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Neuroprotective effects of Lycium barbarum polysaccharides
in lipopolysaccharide-induced BV2 microglial cells
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Abstract. Polysaccharides extracted from Lycium barbarum
(LBPs) possess a wide variety of biological activities. However,
their neuroprotective effects have not yet been fully elucidated.
The aim of the present study was to investigate the inhibi-
tory effects of LBPs on the production of lipopolysaccharide
(LPS)-induced proinflammatory mediators in BV2 microglia.
BV2 mouse microglial cells were cultured and an MTT assay
was performed to determine whether LBPs had an effect on
the apoptosis of LPS-stimulated BV2 cells. Our data showed
that LPS induced the activation of nuclear factor-kB (NF-xB)
and its upstream protein caspase 3, upregulated the expres-
sion of an additional apoptosis-inducing factor, heat shock
protein 60 (HSP60), in BV2 microglial cells and increased the
release of TNF-a and HSP60 in the culture media. Following
treatment with LBPs, the activated NF-kB and caspase 3 were
significantly suppressed. Furthermore, the enhanced expres-
sion of HSP60 was reduced and the LPS-induced release
of TNF-a and HSP60 were inhibited. These results suggest
that LBPs may have therapeutic potential for the treatment of
neurodegenerative diseases that are accompanied by microg-
lial activation.

Introduction

Microglial cells, the resident brain macrophages of the
central nervous system (CNS), play a prominent role in the
pathogenesis of neurodegenerative disorders (1). In response
to environmental stress or lipopolysaccharide (LPS) exposure,
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microglia are activated and become involved in the innate
and adaptive immune responses via the production of proin-
flammatory mediators, including nuclear factor-xB (NF-«xB),
caspase 3 and heat shock protein 60 (HSP60) (2-6). It has
been demonstrated that extracellular HSP60 increases the
production of proinflammatory factors in microglia, which
causes neuronal damage (7,8). Therefore, the control of HSP60
production may be an effective therapeutic option for the
treatment of neurodegenerative diseases. Currently, a limited
number of disease-modifying treatment approaches are used
or are under investigation as therapeutic interventions in CNS
injuries and neurodegenerative diseases (9,10). For example,
it has been shown that minocycline possesses anti-apoptotic
and anti-inflammatory actions in animal models of CNS
injuries and neurodegenerative diseases (11,12). However, the
complexity of current pharmacological agents has delayed their
development for the treatment or prevention of CNS diseases.

Lycium barbarum, a traditional Chinese medicine, has
been used as a food supplement for centuries. Previous studies
have shown that Lycium barbarum possesses eye-protec-
tive (13), anti-aging (14), immunoregulating (15) and antitumor
properties (15,16). Polysaccharides are the major active
ingredient in Lycium barbarum (LBPs). Although the benefits
of Lycium barbarum and LBPs have been recognised, their
functions in the CNS are poorly understood. A limited number
of studies have shown that LBPs prevent -amyloid peptide-
or glutamate-induced neurotoxicity in cultured cortical
neurons (17,18). The effects of LBPs on neuroimmune diseases
have not yet been fully elucidated.

In the present study, we aimed to investigate the effects of
LBPs on LPS-induced inflammatory injury in BV2 microglia
cells. Our results showed that LBPs suppress the increased
levels of caspase 3, TNF-a and HSP60 caused by LPS treat-
ment, possibly via NF-xB inhibition. Therefore, the extract
from Lycium barbarum may be used to control the activation
of microglia and their induction of the inflammatory response
in the CNS.

Materials and methods

Chemicals. LBPs (purity >95%, data not shown) were
purchased from Ningxia Qiyuan Pharmaceutical Company
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(Yinchuan, China). Antibodies against GAPDH, lamin B
and NF-xB were from Abcam (Cambridge, MA, USA). The
anti-HSP60 antibody was from Stressgen (San Diego, CA,
USA) and the anti-caspase 3 antibody was from Cell Signaling
Technology, Inc. (Beverly, MA, USA). The proteinase inhibitor
cocktails were from Merck Chemicals (Whitehouse Station,
NJ, USA). HSP60 and TNF-a enzyme-linked immunosorbent
assay (ELISA) kits were from Yaji (Shanghai, China) and
eBioscience (San Diego, CA, USA), respectively. BCA and
ECL kits were from Pierce (Rockford, IL, USA). Dulbecco's
modified Eagle's medium (DMEM) and fetal bovine serum
(FBS) were from Gibco (Grand Island, NY, USA). All the
additional chemicals were purchased from Sigma (St. Louis,
MO, USA), unless otherwise stated.

Microglia cell culture. BV2 mouse microglial cells were
cultured in DMEM supplemented with 10% FBS, penicillin
(100 U/ml) and streptomycin (100 g/ml). Cultures were main-
tained at 37°C in a humidified incubator gassed with 95%
0, and 5% CO,. LBPs were dissolved in phosphate-buffered
saline (PBS). The final concentration of PBS in the medium
was <0.05% (vol/vol) and this demonstrated no effect on
cell growth (data not shown). The cells were treated with
the indicated concentrations of LBPs for 24 h following the
administration of LPS (200 ng/ml).

Cell viability assay. Cells (3x10* cells in 200 pl/well) were
seeded in 96-well plates. An MTT assay was used to assess
the percentage of viable cells following pharmacological
treatments, as previously described (19). Briefly, the culture
medium in the 96-well plates was replaced by 100 pl of fresh
MTT solution (0.5 mg/ml) following the treatments. After
3 h of incubation at 37°C, the supernatant was removed and
formazan salt crystals dissolved in 150 gl dimethyl sulf-
oxide (DMSO) were added to the cells. Cell viability was
measured by the absorbance at 570 nm. The cell survival ratio
was calculated by normalization to the control.

ELISA. The levels of HSP60 and TNF-a in the culture medium
were quantified according to the manufacturer's instructions.
Absorbance was determined at 450 nm using a microplate
reader.

Western blot analysis. The cells were washed with PBS three
times and lysed with RIPA buffer. The protein concentration
was determined using a BCA kit, according to the manufac-
turer's instructions. Equal quantities of protein were loaded and
run on SDS/polyacrylamide gels and then transferred to PVDF
membranes. The membranes were blocked with 5% dried milk
and incubated with the primary antibodies in TBST overnight
at 4°C. After being rinsed in milk-TBST, blots were incubated
in the horseradish peroxidase-conjugated secondary anti-
bodies. The target proteins were detected using the enhanced
chemiluminescence (ECL) detection system and X-ray films.

Statistical analysis. Statistical differences were determined
using a one-way ANOVA test. P<0.05 was considered to indi-
cate a statistically significant difference. Data in the text and
figures are presented as the mean + standard error of the mean
(SEM). n represents the number of experiments.
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Figure 1. Lycium barbarum polysaccharides (LBPs) increased the cell
viability of BV2 microglia. BV2 cells were treated with lipopolysaccharide
(LPS; 200 ng/ml) for 1 h, followed by treatment with various concentrations
of LBPs (0, 200, 400, 600 or 800 ug/ml) for 24 h. The viability of untreated
cells was set to 100. The viability of LPS and LBP-treated cells was expressed
as the percentage of the untreated cells (controls, Ctrl). Results were obtained
from three independent experiments. "P<0.05.

Results

LBPs promote the viability of BV2 microglia. An MTT assay
was performed to determine whether LBPs had an effect on
the apoptosis of LPS-stimulated BV2 cells. The results demon-
strated that the treatment of microglia with 1,000 pg/ml LBPs
for up to 24 h did not increase the viability of LPS-stimulated
BV2 cells (data not shown). However, lower concentra-
tions of LBPs (200-800 pg/ml) significantly increased cell
viability compared with the LPS group (Fig. 1). These results
indicate that LBPs have a positive effect on the viability of
LPS-stimulated BV2 microglia.

Effects of LBPs on NF-kB, caspase 3 and HSP60 protein
expression in LPS-stimulated BV2 microglia. NF-kB regulates
the expression of numerous proinflammatory factors (20).
Therefore, we examined the NF-«B level following LBPs
treatment. Fig. 2A shows that levels of the p65 subunit of
NF-kB increased with LPS treatment, but was markedly
inhibited by LBPs. Caspase 3 is the upstream protein of the
NF-«B signaling pathway. Inhibition of caspase 3 prevents
neuronal loss in brain diseases, including activated microglia.
Thus, we examined the effects of LBPs on caspase 3 expres-
sion (Fig. 2B). Our results showed that caspase 3 expression
was suppressed following LBPs treatment. NF-kB has been
shown to initiate the transcription of the HSP60 stress protein
gene, which elicits a potent proinflammatory response in
innate immune cells. Results from a previous study have
demonstrated that LPS increases HSP60 expression in BV2
microglial cells (6). The results of the present study also
showed that HSP60 expression markedly increased following
LPS treatment. However, LBPs treatment significantly inhib-
ited this HSP60 enhancement (Fig. 2C). These results suggest
that the anti-inflammatory effects of LBPs may be associated
with the inhibition of NF-kB signaling.
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Figure 2. Lycium barbarum polysaccharides (LBPs) inhibited the increased expression of NF-«xB, caspase 3 and HSP60 in lipopolysaccharide (LPS)-stimulated
BV2 microglia. Cells were pretreated with LPS for 1 h, followed by an incubation with 600 xg/ml LBPs for 24 h. (A) The lysates were probed by immunoblot-
ting with antibodies against p65 and lamin B. The right panel shows ratios of the signal intensity of p65/lamin B (Ctrl, 100%; LPS, 119.3+7%; LPS + LBP,
107.3+9%). (B) The lysates were probed by immunoblotting with antibodies against caspase 3 and GAPDH. The right panel shows ratios of the signal intensity
of caspase 3/GAPDH (Ctrl, 100%; LPS, 187.4+20.8%; LPS + LBPs, 144.9+13.7%). (C) The lysates were probed by immunoblotting with antibodies against
HSP60 and GAPDH. The right panel shows ratios of the signal intensity of HSP60/GAPDH (Ctrl, 100%; LPS, 136.5+14.4%; LPS + LBP, 100+£18%). Each
experiment was derived from 10 independent cultures. “P<0.05. Ctrl, control.
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Figure 3. Lycium barbarum polysaccharides (LBPs) decreased the production of TNF-a and HSP60 in lipopolysaccharide (LPS)-stimulated BV2 microglia.
Cells were pretreated with LPS for 1 h, followed by an incubation with 600 pg/ml LBPs for 24 h. Extracellular levels of (A) TNF-a and (B) HSP60 were
measured using an ELISA assay. Results are representative of three independent experiments. "P<0.05. Ctrl, control.
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Effects of LBPs on the expression of TNF-o and HSP60 by
LPS-stimulated BV2 microglia. An ELISA assay was used to
investigate whether LBPs suppressed the release of TNF-a
from LPS-stimulated BV2 cells. As shown in Fig. 3A, the 24-h
LPS treatment of BV2 cells resulted in a marked increase in
TNF-a levels compared with the controls. The application of
LBPs significantly decreased the concentration of TNF-a in
the culture media. Previous studies suggest that upon stress,
HSP60 is upregulated and released into the extracellular space,
where it exerts injury effects (21,22). We hypothesized that
LPS also induces the increase of HSP60 in the extracellular
space and this was confirmed by our experiment (Fig. 3B).
LPS alone (200 ng/ml) markedly increased the HSP60 release
compared with the controls. LBPs significantly reduced the
HSP60 concentration in the medium. These results indicate
that LBPs effectively suppress the production of TNF-a and
HSP60 by over-activated microglia.

Discussion

Over-activated microglia produce cytokines and cause
neuronal inflammatory responses following LPS exposure (5).
In the present study, we showed that treatment with 600 pg/ml
LBPs effectively suppressed the activation of microglia. LPS
treatment increased the expression of caspase 3 and HSP60,
whereas LBPs treatment markedly suppressed their expres-
sion. Treatment with LBPs also effectively prevented the
release of TNF-a and HSP60 into the culture medium. The
effects of LBPs may occur via NF-«kB inhibition, since p65
expression was decreased with LBPs treatment. Therefore,
our data suggest that LBPs may be a therapeutic agent for the
treatment of inflammatory diseases.

Microglia defend the brain by destroying invading patho-
gens in the innate immune response of the CNS (23). Moderate
microglia activation promotes neuronal survival in isch-
emia (24). However, the over-activation of microglia leads to
the harmful activation of NF-«B signaling and TNF-a release
in inflammatory responses and organ failure (25). Therefore,
the inhibition of proinflammatory enzymes and cytokines
may be an effective therapeutic approach against neurodegen-
erative disorders and it is of therapeutic importance to seek
new strategies to decrease the over-activation of microglia.
Previous studies have investigated the neuroprotective effects
of several natural extracts, including curcumin (26) and
fucoidan (27). The present study suggests that the extract from
Lycium barbarum is a potential therapeutic tool.

Caspases are essential for apoptosis and inflammation and
caspase 3 is crucial in cell death and CNS inflammation (28). It
has been reported that LPS-stimulated microglia are not toxic
to neighboring neurons when caspase 3/7 is inhibited (29). The
activation of NF-kB by caspase 3 is critical in inflammation.
NF-«B is the most important transcription factor for inducing
the transcription of proinflammatory genes. For example,
the activation of NF-«xB leads to ischemia-induced neuronal
injury (30). Therefore, several anti-inflammatory therapies
aim to inhibit NF-kB activity in LPS models or inflammatory
diseases (31). Our results demonstrate that LBPs treatment
markedly inhibits caspase 3 and the NF-kB downstream
mediator p65, suggesting that the anti-inflammatory effects of
LBPs may be a result of the inhibition of the NF-kB pathway.
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HSP60 is a member of the heat shock protein family. HSP60
is normally cytoprotective, however, it may become toxic by
targeting self-reactive T cells in inflammatory diseases (32).
HSP60 production is induced by the NF-kB-p65 cascade and
is released following oxidative stress (33). The regulation of
HSP60 gene expression via the binding of NF-«xB to the HSP60
gene promoter may be the mechanism via which these effects
occur (34). TNF-a is also a mediator of NF-kB signaling and
triggers an increase in the expression of HSP60, which has
been shown to be reversed by p65 inhibition (34). We showed
that the levels of HSP60, NF-xB and TNF-a are decreased by
LBPs. Combined with the data of our previous studies, our
results indicate that LBPs may act through the inhibition of
NF-«B to prevent the over-activation of microglia.
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