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Abstract

AIM: To explore the effect of Astragalus mongholicus
polysaccharide (APS) on gene expression and mitogen-
activated protein kinase (MAPK) transcriptional activity
in intestinal epithelial cells (IEC).

METHODS: IEC were divided into control group,
lipopolysaccharide (LPS) group, LPS+ 50 ug/mL APS
group, LPS+ 100 ug/mL APS group, LPS+ 200 pg/mL
APS group, and LPS+ 500 ug/mL APS group. Levels
of mRNAs in LPS-induced inflammatory factors, tumor
necrosis factor (TNF)-a and interleukin (IL)-8, were
measured by reverse transcription-polymerase chain
reaction. MAPK protein level was measured by Western
blotting.

RESULTS: The levels of TNF-a and IL-8 mRNAs were
significantly higher in IEC with LPS-induced damage
than in control cells. APS significantly abrogated the
LPS-induced expression of the 7AF-a and 7L-8 genes.
APS did not block the activation of extracellular signal-
regulated kinase or ¢ Jun amino-terminal kinase, but
inhibited the activation of p38, suggesting that APS
inhibits LPS-induced production of TNF-o and IL-8
mRNAs, possibly by suppressing the p38 signaling
pathway.

CONCLUSION: APS-modulated bacterial product-
mediated p38 signaling represents an attractive
strategy for prevention and treatment of intestinal
inflammation.
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INTRODUCTION

Intestinal epithelia cells (IEC) are the first line of
defense against noxious intraluminal agents, including
microorganisms and toxic antigensm. Although IEC
are less responsive to polysaccharide than monocytes/
macrophages, it has been shown that endotoxin triggers
a proinflammatory gene transcriptional program in
some IECP, including the rat small intestinal cell line
IEC-6"*". Luminal endotoxin may participate in various
intestinal inflammatory disorders. Modulation of
bacteria- and bacterial product-induced gene expression
in the intestine may have a significant impact on
intestinal inflammatory disorders".

Astragali Radix, root of Astragalus membranacens Bunge,
is a popular herb that has been used for thousands of
years in treatment of a variety of diseases in otiental
medicine. Astragalus mongholicus polysaccharide (APS)
is the main ingredient of _Astragali Radix. Studies have
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revealed the anti-inflammatory, antioxidant, and immune
regulatory roles of APS'). However, knowledge of
how APS exerts its anti-inflammatory effects is still
limited. Lee ez al” reported that Astragali Radix appears
to exert immune modulating effects by regulating the
expression of cytokines, such as interleukin (IL)-1, IL-6
and inducible nitric oxide synthase (iNOS), as well as the
production of nitric oxide (NO). In this study, the effect
of APS on LPS-induced mitogen-activated protein
kinase (MAPK) signaling and pro-inflammatory gene
expression in IEC-6 cells was investigated, showing that
APS prevents the activation of p38MAPK signaling in
TEC-6 cells i vitro.

MATERIALS AND METHODS

Materials

APS was isolated from a 6-yeat-old Astragalus membrana-
cens sample purchased from the Chinese Medicinal Herbs
Company (Beijing, China), with a purity of 98.5%. IEC-6
cells were purchased from the Chinese Academy of Medi-
cal Sciences, Center for Biological Detection (Beijing,
China). Lipopolysaccharide (LPS, Escherichia coli O55:B5)
and insulin (I5500) were purchased from Sigma (USA).
Phospho-specific rabbit polyclonal antibodies against
Thr180 and Tyr182 dual-phosphorylated p38, Thr183 and
Tyr185 dual-phosphorylated ¢ Jun amino-terminal kinase
(NK), Thr202 and Tyr204 dual-phosphorylated extra-
cellular signal-regulated kinase (ERK)/2 and total p38,
ERK1/2, JNK wete purchased from Cell Signaling Tech-
nology (USA). A rabbit polyclonal antibody against actin
and a peroxidase (HRP)-labeled anti-rabbit IgG antibody
were purchased from Sigma (USA).

Culture and treatment of IEC

The rat small intestinal cell line IEC-6 was grown
in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine setum and 0.01 mg/mL
insulin. IEC-6 cells were grown in 6-well plates at a
density of 5 x 107 cells per well and cultured in DMEM
at 37°C in a humidified atmosphere containing 50 mL
CO:z for 24 h. After incubation, non adherent cells were
removed and adherent cells were pretreated for 1 h
with APS at different concentrations (50, 100, 200 and
500 pg/mL). The cells were then stimulated with LPS
(10 pg/mL) and harvested at the indicated time points.

RNA isolation and reverse transcription-polymerase
chain reaction (RT-PCR) analysis

IEC-6 cells were cultured in DMEM containing LPS
with or without various concentrations of APS, for 1 h
to allow detection of tumor necrosis factor (TNF)-o
mRNA, and for 2 h to allow detection of I1.-8 mRNA.
Cells were washed in PBS and used for RNA isolation.
Total RNA was isolated using Trizol reagent according
to its manufacturer’s instructions. RT-PCR was carried
out using 1 pg of total RNA from IEC-6 cells and an
oligo(dT)1218 primer.

The sequences of primers for amplification of cDNAs
of rat TNF-q-U, TNF-q-L, IL-8-L., GAPDH-U and
GAPDH-L are 5-"TTCGGGGTGATCGGTCCCAA-3',
5-AGCATCTCGTGTGTTTCTGA-3', 5'-CCTGAAGA
CCCTACCAAG-3', AGGCTCCATAAATGAAAGA-3',
5'-ATCACTGCCACTCAGAAGAC-3', 5" TGAGGG
AGATGCTCAGTGTT-3', respectively. GAPDH was
used as an invariant housekeeping internal control gene.
Twenty-five cycles of amplification were performed for all
reactions. The length of PCR products of TNF-q, 1L-8
and GAPDH was 750, 494 and 580 bp, respectively.

Western blotting analysis

IEC-6 cells were stimulated with LPS (10 pg/mL)
for various periods of time (0-1 h). The cells were
cultured in a medium containing LPS with or without
various concentrations of APS for 1 h to detect
phosphorylated-p38, ERK1/2, JNK, and total p38,
ERK, and JNK, and lysed with a SDS sample buffer.
The supernatants were analyzed by 10% SDS-PAGE.
Proteins were transferred to nitrocellulose membranes,
which were blocked with 10% nonfat dry milk in TBST
containing 20 mmol/L Tris (pH 8.0), 137 mmol/L
NaCl and 10% Tween-20, and blotted with the relevant
primary antibody, then with a horseradish peroxidase-
conjugated secondary antibody. Bound proteins were
detected by enhanced chemiluminescence according to
its manufacturet’s instructions.

Statistical analysis

Statistical analysis was performed using SPSS 11.5. All
data were expressed as mean * SE. Statistical significance
of differences among values was determined by ANOVA
and LSD was used for inter-group comparison. P < 0.05
was considered statistically significant.

RESULTS

APS abrogated LPS-induced TNF-o. and IL-8 gene
expression in IEC-6 cells

The effects of APS on LPS-induced TNF+¢ and IL.-§
gene expression in the intestinal cell line IEC-6 were
evaluated. Stimulation of IEC-6 cells by LPS matkedly
increased the production of TNF-¢ and 1L-8. The effect
of APS on the levels of TNF-g and IL-8 mRNAs in
IEC-6 cells was detected after LPS stimulation. IEC-6
cells were pretreated with APS at different concentrations
(50, 100, 200 and 500 pg/mL) for 24 h, stimulated
with LPS (10 ug/mL) for 1 h. TNF- and IL-§ gene
expressions were detected by RT-PCR. As shown in
Figure 1, RT-PCR analysis revealed that TNF-q and
IL-8 mRNAs were induced readily in IEC-6 cells by
LPS. However, this induction was inhibited by APS
in a concentration-dependent manner, namely 50 and
500 pg/ml. APS partially and significantly suppressed the
production of TNF-q, and IL.-8 mRNAs in the presence
of LPS-activated IEC-6 cells compared with LPS
stimulation in the absence of APS (P < 0.01).
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Figure 1 Astragalus mongholicus polysaccharide inhibits TNF-o and IL-8
production in LPS-stimulated rat small intestinal cells. Intestinal epithelial
cells (IEC) were treated with APS for 1 h, and cultured in a medium containing
10 pg/mL. LPS with APS at different concentrations for 1 h to detect TNF-a.
and IL-8 mRNAs in the cells by RT-PCR. M: Marker. A: Control group; B: LPS+
0 pg/mL APS group; C: LPS+ 50 ug/mL APS group; D: LPS+ 100 pug/mL APS
group; E: LPS+ 200 pg/mL APS group; F: LPS+ 500 pg/mL APS group.
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Figure 3 Astragalus mongholicus polysaccharide inhibits p38
phosphorylation but not ERK1/2 or JNK activation in LPS-stimulated
rat small intestinal cells. |[EC were treated as described in Figure 1. After
incubation in a medium containing 10 pg/mL LPS with APS at different
concentrations of for 1 h, Western blotting analysis was performed to detect
phosphorylated p38 (A), total p38 (B), phosphorylated ERK (C), total ERK (D),
phosphorylated JNK (E), total JNK (F) and actin (G).

APS inhibited both TNF-¢. and IL-8 production by LPS-
activated IEC-6 cells in a time-dependent manner

IEC-6 cells were pretreated with APS (500 ug/mL) for
24 h, stimulated with LPS (10 pg/mL) for 1-4 h. The
expression of the TINF«x and IL-§ genes was detected
by RT-PCR. As shown in Figure 2, LPS-induced TNF-q
mRNA expression was inhibited 10.3% and 25.5% by
APS treatment at 1 and 4 h post-stimulation, respectively.
LPS-induced IL-8 mRNA expression was also inhibited
15.3% and 18.8% by APS treatment at 1 and 4 h post-
stimulation, respectively.
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Figure 2 Astragalus mongholicus polysaccharide inhibits TNF-o. and IL-8
production in LPS-stimulated rat small intestinal cells. IEC were treated
with APS (500 pg/mL) for 1 h, and cultured in a medium containing 10 ug/mL.
LPS for up to 4 h to detect TNF-o and IL-8 mRNAs in the cells by RT-PCR.
M: Marker. A: Control group; B: LPS+ 0 pg/mL APS group; C: LPS+ 50 pg/mL
APS group; D: LPS+ 100 pug/mL APS group; E: LPS+ 200 pg/mL APS group; F:
LPS+ 500 pug/mL APS group.

APS inhibited p38 phosphorylation but not ERK1/2 or
JNK activation in LPS-activated IEC-6 cells

Activation of MAPK p38 can mediate the produc-
tion of pro-inflammatory cytokines when IEC-6 cells
are activated. To further understand the mechanisms
underlying the APS-mediated anti-inflammation in
TEC-6 cells, we examined whether APS inhibits L.PS-
triggered activation of MAPK signaling, including
phosphorylation of p38, ERK1/2 and JNK. The levels
of phosphorylated (activated) p38, ERK1/2 and JNK
were analyzed in LPS-stimulated IEC-6 cells following
treatment with or without APS. p38, ERK1/2 and JNK
were strongly activated in IEC-6 cells stimulated with
LPS. However, APS treatment decreased LLPS-induced
p38 phosphorylation. Moreover, p38 phosphorylation
was inhibited by LPS in a concentration-dependent
manner. Fifty micrograms per millilitre APS par-
tially blocked LPS-induced p38 phosphorylation and
500 pg/mL APS significantly inhibited p38 phosphoty-
lation in LPS-stimulated IEC-6 cells (Figure 3) while the
total protein level of p38, ERK1/2 or JNK remained
unchanged, indicating that APS inhibits the activation of
p38 but not ERK1/2 and JNK in IEC-6 cells after LPS
stimulation.

DISCUSSION

The search for active compounds in natural products
used in traditional medicine has attracted great interest,
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because traditional herbal drugs have many benefits,
few side effects and low cytotoxicity[&m. Isolation,
identification and characterization of these compounds,
and evaluation of their potential benefits to humans,
have become an important field in pharmaceutical
rescarch!.

It has been reported that APS has a variety of
pharmacological properties. Traditionally, APS is used to
treat weakness, wound, anemia, fever, multiple allergies,
chronic fatigue, and loss of appetitem. APS is used as
a diuretic and tonic herbal medicine in Asian countties,
to enhance physical strength and endurance, strengthen
the immune system, decrease blood pressure, and
promote excretion and circulation!™"*", Clinically, APS
is used to treat chronic phlegmatic disorders and general
gastrointestinal disturbances including stomach ulcer and
diarrhea®'”. The mechanism by which APS mediates
the above-mentioned effects is unclear. Studies on the
use of APS in treatment of various human diseases
showed that this herb may act as an immune regulator
that can enhance strength, immunity and circulation!*?",
It has been reported that APS also appears to exert an
immune modulating effect by regulating the expression
of cytokines such as IL-1, IL-6 and iNOS, as well as the
production of NO'. In this study, APS inhibited the
production of both TNF-¢ and IL-8 in LPS-stimulated
IEC-6 cells in a concentration-dependent manner (Figure 1).
Since excessive production of TNF-o and IL-8 induces
tissue injury, septic shock and inflammatory intestinal
disease, APS can be developed into a drug for intestinal
injury.

MAPKs (ERK, p38, INK)""**! and NF-xB*?"
positively control TNF-q and IL-8 expression in LPS-
activated IEC-6 cells, »ia a unique signaling pathway.
Inhibition of any of the three MAPK pathways is
sufficient to block the TNF-¢ and IL-8 induced by LPS
in IEC-6 cells®™. In this study, whether APS exerts
its effects on TNF-q, and IL-8 by interfering with the
activation of ERK, p38 and JNK was tested, showing
that APS cannot block the activation of ERK or JNK.
Therefore, these two pathways do not mediate any
inhibitory effect of APS on TNF-a and I1.-8 production
by LPS-stimulated IEC-6 cells. In our study, APS
inhibited the activation of p38 and the expression of the
TNF« and IL-§ genes, suggesting that inhibition of the
activation of p38 but not ERK and JNK may inhibit the
production of TNF-q and IL-8.

In summary, APS inhibits the production of both
TNF-q and IL-8 in LPS-stimulated IEC-6 cells by
suppressing p38 signaling;
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