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Celastrol inhibits IL-1p-induced inflammation in orbital
fibroblasts through the suppression of NF-kB activity
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Abstract. Graves' disease is an autoimmune disease of the
thyroid gland, which is characterized by hyperthyroidism,
diffuse goiter and Graves' ophthalmopathy (GO). Although
several therapeutic strategies for the treatment of GO have
been developed, the effectiveness and the safety profile of
these therapies remain to be fully elucidated. Therefore,
examination of novel GO therapies remains an urgent require-
ment. Celastrol, a triterpenoid isolated from traditional
Chinese medicine, is a promising drug for the treatment of
various inflammatory and autoimmune diseases. CCK-8 and
apoptosis assays were performed to investigate cytotoxicity of
celastrol and effect on apoptosis on orbital fibroblasts. Reverse
transcription-polymerase chain reaction, western blotting
and ELISAs were performed to examine the effect of celas-
trol on interleukin (IL)-1p-induced inflammation in orbital
fibroblasts from patients with GO. The results demonstrated
that celastrol significantly attenuated the expression of IL-6,
IL-8, cyclooxygenase (COX)-2 and intercellular adhesion
molecule-1 (ICAM-1), and inhibited IL-1B-induced increases
in the expression of IL-6, IL-8, ICAM-1 and COX-2. The
levels of prostaglandin E2 in orbital fibroblasts induced by
IL-1p were also suppressed by celastrol. Further investigation
revealed that celastrol suppressed the IL-1p3-induced inflam-
matory responses in orbital fibroblasts through inhibiting the
activation of nuclear factor (NF)-xB. Taken together, these
results suggested that celastrol attenuated the IL-1p-induced
pro-inflammatory pathway in orbital fibroblasts from patients
with GO, which was associated with the suppression of NF-kB
activation.
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Introduction

Graves' disease (GD) is an autoimmune disease of the thyroid
gland, which is characterized by hyperthyroidism, diffuse
goiter and Graves' ophthalmopathy (GO) (1). It has been
reported that up to 50% of patients with GD develop the ocular
complication, GO (2,3). The principle characteristics of GO
include upper eyelid retraction, soft tissue swelling, proptosis,
strabismus, erythema of periorbital tissues, and compressive
optic neuropathy, and certain patients with GO suffer from
inflammation, diplopia, intense pain, and compressive optic
neuropathy or corneal ulceration, which threaten vision (1,4).

Although the pathogenesis of GO remains to be fully
elucidated, it is widely accepted that the occurrence of this
disease is associated with the abnormal secretion of inflam-
matory cytokines (1,5,6). These overexpressed inflammatory
cytokines promote the infiltration of thyroid lymphocytic and
the activation of B cells, which result in the production of auto-
immune antibodies against thyroid antigens and contribute to
the pathogenesis of GO. It has been demonstrated that, when
stimulated by proinflammatory cytokines, orbital fibroblasts
from patients with GO can produce excess glycosamino-
glycans and inflammatory cytokines, including interleukin
(IL)-6, and IL-8 (7-9). The expression levels of intercellular
adhesion molecule-1 (ICAM-1) (10,11) and cyclooxygenase
(COX)-2 (12,13) have also been found to upregulated in the
orbital connective tissues of patients with GO. Currently,
glucocorticoids are used as the first-line treatment for GO due
to their marked anti-inflammatory and immunosuppressive
effects. However, although glucocorticoids are effective in
a substantial number of patients with GO, they have several
long-term side effects, including hypertension, diabetes and
osteoporosis (14). Therefore, it is essential to investigate novel
therapies for the management of GO.

Traditional medicines offer an abundance of plant-derived
remedies to identify novel lead molecules for the develop-
ment of novel drugs. Celastrol is a pentacyclic triterpenoid,
which was originally isolated from Thunder God Vine root.
Celastrol has been demonstrated to exert potent inhibitory
action on tumorigenesis. Several studies have reported that
celastrol inhibits the proliferation of a variety of tumor cells
and suppresses tumor initiation, promotion and metastasis
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in various cancer models in vivo (15,16). In addition, celas-
trol has potent anti-inflammatory effects, and the efficacy of
celastrol as an anti-inflammatory drug has been examined
in several diseases, including rheumatoid arthritis (17,18),
allergic asthma (19), systemic lupus erythematosus (20) and
skin inflammation (21). The nuclear factor (NF)-xB signaling
pathway is well integrated with other signaling pathways, and
is important in a number of diseases, including cancer and
inflammatory diseases (22,23). Several studies have revealed
that celastrol is an inhibitor of the NF-«kB signaling pathway,
and that the mutation of cysteine 179 in the activation loop of
inhibitor of kB (IxkB) kinase p (IKKf) eliminates sensitivity
towards to celastrol, suggesting that celastrol suppresses
NF-«kB activation by targeting cysteine 179 in the IKK (24,25).

In the present study, the effect of celastrol on IL-1p3-induced
inflammation was examined in orbital fibroblasts from patients
with GO. It was found that celastrol significantly attenuated
the expression levels of IL-6, IL-8, COX-2 and ICAM-1, and
inhibited the IL-1B-induced increases in the expression levels
of IL-6, IL-8, ICAM-1 and COX-2. It was also demonstrated
that the level of prostaglandin E (PGE)2 in the orbital fibro-
blasts induced by IL-1p was suppressed by celastrol. Further
investigation revealed that celastrol suppressed IL-1B-induced
inflammatory responses in the orbital fibroblasts through
inhibiting the activation of NF-xB activation. Taken together,
the results of the present study suggested that celastrol attenu-
ated the IL-1p-induced pro-inflammatory pathway in orbital
fibroblasts from patients with GO, which was associated with
the suppression of NF-«kB activation.

Materials and methods

Reagents. Celastrol was obtained from Sigma-Aldrich (St.
Louis, MO, USA). Dulbecco's modified Eagle's medium
(DMEM) and fetal bovine serum (FBS) were obtained from
Life Technologies (Grand Island, NY, USA). Penicillin, and
gentamycin were purchased from Amresco, Inc. (Framingham,
MA, USA). The Cell Counting Kit-8 (CCK-8) assay kit was
obtained from Dojindo Laboratories (Kumamoto, Japan). The
BAY-11-7082 and Annexin V-fluorescein isothiocyanate (FITC)
apoptosis detection kit were purchased from Beyotime Institute
of Biotechnology (Shanghai, China). IL-6, IL-8, IL-10 and
PGE2 ELISA Duoset kits, and recombinant human IL-1f3 were
purchased from R&D Systems, Inc. (Minneapolis, MN, USA).

Cell culture. Orbital fibroblasts were cultured from adipose
connective tissues, which were obtained from four patients with
GO (two male, two female) and severe proptosis associated
with increased orbital fat volume during a process of surgical
decompression. The control tissues were obtained from two
patients with no history of GO or autoimmune thyroid disease,
and were collected during the course of upper lid blepharoplas-
ties from 2 individuals (one male, one female). The mean age
of all subjects was 58 years. The protocol for obtaining orbital
adipose connective tissue was approved by the Institutional
Review Board of Longhua Hospital (Shanghai, China), and
written informed consent was obtained from all patients.

GO orbital tissues samples were minced and plated directly
into culture dishes. The cells were maintained in DMEM
containing 10% FBS, penicillin (100 U/ml) and gentamycin
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(20 mg/ml), in a humidified 5% CO, incubator at 37°C. When the
fibroblasts had grow to 80% confluence, the cell culture medium
was removed and the cells were washed with phosphate-buff-
ered saline (PBS). The fibroblasts were then passaged serially
by treatment with trypsin (Sigma-Aldrich). The cell culture
medium was replaced every 2 days, and cells between the third
and seventh passage were used for the subsequent examinations.

Cell viability assays. Cell viability was assayed using the
CCK-8 according to the manufacturer's protocol. Briefly, 100 p1
cells were seeded onto 96-well plates (1x10* cells/ml) for 24 h,
following which the cells were treated with, or without, 1 xM
celastrol for 24 h at 37°C. Subsequently, 10 ul of the CCK-8
solution was added to each well of the plate, followed by 1 h
incubation at 37°C. The optical density (OD) was measured at
450 nm using a microplate reader (Multiskan MK3; Thermo
Fisher Scientific GmbH., Darmstadt, Germany). The cell inhib-
itory rate was calculated according to the following equation:
Cell inhibitory rate = [1 - (OD experiment - OD blank) / (OD
control - OD blank)] x 100%. All experiments were performed
in triplicate and repeated three times independently.

Apoptosis assays. Apoptosis assays were performed according
to the manufacturer's protocols. Briefly, the cells in the loga-
rithmic growth phase were collected and washed with isotonic
PBS, following which 1x10° cells were seeded into 6-well
cell culture plates. After 24 h, the cell cultures were removed,
and the cells were incubated with serum-free DMEM, with
or without 1 uM celastrol, for another 24 h at 37°C. The cells
were then digested with trypsin and collected by centrifuga-
tion at 300 x g for 10 min at 4°C. The cells were washed with
ice-cold PBS, and resuspended gently with 195 ul annexin
V-FITC binding buffer and 5 ul annexin V-FITC, following
which 10 pl propidium iodide (PI) solutions were added. The
mixture was incubated in the dark at room temperature for
15 min. Cytometric analysis was performed using a FACS
Calibur flow cytometer (BD Biosciences, Franklin Lakes, NJ,
USA). Data acquisition and analysis were performed using the
WinMDI 2.9 computer program (BD Biosciences).

Western blot analysis. The cells were collected and washed
with ice-cold PBS, following which the cells were centrifuged
at 300 x g for 5 min at 4°C, and the supernatant was removed.
The cells were lysed with radioimmunoprecipitation assay lysis
buffer (Beyotime Institute of Biotechnology) at 4°C for 20 min.
The lysates were centrifuged for 10 min at 12,000 x g at 4°C, and
the supernatant was collected. The protein concentration was
determined using a Bradford assay (BioRad Laboratories, Inc.,
Hercules, CA, USA). A total of 30-50 g proteins were subjected
to sodium dodecyl sulfate polyacrylamide gel electrophoresis
on 10% (w/v) gels (Beyotime Institute of Biotechnology), and
were then electrophoretically transferred onto a polyvinylidene
fluoride membrane (EMD Millipore, Billerica, MA, USA).
Following blocking with blocking buffer (Beyotime Institute of
Biotechnology) for 1 h at room temperature, the membrane was
incubated with the indicated primary antibodies overnight at
4°C. This was followed by incubation in horseradish peroxidase
(HRP)-conjugated corresponding secondary antibodies for 1 h
at room temperature. Positive signals were visualized using ECL
Advanced Solution (Bioworld Technology, Inc., St. Louis Park,



MOLECULAR MEDICINE REPORTS 14: 2799-2806, 2016

MN, USA). Actin was used as a loading control. The primary
antibodies used in the present study were as follows: Rabbit
polyclonal ICAM-1 (1:1,000; Cell Signaling Technology, Inc.,
Danvers, MA, USA; cat. no. 4915), rabbit monoclonal COX-2
(1:1,000; Cell Signaling Technology, Inc.; cat. no. 12282) and
rabbit monoclonal B-actin (1:1,000; Cell Signaling Technology,
Inc.; cat. no. 8457).

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) analysis. Total RNAs were
isolated from the orbital fibroblasts using TRIzol reagent
(Thermo Fisher Scientific, Inc.). The total RNAs were reverse
transcribed into cDNA using Reverse Transcriptase M-MLV
(Takara Bio, Inc., Otsu, Japan) and were amplified using SYBR
Green Master mix (Takara Bio, Inc.). The mRNA expression
was analyzed using an ABI 7500 Real-Time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.). Relative
gene expression levels were obtained following normaliza-
tion with B-actin. The thermocycling conditions used were as
follows: 95°C for 20 sec; 40 cycles of 95°C for 20 sec, 60°C for
30 sec and 72°C for 30 sec. All reactions were run in triplicate.
The primer sequences used were as follows: IL-6, forward
5'-ATGAACTCCTTCTCCACAAG -3' and reverse 5-TGT
CAATTCGTTCTGAAGAG-3' (26); IL-8, forward 5-GTG
CAGTTTTGCCAAGGAGT-3' and reverse 5S-TAATTTCTG
TGTTGGCGCAG-3' (26); IL-10, forward 5'-CTTCGAGAT
CTCCGAGATGCCTTC-3' reverse 5S-ATTCTTCACCTGCTC
CACGGCCTT-3' (27); ICAM-1, forward 5-CTCAGTCAGTGT
GACCGCAGA-3' and reverse 5-CCCTTCTGAGACCTCTGG
CTTC-3'(28); COX-2,forward 5-GCTCAAACATGATGTTTG
CATTG-3' and reverse 5'-GCTGGCCCTCGCTTATGA-3' (29),
and PB-actin, forward-TCACCCACACTGTGCCCAT-3" and
reverse 5'"“TCCTTAATGTCACGCACGATTT-3"' (29). The
2-44C4 method was used to quantify the results (30).

ELISA. The orbital fibroblasts (1x10°) were seeded into 6-well
cell culture plates and, after 24 h, the cell culture medium
was replaced with DMEM containing 1% FBS, and 10 ng/ml
IL-1p was added, with or without 1 M celastrol. Following
24 h of incubation, the supernatants from the cell cultures
were collected, and the concentrations of IL-6, IL-8, IL-10
and PEG-2 were determined using an ELISA kit, according
to the manufacturer's protocol. The absorbance was measured
at 450 nm using a microplate reader (Molecular Devices LLC,
Sunnyvale, CA, USA).

Luciferase assays. For the luciferase assays, HEK 293T cells
(Cell Bank of the Chinese Academy of Sciences, Shanghai,
China) were seeded into a 24-well plate at a density of
3x10* cells/well. After 24 h at 37°C, HEK 293T cells were
transfected with 200 ng firefly luciferase reporter gene
construct (per well) and 1 ng pRL-SV40 Renilla luciferase
constructs (per well) for normalization, using cotransfection
with 2.4 ul Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.). At 24 h post-transfection, the cells were stimu-
lated with 100 ng/ml lipopolysaccharide (Sigma-Aldrich),
with or without 1 uM celastrol, 4 h. Cells were subsequently
collected and luciferase activity was measured with the
Dual-Luciferase® Reporter (DLR™) assay system (Promega,
Madison, WI, USA).
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Figure 1. Effect of celastrol on cell viability and apoptosis in orbital fibro-
blasts. (A) Orbital fibroblasts from normal controls and patients with GO
were seeded onto 48-well cell culture plates and treated with different con-
centrations of celastrol, as indicated, for 24 h. Cell Counting Kit-8 assays
were performed to assess cell viability. (B) Effects of celastrol on apoptosis
of orbital fibroblasts. The cells were treated with celastrol (1 zM) or DMSO
for 24 h, washed with ice-cold phosphate-buffered saline, resuspended with
195 pl annexin V-FITC binding buffer and 5 ul annexin V-FITC, followed
by the addition of 10 ul propidium iodide. The mixture was incubated in
the dark at room temperature for 15 min, and cytometric analysis was per-
formed. Assays were performed at least three times. The data are presented
as the mean =+ standard error of the mean of three independent experiments.
“P<0.05; “P<0.01 vs. the untreated cells. GO, Graves' ophthalmopathy;
DMSO; dimethyl sulfoxide; FITC, fluorescein isothiocyanate.

Statistical analysis. All experiments were performed at least
three times and the results are presented as the mean + stan-
dard error of the mean. Student's #-test was used to compare
two independent groups using SPSS 16.0 software (SPSS,
Inc., Chicago, IL, USA). P<0.05 was considered to indicate a
statistically significant difference.

Results

Effect of celastrol on the viability and apoptosis of orbital
fibroblasts. In the present study, orbital fibroblasts obtained
from normal controls or patients with GO were treated with
different concentrations of celastrol (0, 200 , 400, 600, 800,
1,2,3,4 and 5 uM) for 24 h, and cell viability was examined
using a CCK-8 assay. As shown in Fig. 1, exposure of the
orbital fibroblasts from the GO and normal groups to celas-
trol at concentrations <1 yM for 24 h led to no significant
decline in the numbers of living cells, whereas 2 yM celastrol
decreased cell viability in the two groups to 85.02 and 88.94%,
respectively (Fig. 1A). The results of the apoptosis assay also
showed that exposure of the cells to celastrol at 1 uM for
24 h did not induce cell apoptosis (Fig. 1B). Therefore, in
the subsequent experiments, the cells were treated with 1 yM
celastrol for 24 h to further investigate the role of celastrol
in GO.
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Figure 2. Celastrol suppresses the expression of IL-1p-induced IL-6 and
IL-8 in orbital fibroblasts. Orbital fibroblasts from patients with GO were
stimulated with IL-1$ (10 ng/ml), with or without 1 M celastrol, for 24 h.
(A) Cells were collected and the expression levels of IL-6, IL-8 and IL-10
were determined using reverse-transcription-quantitative polymerase chain
reaction analysis. (B) Protein concentrations of IL-6, IL-8 and IL-10 were
examined using ELISA. The data are presented as the mean =+ standard error
of the mean of three independent experiments. "P<0.05;"P<0.01; ““P<0.01.
DMSO, dimethyl sulfoxide; IL, interleukin.

Effect of celastrol on the expression levels of IL-13-induced
IL-6 and IL-8. As is already known, inflammation is critical in
the pathogenesis of GO, therefore, the present study examined
the expression levels of IL-6, IL-8 and IL-10 in IL-1B-induced
GO cells and normal cells, which were treated with or without
celastrol. As shown in Fig. 2A, following treatment with
IL-1pB, the mRNA expression levels of IL-6 and IL-8 were
significantly increased in the GO cells, whereas no change
was observed in the expression of IL-10. Celastrol was found
to decrease the mRNA expression levels of IL-6 and IL-8
in the IL-1B-induced orbital fibroblasts. The results of the
ELISA also showed that, following stimulation with IL-1f, the
levels of IL-6 and IL-8 in the orbital fibroblast supernatant
were significantly upregulated, and co-treatment of celastrol
significantly attenuated the IL-1pB-induced expression of IL-6
and IL-8 (Fig. 2B).

Effect of celastrol on the expression levels of IL-13-induced
ICAM-1 and COX-2. To investigate the effect of celastrol on
ICAM-1 and COX-2, the GO cells were treated with 10 ng/ml
IL-1p, with or without 1 uM celastrol, for 24 h, following which
the cells were collected and subjected to RT-qPCR analysis.
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Figure 3. Celastrol suppresses the expression of IL-1p-induced ICAM-1 and
COX-2 in orbital fibroblasts. Orbital fibroblasts from patients with Graves'
ophthalmopathy were stimulated with IL-1f (10 ng/ml), with or without
1 uM celastrol, for 24 h. (A) mRNA expression levels of ICAM-1 and COX-2
using reverse transcription-quantitative polymerase chain reaction analysis.
(B) Protein expression levels of ICAM-1 and COX-2 were determined
using western blot analysis. 3-actin was used as an internal control. The
graph shows representative data of expressed as the mean =+ standard error
of the mean of three independent experiments. "P<0.05; ““P<0.01. IL-1p,
interleukin-1p; ICAM-1, intercellular adhesion molecule-1; COX-2, cyclo-
oxygenase-2; DMSO; dimethyl sulfoxide.

As shown in Fig. 3A, in the IL-1p-induced orbital fibroblasts,
the mRNA expression levels of ICAM-1 and COX-2 were
significantly increased, whereas treatment with celastrol
almost completely reversed the IL-1p-induced upregulation
of ICAM-1 and COX-2. In addition, following treatment with
IL-1B, the protein expression levels of ICAM-1 and COX-2
were markedly enhanced, and this was also depressed by
celastrol (Fig. 3B).



MOLECULAR MEDICINE REPORTS 14: 2799-2806, 2016

[J DMSO [ Celastrol

B 1-1p EE [L-1B+Celastrol
ok # ok

g 40007
Z 30001
S 2,000
(==
= £ 1,000+ i
2w 40007
£ 30004 LT _
S 200.0-
5 100.04

0.0

PGE2

Figure 4. Celastrol suppresses the expression of IL-13-induced PGE2 in
orbital fibroblasts. Orbital fibroblasts from patients with Graves' ophthalmop-
athy were stimulated with IL-18 (10 ng/ml), with or without 1 zM celastrol,
for 24 h, Expression levels of PGE2 were determined using reverse tran-
scription-quantitative polymerase chain reaction analysis. The figure shows
representative data from three independent experiments. Data are expressed
as the mean =+ standard error of the mean. ""P<0.01. IL-1f, interleukin-1,
PGE2, prostaglandin E2; DMSO; dimethyl sulfoxide.

Effect of celastrol on IL-13-induced PGE2 in GO orbital
fibroblasts. PGE2 is important in modulating the inflamma-
tory process, and COX-2 is a key enzyme, which catalyzes the
production of PGE2. It has been suggested that the increase
in PGE2 may be attributed to the pathological inflammatory
process of GO. As it was found that the IL-1p-induced expres-
sion of COX-2 was depressed by celastrol, the present study
evaluated the effect of celastrol on the IL-1pB-induced expres-
sion of PGE2. Following treatment of the GO orbital fibroblasts
with 10 ng/ml IL-1f, with or without 1 M celastrol for 24 h,
the supernatants were analyzed using ELISA to detect the
production of PGE2. As shown in Fig. 4, IL-1p significantly
induced the production of PGE2 in the orbital fibroblasts,
whereas co-treatment with celastrol markedly attenuated the
IL-1p-induced expression of PGE2.

Effect of celastrol on the NF-kB signaling pathway in GO
orbital fibroblasts. The NF-kB signaling pathway is impor-
tant in regulating the production of several cytokines. In the
cytoplasm, NF-kB is arrested by IkB, and the activation of
IKK phosphorylates I«B, thereby releasing NF-kB, which
translocates to the nucleus and activates the transcription of
response genes (31). It has been demonstrated that celastrol
is a potent inhibitor of NF-kB, therefore, the present study
examined whether celastrol exerts suppressive effects on
IL-1pB-induced proinflammatory molecules through the inhi-
bition of NF-kB. As shown in Fig. 5A-C, following treatment
with IL-1f, the phosphorylation of IkBa was significantly
upregulated, whereas cotreatment with celastrol significantly
suppressed the IL-1f3-induced phosphorylation of IxBa.
Pretreatment with the NF-xB inhibitor, BAY-11-7082, almost
completely inhibited the activation of NF-kB induced by
IL-1p.

The effect of celastrol was also examined using an NF-xB
luciferase system in 293T cells. As shown in Fig. 5B, celastrol
significantly inhibited IL-1B-induced NF-xB activation, in a
dose-dependent manner.
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Figure 5. Celastrol suppresses the IL-1p-induced expression and activation
of the NF-«B signaling pathway in orbital fibroblasts. (A) Orbital fibroblasts
from patients with Graves' ophthalmopathy were stimulated with IL-1f
(10 ng/ml), with or without 1 yM celastrol, for 24 h, Western blot analysis was
performed to determine the phosphorylation of IkBa. (B) Luciferase activity
in 293T cells treated with celastrol. Cells were transfected with an NF-xB
luciferase reporter vector. After 24 h, the cells were stimulated with 10 ng/
ml LPS with or without 1 M celastrol, for 24 h and then ysed for a luciferase
assay. (C) Orbital fibroblasts were pretreated with BAY-11-7082 (2.5 M) for
30 min, then stimulated with 10 ng/ml LPS, with or without 1 uM celastrol,
for 24 h. Cells were lysed for western blot analysis to detect the expression of
IxBa and phosphorylation of IxBa. Data is presented as the mean + standard
error of the mean of three independent experiments. “P<0.01; ““P<0.01.
IL-1B, interleukin-1f3; LPS, lipopolysaccharide; NF-kB, nuclear factor-kB;
IxBa, inhibitor of kBa; p-, phosphorylated; DMSO, dimethyl sulfoxide; BAY,
BAY-11-7082.

Celastrol suppresses the induction of cytokines by IL-1 in
orbital fibroblasts through inhibition of the NF-xB signaling
pathway. To further determine whether the IL-1B-induced
stimulation of proinflammatory gene expression was medi-
ated by the NF-kB-dependent pathway, the present study
pretreated GO cells with BAY-11-7082 (2.5 uM) for 30 min,
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Figure 6. Celastrol suppresses cytokines induced by IL-1f in orbital fibro-
blasts by inhibiting NF-xB activity. Orbital fibroblasts from patients with
Graves' ophthalmopathy were pre-incubated with BAY-11-7082 (2.5 uM)
for 30 min, following which IL-1p and/or celastrol were added. Following
incubation for 24 h, the cells were harvested and subjected to reverse tran-
scription-quantitative polymerase chain reaction analysis. The figure shows
representative data presented as the mean + standard error of the mean of
three independent experiments. “P<0.01; ““P<0.01. IL, interleukin; ICAM-1,
intercellular adhesion molecule-1; COX-2, cyclooxygenase-2; DMSO,
dimethyl sulfoxide; BAY, BAY-11-7082.

following which IL-1f and/or celastrol were added. Following
incubation for 24 h, the cells were harvested and subjected to
RT-qPCR analysis. The results showed that pre-incubation
with BAY-11-7082 significantly decreased the IL-13-induced
gene expression levels of IL-6, IL-8, ICAM-1 and COX-2
(Fig. 6), which confirmed activation of the NF-xB pathway as
the mechanism underlying the increased expression of these
cytokines.

Discussion

Celastrol is generally used for the treatment of inflammatory
and autoimmune diseases, however, the role of celastrol in
the development of GO remains to be fully elucidated. In the
present study, it was found that treatment with celastrol signifi-
cantly attenuated inflammatory responses in IL-13-induced
orbital fibroblasts from patients with GO through inhibiting
the activation of NF-kB. These results suggested that the use
of celastrol may offer potential in the management of GO.
GO is an autoimmune disease, which is characterized
by the infiltration of immune cells into the orbit and the
production of excess glycosaminoglycans and inflammatory
cytokines, which regulate the inflammatory response through
recruiting and activating inflammatory cells. It has been
suggested that cytokines are critical in the development of
GO, as several cytokines have been detected in orbital tissues
from patients with GO, including IL-1f, IL-6, IL-8, COX-2
and ICAM-1 (12,32). It is well known that cytokines are
produced predominantly by immune cells, and several have
suggested that orbital fibroblasts are another important source
of cytokines, which are critical in initiating and maintaining
inflammation (33), with accumulating evidence suggesting
that orbital fibroblasts are the autoimmune target and effector
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cells in GO (34-36). IL-1f is an important member of the IL-1
cytokine family, and mRNA expression levels of IL-1§ have
been reported to be high in the orbital tissues of patients with
GO (37). IL-1p is involved in mediating the inflammatory
response, and it has been reported that IL-13 induces several
mediators that have been correlated with the pathogenesis of
GO, including IL-6 (38), IL-8 (39) and hyaluronic acid (40).
In the present study, it was demonstrated that celastrol signifi-
cantly suppressed the production of cytokines IL-6 and IL-8
in the orbital fibroblast induced by IL-1p.

ICAM-1 was also induced by IL-1f in the orbital fibroblasts,
and the expression of ICAM-1 has been reported to be involved
in the migration of lymphocytes to inflammatory sites in the
orbit (41). The induction of COX-2 is considered to be critical
to the inflammatory response in patients with GO. Orbital
fibroblasts from the patients with GO treated by IL-1f produced
high levels of COX-2, and there is a positive correlation between
the expression of COX-2 and the increasing severity of orbital
disease (12). All these results suggested a possible association
between the expression levels of ICAM-1 and COX2, and orbital
inflammation in GO. Thus, the downregulation of these cyto-
kines may result in decreased recruitment of leukocyte subsets
into orbital fibroblasts. Pre-treatment of the orbital fibroblasts
with celastrol had a potent inhibitory effect on the levels of
IL-1B-induced ICAM-1 and COX-2 in the IL-1p-induced orbital
fibroblasts. Together with the data described above, the results
of the present study demonstrated that celastrol inhibited the
production of the IL-6, IL-8, ICAM-1 and COX2 cytokines in
orbital fibroblasts induced by IL-1p, thereby suppressing the
inflammatory response.

NF-kB is a central transcription factor, which is well
established as a regulator in mediating inflammatory and
innate immune responses. NF-kB may be activated by various
factors, including the IL-1 cytokine (42). NF-«kB is important
in regulating cell proliferation and cell survival. In the inactive
state, NF-kB is located in the cytoplasm, bound to the inhibi-
tory protein, IkBa. Following stimulation, the IKK complex is
activated, which results in the phosphorylation and subsequent
degradation of IkBa, leading to the release of NF-kB and its
translocation to the nucleus, and activation of the transcription
of target genes (43). Previous experiments have confirmed that
the upregulation of COX-2 in GO is due to the activation of
NF-«B, and treatment with NF-«B inhibitor almost completely
suppresses IL-1p-induced COX-2 in orbital fibroblast (32).
Therefore, the effective inhibition of NF-kB may be one of the
therapeutic targets in GO.

Celastrol is a pharmacologically active compound, which
possesses a broad rage of biological activities and is generally
used for the treatment of inflammatory and autoimmune diseases.
Although several studies have demonstrated that celastrol offers
therapeutic potential in a number of inflammatory-associated
diseases in vivo and in vitro (17,18 ,44), its effects have not been
investigated previously in GO. The application of celastrol has
been controversial due to its toxicity. The present study showed
that treatment with 1 yM celastrol exerted no clear cytotoxic
effects on the orbital fibroblast, and did not induce a significant
level of apoptosis. This suggests that celastrol has realistic poten-
tial in clinical application. Celastrol is considered an inhibitor of
NF-«B, and several studies have demonstrated potent inhibitory
effects on NF-«B in various types of cell (45,46). Of note, in the
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present study, celastrol was found to significantly suppress the
production of cytokines induced by IL-1f in orbital fibroblasts,
and the levels of PGE2 in the IL-1p-induced orbital fibroblasts
was also inhibited by celastrol.

The results of the present study suggested that celastrol
attenuated the IL-1B-induced pro-inflammatory pathway in
orbital fibroblasts from patients with GO, which was associated
with the suppression of NF-«kB. The present study was the first,
to the best of our knowledge, to evaluate the anti-inflammatory
effects of celastrol on orbital fibroblasts in patients with GO,
and the results suggested that celastrol may be efficient in the
treatment of GO, in terms of attenuating the inflammatory
process.
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