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A B S T R A C T

The effect of cornel iridoid glycoside (CIG), main component extracted from Cornus officinalis, on microglia
activation has not been elucidated so far. We induced a mouse model of multiple sclerosis (MS), namely, the
experimental autoimmune encephalomyelitis (EAE) model by immunization subcutaneously with the MOG35–55

peptide, which causes neuroinflammation and microglia activation. Our data demonstrated that CIG delayed the
onset of the EAE, ameliorated the severity of the symptoms and inhibited the activation of microglia in different
brain regions. In addition, we also found that CIG has therapeutic potential by modulating microglia polarization
by reducing the expression and release of proinflammatory cytokines, chemokines and inhibiting phosphor-
ylation in the JAK/STAT cell signalling pathway. Based on our findings, CIG might be a promising candidate for
the prevention of neurological disorders such as multiple sclerosis (MS).

1. Introduction

Multiple sclerosis (MS) is an autoimmune disease of the central
nervous system (CNS) characterized by demyelination, inflammatory
lesions, activation of Th1 and Th17 cells, inappropriate activation of
innate immune cells such as microglia, and aberrant production of cy-
tokines/chemokines (Qin et al., 2010). The pathogenesis of MS and its
animal model, experimental autoimmune encephalomyelitis (EAE), is
associated with microglia activation (O'Loughlin et al., 2018; Yin et al.,
2014). Microglias are resident immune cells in the central nervous
system. In the resting state, microglia move constantly in the brain,
exchange molecular signals by synaptic interactions, and phagocytose
damaged neurons. Upon stress or brain damage, microglia are activated
and involved in neuronal recovery (Tremblay et al., 2011). However,
persistent microglia activation produces various inflammatory and
neurotoxic molecules and leads to neuronal cell death (Gao and Tsirka,
2011; Harry, 2013; Rawji and Yong, 2013). Thus, controlling microglia
activation has been suggested as an important therapeutic strategy for
various neuroinflammatory disorders such as Alzheimer's disease, Par-
kinson's disease, and MS.

The JAK/STAT signalling pathway is used by numerous cytokines
and is critical for initiating innate immunity, orchestrating adaptive
immunity, and ultimately constraining immune responses (O'Shea and
Plenge, 2012). There is evidence for aberrant functionality of the JAK/
STAT pathway in MS and EAE. Ahn et al. (2017) report that glial STAT1
and STAT3 are distinctively phosphorylated following the interaction of
activated lymphocytes and glia, and this effect is significantly inhibited
by glatiramer acetate (GA), a disease-modifying drug for MS. GA also
reduces the activation of STAT1 and STAT3 by MS-associated stimuli
such as IFN-γ or LPS in the primary glia. In EAE, IL-6 has a deleterious
role by activating STAT3 (Benveniste et al., 2014), JAK inhibitor re-
duced the severity of EAE (Liu et al., 2014). Thus, unrestrained acti-
vation of the JAK/STAT pathway has pathological implications for MS.

Cornus officinalis is a member of the Cornaceae family. This herb
was first recorded in Shen Nong's Materia Medica approximately
2000 years ago in China and is often used to tonify the liver and the
kidney according to the theory of traditional Chinese medicine. Cornel
iridoid glycoside (CIG) is the main component extracted from Fructus
Corni. Previous studies in our laboratory found that the JAK/STAT
signalling pathway is involved in the effect of CIG on rats with EAE (Yin

https://doi.org/10.1016/j.jneuroim.2019.01.014
Received 7 September 2018; Received in revised form 24 January 2019; Accepted 24 January 2019

⁎ Corresponding authors at: Xuan Wu Hospital of Capital Medical University, 45 Changchun Street, Beijing 100053, PR China.
E-mail addresses: cyj0504@sina.com.cn (Y. Chen), gengxch@nicpbp.org.cn (X. Geng), wangqi@gzhtcm.edu.com (Q. Wang), yinlinlin@bjtth.org (L. Yin).

1 Both authors contributed equally to this study.

Journal of Neuroimmunology 330 (2019) 96–107

0165-5728/ © 2019 Published by Elsevier B.V.

T

http://www.sciencedirect.com/science/journal/01655728
https://www.elsevier.com/locate/jneuroim
https://doi.org/10.1016/j.jneuroim.2019.01.014
https://doi.org/10.1016/j.jneuroim.2019.01.014
mailto:cyj0504@sina.com.cn
mailto:gengxch@nicpbp.org.cn
mailto:wangqi@gzhtcm.edu.com
mailto:yinlinlin@bjtth.org
https://doi.org/10.1016/j.jneuroim.2019.01.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jneuroim.2019.01.014&domain=pdf


et al., 2014). However, the role of CIG in microglia activation has not
been clearly demonstrated until now. Therefore, in the present study,
we examined not only the beneficial effect of CIG on MOG-EAE but also
the effect of CIG on LPS/IFN-γ- or IL-4/IL-10-stimulated microglia po-
larization. In addition, the molecular mechanisms underlying the effect
of CIG were analysed with a focus on the possible mechanisms mod-
ifying the JAK/STAT signalling pathway.

2. Materials and methods

2.1. Animals

Female C57BL/6J mice aged 7weeks (weighing between 18 and
20 g) were purchased from Beijing Vital River Laboratory Animal
Technology, Co. Ltd. (Beijing, China) and were housed in a 12/12 h
light/dark cycle and specific pathogen-free (SPF) conditions with la-
boratory chow and water ad libitum. All experiments were performed
in compliance with National Institutes of Health (NIH) guidelines for
the Care and Use of Laboratory Animals, reviewed and approved by the
Bioethics Committee of Xuan Wu Hospital of Capital Medical
University.

2.2. Materials

The sarcocarp of C. officinalis was purchased from the Tong-Ren-
Tang Company, Beijing, China. CIG was extracted from C. officinalis as
described previously (Yao et al., 2009). The purity of CIG was 71.19%,
as determined by high-performance liquid chromatography, in which
morroniside accounted for 67% and loganin 33%. The myelin oligo-
dendrocyte glycoprotein peptide (MOG) 35–55 (MEVGWYRSPFSRVV-
HLYRNGK) was synthesized by Beijing Scilight Biotechnology Ltd. Co
(purity > 98%). Complete Freund's adjuvant (CFA) containing Myco-
bacterium tuberculosis H37Ra was purchased from Difco, while inter-
feron-γ (IFN-γ) and Bordetella pertussis toxin were from R&D. Lipopo-
lysaccharide (LPS) and β-actin antibody were from Sigma-Aldrich Co.
Unless otherwise specified, all the other reagents were from Sigma-Al-
drich Co.

2.3. EAE induction and drug treatment

The protocol for EAE induction was carried out according to
Stromnes and Goverman (2006). Mice were divided randomly into the
following 4 groups: control, MOG35–55-treated, and MOG35–55-treated
with CIG (50 or 100mg/kg) groups. Briefly, 2mg/ml of MOG35–55

peptide in PBS were emulsified 1:1 in complete Freund's adjuvant
supplemented with 4mg/ml Mycobacterium tuberculosis; 200 μl of
emulsion containing 200 μg of MOG35–55 were injected s.c. into 3–4
different locations on the backs of female C57BL/6J mice. Additionally,
500 ng of pertussis toxin (PTX) in PBS were administered i.p. on days 0
and 2. Meanwhile, the mice of control group were immunized with
vehicle without MOG35–55 peptide. An identical booster was given in
the other flank 1week later (Gilgun-Sherki et al., 2003). Following the
encephalitogenic challenge, mice were observed daily after booster and
clinical-behavioural manifestations of EAE were scored as follows:
0= no clinical symptoms; 1= loss of tail tonicity; 2= partial hind
limb paralysis; 3= complete hind limb paralysis; 4= paralysis of four
limbs; 5= total paralysis; 6= death (Mendel et al., 1998).

Daily treatment with vehicle or CIG (50 or 100mg/kg) was started
at day 0 intragastrically 2 h after daily monitoring and continued to day
24 post-immunization. The volume of the gastrointestinal treatment
was 10ml/kg. Animals in the control group received equal volumes of
saline by the same route.

2.4. Cell cultures

The murine microglia cell lines BV2 and N9 were kindly provided by

Prof. Yumin Luo (Cerebrovascular Diseases Research Institute and
Department of Neurosurgery, Xuan Wu Hospital of Capital Medical
University). BV2 and N9 cells were cultured in RPMI 1640 (Gibco) and
Dulbecco's modified Eagle's medium (DMEM)/F12 medium (Gibco)
respectively, supplemented with 10% Foetal Bovine Serum (FBS,
Gibco), 100 U/mL penicillin and 100 μg/mL streptomycin (Gibco) and
were maintained at 37 °C, 95% air and 5% CO2 in a humidified in-
cubator. Cells were pretreated in the absence or presence of CIG (25,
50, 100 and 200 μg/mL) for 30min and then stimulated with LPS
(100 ng/mL) and IFN-γ (10 ng/mL) for 24 h.

2.5. Immunohistochemistry

All mice were sacrificed on day 25 after MOG35–55 immunization.
Animals were anaesthetized with chloral hydrate (400mg/kg) by in-
traperitoneal injection and perfused intracardially with normal saline
followed by 4% paraformaldehyde (PFA) in phosphate buffer (3.12 g/L
of NaH2PO4, 28.64 g/L of Na2HPO4•12H2O, 30 g/L sucrose, pH -7.4) for
fixation. The whole brain was removed and post-fixed in 4% PFA in
phosphate buffer saline (PBS) at 4 °C overnight, followed by cryopro-
tection in 30% sucrose in PBS for 3 days. Tissues were cut coronally in
40 μm serial frozen sections using a Thermo cryostat.

For immunohistochemistry, free-floating sections were incubated
with 3% hydrogen peroxide for 10min to quench endogenous peroxide
activity, then blocked with 10% normal goat serum in 0.01M PBS
containing 0.01% Triton X-100 (PBS-T) for 1 h at 37 °C and incubated
for 48 h at 4 °C with a rabbit anti-ionized calcium binding adaptor
molecule 1 (Iba-1, dilution 1:500; Wako), which was used as a marker
for microglia. Sections were then incubated with biotinylated sec-
ondary goat anti-rabbit antibody (dilution 1:200, ZSGB-BIO), followed
by avidin-biotin peroxidase complex. A final incubation in diamino-
benzidine was performed for visualization. All sections were washed in
PBS, mounted on aminopropyl triethoxysilane-coated slides, dried,
dehydrated in a graded series of ethanol, cleared in xylene, and cover
slipped with DPX.

2.6. Detection of cytokines and nitric oxide levels

BV2 microglia cells (1× 105 cells per well in a 24-well plate) were
pretreated with CIG for 30min and stimulated with LPS (100 ng/mL)
and IFN-γ (10 ng/mL). The supernatants of the cultured microglia were
collected 24 h after LPS/IFN-γ stimulation and the concentrations of IL-
1β (R&D), IL-6 (eBioscience) were measured by an enzyme-linked im-
munosorbent assay (ELISA). Accumulated nitric oxide was measured in
the cell supernatant using the Griess reagent (Promega). Data are re-
presented as pg/mL or mg/mL and all samples were measured in du-
plicate.

2.7. RNA isolation, RT-PCR, and real-time PCR

BV2 cells (5× 105 cells in 60mm dish) were treated with LPS/IFN-γ
in the presence or absence of CIG, and total RNA was extracted with
TRIzol (Takara) according to the manufacturer's instructions. For RT-
PCR, total RNA (1 μg) was reverse transcribed into cDNA with
PrimeScript™ RT reagent Kit with gDNA Eraser (Takara) according to
the manufacturer's instructions. The synthesized cDNA was used as a
template for PCR reactions and the primers are shown in Table 1.

Real time RT-PCR was described previously (Ogata et al., 2006).
The SYBR® Premix Ex Taq™ II (Tli RNaseH Plus), ROX plus (Takara
Biotech) was used for the detection of the target genes: 95 °C for 5 s,
60 °C for 40 s, followed by 45 cycles. The comparative threshold cycle
method and an internal control (β-actin) were used to normalize the
expression of the target genes. To prove that the cDNA of cytokines and
β-actin were amplified with the same efficacy, a standard curve was
made where the Ct values were plotted against cDNA concentration.
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2.8. Western blotting

Microglia BV2 cells (5× 105 cells/mL seeded in 60mm dishes)
were pretreated with CIG (25, 50, 100 and 200 μg/mL) for 30min and
stimulated by LPS (100 ng/mL) and IFN-γ (10 ng/mL) for 24 h. Cell
pellets were harvested, washed with PBS twice (4 °C, pH 7.4), then re-
suspended in lysis buffer (Tris 10mM pH 7.5, NaCl 130mM, Triton X-
100 1%, NaF 1mM, sodium orthophosphate (NaPi) 10mM, sodium
pyrophosphate (NaPPi) 10mM, and phenylmethylsulfonyl fluoride
(PMSF) 1mM) containing protease inhibitor cocktail. Cell lysates with
20–40 μg of protein/lane were subjected to sodium dodecyl sulfate
(SDS)-PAGE in acrylamide mini-gels and then blotted onto ni-
trocellulose membranes (Hybond America). Membranes were blocked
with Tris-buffered saline containing 0.1% Tween-20 and 5% non-fat
milk (TBST/5% milk) and then incubated overnight with primary an-
tibodies in TBST/5% milk at 4 °C. Membranes were then washed with
TBST and incubated for 1 or 2 h in TBST/5% milk containing a horse-
radish peroxidase (HRP)-conjugated secondary antibodies (1:2000).
After washing in TBST, enhanced chemiluminescence detection
(Millipore) was used to visualize the HRP-coated bands. Images were
captured through a Charge Coupled Device camera, and gel bands were
analysed using the GIS 1D gel Image System Version 3.73 (Tanon,
Shanghai, China). The following primary antibodies were used in this
study: rabbit monoclonal anti-Jak1 (1:1000, Epitomics), rabbit poly-
clonal anti-phospho-Jak1 (1:500, Millipore), rabbit polyclonal anti-
Jak3 (1:200, Abcam), rabbit monoclonal anti-phospho-Jak3 (1:1000,
Epitomics), rabbit monoclonal anti-STAT1 (1:1000, Epitomics), mouse
monoclonal anti-phospho-Tyr 701 of STAT1 (1:1000, CST), rabbit
monoclonal anti-phospho-Ser 727 of STAT1 (1:1000, Epitomics), rabbit
monoclonal anti-STAT3 (1:1000, Epitomics), rabbit monoclonal anti-
phospho-Tyr 705 of STAT3 (1:1000, Epitomics), rabbit polyclonal anti-
phospho-Ser 727 of STAT3 (1:1000, Abcam), rabbit polyclonal anti-
SOCS1 (1:1000, CST), rabbit polyclonal anti-iNOS (1:1000, Abcam),
rabbit polyclonal anti-COX-2 (1:1000, CST), rabbit polyclonal NF-κB
(1:1000, CST), goat polyclonal anti-ICAM-1 (1:1000, R&D), rabbit
polyclonal anti-IL-6Rα (1:1000, Abcam), rabbit polyclonal anti-gp130
(1:1000, Abcam), mouse monoclonal anti-β-actin (dilution 1:2000,
Sigma). Horseradish peroxidase (HRP)-conjugated secondary anti-
bodies (1:2000) were from Abcam.

2.9. Immunofluorescence staining

BV2 cells (1× 105 cells/mL per well in a 48-well plate) were in-
cubated with or without LPS (100 ng/mL) and IFN-γ (10 ng/mL) fol-
lowed the pretreatment of CIG (25, 50, 100, 200 μg/mL) for 30min.
The cells were fixed with 4% formaldehyde, permeabilized with 0.1%
Triton X-100 for 10min, and then blocked in PBS containing with 5%
donkey serum. Cells were incubated with rat anti-mouse CD16 antibody
(1:400, BD Biosciences) or anti-mouse CD206 antibody (1:500, BD
Biosciences) at 4 °C overnight followed by Alexa Fluor 594-conjugated
donkey anti-mouse IgG (1:400, Life Technologies) for 2 h. Images were
captured using a fluorescence microscope (Olympus) and analysed

using Image-ProPlus 6.0 software (Media Cybernetics, Inc., Bethesda,
USA).

2.10. Immunofluorescent confocal microscopy

Murine N9 cells (1× 104 cells/mL per well in a 24-well plate) in-
cubated with Alexa Fluor 488-conjugated LPS or Alexa Fluor 594-con-
jugated IFN-γ in the presence or absence of CIG (100 μg/mL) or min-
ocycline (20 μM) for 24 h. The cells were then fixed with 4%
formaldehyde, permeabilized with 0.2% Triton X-100 for 10min, and
then washed twice with PBS. The cells were incubated with DAPI (Life
Tech.) for 5min. Images were observed by confocal microscopy
(Olympus). Antibodies Alex Fluor 488-conjugated LPS (1:100) and
Alexa Fluor 594-conjugated IFN-γ (1:500) were from Life Technologies.

2.11. Statistical analysis

Experimental values are expressed as the mean ± standard error of
mean (SEM). Statistical differences between groups were analysed by
one-way analysis of variance (ANOVA) followed by
Student–Newman–Keuls post hoc or Turkey's tests. Difference was
considered statistically significant at P < .05.

3. Results

3.1. Effect of CIG on the severity of neurological deficits in the EAE mice

Mice were inoculated with the MOG35–55 peptide to induce EAE. As
illustrated in Fig. 1, compared with the EAE group, CIG administration

Table 1
Real-time PCR primers.

Forward primer Reverse primer Size (bp)

TNF-α 5′CTCTGTGAAGGGAATGGGTG3′ 5′GGGCTCTGAGGAGTAGACGATAAAG3′ 94
IL-6 5′TCCTACCCCAATTTCCAATGCTCT3′ 5′ACCACAGTGAGGAATGTCCACAA3′ 189
IFN-γ 5′TAACTCAAGTGGCATAGATGTGGAAG3′ 5′GACGCTTATGTTGTTGCTGATGG3′ 169
MCP-1 5′GAAGCTGTAGTTTTTGTCACCAAGC3′ 5′GGTTCCGATCCAGGTTTTTAATGT3′ 97
IL-4 5′TCGTCTGTAGGGCTTCCAAGGTGCT3′ 5′GTGGACTTGGACTCATTCATGGTGC3′ 166
IL-10 5′CTGGACAACATACTGCTAACCGACTC3′ 5′AACTGGATCATTTCCGATAAGGC3′ 86
IL-12p40 5′TCAACGCAGCACTTCAGAATCACAA3′ 5′GAAGGCGTGAAGCAGGATGCAGAGC3′ 185
IL-12p70 5′ACTCCCCATTCCTACTTCTCCCT3′ 5′CACTTGCTGCATGAGGAATTGTA3′ 197
β-Actin 5′GCCTTCCTTCTTGGGTAT3′ 5′GGCATAGAGGTCTTTACGG3′ 97
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Fig. 1. Attenuation of EAE by cornel iridoid glycoside (CIG) treatment. Female
C57BL/6 mice were immunized with myelin oligodendrocyte glycoprotein35–55
(MOG35–55, 200 μg) emulsified in complete Freund's adjuvant (CFA) containing
4mg Mycobacterium tuberculosis (strain H37RA, Difco). Clinical scores of neu-
rological deficits post-immunization up to 24 days are shown. Data are pre-
sented as the mean ± SEM (n=10 per group). *P < .05 for CIG-treated mice
versus EAE mice (model group), #P < .05, ##P < .01 for EAE mice versus
control mice.
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resulted in a significant reduction in clinical scores. Our results de-
monstrated that 90% of the mice in the EAE group developed severe
neurological deficits on day 12 after immunization, while only 70% of
the EAE+CIG 50 group or 20% of the EAE+CIG 100 group showed
mild neurological deficits with a delay of disease onset to day 15 and
day 21, respectively. Correspondingly, CIG (50, 100mg/kg) markedly
decreased the severity of neurological deficit in a dose-dependent
manner with a clinical score of 0.50 ± 0.21, 0.0 ± 0.0, respectively,
when compared with 1.10 ± 0.30 in the EAE group on day 15 post-
immunization when neurological deficits reached a peak.

3.2. CIG inhibited activation of microglia in the corpus callosum and spinal
cord of EAE mice

Consistent with previous studies, vehicle-treated EAE mice ex-
hibited increases in Iba-1 immunostaining. A marked decrease in mi-
croglia activation by histological analysis of cortex was observed after
CIG administration (50 and 100mg/kg). As shown in Fig. 2, the im-
munohistochemical results showed a decreased infiltration of microglia
(Iba-1 labelled) staining in cells in the corpus callosum and spinal cord
of CIG-treated mice.

3.3. Effect of CIG on microglia polarization

Microglias with different phenotypes have distinct impacts on the
survival and differentiation of oligodendrocyte lineage cells (Miron
et al., 2013). For example, M1 microglias are characterized by proin-
flammatory effects and lead to exacerbation of tissue damage, whereas
M2 microglia resolve local inflammation and facilitate tissue repair (Hu
et al., 2015). As shown in Fig. 3A and B, BV2 cells were treated with or
without CIG (25, 50, 100 and 200 μg/mL) for 24 h before stimulation
with LPS (100 ng/mL) and IFN-γ (10 ng/mL) for 30min. We found that
CIG treatment (25–200 μg/mL) significantly reduced LPS/IFN-γ-in-
duced CD16 staining, a marker for M1 microglia polarization, in a dose-
dependent manner. Meanwhile, without LPS/IFN-γ stimulation, the
control group showed no M1 polarization. This finding suggests that
CIG inhibits microglia polarization towards the M1 phenotype.

Here, we further tested whether CIG could modulate the microglial
M2 phenotype during the recovery phase. As shown in Fig. 3C and D,
Iba-1 immunostaining revealed microglial activation, and IL-4/IL-10
induction increased M2 microglia (CD206 labelled). CIG pretreatment
increased or maintained the number of M2 microglia. Collectively,
these findings suggest that CIG promotes microglial polarization to the
beneficial M2 phenotype.

3.4. CIG suppressed iNOS expression

It is well known that inducible nitric oxide synthase (iNOS) is a

major effector of innate immune signalling (Meng et al., 2016), and in
association with other inflammatory mediators, iNOS serves as a
marker indicating M1 microglia polarization and plays an important
role in inflammation. As shown in Fig. 4A, B the BV2 cells were treated
with or without CIG (25, 50, 100 and 200 μg/mL) for 24 h before sti-
mulation with or without LPS (100 ng/mL) and IFN-γ (10 ng/mL) for
30min. We found that CIG treatment (100, 200 μg/mL) significantly
reduced LPS/IFN-γ-induced iNOS staining, another marker for M1 mi-
croglia polarization, in a dose-dependent manner. Meanwhile, im-
munoblotting revealed that CIG inhibited the proteins of iNOS expres-
sion (Fig. 4C).

3.5. CIG inhibited IL-6 and NO levels in BV2 microglia cells

The BV2 cells were treated with CIG for 30min before stimulation
with LPS/IFN-γ, and the effects of CIG on the LPS/IFN-γ-induced pro-
duction of cytokines and NO were examined. As shown in Fig. 5B and C,
CIG significantly inhibited IL-6 and NO production in the LPS/IFN-γ-
induced BV2 cells; however, CIG did not affect IL-1β levels (Fig. 5A).

3.6. CIG inhibited the expression of cytokine mRNA

It is also well known that the overproduction of these proin-
flammatory mediators contributes to the development and progression
of various diseases (Jung et al., 2013).

Total RNA was extracted from the BV2 cells, which were treated
with LPS/IFN-γ in the presence or absence of CIG. For real-time PCR,
relative mRNA levels of the indicated genes are shown in Fig. 6. Pre-
treatment with CIG (25–200 μg/mL) could prevent the induction of
TNF-α, IFN-γ, IL-6, MCP-1, IL-12 (p35) and IL-12 (p40) mRNA ex-
pression. IL-4 mRNA expression was significantly promoted by CIG
pretreatment. CIG pretreatment induced an increase in IL-10 mRNA
expression without significance.

3.7. CIG inhibited the JAK/STAT pathway in the BV2 microglia cells

Many cytokines, such as IFN-γ, are important in activating macro-
phages and use the JAK/STAT pathway for signalling (O'Shea and
Plenge, 2012; Qin et al., 2012a). STAT1 and STAT3 are important
transcription factors in the immune response and play roles in the in-
flammatory signalling cascades triggered by LPS, IFN-γ, and other cy-
tokines. As shown in Fig. 7A & B, LPS/IFN-γ stimulation led to increased
STAT1 and STAT3 tyrosine phosphorylation, which was inhibited by
CIG treatment in a dose-dependent manner. We further examined the
effect of CIG on upstream JAK activation. LPS/IFN-γ induced a sig-
nificant JAK1 and JAK3 phosphorylation, and CIG pretreatment in-
hibited the phosphorylation of both JAK1 and JAK3 (Fig. 8). These data
indicate that CIG has a direct inhibitory effect on the JAK/STAT

Fig. 2. Effect of cornel iridoid glycoside (CIG) on the activation of microglia (Iba-labelled). Representative photographs of the Iba-1 positive cells in the corpus
callosum and spinal cord are presented. Sections are from at least 3–4 mice (4 sections per mouse). Scale bar, 100 μm.
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Fig. 3. Effect of cornel iridoid glycoside (CIG) on microglia polarization. (A) M1 microglia polarization induced by LPS/IFN-γ. Representative images of Iba-1
(green), CD16 (red) and Iba-1/CD16-dual label immunostaining in the BV2 cells. There is almost no red fluorescence in control (Ctrl) and Ctrl + 100 μg/mL group,
whereas LPS/IFN-γ-treated cells showed obvious red fluorescence. CIG pretreatment for 24 h showed a decrease in red fluorescence, indicating an inhibition of M1
polarization. (B) Quantification of CD16 positive microglia cells. Values are the mean ± SEM from 3 independent experiments. (C) M2 microglia polarization
induced by IL-4/IL-10. Representative images of Iba-1 (green), CD206 (red) and Iba-1/CD206-dual label immunostaining in the BV2 cells. IL-4/IL-10-treated cells
showed obvious red fluorescence. CIG pretreatment for 24 h promoted or retained the red fluorescence, indicating an enhancement or maintenance of M2 polar-
ization. (D) Quantification of CD206 positive microglia cells. Values are the mean ± SEM from 3 independent experiments. *P < .05, **P < .01, ***P < .001,
significantly different from the LPS/IFN-γ-treated group; ###P < .001 significantly different from the control group without LPS/IFN-γ stimulation. Representative
images from at least three independent experiments are presented. Scale bar, 50 μm. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Fig. 4. Effects of cornel iridoid glycoside (CIG) on iNOS expression in LPS/IFN-γ-stimulated M1 microglia polarization. (A) Representative images of Iba-1 (green),
iNOS (red) and Iba-1/iNOS-dual-label immunostaining in BV2 cells. There is almost no red fluorescence in the control (Ctrl) and Ctrl + 100 μg/mL groups, whereas
LPS/IFN-γ-treated cells showed obvious red fluorescence. CIG (100 and 200 μg/mL) pretreatment for 24 h showed a decrease in red fluorescence, indicating an
inhibition of iNOS expression. (B) Quantification of iNOS positive microglia cells. (C) Cell extracts were prepared from the BV2 cells and were immunoblotted with
the indicated Abs. The level of iNOS protein was normalized with β-actin that was arbitrarily set to 100%. Quantification of western blot data (lower panel). Values
are the mean ± SEM from 3 independent experiments. *P < .05, **P < .01, ***P < .001, significantly different from the LPS/IFN-γ-treated group; ###P < .001
significantly different from the control group without LPS/IFN-γ stimulation. (For interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
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pathway.
The suppressors of cytokine signalling (SOCS) have been shown to

regulate the responses of immune cells to cytokines (Kubo et al., 2003;

Yoshimura et al., 2007). The discovery of the SOCS proteins suggested
an important mechanism for the negative regulation of the cytokine-
JAK/STAT pathway. Thus, we evaluated the effect of CIG on the ex-
pression of the SOCS1 protein induced by LPS/IFN-γ stimulation in the
BV2 microglia cells. Our results demonstrated that CIG treatment could
increase SOCS1 expression significantly, which may contribute to the
inhibition of the JAK/STAT pathway (Fig. 7C).

3.8. Effects of CIG on NF-κB, COX-2 and ICAM-1 expression

NF-κB is a family of transcription factors central to immunity and
inflammatory. It regulates expression of a number of genes including
cytokines (Yin et al., 2012). Proinflammatory factor cyclooxygenase-2
(COX-2) has been reported to have particular relevance to inflammation
(Yin et al., 2005). Intercellular adhesion molecule 1 (ICAM-1), one of
the cell adhesion molecules covering the surface of endothelial cells,
mediates the adhesion and extravasation of leukocytes and plays a pi-
votal role in the inflammatory response (Zhong et al., 2018). Therefore,
the expression levels of NF-κB, COX-2 and ICAM-1 were examined. As
shown in Fig. 9, a marked increase in NF-κB expression was observed
after LPS/IFN-γ stimulation in the BV2 cells, while this increase was not
significantly inhibited by CIG, as examined by immunoblotting ana-
lysis. LPS/IFN-γ induced COX-2 expression was inhibited markedly by
CIG at a dose of 200 μg/mL. In addition, CIG (25, 50, 100 and 200 μg/
mL) dose-dependently suppressed ICAM-1 protein expression, sig-
nificantly at doses of 100 and 200 μg/mL.

3.9. Effect of CIG on the expression of IL-6 receptors, IL-6Rα and gp130

IL (interleukin)-6, a multifunctional cytokine that regulates the
immune and inflammatory responses, has multiple biological activities
through its unique receptor system. IL-6 exerts its biological activities
through two molecules: IL-6R (IL-6 receptor) and gp130. When the IL-6-
IL-6R complex is formed, homodimerization of gp130 is induced. The
homodimerization of the receptor complex activates JAK phosphor-
ylation (Mihara et al., 2012). Thus, the expression of IL-6 receptors IL-
6R and gp130, upstream of the JAK/STAT pathway, were examined. As
shown in Fig. 10, increased IL-6Rα and gp130 expression was induced
obviously by the LPS/IFN-γ stimulation in BV2 cells; this increase was
inhibited significantly by CIG at doses of 100 and 200 μg/mL examined
by immunoblotting analysis.

3.10. CIG inhibited the interaction between LPS or IFN-γ with their
receptors inside N9 microglial cells

We measured the ability of CIG to inhibit the interaction between
LPS or IFN-γ with their intracellular receptors in N9 cells. When N9
cells were treated with Alex Fluor 488-conjugated LPS combined with
Alexa Fluor 594-conjugated IFN-γ alone, the fluorescence intensity of
LPS and IFN-γ was observed outside the cell membrane by confocal
microscope analysis (Fig. 11). However, in the presence of CIG (100 μg/
mL), the binding of Alexa Fluor 488-conjugated LPS and Alexa Fluor
594-conjugated IFN-γ to N9 cells was significantly inhibited. Minocy-
cline (20 μM) served as a positive control. Thus, the inhibition of the
interaction between LPS and IFN-γ with their intracellular receptors
may be one of the possible mechanisms for the anti-inflammatory ef-
fects of CIG.

4. Discussion

In the present study, we demonstrated the anti-inflammatory effects
of CIG on MOG35–55-induced EAE, an animal model of MS, and analysed
its underlying molecular mechanisms. CIG delayed the onset of EAE,
ameliorated the severity of symptoms and inhibited the activation of
the microglia in different brain regions such as the corpus callosum,
lateral ventricles and optic tract of mice. In addition, CIG has

Fig. 5. Effects of cornel iridoid glycoside (CIG) on IL-1β (A), IL-6 (B) and NO
(C) production in the LPS/IFN-γ-stimulated BV2 microglia cells. Cells were
incubated with the indicated concentrations of CIG in the presence or absence
of LPS (100 ng/mL)/IFN-γ (10 ng/mL) for 24 h, and the amounts of IL-1β, IL-6
and NO released into the media were determined. Data present as the
mean ± SEM from 3 independent experiments performed in duplicate.
**P < .01, ***P < .001, significantly different from the LPS/IFN-γ-treated
group; ###P < .001 significantly different from the control group without
LPS/IFN-γ stimulation.
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Fig. 6. Effects of cornel iridoid glycoside (CIG) on mRNA expression of various inflammatory mediators. Cells were collected after LPS/IFN-γ-stimulation for 24 h,
which were pretreated with or without CIG for 30min, and mRNA was analysed by real-time PCR for TNF-α, IFN-γ, IL-6, IL-12 (p35 and p40), IL-4, IL-10, and MCP-1.
*P < .05, **P < .01, ***P < .001, significantly different from the LPS/IFN-γ-treated group; #P < .05, ##P < .01 and ###P < .001 significantly different from
the control group without LPS/IFN-γ stimulation.
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Fig. 7. Effects of cornel iridoid glycoside (CIG) on
STAT1/STAT3 phosphorylation and its negative
regulator SOCS1 in the LPS/IFN-γ-stimulated BV2
microglia cells. Cell extracts were prepared from
BV2 cells and were immunoblotted with the in-
dicated Abs. Levels of the active forms of STAT1,
STAT3, and SOCS1 were normalized with β-actin
and are expressed as fold changes versus the un-
treated control samples that were arbitrarily set to
100%. Quantification of western blot data (lower
panel). Values are the mean ± SEM from 3 in-
dependent experiments. $P= .053, *P < .05,
**P < .01, ***P < .001, significantly different
from the LPS/IFN-γ-treated group; #P < .05,
###P < .001 significantly different from the
control group without LPS/IFN-γ stimulation.

Z. Qu, et al. Journal of Neuroimmunology 330 (2019) 96–107

104



therapeutic potential through the modulation of microglia polarization,
which inhibits inflammatory responses towards the M1 phenotype and
shifts to M2 in vitro. Triplicate independent EAE experiments were
performed to examine the effect of CIG on MOG35–55-induced EAE an-
imal model. It seems that the group of EAE+CIG50 mice develop more
severe EAE than EAE only. In fact, there is no significant difference
between the two groups in the severity of neurological deficit.

MS is a debilitating T-cell-mediated autoimmune disease of the CNS
(Fletcher et al., 2010). Infiltrating cells in the CNS during EAE are
mainly composed of T cells and microglia cells. Adoptive transfer stu-
dies have established that T cells are both necessary and sufficient for
induction of EAE (Meng et al., 2011). Microglia cells also play indis-
pensable roles in the development of EAE (Yamasaki et al., 2014;
Almolda et al., 2011). Microglia are generally considered the resident
immune cells of the CNS that regulate the primary events of the neu-
roinflammatory response. Recent studies have revealed that microglia
actively participate in the pathogenesis of EAE progression (Chu et al.,
2018; Jiang et al., 2014; Yin et al., 2014). There are two main pheno-
types that occur prominently in inflammatory lesions. LPS and IFN-γ
induce microglia expression of proinflammatory cytokines and media-
tors, such as IL-1β and tumour necrosis factor-α (TNF-α). These “clas-
sically activated” microglia are defined as M1 microglia. M1 cells also
express the cell surface marker CD16 and have iNOS activity. On the
other hand, IL-4 and IL-10 promote “alternatively activated” M2 mi-
croglia differentiation. The M2 microglia cells are anti-inflammatory
and induce tissue repair. The M2 subclass of microglia can be identified

by the expression of the mannose receptor (CD206) as well as the en-
zyme arginase 1 (Arg1). The most important result in this study is that
CIG treatment reduced the numbers of Iba1+/CD16+ M1 microglia and
increased or maintained the numbers of Iba1+/CD206+ M2 microglia
in vitro (Gao and Tsirka, 2011; Rawji and Yong, 2013).

The imbalance of M1/M2 microglia is a key factor in the severity of
inflammation and has been confirmed in relapsing EAE in rats (Mikita
et al., 2011). Based on a large amount of literature in the field of mi-
croglia polarization, we selected the markers of M1 polarization, such
as IL-1β, IL-6, NO, TNF-α, IFN-γ, IL-12 and MCP-1, as well as the
markers of M2 polarization, such as IL-4 and IL-10, to analyse in our
study. Our data demonstrated that CIG could inhibit M1 cytokine re-
lease and mRNA expression, and promote expression of M2 cytokines
such as IL-4 and IL-10 as examined by ELISA or real-time PCR, sug-
gesting CIG shifts M1 microglia to the M2 phenotype. However, only
microglia cell lines were used in this study. Data obtained from primary
microglia and animal model will show in the future.

JAKs, STATs and SOCS proteins are associated with human auto-
immune diseases, especially pathways leading to STAT1 and STAT3
activation (Kutty et al., 2010; Villarino et al., 2015, 2017). JAK/STAT

Fig. 8. Effects of cornel iridoid glycoside (CIG) on JAK1/JAK3 phosphorylation
in the LPS/IFN-γ-stimulated BV2 microglia cells. Cell protein extracts were
prepared from the BV2 cells and were immunoblotted with the indicated Abs.
**P < .01, significantly different from the LPS/IFN-γ-treated group;
##P < .01 significantly different from the control group without LPS/IFN-γ
stimulation. Fig. 9. Effects of cornel iridoid glycoside (CIG) on NF-κB, COX-2, ICAM-1 in the

LPS/IFN-γ-stimulated BV2 microglia cells. Cell protein extracts were prepared
from the BV2 cells and were immunoblotted with the indicated Abs.
Representative image of three independent experiments is shown. β-actin was
used as an internal control. *P < .05, **P < .01, significantly different from
the LPS/IFN-γ-treated group; ##P < .01, ###P < .001 significantly different
from the control group without LPS/IFN-γ stimulation.
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signalling begins with the extracellular association of cytokines or
growth factors with their corresponding transmembrane receptors. This
facilitates trans-activation of the receptor-bound JAKs by putting them
in spatial proximity and by prompting conformational changes that
distance their kinase domains from inhibitory pseudokinase domains
(Brooks et al., 2014). Activated JAKs then phosphorylate latent STAT

monomers, leading to dimerization, nuclear translocation, and DNA
binding. In mammals, four JAKs (JAK1, JAK2, JAK3, TYK2) and seven
STATs (STAT1, STAT2, STAT3, STAT4, STAT5a, STAT5b, STAT6) are
used by>50 cytokines and growth factors (Villarino et al., 2015).
Given the data implicating JAK/STAT in autoimmune disease, this
pathway has become an attractive target for pharmaceuticals. Rux-
olitinib, a JAK1 and JAK2 inhibitor, has shown efficacy for the treat-
ment of polycythemia vera and myelofibrosis. Tofacitinib, a JAK3 in-
hibitor, was the first drug for rheumatoid arthritis approved by U.S.
Food and Drug Administration. AZD1480, a specific inhibitor of the
JAK/STAT pathway, showed a striking beneficial immunomodulatory
effect in five different models of EAE (Liu et al., 2014). Two herbal
compounds, plumbagin and berberine, have been reported to amelio-
rate EAE through downregulation of the JAK/STAT signalling pathway
(Jia et al., 2011). In our previous study, we have reported that the JAK/
STAT signalling pathway is involved in the effect of CIG in MBP68–86-
induced EAE rats. To elucidate the precise mechanism of CIG, the ac-
tivation of the JAK/STAT signalling pathway was examined in vitro.
Our results demonstrated that CIG inhibited the phosphorylation of
STAT1 (Y701 and S727), STAT3 (Y705 and S727), JAK1 and JAK3 in
activated microglia. Qin et al. (2012b) reported that mice with condi-
tional knockout of SOCS in cells of the myeloid lineage develop a severe
neurological deficit with features of EAE, which is associated with hy-
peractivation of the JAK/STAT signalling pathway in the CNS (Qin
et al., 2012a,b). CIG pretreatment increased SOCS1 expression sig-
nificantly. Thus, inhibition of the JAK/STAT pathway and promotion of
SOCS1 may be related to the therapeutic potential of CIG.

The JAK/STAT pathway was discovered 20 years ago as a mediator
of cytokine signalling. Although there are dozens of cytokines and cy-
tokine receptors, four JAKs, and seven STATs, it seems that IL-6-
mediated activation of STAT3 is a principal pathway implicated in
promoting MS or EAE (Benveniste et al., 2014; Cheon et al., 2011). IL-6
exerts its biological activities through two receptor molecules, IL-6R
and gp130. Thus, the expression levels of the IL-6 receptors, IL-6R and
gp130, upstream of JAK/STAT pathway, were examined. CIG pre-
treatment inhibited the increase of IL-6Rα and gp130 induced by LPS/
IFN-γ stimulation in BV2 cells. Marked increases in NF-κB, COX-2 and
ICAM-1 expression were observed after the LPS/IFN-γ stimulation in
the BV2 cells, while these increases were not observed or moderately
inhibited by CIG pretreatment.

LPS, a constituent of gram-negative bacteria, binds to TLR4 and
evokes intracellular inflammatory signalling cascades including inter-
leukin-1 receptor-associated kinase, NF-κB and MAPKs activation (Lu
et al., 2008). The IFN-γ receptor complex consists of two chains: IFN-
γR1, the ligand-binding chain, and IFN-γR2, the accessory chain.
Binding of IFN-γ causes oligomerization of the two IFN-γ receptor
subunits, IFN-γR1 and IFN-γR2, which initiates the following signal
transduction events: activation of JAK1 and JAK2 receptor-associated
protein tyrosine kinases, phosphorylation of the IFN-γR1 intracellular
domain on Tyr440 followed by phosphorylation and activation of
STAT1α (Pestka et al., 1997). In the present study, we demonstrated
that CIG inhibits LPS or IFN-γ binding to intracellular receptors, in-
dicating the antagonistic effect of CIG against TLR4 or IFN-γR. There-
fore, the antagonistic function of CIG against TLR4 or IFN-γR may be
responsible for the anti-inflammatory effects or the JAK/STAT signal-
ling pathway inhibition in the LPS/IFN-γ-stimulated microglia.

5. Conclusions

CIG delays onset and ameliorates severity of EAE in mice, accom-
panied by inhibition of inflammation. Interestingly, CIG shifts microglia
from the M1 to the M2 phenotype, producing less inflammatory cyto-
kines. In addition, CIG pre-treatment significantly prevented JAK/STAT
signalling pathway activation in LPS/IFN-γ-stimulated microglia. The
suppression of LPS or IFN-γ binding to their intracellular receptors may
play a pivotal role in the effect of CIG. Based on our findings, CIG might

Fig. 10. Effects of cornel iridoid glycoside (CIG) on the protein levels of IL-6
receptors, IL-6Rα and gp130 examined by western blotting analysis. Cell pro-
tein extracts were prepared from the BV2 cells and were immunoblotted with
the indicated Abs. Representative image of three independent experiments is
shown. β-actin was used as an internal control. *P < .05, **P < .01, sig-
nificantly different from the LPS/IFN-γ-treated group; ##P < .01, significantly
different from the control group without LPS/IFN-γ stimulation.

Fig. 11. Inhibitory effect of cornel iridoid glycoside (CIG) on the intracellular
receptors of LPS or IFN-γ in N9 microglia cells by confocal microscope analysis.
The N9 cells were incubated with CIG (100 μg/mL) or minocycline (20 μM) for
30min and then treated with Alexa Fluor 488-conjugated LPS combined with
Alexa Fluor 594-conjugated IFN-γ for 24 h. The cells were fixed with 4% for-
maldehyde, incubated with DAPI and then analysed by confocal microscope.
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be a promising candidate for preventing neurological disorders such as
MS. However, the exact function of CIG in the treatment of MS still
merits further investigation.
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