 
*P<0.05 vs. vehicle-treated cells.

to reduced RA-FLS migra-
tion and invasion [26]. No- 
tably, we found that both 
MMP3 and MMP9 were 
downregulated in propofol-
treated RA-FLSs, which 
provided an explanation for 
its anti-invasive property. 
Propofol-mediated down-
regulation of MMPs has 
also been described in 
esophageal squamous cell 
carcinoma cells [14]. 

NF-κB signaling plays a crit-
ical role in the pathogene-
sis of RA and contributes to 
the aggressive properties 
of RA-FLSs [6]. NF-κB can 
transcriptionally activate a 
lot of target genes including 
Bcl-2, survivin, MMP3 and 
MMP9 [27]. Consistent wi- 
th downregulation of Bcl-2, 
survivin, MMP3, and MMP- 
9, there was a significant 
decrease in the phosphory-
lation of NF-κB p65 in pro-
pofol-treated RA-FLSs. Lu- 
ciferase reporter assays 
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