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[ABSTRACT] Macrophages play an important role in inflammation, and excessive and chronic activation of macrophages leads to 
systemic inflammatory diseases, such as atherosclerosis and rheumatoid arthritis. In this paper, we explored the anti-inflammatory 
effect of broussonin E, a novel phenolic compound isolated from the barks of Broussonetia kanzinoki, and its underlying molecular 
mechanisms. We discovered that Broussonin E could suppress the LPS-induced pro-inflammatory production in RAW264.7 cells, 
involving TNF-α, IL-1β, IL-6, COX-2 and iNOS. And broussonin E enhanced the expressions of anti-inflammatory mediators such as 
IL-10, CD206 and arginase-1 (Arg-1) in LPS-stimulated RAW264.7 cells. Further, we demonstrated that broussonin E inhibited the 
LPS-stimulated phosphorylation of ERK and p38 MAPK. Moreover, we found that broussonin E could activate janus kinase (JAK) 2, 
signal transducer and activator of transcription (STAT) 3. Downregulated pro-inflammatory cytokines and upregulated anti-inflam-
matory factors by broussonin E were abolished by using the inhibitor of JAK2-STAT3 pathway, WP1066. Taken together, our results 
showed that broussonin E could suppress inflammation by modulating macrophages activation state via inhibiting the ERK and p38 
MAPK and enhancing JAK2-STAT3 signaling pathway, and can be further developed as a promising drug for the treatment of inflam-
mation-related diseases such as atherosclerosis. 
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Introduction 

Inflammation is a kind of defensive reaction in response 
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to pathogens and the damaged cells. Therefore, inflammation 
is an important part of the innate immune system in physical 
condition [1]. However, disordered and excessive inflamma-
tory reactions will attack the body's healthy tissues and have 
been recognized as harmful factors in various diseases such as 
atherosclerosis and arthritis [2]. Lipopolysaccharide (LPS) is a 
major component of the cell walls of Gram-negative bacteria, 
which plays a crucial role in the pathophysiology of inflam-
matory responses [3]. LPS invasion activates immune cells to 
produce large amounts of cytokines such as tumor necrosis 
factor-α (TNF-α), interleukin-6 (IL-6), interleukin-8 (IL-8), 
inducible nitric oxide synthase (iNOS) and cyclooxygenase 
(COX)-2 [4-5]. Therefore, interfering the inflammatory re-
sponse caused by LPS have been well recognized in the de-
velopment of anti-inflammatory drugs. 
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Macrophages are key cellular components of innate 

immunity and play as the first line in defense against patho-

gens and cellular debris [6]. In the face of exogenous stimuli, 

such as LPS, macrophages exhibit remarkable phenotypic 

plasticity and heterogeneity [7]. In response to different envi-

ronments signals, macrophages can polarize into two pheno-

types, including classically activated (M1) macrophages and 

alternatively activated (M2) macrophages, which play con-

trasting roles during pathogenesis or tissue damage [8-9]. Po-

larization of macrophage to classically phenotype (M1) is 

usually stimulated by T helper 1 (Th1) cytokines, such as 

TNF-α and IFNγ [10]. M1 macrophages produce high levels of 

pro-inflammatory cytokines including TNF-α, IL-6, IL-1β, 

IL-12 and IL-23 [11-12]. Macrophage polarization into M2 

phenotype is activated by Th2 cytokines like IL-13 and IL-14 

and macrophage colony-stimulating factor (M-CSF). M2 

macrophages produce anti-inflammatory factors including 

IL-10, arginase-1 (Arg-1) and CD206, contributing to the 

tissue healing and repairing [13]. Studies have shown that M1 

macrophages and M2 macrophages are interchangeable. This 

transformation allows macrophages to play a dual role in the 

progression of diseases [14]. 

Mitogen-activating protein kinases (MAPKs) are a fam-

ily of serine/threonine protein kinases that can be activated by 

different extracellular stimuli such as cytokines, neurotrans-

mitters, hormones, cellular stress and cell adhesion [15-16]. In 

LPS-stimulated macrophages, three major members of MAPK 

family, the extracellular signal-regulated kinases (ERK1/2), 

p38 and c-Jun N-terminal kinase (JNK) are induced phos-

phorylation to activate the transcription factors such as nuclear 

factor κB (NF-κB) and activator protein-1 (AP-1) and play an 

important role in inflammatory responses [17-18]. Therefore, the 

MAPK signaling pathway has become an inspiring target for 

the development of anti-inflammatory drugs. 

Janus kinase 2 (JAK2)/signal transducer and suppressor 

of cytokine signaling 3 (STAT3) cascade is an essential in-

flammatory signaling pathway in mediating immune re-

sponses [19-20]. STAT3 signaling pathway has been reported to 

govern macrophage polarization to M2 phenotype [21]. 

Macrophages from STAT3 knockout mice release higher level 

of pro-inflammatory cytokines such as TNF-α [22]. Researches 

demonstrated that, JAK2/STAT3 signaling pathway is highly 

phosphorylated and activated in M2 macrophages [23]. The 

activation of STAT3 pathway contributes to the production of 

anti-inflammatory factors in macrophages [24]. 

In the present study, we discovered that broussonin E, a 

novel phenolic compound isolated from the barks of Brous-

sonetia kanzinoki, exhibited anti-inflammatory effects in 

LPS-stimulated macrophages. Furthermore, we implied that 

the anti-inflammatory activity of broussonin E was dependent 

on inhibiting MAPKs (ERK, p38, but not JNK) pathway and 

stimulating JAK2/STAT3 pathways. 

Materials and Methods 

Materials 
Broussonin E was purchased from BioBioPha (Kunming, 

China) and the purity of Broussonin E was about 96%. Dul-
becco’s modifed Eagles medium (DMEM), fetal bovine serum 
(FBS), and trypsin were purchased from Invitrogen (Carlsbad, 
CA, USA). 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromide (MTT) and dimethyl sulfoxide (DMSO) were 
purchased from Sigma-Aldrich (St Louis, MO, USA). The 
ELISA kit was purchased from Dakewe (Shen Zheng, China). 
Trizol reagent, cDNA synthesis kit and SYBR Green were 
purchased from Vazyme (Nanjing, China). Rabbit anti-p- 
ERK1/2, p-JNK and p-p38 MAPK and rabbit anti-ERK1/2, 
JNK and p38 MAPK and JAK2, STAT3 were obtained from 
Cell Signal Technology (Beverley, MA, USA). Rabbit anti-p- 
JAK2 (Tyr1008), p-STAT3 (Tyr705) and mouse anti-β-actin 
antibody were purchased from Abclonal (Wuhan, China). 
WP1066 was purchased form Beyotime Biotechnology 
(Shanghai, China). 
Cell culture 

RAW264.7 cells were cultured in DMEM, supplemented 
with 10% fetal bovine serum, 100 U·mL–1 penicillin and 
100 μg·mL–1 streptomycin at 37 °C under a humidified at-
mosphere of 5% CO2 and 95% air. When reached 80% con-
fluence, RAW264.7 cells were seeded onto 96-well plate at a 
density of 5 × 104/mL cells or 24-well at a density of 
1 × 105/mL cells for further experiments. 
MTT assay 

Cell viability was tested by MTT assay. RAW 264.7 cells 
seeded in 96-well plate were pretreated with various concen-
trations of broussonin E for 24 h. Then the culture medium in 
each well were replaced with DMEM containing MTT 
(0.5 mg·mL–1) and the cells were cultured for further 4 h. 
After that, 100 μL of DMSO was added to each well, and the 
mixture was gently shook to fully dissolve the crystals and 
absorbance was measured at 570 nm in a Thermo 
plate-reader. 
Measurement of TNF-α by ELISA 

TNF-α protein released from macrophages was measured 
as previously described [25]. Briefly, the RAW264.7 cells were 
pretreated with different concentrations of broussonin E for 
3 h and then incubated with LPS (100 ng·mL–1) for another 
3 h. The culture supernatant was collected for ELISA experi-
ments. The content of TNF-α protein in culture medium was 
detected by using ELISA assay according to the manufac-
turer's instructions. 
RNA isolation and quantitative PCR 

The total RNA was extracted from RAW264.7 cells by 
using Trizol reagents. Isolated RNA was reverse-transcripted 
into cDNA using cDNA synthesis kit according to the manu-
facturer’s instructions. Quantitative PCR (qPCR) was per-
formed as reported previously [26]. GAPDH was utilized as a 
control gene. Primers sequences for qPCR were listed in 
Table 1.  
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Table 1  Primers for RT-PCR 

Gene Sense (5′-3′) Anti-sense (5′-3′) 

GAPDH AACTTTGGCATTGTG GAAGG GGATGCAGGGATGATGTTCT 

TNF-α GCTGAGCTCAAACCCTGGTA CGGACTCCGCAAAGTCTAAG 

IL-1β TGTGAAATGCCATTTGA GGTCAAAGGTTTGGAAGCAG 

IL-6 CCAGTTGCCTTCTTGGGACTG CAGGTCTGTTGGGAGTGGTATCC 

iNOS CCCAGAGTTCCAGCTTCTGG CCAAGCCCCTCACCATTATCT 

COX-2 TGGGGTGATGAGCAACTATT AAGGAGCTCTGGGTCAAACT 

IL-10 TACCTGGTAGAAGTGATGCC CATCATGTATGCTTCTATGC 

CD206 CTTCGGGCCTTTGGAATAAT TAGAAGAGCCCTTGGGTTGA 

Arginase-1 CTGGTCGGTTTGATGCTA TGCTTAG CTCTGTCTGCTTTGC 

 
Western blot analysis 

RAW264.7 cells were collected and homogenized with 
RIPA buffer (Beyotime Biotechnology) containing protease 
inhibitors and phosphatase inhibitors (Roche, Basel, Switzer-
land). The extracted protein was quantified by bicinchoninic 
acid (BCA) protein assay kit (Thermo, Waltham, MA, USA). 
Western blot was performed as previously described [27]. 
Briefly, the proteins were separated by sodium dodecyl sul-
fate−polyacrylamide gel electrophoresis (SDS-PAGE) and 
then transferred onto polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). The membranes 
were blocked with 3% bovine serum albumin (BSA, Sunshine 
Biotechnology, Nanjing, China) for 2 h at room temperature. 
Then the membranes were incubated with primary antibodies 
against p-ERK1/2 (1 : 1000), p-JNK (1 : 1000), p-p38 MAPK 
(1: 1000), p-JAK2 (Tyr1008) (1 : 1000), p-STAT3 (Tyr705) 
(1 : 1000) and β-actin (1 : 2000) overnight at 4 °C. After 
washing adequately with TBST for five times, the membranes 
were incubated with the secondary antibodies at room tem-
perature for 1 h. Then the membranes were washed for five 
times and the bands were visualized with a Bio-Rad Chemi-
Doc XRS. The density of the western blot bands were 
quantified using Quantity one software (Bio-rad, CA, USA). 
Statistical analysis 

Statistical analysis were performed using GraphPad Prism 
Software 5 (La Jolla, CA, USA). All data were expressed as 
mean ± standard deviation (SD) from at least three independent 
experiments. The differences were considered significant if 
the P < 0.05. 

Results 

Broussonin E dose-dependently inhibited LPS-induced TNF-α 
release 

The chemical structure of broussonin E is shown in Fig. 
1A. To determine the safe concentrations of broussonin E in 
RAW264.7 cells, various concentrations of broussonin E (2.5, 
5, 10 and 20 μmol·L–1) were added to RAW 264.7 cells. MTT 
assay results indicated that Broussonin E (2.5, 5, 10 and 
20 μmol·L–1) did not induce toxicity in RAW 264.7 cells (Fig. 
1B). In order to measure the anti-inflammatory effect of 
broussonin E, RAW 264.7 cells were incubated with verifying 
concentrations of broussonin E for 3 h, followed by exposure 

to LPS for 3 h. ELISA assay result showed that broussonin E 
dose-dependently inhibited LPS-induced TNF-α release in 
RAW264.7 cells (Fig. 1C). As the 20 μmol·L–1 concentration 
of broussonin E exhibited the maximum anti-inflammatory 
effect (Fig. 1C), we selected 20 μmol·L–1 broussonin E to be 
used in the further study on RAW264.7 cells. In addition, 
broussonin E significantly prevented LPS-induced TNF-α 
release in RAW264.7 cells when treated at 3 h or 1 h before 
LPS incubation, but had no effect on TNF-α release when 
added simultaneously with LPS or 1 h after LPS treatment 
(Fig. 1D).  
Broussonin E inhibited the LPS-stimulated mRNA expression 
of proinflammatory factors 

In order to further investigate the anti-inflammatory ac-
tivity of broussonin E, the effects of broussonin E on TNF-α, 
iNOS, IL-6, IL-1β and COX-2 mRNA expression were meas-
ured by qPCR. As demonstrated in Figs. 2A–E, LPS signifi-
cantly increased the expression of TNF-α, IL-1β, IL-6, iNOS 
and COX-2 mRNA in RAW 264.7 cells compared with con-
trol group. However, treatment with broussonin E signifi-
cantly inhibited LPS-induced upregulation of TNF-α, iNOS, 
IL-6, IL-1β and COX-2 mRNA. These results suggested that 
broussonin E effectively inhibited proinflammatory cytokine 
production in LPS-induced RAW264.7 cells. 
Broussonin E increased the mRNA expression of anti-inflam-
matory mediators 

We further performed qPCR assay to determine the effect 
of broussonin E on anti-inflammatory factors, including IL-10, 
CD206 and Arg-1 in LPS-induced RAW264.7. As illustrated 
in Figs. 3A–C, Broussonin E (20 μmol·L–1) treatment signifi-
cantly upregulated the mRNA levels of IL-10, CD206 and 
Arg-1 compared with the LPS group. These results indicated 
that broussonin E promotes anti-inflammatory mediator ex-
pression in LPS-stimulated RAW264.7 cells. 
Broussonin E decreased LPS-induced phosphorylation of 
ERK and p38 MAPK in LPS-stimulated RAW264.7 cells 

To explore the target pathway underlying the effect of 
broussonin E on LPS-induced proinflammatory factors pro-
duction, we further detected the changes in MAPK signaling 
pathway. RAW264.7 cells were pretreated with broussonin E 
for 3 h, and the further incubated with LPS for 15, 30, 60, 120 
or 180 min. As shown in Fig. 4, LPS stimulation markedly 



HUANG Shao-Peng, et al. / Chin J Nat Med, 2019, 17(5): 372380 

– 375 – 

upregulated the phosphorylation of ERK, p38 and JNK 
MAPK in RAW 264.7 cells. Noticeably, LPS-induced phos-
phorylation of ERK and p38 MAPK was time-dependently 
attenuated by pretreated with broussonin E. However, brous-

sonin E treatment had no effect on LPS-stimulated phos-
phorylation of JNK MAPK. The results suggested that the 
MAPKs (ERK, p38, but not JNK) pathways were involved in 
the broussonin E-mediated inflammation inhibition. 

 

Fig. 1  Broussonin E dose-dependently inhibited LPS-induced TNF-α release. (A) Structure of broussonin E. (B) RAW264.7 cells 
were incubated with various concentrations of compound broussonin E for 24 h and MTT assay was utilized to measure the vi-
ability of RAW264.7 cells. (C) Broussonin E dose-dependently inhibited LPS-induced TNF-α release as determined by ELISA 
assay. RAW264.7 cells were incubated with different concentrations of compound broussonin E for 3 h, followed by incubated 
with 100 ng·mL–1 LPS for another 3 h. (D) RAW264.7 cells were administrated with broussonin E at 3 h or 1 h before LPS addition, 
the same time with LPS addition or 1 h after LPS addition, followed by stimulation with 100 ng·mL–1 LPS for another 3 h, and the 
protein level of TNF-α release in culture media was measured by ELISA assay. The experiments were performed in triplicate and 
repeated at least three times. Results are expressed as means ± SD (n = 3). ##P < 0.01 vs the control group (CN); *P < 0.05, **P < 
0.01, ***P < 0.001 vs the LPS group 

 

 

Fig. 2  Broussonin E inhibited the LPS-stimulated mRNA expression of proinflammatory factors. RAW264.7 cells were pre-
treated with compound broussonin E (20 μmol·L–1) for 3 h, followed by exposure to 100 ng·mL–1 LPS for 3 h. Quantitative PCR 
results showed that broussonin E significantly inhibited LPS-induced mRNA level of TNF-α (A), IL-1β (B), IL-6 (C), iNOS (D) 
and COX-2 (E). The experiments were performed in triplicate and repeated at least three times. Results are expressed as means ± 
SD (n = 3). ##P < 0.01, ###P < 0.001 vs the untreated group; *P < 0.05, ***P < 0.001 vs the LPS group 

 

 

Fig. 3  Broussonin E promoted the mRNA expression of anti-inflammatory mediators. RAW264.7 cells were pretreated with 
broussonin E (20 μmol·L–1) for 3 h, followed by incubated with 100 ng·mL–1 LPS for 9 h. Quantitative PCR results indicated that 
broussonin E significantly upregulated the mRNA level of anti-inflammatory mediators, including IL-10 (A), CD206 (B) and Ar-
ginase-1 (C). The experiments were performed in triplicate and repeated at least three times. Results are expressed as means ± SD 
(n = 3). ##P < 0.01 vs the untreated group; *P < 0.05 vs the LPS group 
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Fig. 4  Broussonin E inhibits p-ERK and p-p38 MAPK, but not p-JNK MAPK expression in LPS-stimulated RAW264.7 cells. 
(A) RAW264.7 cells were pretreated with broussonin E (20 μmol·L–1) for 3 h and then further incubated with LPS (100 ng·mL–1) 
for indicated times. The expressions of p-ERK, p-p38 and p-JNK MAPK were determined by Western blot. (B) Statistical analysis of 
Western blot results. Results are expressed as means ± SD (n = 3). **P < 0.01, ***P < 0.001 vs the corresponding time point in LPS 
groups 

 
Broussonin E activated JAK2/STAT3 signaling pathway in 
RAW264.7 cells.  

The JAK2-STAT3 signaling pathway plays a crucial role 
in M2 macrophage polarization. Thus we tested the effect of 
broussonin E on the phosphorylation levels of JAK2 and 

STAT3 in RAW264.7 cells by using Western blot. As de-
scribed in Fig. 5, treated with broussonin E significantly 
upregulated the protein levels of p-JAK2 and p-STAT3 in 
RAW264.7 cells. The results revealed that broussonin E could 
activate JAK2-STAT3 pathway. 

 

Fig. 5  Broussonin E activated JAK2-STAT3 signaling pathway in RAW264.7 cells. RAW264.7 cells were treated with brous-
sonin E (20 μmol·L–1) for indicated times, and the phosphorylation of JAK2 and STAT3 was determined by Western blot. (B) 
Statistical analysis of Western blot results. Results are expressed as means ± SD (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001 vs con-
trol group (0 h) 

 
Broussonin E inhibited M1 macrophages polarization and 
enhanced M2 macrophages polarization via JAK2/STAT3 
signaling pathway. 

 To further investigate whether JAK2/STAT3 signaling 
pathway was involved in Broussonin E effects on modulating 
macrophages polarization, the specific inhibitor of 
JAK2-STAT3 pathway, WP1066 was utilized in the following 

study. As demonstrated in Figs. 6A–B, enhanced phosphory-
lation of JAK2 and STAT3 by Broussonin E was abolished by 
WP1066. Figs. 6C-E showed that Broussonin E significantly 
inhibited production of TNF-α ,  IL-1β ,  COX-2 in 
LPS-induced RAW264.7 cells, which was reversed by the 
administration of WP1066. Furthermore, the upregulated 
M2 macrophage associated mediators (IL-10, CD206, and  
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Arg-1) by broussonin E treatment were inhibited by 
WP1066 (Figs. 6F–H). These results suggested that brous-

sonin E promoted macrophage M2 polarization by activating 
the JAK-STAT3 signaling pathway. 

 

Fig. 6  Broussonin E suppressed M1 macrophage polarization and promoted M2 macrophage polarization via JAK2/STAT3 
signaling pathway. (A–B) RAW264.7 cells were pretreated with WP1066 (1 μmol·L–1) for 12h and then co-treated with broussonin 
E for 3 h. The phosphorylation of JAK2 and STAT3 was determined by Western blot. Results are expressed as means ± SD (n = 3). 
###P < 0.001 vs the untreated group; ***P < 0.001 vs broussonin E group. (C–E) RAW264.7 cells were pretreated with WP1066 (1 
μmol·L–1) for 12 h, and then incubated with broussonin E (20 μmol·L–1) for 3 h, followed by exposure to 100 ng·mL–1 LPS for an-
other 3 h. The mRNA expression of proinflammatory factors, including TNF-α, IL-1β and COX-2 was measured by using qPCR. 
(F–H) RAW264.7 cells were pretreated with WP1066 (1 μmol·L–1) for 12 h, and then incubated with broussonin E (20 μmol·L–1) 
for 3 h, followed by exposure to 100 ng·mL–1 LPS for another 9 h. The mRNA expression of anti-inflammatory factors, including 
IL-10, CD206 and Arginase-1 was determined by using qPCR. Results are expressed as means ± SD (n = 3). #P < 0.05, ##P < 0.01, 
###P < 0.001 vs the untreated group (CN); *P < 0.05, **P < 0.01, ***P < 0.001 vs the LPS group; $P < 0.05, $$P < 0.01 vs the LPS + 
broussonin E group 

 

Discussion 

Inflammation, a self-protected immune process in physi-
cal condition, is largely adjusted by macrophages during the 
innate immune response [28]. Macrophages show a great phe-
notypic plasticity and heterogeneity and polarize into classi-
cally activated (M1) macrophages and alternatively activated 
(M2) macrophages in response to different stimuli [10]. M1 
macrophages polarization are induced when exposed to in-
flammatory stimuli such as lipopolysaccharide (LPS) and 
interferon-γ (IFN-γ) and considered as proinflammatory phe-
notype, whereas M2 phenotype can be stimulated by inflam-
matory cytokines such as interleukin-4 (IL-4) or IL-13, which 
are considered as an anti-inflammatory phenotype [29-30]. 
Various studies have demonstrated that macrophages polarize 
to M1 phenotype and secrete large amounts of the inflamma-
tory mediators such as TNF-α, IL-1β, IL-6, PGE2 and NO 

after exposure to LPS stimuli [31]. LPS stimulation model is 
well-established for the research of inflammation in macro-
phages, and therefore applied as an in vitro model in the pre-
sent study. 

Broussonin E, a novel phenolic compound isolated from 
the barks of Broussonetia kanzinoki, has been reported to 
exert anti-tumor activity and induce NF-κB inhibition in hepa-
tocellular carcinoma cells [32]. In this study, we described that 
broussonin E reduced TNF-α release in LPS-stimulated 
RAW264.7 cells with a dose-dependent manner and showed 
no obvious cytotoxicity. Furthermore, we discovered that 
treatment with broussonin E significantly inhibited the ex-
pression of pro-inflammatory cytokines such as TNF-α, IL-1β, 
IL-6, iNOS and COX-2 and enhanced the expression of 
anti-inflammatory mediators such as IL-10, CD206 and Arg-1 
in LPS-stimulated RAW264.7 cells. These results indicated 
that broussonin E reversed LPS-induced M1 macrophages 
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polarization and promoted macrophages conversion to M2 
phenotype. 

MAPKs are a family of intracellular protein kinases, and 

the activity of MAPKs is adjusted by the phosphorylation of 

their activation loop on a conserved residues during inflam-

matory process [33]. MAPKs can be activated by various 

pro-inflammatory stimuli and stress. Therefore, MAPKs play 

a significant role in response to inflammatory condition [34]. 

Once activated by LPS, MAPKs can phosphorylate and acti-

vate other kinases or transcription factors in the cytoplasm 

and nucleus such as NF-κB [35]. Accumulating evidences sug-

gested that inhibiting the activity of MAPK signaling cas-

cades can exhibit anti-inflammatory effects [15-16, 36]. Consis-

tent with previous reports, our results described that MAPK 

(ERK, p38, JNK) signaling pathway could be phosphorylated 

and activated after exposure to LPS in RAW264.7 cells. 

Moreover, treatment with broussonin E inhibited the expres-

sion of phosphorylated ERK and p38 MAPK, but had no in-

fluence on JNK MAPK phosphorylation. These results im-

plied that inhibition of MAPK (ERK and p38, but not JNK) 

signaling pathway may be responsible for the anti-inflam-

matory effect of broussonin E. 

JAK2/STAT3 signaling pathway has been reported to 

regulate the expression of cytokines in response to inflamma-

tory stimuli [37-38]. Numbers of papers describe that suppress-

ing JAK/STAT3 pathway contributes to preventing 

LPS-induced inflammatory response [37-40]. Emerging evi-

dences show that STAT3 serves as one of the primary tran-

scription factors for macrophage polarization to M2 pheno-

type and JAK2/STAT3 activation results in production of 

anti-inflammatory factors such as IL-10 and Arg-1 [9, 41-42]. In 

this study, we detected the effect of broussonin E on the  

 

Fig. 7  Potential anti-inflammatory mechanism of broussonin 
E on activated RAW 264.7 cells. Broussonin E suppresses in-
flammation by inhibiting the expression of pro-inflam- -
matory factors (TNF-α, IL-1β, iNOS and COX-2) and en-
hancing the expression of anti-inflammatory factors (IL-10, 
CD206 and Arg-1) in LPS-stimulated RAW264.7 cells. And 
the effect of broussonin E on promoting macrophages to M2 
phenotype is mediated by inhibiting ERK and p38 MAPK 
and activating JAK2/STAT3 pathway. 

JAK2/STAT3 signaling pathway in RAW264.7 cells. The 
results showed that broussonin E treatment promoted the 
phosphorylation of JAK2 (Tyr1008) and STAT3 (Tyr705). 
Furthermore, pre-treated with the inhibitor of JAK2/STAT3 
pathway, WP1066, abolished the upregulation of anti-inflam-
matory mediators (IL-10, Arg-1 and CD206) by broussonin E. 
These findings indicated that the effect of broussonin E on 
promoting M2 macrophages polarization was dependent on 
the regulation of JAK2/STAT3 signaling pathway. 

In summary, broussonin E was demonstrated to attenuate 
the expression of pro-inflammatory cytokines and enhance the 
expression of anti-inflammatory factors such as IL-10, CD206 
and Arg-1 in LPS-stimulated RAW264.7 cells. And the effect 
of broussonin E on promoting macrophages to M2 phenotype 
were mediated by inhibiting ERK and p38 MAPK and acti-
vating JAK2/STAT3 pathway (Fig. 7). Thus, we anticipate 
that broussonin E may serve as a promising agent for the 
treatment of inflammation-related diseases such as athero-
sclerosis and arthritis. However, more experiments on rodent 
and non-human primate models should be conducted to fur-
ther study the anti-inflammatory effect of broussonin E, 
which may provide more evidence for broussonin E transla-
tion to clinical application. 
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