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poly(I:C)-stimulated astrocytes
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In the central nervous system, viral infection can induce 
inflammation by up-regulating pro-inflammatory mediators 
that contribute to enhanced infiltration of immune cells into 
the central nervous areas. Celastrol is known to exert various 
regulatory functions, including anti-microbial activities. In this 
study, we investigated the regulatory effects and the mecha-
nisms of action of celastrol against astrocytes activated with 
polyinosinic-polycytidylic acid (poly(I:C)), a synthetic dsRNA, 
as a model of pro-inflammatory mediated responses. Celastrol 
significantly inhibited poly(I:C)-induced expression of adhesion 
molecules, such as ICAM-1/VCAM-1, and chemokines, such as 
CCL2, CXCL8, and CXCL10, in CRT-MG human astroglioma 
cells. In addition, celastrol significantly suppressed poly(I:C)- 
induced activation of JNK MAPK and STAT1 signaling path-
ways. Furthermore, celastrol significantly suppressed poly(I:C)- 
induced activation of the NF-B signaling pathway. These 
results suggest that celastrol may exert its regulatory activity by 
inhibiting poly(I:C)-induced expression of pro-inflammatory 
mediators by suppressing activation of JNK MAPK-STAT1/ 
NF-B in astrocytes. [BMB Reports 2017; 50(1): 25-30]

INTRODUCTION

Viral infection induces neuro-inflammation that contributes to 
the development of viral encephalitis and various neurode-
generative conditions (1, 2). In the central nervous system 
(CNS), astrocytes play an important role in virus-induced 
neuro-inflammation (3). Upon viral infection, astrocytes produce 
various pro-inflammatory mediators such as adhesion molecules, 
and chemokines, which participate in the recruitment of 

immune cells into the central nervous areas (4-6).
Viral infection results in release of double-stranded RNA 

(dsRNA) which is a viral genome or an intermediate during 
viral replication. Toll-like receptor-3 (TLR3) recognizes the 
dsRNA and activates intracellular signaling pathways, involving 
mitogen-activated protein kinase (MAPK), signal transducer 
and activator of transcription 1 (STAT1), and nuclear factor 
kappa B (NF-B), resulting in inflammatory responses (2, 6, 7). 

Upon viral infection or stimulation with dsRNA including 
polyinosinic-polycytidylic acid (poly(I:C)), a synthetic dsRNA, 
astrocytes known to preferentially express TLR3 are activated 
via TLR3 (4, 8-10). The activated astrocytes then express various 
pro-inflammatory mediators such as intercellular adhesion 
molecule-1 (ICAM-1), vascular cell adhesion molecule-1 
(VCAM-1), CC chemokine ligand 2 (CCL2; monocyte 
chemoattractant protein-1), CXC chemokine ligand 8 (CXCL8; 
IL-8) and CXCL10 (interferon-gamma-induced protein-10) (9, 
10).

Celastrol is a quinone methide triterpenoid derived from 
Tripterygium wilfordii Hook (11). Several reports suggest that 
celastrol possesses anti-microbial and anti-inflammatory 
activities in various experimental models (12-16). Celastrol has 
been shown to suppress expression of lipopolysaccharide 
(LPS)-induced pro-inflammatory cytokines; these cytokines are 
produced through MAPK signal transduction and NF-B in 
microglial cells (13). Celastrol also inhibits HIV-1 Tat trans-
activation function by covalently modifying the cysteine thiols 
(15). Celastrol inhibits HIV-1 Tat-induced pro-inflammatory 
responses by blocking the JNK MAPK-AP-1/NF-B signaling 
pathways and inducing HO-1 expression in astrocytes (16). In 
microglia, although the molecular mechanisms underlying its 
action were not determined, celastrol was reported to suppress 
poly(I:C)-induced expression of pro-inflammatory cytokines 
and chemokines (14). Taken together, these studies suggest 
that celastrol may exert anti-microbial and inflammatory 
effects by modulating function of viral and cellular target 
proteins. 

In this work, we investigated the inhibitory effects and the 
mechanisms of action of celastrol on poly(I:C)-induced ex-
pression of pro-inflammatory mediators, such as adhesion 
molecules and chemokines, in CRT-MG human astroglioma 



Role of celastrol on polyI:C-induced inflammation
Soo Yeon An, et al.

26 BMB Reports http://bmbreports.org

Fig. 1. Celastrol inhibits poly(I:C)-induced expression of adhesion 
molecules in CRT-MG cells. (A) The chemical structure of celastrol
is shown. (B) To evaluate the cytotoxic effects of celastrol, 
CRT-MG cells were incubated with various concentrations of 
celastrol in the absence or presence of poly(I:C) (5 g/ml) for 24 
h and cell viability was assessed by the MTT assay. **P ＜ 0.01 
and ***P ＜ 0.001 compared to the control cells. (C) Inhibitory 
effects of celastrol on poly(I:C)-induced mRNA expression of 
ICAM-1/VCAM-1. CRT-MG cells were pretreated with celastrol 
(0.05, 0.1, 0.3 g/ml) for 1 h, and then stimulated with poly(I:C) 
(5 g/ml) for 3 h. The levels of ICAM-1/VCAM-1 mRNA were 
assessed by quantitative RT-PCR. Data are presented as mean ±
SD of three independent experiments. *P ＜ 0.05, **P ＜ 0.01 
and ***P ＜ 0.001, compared with the cells stimulated with 
poly(I:C) alone. (D) Inhibitory effects of celastrol on poly(I:C)- 
induced protein expression of ICAM-1/VCAM-1. CRT-MG cells 
pretreated with celastrol for 1 h were stimulated with poly(I:C) (5 
g/ml) for 12 h. The levels of ICAM-1/VCAM-1 protein were 
determined by Western blot analysis.

Fig. 2. Celastrol inhibits poly(I:C)-induced expression of chemokines
in CRT-MG cells. (A) Cells were pretreated with celastrol for 1 h, 
and then stimulated with poly(I:C) (5 g/ml) for 3 h. Total RNA 
was prepared from cells and then analyzed for mRNA expression 
of CCL2, CXCL8, CXCL10, and -actin by quantitative RT-PCR 
using specific primers. (B) Cells pretreated with celastrol for 1 h 
were stimulated with poly(I:C) (5 g/ml) for 24 h. Culture media 
of cells were collected and analyzed for production of CCL2, 
CXCL8, and CXCL10 by ELISA. Data are presented as mean ±
SD of three independent experiments. *P ＜ 0.05, **P ＜ 0.01 
and ***P ＜ 0.001, compared with the cells stimulated with 
poly(I:C) alone.

cells. Celastrol significantly suppressed poly(I:C)-induced 
expression of ICAM-1/VCAM-1 adhesion molecules, and 
CCL2, CXCL8 and CXCL10 chemokines. Celastrol inhibited 
the signaling pathways leading to JNK-STAT1 activation as 
well. We also observed that celastrol suppressed poly(I:C)- 
induced signaling cascades that lead to NF-B activation. Our 
findings show that celastrol inhibits poly(I:C)-induced expression 
of pro-inflammatory mediators by suppressing activation of 
JNK MAPK-STAT1/NF-B in astrocytes.

RESULTS 

Celastrol inhibits poly(I:C)-induced expression of adhesion 
molecules and chemokines in CRT-MG cells
The experiment with poly(I:C) stimulation has been used as an 
in vitro model for virus infection. Stimulation of astrocytes 
with poly(I:C) has been shown to induce pro-inflammatory 
mediators, such as CCL2, CXCL8, and CXCL10 (4-6). Since 
adhesion molecules and chemokines play important roles in 
recruitment of immune cells from circulation to the site of 
inflammation in the CNS, we investigated the effects of 
celastrol on poly(I:C)-induced expression of ICAM-1/VCAM-1 

adhesion molecules, and CCL2, CXCL8 and CXCL10 
chemokines in CRT-MG human astroglioma cells. We first 
evaluated the effect of celastrol (Fig. 1A) in the presence or 
absence of poly(I:C) on viability of CRT-MG cells using MTT 
assay. As shown in Fig. 1B, celastrol did not show any 
cytotoxicity at concentrations of up to 0.3 g/ml. CRT-MG 
cells were also pretreated with various concentrations of 
celastrol, and stimulated with poly(I:C), and expression levels 
of ICAM-1/VCAM-1 adhesion molecules were measured by 
reverse transcription-polymerase chain reaction (RT-PCR) and 
Western blot analyses. Celastrol markedly inhibited poly(I:C)- 
induced mRNA and protein expression of ICAM-1/VCAM-1 
(Fig. 1C and D). We further analyzed the effect of celastrol on 
the expression of CCL2, CXCL8 and CXCL10 chemokines in 
poly(I:C)-stimulated CRT-MG cells. As shown in Fig. 2A, 
celastrol suppressed poly(I:C)-induced CCL2, CXCL8 and 
CXCL10 mRNA expression in a dose-dependent manner. 
Consistent with the mRNA level changes, celastrol significantly 
decreased poly(I:C)-induced production of CCL2, CXCL8 and 
CXCL10 in the culture media, as determined by enzyme- 
linked immunosorbent assay (ELISA) (Fig. 2B). 

Celastrol inhibits poly(I:C)-induced activation of JNK and 
STAT1 in CRT-MG cells
MAPKs, such as p38, c-Jun NH2-terminal kinase (JNK) and 
extracellular signal-regulated kinase (ERK), have been impli-



Role of celastrol on polyI:C-induced inflammation
Soo Yeon An, et al.

27http://bmbreports.org BMB Reports

Fig. 3. Celastrol inhibits poly(I:C)-induced activation of JNK and 
STAT1 in CRT-MG cells. (A) Cells were pretreated with celastrol 
for 1 h, and then stimulated with poly(I:C) (5 g/ml) for 45 min. 
Whole cell extracts were prepared and analyzed for MAPK 
activation by Western blotting using specific antibodies. (B) 
Relative protein levels of each MAPK were quantified by scanning 
densitometry and normalized to control protein levels. Band 
densities are expressed as percentage of poly(I:C) alone. Data are 
presented as mean ± SD of three independent experiments. **P 
＜ 0.01, !!P ＜ 0.01, ***P ＜ 0.001, and !!!P ＜ 0.001, compared 
with the control cells. #P ＜ 0.05, ##P ＜ 0.01, and ###P ＜
0.001, compared with the cells stimulated with poly(I:C) alone. 
(C) Cells were pretreated with celastrol for 1 h, and then 
stimulated with poly(I:C) for 3 h. Whole cell extracts were 
prepared and analyzed for STAT1 activation by Western blotting 
using specific antibodies. (D) Cells were pretreated with JNK 
inhibitor (SP600125) (10, 20, 30 M) for 1 h, and then 
stimulated with poly(I:C) for 3 h. Cell lysates were prepared and 
the levels of total and phosphorylated STAT1 were determined by 
Western blot analysis.

Fig. 4. Celastrol inhibits poly(I:C)-induced NF-B activation in 
CRT-MG cells. (A) Cells were pretreated with celastrol for 1 h, 
and then stimulated with poly(I:C) (5 g/ml) for 45 min. Whole 
cell extracts were prepared and analyzed for IKK/ activation by 
Western blotting using phospho-specific antibodies. (B) The levels 
of total IB and phosphorylated p65 in whole cell extracts were 
determined by Western blotting using phospho-specific antibodies. 
(C) Cells were pretreated with celastrol for 1 h and stimulated 
with poly(I:C) (5 g/ml) for 1 h. Nuclear extracts were prepared 
and analyzed for p65 DNA- binding activity by EMSA. (D) Cells 
were transiently transfected with a NF-B promoter-luciferase 
plasmid and a -galactosidase plasmid (pCMV-lacZ). At 24 h after 
transfection, cells were treated with celastrol for 1 h, and 
followed by stimulation with poly(I:C) (5 g/ml) for 3 h, and then 
luciferase activity was determined. Luciferase activities were 
normalized to the -galactosidase activity and expressed as fold 
increase over the control. RLA, relative luciferase activity. Data 
are presented as mean ± SD of three independent experiments. 
**P ＜ 0.01 and ***P ＜ 0.001, compared with the cells 
stimulated with poly(I:C) alone.

cated in the expression of various pro-inflammatory mediators 
upon virus infection (6, 7). As such, we assessed the effect of 
celastrol on poly(I:C)-induced MAPK activation by Western 
blot analysis using phosphor-specific antibodies. Poly(I:C) 
stimulation increased phosphorylation of all three MAPKs (Fig. 
3A and B), and we found that celastrol inhibited poly(I:C)- 
induced phosphorylation of JNK in a dose-dependent manner 
(Fig. 3A and B). At the same time, celastrol was not able to 
reduce poly(I:C)-induced phosphorylation of ERK and p38, but 
it rather led to increased phosphorylation of ERK and p38 
MAPKs in the treated cells. Previous studies reported JNK 
mediating poly(I:C)-induced activation of STAT1 (17, 18), with 
poly(I:C) stimulation, STAT1 transcription factor plays a 
significant role in the expression of various pro-inflammatory 
mediators in astrocytes (7, 8, 19). Therefore, we next inves-
tigated the effect of celastrol on poly(I:C)-induced STAT1 
activation. We observed that celastrol inhibited poly(I:C)- 
induced phosphorylation of STAT1 in a dose-dependent 
manner (Fig. 3C). To explore the functional correlation between 
JNK activation and STAT1 activation, we used a pharmacological 
inhibitor of JNK. As shown in Fig. 3D, SP600125, a JNK 

inhibitor, suppressed poly(I:C)-induced STAT1 activation in a 
dose-dependent manner, indicating the involvement of JNK 
MAPK in poly(I:C)-induced STAT1 activation. These results 
suggest that celastrol inhibits poly(I:C)-induced expression of 
adhesion molecules and chemokines via blocking JNK and 
STAT1 activation.

Celastrol inhibits poly(I:C)-induced signaling cascades 
leading to NF-B activation in CRT-MG cells
NF-B is another important transcription factor involved in the 
expression of various pro-inflammatory mediators, including 
chemokines (20). Poly(I:C) stimulation induces IKK activation, 
IB degradation, and p65 phosphorylation, leading to the 
transcriptional activation of NF-B responsive genes (6). We 
next analyzed the effect of celastrol on the signaling cascades 
leading to NF-B activation. As shown in Fig. 4A and B, 
celastrol significantly suppressed poly(I:C)-induced IKK/ 
phosphorylation, IB degradation and p65 phosphorylation 
in a dose-dependent manner. Celastrol also inhibited poly(I:C)- 
induced p65 DNA-binding activity, as determined by EMSA 
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(Fig. 4C). In addition, celastrol significantly decreased NF-B 
promoter activity in poly(I:C)-stimulated CRT-MG cells (Fig. 
4D). These findings suggest that celastrol exerts its inhibitory 
effects on poly(I:C)-induced expression of pro-inflammatory 
mediators, such as ICAM-1/VCAM-1 adhesion molecules, and 
chemokines, such as CCL2, CXCL8 and CXCL10, via inhibition 
of NF-B signaling pathway.

DISCUSSION

Although inflammatory responses are a first line of host 
defense against viral infection, chronic and dysregulated 
inflammation in the CNS results in viral encephalitis and 
various neurodegenerative disorders (1, 2, 20). Viral dsRNA is 
released during viral replication cycle, and it is recognized by 
TLR3 on astrocytes, leading to activation of intracellular 
signaling pathways, such as MAPK, STAT1, and NF-B, and 
resulting in generation of immune responses in astrocytes (6, 7). 
Human astrocytes preferentially express TLR3, which mediates 
inflammatory responses upon dsRNA stimulation (4, 9, 10). 
The recruitment of immune cells to an inflammatory site in the 
CNS is an important step during the inflammatory response. 
Expression of adhesion molecules and cytokines/chemokines 
contributes to infiltration and retention of immune cells in the 
CNS. In this study, we demonstrated that celastrol inhibited 
poly(I:C)-induced expression of adhesion molecules, such as 
ICAM-1/VCAM-1 and chemokines, such as CCL2, CXCL8 and 
CXCL10, by suppressing activation of JNK MAPK-STAT1/ 
NF-B in astrocytes.

Upon dsRNA stimulation such as with poly(I:C), astrocytes 
express various pro-inflammatory mediators, such as ICAM-1/ 
VCAM-1 adhesion molecules, and CCL2, CXCL8, and CXCL10 
chemokines, and these, in turn, contribute to infiltration of 
immune cells to the CNS (4, 8-10). Increased expression of 
CCL2, CXCL8 and CXCL10 has been reported to be associated 
with the development of neurodegenerative diseases, such as 
multiple sclerosis (MS), Parkinson’s disease (PD), HIV-associated 
dementia, and Alzheimer’s disease (AD) (21). Previous study 
reported that celastrol abrogated poly(I:C)-induced expression 
of pro-inflammatory cytokines and chemokines in microglia 
(14). Consistent with these results, we observed that celastrol 
significantly suppressed expression of ICAM-1/VCAM-1 adhesion 
molecules, and CCL2, CXCL8 and CXCL10 chemokines in 
poly(I:C)-stimulated CRT-MG cells. We previously reported 
that celastrol significantly decreased production of CCL2 but 
not CXCL8 and CXCL10 in cytokine-stimulated RINm5F 
pancreatic -cells (12). This discrepancy may be due to the 
different effects of celastrol on specific pathways leading to 
chemokine expression in different cell types.

Since the MAPK signaling pathways play important roles in 
the expression of adhesion molecules and chemokines, 
blocking the MAPK activity is considered be one of the 
strategies to modulate inflammatory diseases. Previous studies 
reported that MAPKs, including ERK, JNK and p38, were 

involved in poly(I:C)-induced expression of pro-inflammatory 
mediators in astrocytes (7, 8). In agreement with those reports, 
we observed that stimulation of CRT-MG cells with poly(I:C) 
induced activation of all three MAPKs. Among these MAPKs, 
celastrol inhibited poly(I:C)-induced activation of JNK, but not 
ERK and p38 MAPKs. Instead, celastrol increased phosphory-
lation of ERK and p38 MAPKs. 

Previous studies have demonstrated that JNK is involved in 
poly(I:C)-induced STAT1 activation (17, 18), and we found that 
celastrol suppressed poly(I:C)-induced activation of STAT1. 
This is of significance as STAT1 plays important roles in the 
expression of various pro-inflammatory mediators including 
cytokines (7). It was unclear whether JNK activation mediates 
poly(I:C)-induced STAT1 activation in astrocytes. Here, using a 
pharmacological inhibitor of JNK, it was demonstrated that 
JNK was also involved in poly(I:C)-induced STAT1 activation. 
These results suggest that celastrol exerts its inhibitory effects 
on poly(I:C)-induced expression of adhesion molecules and 
chemokines by suppressing JNK-STAT1 signaling pathways. 

Stimulation with dsRNA activates the NF-B signaling pathway 
involved in the expression of various pro-inflammatory 
mediators (6). Sustained activation of NF-B contributes to the 
chronic inflammation, contributing to the development of 
neurodegenerative states. One study showed that celastrol 
inhibits IKK activity by directly targeting cysteine 179 in IKK 
(22). Consistent with this result, we observed that celastrol 
inhibited poly(I:C)-induced phosphorylation of IKK/. Celastrol 
also suppressed poly(I:C)-induced IB degradation and p65 
phosphorylation, which are downstream signaling mediators 
of IKK. In addition, celastrol inhibited poly(I:C)-induced DNA- 
binding activity of p65 NF-B. Furthermore, celastrol suppressed 
NF-B promoter activity in poly(I:C)-stimulated cells. 

In conclusion, we provide evidence that celastrol exerts 
protective effect against poly(I:C)-induced expression of pro- 
inflammatory mediators by inhibiting the signaling cascades 
leading to activation of JNK MAPK-STAT1/NF-B in astrocytes. 
Elucidation of the action mechanisms by which celastrol 
inhibits poly(I:C)-induced inflammatory responses provides a 
molecular basis by which celastrol can be developed as a 
therapeutic agent against virally associated neuro-inflammation.

MATERIALS AND METHODS

Cell culture and reagents
CRT-MG human astroglial cells were maintained as described 
previously (16). Poly(I:C) was purchased from Sigma (St. Louis, 
MO, USA). MTT was obtained from Duchefa (Haarlem, the 
Netherlands). Primary antibodies against ICAM-1, VCAM-1, 
phosphor-p65, IKK, IKK and actin (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA), and phosphor-p38, phosphor-ERK, or 
phosphor-JNK, total-p38 MAPK, total-ERK, total-JNK and 
phosphor-IKK/ (Cell Signaling Technology, Beverly, MA, 
USA) were obtained commercially. Celastrol was purchased 
from Sigma, dissolved in dimethyl sulfoxide at 10 mg/ml, and 
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stored at −20oC.

MTT assay
Cytotoxic effects of celastrol were assessed using a MTT 
colorimetric assay as described previously (12). 

Western blot analysis
Cells were collected and incubated with lysis buffer (125 mM 
Tris-HCl pH 6.8, 2% SDS, 10% v/v glycerol) at 4oC for 30 min. 
Cell lysates were clarified by centrifugation. The amount of 
proteins in cell lysates was determined by the Bradford protein 
assay (Bio-Rad, Hercules, CA, USA). The protein samples 
(30-50 g) were resolved on a 10% sodium dodecyl sulfate- 
polyacrylamide gel and were transferred onto a nitrocellulose 
membrane. The blots were blocked with 10% dry milk in 
TBST (137 mM NaCl, 20 mM Tris-HCl, pH 7.6, 0.1% Tween 
20) and incubated with the indicated antibodies (1:1,000). The 
blots were then incubated with secondary antibodies (1:10,000) 
conjugated to horseradish peroxidase. The antibody-reactive 
protein bands were then detected by an enhanced chemilu-
minescence detection kit (Millipore, Billerica, MA, USA) (23). 

RT-PCR analysis
Total RNA was extracted from cells using the Trizol reagent kit 
(Invitrogen, Gaithersburg, MD, USA). The RNA (2 g) was 
reverse-transcribed with 10,000 U of reverse transcriptase and 
0.5 g/l oligo-(dT)15 primer (Promega, Madison, WI, USA). 
The cDNA was amplified for quantitative PCR using the 
THUNDERBIRD SYBR qPCR mix (Toyobo, Osaka, Japan) with 
the primer sets described previously (24). The PCR products 
were resolved on a 1% agarose gel and visualized with UV 
light after ethidium bromide staining.

Enzyme-linked immunosorbent assay (ELISA)
CRT-MG cells were pretreated with celastrol for 1 h and then 
stimulated with poly(I:C) for 24 h. The culture supernatants 
were then harvested and analyzed for production of CCL2, 
CXCL8, and CXCL10 chemokines by ELISA kits (R&D Systems, 
Minneapolis, MN, USA), according to the manufacturer’s 
instructions.

Electrophoretic mobility shift assay (EMSA)
Cells were pretreated with celastrol for 1 h and then stimulated 
with poly(I:C) (5 g/ml) for 1 h. Nuclear extracts were prepared 
from the cells and analyzed for NF-B binding activity using 
an EMSA as described previously (25, 26).

Transfection
To perform the reporter assay, cells were co-transfected with 
NF-B-luc reporter plasmid (Stratagene, La Jolla, CA, USA) and 
a control (pCMV--galactosidase) plasmid using the Lipofectamine 
3000 reagent (Invitrogen, Carlsbad, CA, USA), according to 
the manufacturer’s protocol (24). After a 48 h transfection, the 
cells were treated with celastrol for 1 h and then stimulated 

with poly(I:C) for 24 h. Cell lysates were prepared and 
analyzed for luciferase and -galactosidase activities. The 
luciferase activity of each sample was normalized to 
-galactosidase activity to calculate the relative luciferase 
activity, and the results were expressed as fold transactivation.

Statistical analysis
Results are expressed as mean ± standard error (SD) values 
from at least three independent experiments. The values were 
evaluated via one-way analysis of variance, followed by 
Duncan’s multiple range test using GraphPad Prism 4.0 
software (GraphPad Software Inc., San Diego, CA, USA). 
Differences were considered significant at P ＜ 0.05.

ACKNOWLEDGEMENTS 

This study was supported by the Priority Research Centers 
Program Grant (2009-0093812) and by a grant (2015R1D1 
A1A01060275) through the National Research Foundation of 
Korea funded by the Ministry of Education, Science, and 
Technology. This study was also supported by a Grant 
(HRF-G-2015-2) from Hallym University Specialization Fund.

CONFLICTS OF INTEREST

The authors have no conflicting financial interests.

REFERENCES

1. Arroyo DS, Soria JA, Gaviglio EA et al (2011) Toll-like 
receptors are key players in neurodegeneration. Int 
Immunopharmacol 11, 1415-1421

2. Zhang SY, Herman M, Ciancanelli MJ et al (2013) TLR3 
immunity to infection in mice and humans. Curr Opin 
Immunol 25, 19-33

3. Salmina AB, Komleva YK, Lopatina OL et al (2015) 
Astroglial control of neuroinflammation: TLR3-mediated 
dsRNA-sensing pathways are in the focus. Rev Neurosci 
26, 143-159

4. Farina C, Krumbholz M, Giese T et al (2005) Preferential 
expression and function of Toll-like receptor 3 in human 
astrocytes. J Neuroimmunol 159, 12-19

5. Bsibsi M, Persoon-Deen C, Verwer RW et al (2006) 
Toll-like receptor 3 on adult human astrocytes triggers 
production of neuroprotective mediators. Glia 53, 688-695

6. Park C, Lee S, Cho IH et al (2006) TLR3-mediated signal 
induces proinflammatory cytokine and chemokine gene 
expression in astrocytes: differential signaling mechanisms 
of TLR3-induced IP-10 and IL-8 gene expression. Glia 53, 
248-256

7. Kim H, Yang E, Lee J et al (2008) Double-stranded RNA 
mediates interferon regulatory factor 3 activation and 
interleukin-6 production by engaging Toll-like receptor 3 
in human brain astrocytes. Immunology 124, 480-488

8. Gorina R, Santalucia T, Petegnief V et al (2009) Astrocytes 
are very sensitive to develop innate immune responses to 



Role of celastrol on polyI:C-induced inflammation
Soo Yeon An, et al.

30 BMB Reports http://bmbreports.org

lipid-carried short interfering RNA. Glia 57, 93-107
9. Scumpia PO, Kelly KM, Reeves WH and Stevens BR 

(2005) Double-stranded RNA signals antiviral and inflam-
matory programs and dysfunctional glutamate transport in 
TLR3-expressing astrocytes. Glia 52, 153-162

10. So EY, Kang MH and Kim BS (2006) Induction of 
chemokine and cytokine genes in astrocytes following 
infection with Theiler's murine encephalomyelitis virus is 
mediated by the Toll-like receptor 3. Glia 53, 858-867

11. Allison AC, Cacabelos R, Lombardi VR et al (2001) 
Celastrol, a potent antioxidant and anti-inflammatory drug, 
as a possible treatment for Alzheimer's disease. Prog 
Neuropsychopharmacol Biol Psychiatry 25, 1341-1357

12. Ju SM, Youn GS, Cho YS et al (2015) Celastrol ameliorates 
cytokine toxicity and pro-inflammatory immune responses 
by suppressing NF-B activation in RINm5F beta cells. 
BMB Rep 48, 172-177

13. Jung HW, Chung YS, Kim YS and Park YK (2007) Celastrol 
inhibits production of nitric oxide and proinflammatory 
cytokines through MAPK signal transduction and NF- 
kappaB in LPS-stimulated BV-2 microglial cells. Exp Mol 
Med 39, 715-721

14. Nakamichi K, Kitani H, Takayama-Ito M et al (2010) 
Celastrol suppresses morphological and transcriptional 
responses in microglial cells upon stimulation with 
double-stranded RNA. Int J Neurosci 120, 252-257

15. Narayan V, Ravindra KC, Chiaro C et al (2011) Celastrol 
inhibits Tat-mediated human immunodeficiency virus 
(HIV) transcription and replication. J Mol Biol 410, 
972-983

16. Youn GS, Kwon DJ, Ju SM et al (2014) Celastrol ameliorates 
HIV-1 Tat-induced inflammatory responses via NF-kappaB 
and AP-1 inhibition and heme oxygenase-1 induction in 
astrocytes. Toxicol Appl Pharmacol 280, 42-52

17. Imaizumi T, Sakashita N, Mushiga Y et al (2015) Desferri-
oxamine, an iron chelator, inhibits CXCL10 expression 
induced by polyinosinic-polycytidylic acid in U373MG 

human astrocytoma cells. Neurosci Res 94, 10-16
18. Lee CS, Won C, Yoo H et al (2009) Inhibition of double- 

stranded RNA-induced inducible nitric oxide synthase 
expression by fraxinellone and sauchinone in murine 
microglia. Biol Pharm Bull 32, 1870-1874

19. Seo JW, Yang EJ, Kim SH and Choi IH (2015) An 
inhibitory alternative splice isoform of Toll-like receptor 3 
is induced by type I interferons in human astrocyte cell 
lines. BMB Rep 48, 696-701

20. Melchjorsen J, Sørensen LN and Paludan SR (2003) 
Expression and function of chemokines during viral 
infections: from molecular mechanisms to in vivo 
function. J Leukoc Biol 74, 331-343

21. Ramesh G, MacLean AG and Philipp MT (2013) Cytokines 
and chemokines at the crossroads of neuroinflammation, 
neurodegeneration, and neuropathic pain. Mediators 
Inflamm 2013, 480739

22. Lee JH, Koo TH, Yoon H et al (2006) Inhibition of 
NF-kappa B activation through targeting I kappa B kinase 
by celastrol, a quinone methide triterpenoid. Biochem. 
Pharmacol 72, 1311-1321

23. Kim H, Youn GS, An SY et al (2016) 2,3-Dimethoxy- 
2'-hydroxychalcone ameliorates TNF--induced ICAM-1 
expression and subsequent monocyte adhesiveness via 
NF-kappaB inhibition and HO-1 induction in HaCaT cells. 
BMB Rep 49, 57-62

24. Youn GS, Ju SM, Choi SY and Park J (2015) HDAC6 
mediates HIV-1 tat-induced proinflammatory responses by 
regulating MAPK-NF-kappaB/AP-1 pathways in astrocytes. 
Glia 63, 1953-1965

25. Kwon DJ, Bae YS, Ju SM et al (2014) Salicortin suppresses 
lipopolysaccharide-stimulated inflammatory responses via 
blockade of NF-B and JNK activation in RAW 264.7 
macrophages. BMB Rep 47, 318-323

26. Seo WY, Youn GS, Choi SY and Park J (2015) Butein, a 
tetrahydroxychalcone, suppresses pro-inflammatory re-
sponses in HaCaT keratinocytes. BMB Rep 48, 495-500


