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Abstract. The aim of the present study was to investigate 
the immunoregulatory effects of Astragalus polysaccha‑
ride (APS) on RAW264.7 cells. The production of cytokines 
by RAW264.7 cells was analyzed using ELISA, while cell 
viability and optimal concentration of APS were assessed using 
the Cell Counting Kit‑8 assay. In addition, the mRNA levels 
of IL‑6, inducible nitric oxide synthase (iNOS) and TNF‑α 
were determined by reverse transcription‑quantitative PCR 
analysis. The levels of co‑stimulatory molecules and cell cycle 
distribution were assessed by flow cytometry. Electrophoretic 
mobility shift assay was used to determine the effects of APS 
on p65 expression. Compared with controls, APS enhanced 
the production of NO, the gene expression of TNF‑α, IL‑6 and 
iNOS and the protein levels of phosphorylated p65, p38, Jun 
N‑terminal kinase and extracellular signal regulated kinase in 
RAW264.7 cells, whereas these effects of APS were allevi‑
ated by pyrrolidine dithiocarbamate. The results of the present 
study indicated that the immunoregulatory effects of APS 
are mediated, at least in part, via the activation of the NF‑κB 
p65/MAPK signaling pathway.

Introduction

Radix Astragali, popularly known as Huangqi in Chinese 
or Milkvetch in English, mainly contains astragaloside IV, 
Astragalus polysaccharide (APS) and Astragalus flavo‑
noids (1). Scientific investigations have revealed that APS has 

various biological activities, such as immunomodulatory, anti‑
oxidant, antitumor, anti‑inflammatory, anti‑atherosclerotic, 
hematopoietic and neuroprotective properties (2,3). Previous 
studies have also shown that APS significantly increased the 
phagocytotic activity of macrophages and promoted lympho‑
cyte proliferation (4,5). RAW264.7 mouse macrophages, 
popularly used in the study of immune mechanisms, occupy a 
unique niche in the immune system. They can kill pathogens 
directly by phagocytosis and indirectly via the secretion of 
pro‑inflammatory factors (6). RAW264.7 mouse macrophages 
are responsible for functions such as antigen processing and 
presentation to antigen‑specific T cells (7). Following activa‑
tion, RAW264.7 cells can induce the expression of accessory 
and co‑stimulatory molecules that promote sustained stimula‑
tory interactions with T cells and the generation of adaptive 
immunity (8‑10).

CD40, CD80 and CD86 are known as co‑stimulatory 
molecules that are required for T cell activation (11). It was 
demonstrated that the differential expression of co‑stimulatory 
molecules on antigen‑presenting cells plays an essential role in 
directing the T‑cell response to proinflammatory or regulatory 
effector functions (12). CD40 interacts with CD40L, which is 
known to play key roles in the in vitro and in vivo activation 
and differentiation of B cells (13). In vivo results indicated that 
aberrant expression of co‑stimulatory molecules is sufficient 
for the initiation of an autoimmune response (14). Therefore, 
CD40, CD80 and CD86 are responsible for functions such as 
antigen processing and presentation to antigen‑specific T cells. 
Thus, the increase in the expression of the surface molecules 
CD40, CD80 and CD86 indicates enhanced immune response. 
It was previously demonstrated that RAW264.7 cells play an 
important role as an interface between innate and adaptive 
immunity (15). Therefore, it was deemed necessary to investi‑
gate the effects of APS on CD40, CD80 and CD86 expression 
in RAW264.7 cells.

NF‑κB is a ubiquitous transcription factor of inflamma‑
tory genes. The MAPK signaling pathway is an important 
regulator of numerous extracellular stimuli (16). In recent 
years, it was reported that the activation of the NF‑κB/MAPK 
signaling pathway plays a key role in resistance to pathogens 
or mechanical injury (17). A number of experimental and 
clinical studies have investigated the effects of APS in the 
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clinical setting. APS regulates humoral and cellular immunity 
via the Toll‑like receptor 4 signaling pathway, affecting the 
function of T cells and thus may be used as an adjuvant for 
vaccines (18). The activation of NF‑κB/Rel may be involved 
in the ability of APS to induce cytokine production by 
macrophages and RAW264.7 macrophages, leading to the 
enhancement of immune function (19,20). However, the exact 
molecular mechanism through which this induction affects 
immune function remains to be elucidated. The aim of the 
present study was to study the effects of APS on the activation 
of the NF‑κB/MAPK signaling pathway.

Materials and methods

Reagents. APS (purity >98%; cat. no. B20562‑20mg) was 
purchased from Shanghai Yuanye Bio‑Technology Co., Ltd. 
DMEM with high glucose was obtained from HyClone 
(Cytiva). FBS was purchased from Clark Bioscience. Cell 
Counting Kit‑8 (CCK‑8) was purchased from Dojindo 
Molecular Technologies, Inc. Cell cycle and mouse TNF‑α 
(cat. no. KGEMC102a), mouse IL‑6 (cat. no. KGEMC004‑1) and 
mouse IL‑1β (cat. no. KGEMC001b) ELISA kits were obtained 
from Nanjing KeyGen Biotech Co., Ltd. Nitric oxide (NO) 
assay kit (cat. no. S0021) was obtained from Beyotime Institute 
of Biotechnology. Biozol RNA extraction reagent, Biomiga 
First‑Strand cDNA Synthesis kit and quantitative PCR (qPCR) 
kit were obtained from Biomiga, Inc. The primary antibodies 
used in this study included anti‑β‑actin (cat. no. AF0003; 1:500), 
anti‑p38 (cat. no. AM065; 1:500), anti‑phosphorylated (p)‑p38 
(cat. no. AM063; 1:500), anti‑p65 (cat. no. AF0246; 1:500), 
anti‑p‑p65 (cat. no. AN371; 1:500), anti‑ERK (cat. no. AM076; 
1:500), anti‑p‑ERK (cat. no. AP328; 1:500), anti‑JNK 
(cat. no. AJ516; 1:500) and anti‑p‑JNK (cat. no. AJ518; 
1:500), and HRP‑conjugated anti‑mouse and anti‑rabbit 
secondary antibodies (cat. nos. A0216 and A0208; 1:500) were 
purchased from Beyotime Institute of Biotechnology. The 
pacific blue anti‑mouse CD40 (cat. no. 124626; 1:500), phyco‑
erythrin anti‑mouse CD80 (cat. no. 104708; 1:400) and FITC 
anti‑mouse CD86 (cat. no. 105006; 1:500) antibodies and the 
corresponding isotype controls (cat. no. 405404; 1:1000) were 
purchased from BioLegend, Inc.

Cell culture and treatment. RAW264.7 macrophages were 
obtained from Jilin University (Jilin, China) and cultured in 
DMEM with high glucose containing 10% FBS and 1% anti‑
biotics (100 U/ml penicillin and 100 µg/ml streptomycin) as 
previously described (19,20). The cells were cultured at 37˚C 
and 5% CO2 and the culture medium was replaced every 48 h. 
The cells were pretreated with or without 5 µmol/l pyrrolidine 
dithiocarbamate (PDTC; NF‑κB inhibitor; cat. no. S1809; 
Beyotime Biotechnology, China) 1 h before treatment with 
0, 25, 50 or 100 µg/ml APS.

Evaluating the optimal concentration of APS and RAW264.7 
cell viability by CCK‑8 assay. Cells were adjusted to a volume 
of 1x105 cells/ml and 100 µl of the cultured cells were selected, 
plated in a 96‑well plate and incubated at 37˚C and 5% CO2 
for 24 h. Subsequently, 10 µl CCK‑8 solution was added 
to each well and the cells were incubated for an additional 
4 h. The optical density was measured at a wavelength of 

450 nm using a plate reader (Multiskan MK3; Thermo Fisher 
Scientific, Inc.).

Evaluation of IL‑6, TNF‑α, IL‑β and NO secretion by 
ELISA and mRNA expression levels by reverse transcription 
(RT)‑qPCR analysis. RAW264.7 cells (1x105 cells/ml) were 
seeded in 6‑well plates, incubated overnight and then exposed 
to APS (0, 25, 50 and 100 µg/ml) and PDTC (5 µmol/l ) for 
24 h as previously described (19,20). Cell supernatants were 
collected by centrifugation at 3,500 x g (4˚C) for 10 min. The 
amount of IL‑6, TNF‑α, IL‑1β and NO secretion in the culture 
supernatants were determined in duplicate using respective 
ELISA kits according to the manufacturer's instructions.

Total RNA was isolated from RAW264.7 cells using 
TRIzol® reagent and the RNA was reverse transcribed into 
cDNA (1 h at 37˚C) with a First Strand cDNA Synthesis 
kit. The relative mRNA expression levels were detected 
using a Biomiga SYBR qPCR mix kit on an ABI 7500 
Real‑Time PCR system (Applied Biosystems, Thermo Fisher 
Scientific, Inc.). The following thermocycling conditions 
were used for the qPCR: Initial denaturation for 5 min at 
94˚C; followed by 30 cycles of 30 sec at 94˚C, 40 sec at 55˚C 
and 2 min at 72˚C; and a final extension for 7 min at 72˚C. 
Analysis of relative gene expression data was performed 
using the 2‑∆∆Cq method (21). The primer sequences of 
IL‑1β, IL‑6, TNF‑α, inducible nitric oxide synthase (iNOS) 
and GAPDH that were used for RT‑qPCR are designed by 
Primer 5.0 software according to the sequences in Genebank 
and are presented in Table I.

Evaluation of CD40, CD80 and CD86 expression. Cells 
were collected following treatment with PDTC and different 
concentrations (0‑100 µg/ml) of APS for 24 h. The cell 
surfaces were blocked with 5% goat serum (cat. no. C0256; 
Beyotime Institute of Biotechnology) at 4˚C for 15 min and 
washed twice with PBS (pH 7.2). Subsequently, the cells were 
incubated with monoclonal antibodies against CD40, CD80, 
CD86 and the corresponding fluorescent markers for 30 min 
at 4˚C. After the cells were washed twice with PBS and resus‑
pended in PBS, they were subjected to flow cytometry on a 
FACS platform and CellQuest software Version 3.0 (Becton, 
Dickinson & Company).

Flow cytometry analysis of cell cycle regulation. RAW264.7 
cells (1x106 cells/ml) were seeded in 6‑well plates and treated 
with various concentrations (0‑100 µg/ml) of APS in the 
presence or absence of PDTC for 24 h. Subsequently, the 
cells were collected, washed once with cold PBS, fixed in 
75% cold ethanol overnight at 4˚C and washed twice with 
cold PBS. The fixed cells were resuspended in 100 µl RNase 
(cat. no. ST577; Beyotime Institute of Biotechnology) at 37˚C 
and incubated with 400 µl PI at 4˚C in a dark room for 30 min. 
Cell cycle progression was analyzed using flow cytometry on 
a FACS platform and Cell Quest software Version 3.0 (Becton, 
Dickinson & Company).

Evaluation of p65 expression by electrophoretic mobility 
shift assay (EMSA). Briefly, nuclear protein from RAW264.7 
cells was extracted with a nuclear protein extraction kit 
(cat. no. C500009; Sangon Biotech Co., Ltd.) according to 
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the manufacture's instruction. After the cell medium was 
aspirated, 10 ml pre‑cold 1X PBS was added to remove the 
culture solution. The cells were scraped with a cell scraper. 
The cells and culture medium were transferred to a centri‑
fuge tube and centrifuged at 800 x g for 10 min at 4˚C. The 
supernatant was discarded and 10 ml pre‑cold 1X PBS was 
added to wash twice via centrifuging at 800 x g (3,000 rpm) 
for 5 min at 4˚C. 0.3 ml pre‑cold hypotonic buffer (include 
5 µl phosphatase inhibitor, 10 µl PMSF and 1 µl DTT in 
1 m of pre‑cold hypotonic buffer) was added to centrifugate 
tube and then transferred to new tubes. The tube was flicked 
with fingers to suspend the precipitate, bathed on ice for 
10 min, shaken for 10 sec. The suspension was centrifuged 
at 800 x g (3,000 rpm) at 4˚C for 5 min. The supernatant 
was discarded immediately. 0.4 ml pre‑cold hypotonic buffer 
added to wash the pellet with shaking for 30 sec. Then, the 
tubes were centrifuged at 4˚C, 2,500 x g (5,000 rpm) for 
5 min. The supernatant was discarded and the precipitate 
was saved. 0.2 ml lysis buffer (contain 5 µl phosphatase 
inhibitor, 10 µl PMSF and 1 µl DTT in 1 ml pre‑cold lysis 
buffer)) was added to the precipitate to suspend the precipi‑
tate. Then the suspension was bathed in ice for 20 min and 
centrifuged at 20,000 x g for 10 min at 4˚C. The precipitate 
was discarded and the supernatant is the nuclear protein 
extract. The nuclear protein extract was stored at ‑80˚C for 
EMSA assay. The protein concentration was measured using 
a Bio‑Rad protein assay reagent (Bio‑Rad Laboratories, 
Inc.). p65 probes were labeled with biotin for 30 min at 37˚C. 
Equal amounts (4 µg) of nuclear protein from each sample 
were included in the binding reaction for 20 min at room 
temperature using a Lightshift EMSA Optimization and 
Control kit (Pierce; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions. Protein‑DNA complexes 
were separated using non‑denaturing 6.5% polyacrylamide 
Tris‑borate‑EDTA electrophoresis gels and transferred to 
nylon membranes. Biotin‑labelled probes were detected 
using a chemiluminescence solution (Pierce; Thermo Fisher 
Scientific, Inc.). Labelled bands were measured using a 
G‑BOX Chemi XR5 gel imager (Syngene Europe).

Evaluation of NF‑κB/MAPK signaling pathway by western 
blotting. RAW264.7 cell proteins were extracted with 
RIPA lysis buffer (cat. no. C500007; Sangon Biotech Co., 
Ltd.) containing protease (cat. no. BL104A; BioSharp Life 
Sciences) and phosphatase inhibitor (cat. no. BL612A; 
BioSharp Life Sciences). Protein (40 µg/lane) was electro‑
phoresed on a 12% acrylamide resolving gel and 5% stacking 
gel, then transferred to a PVDF membrane (EMD Millipore) 
for 30 min at 120 V. The membrane was blocked with 
5% BSA (Biosharp Life Sciences) for 4 h at 26˚C and 
incubated with the appropriate diluted primary antibody at 
4˚C for 16 h. Following five washes with TBS containing 
0.05% Tween‑20 (TBS‑T), the membrane was incubated with 
HRP‑conjugated anti‑mouse or anti‑rabbit secondary anti‑
bodies (cat. nos. A0216 and A0208; 1:500). The membrane 
was washed in TBS‑T thrice, visualized by chemilumines‑
cence (cat. no. 32109; Thermo Fisher Scientific, Inc.) and 
the results were analyzed using Quantity One Software 
version 4.6.9 (Bio‑Rad Laboratories, Inc.).

Statistical analysis. All values are expressed as the mean ± SD 
with three or five replications in one treatment and analyzed 
with the SPSS software package 17.0 (SPSS Inc.). The differ‑
ences among experimental groups were analyzed using 
one‑way ANOVA with post hoc multiple comparison of means 
using the Duncan's multiple range test. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Effects of APS on cell proliferation. As shown in Fig. 1, 
RAW264.7 cells were treated with different concentrations of 
APS (0‑200 µg/ml). At the concentration range of 0‑100 µg/ml, 
the cell viability gradually increased with the increase in APS 
concentration and reaching the maximum at 100 µg/ml. When 
the concentration of APS was 100‑200 µg/ml, the cell viability 
decreased gradually upon increased APS concentration. 
Therefore, 100 µg/ml APS was determined as the optimum 
concentration for subsequent experiments.

Table Ⅰ. Primer sequences used in reverse transcription‑quantitative PCR analysis.

Gene name Product size (bp) Gene ID Primer sequence (5'‑3')

IL‑1β 165 16176 Forward: GCCACCTTTTGACAGTGATGAG
   Reverse: AGTGATACTGCCTGCCTGAAG
IL‑6 201 16193 Forward: CAACGATGATGCACTTGCAGA
   Reverse: TCTCTCTGAAGGACTCTGGCT
TNF‑α 161 21926 Forward: ACCTGGCCTCTCTACCTTGT
   Reverse: CCCGTAGGGCGATTACAGTC
iNOS 156 18125 Forward: AGGGACTGAGCTGTTAGAGACA
   Reverse: AAGAGAAACTTCCAGGGGCAAG
GAPDH 232 14433 Forward: GGTGAAGGTCGGTGTGAACG
   Reverse: CCCGTAGGGCGATTACAGTC

iNOS, inducible nitric oxide synthase.
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As shown in Fig. 2, compared with 0 µg/ml APS treatment 
group, 25‑100 µg/ml APS could increase the cell viability to 
a certain extent. However, following the addition of PDTC, 
the cell viability was suppressed. When APS was used at 
100 µg/ml with PDTC, PDTC exerted no suppressive effects 
on cell viability.

APS promotes cytokine secretion from RAW264.7 cells. 
RAW264.7 cell treatment with APS resulted in a marked 
increase in the concentrations of IL‑1β, TNF‑α and NO 
in a dose‑dependent manner (Fig. 3A, C and G). The gene 
expression levels were evaluated by RT‑qPCR. The results 
demonstrated that following APS stimulation, the mRNA 
expression levels of pro‑inflammatory factors and chemo‑
kines were increased (Fig. 3B, D, F and H). Following 
treatment with APS at 50 µg/ml, IL‑6 expression was 
significantly increased (Fig. 3C) compared the 0 µg/ml APS 
treatment group (P<0.01). At 100 µg/ml APS treatment, 

the production of IL‑1β, IL‑6 and NO were significantly 
increased (Fig. 3A, C and G) compared with the 0 µg/ml APS 
treatment group (P<0.01), whereas PDTC was able to inhibit 
the increase of IL‑1β, IL‑6 and NO (Fig. 3A, C, E and G; 
P>0.05). Compared with the 0 µg/ml APS treatment group, 
the production of TNF‑α have an increased trend with the 
increased concentration of APS, but there was no significance 
(Fig. 3E; P>0.05). Compared with 100 µg/ml APS, the levels 
of IL‑6 and NO in the APS 100 µg/ml + PDTC treatment 
group were significantly decreased (Fig. 3C and G; P<0.01). 
Compared with the 0 µg/ml APS treatment group, IL‑6 mRNA 
expression was significantly increased (Fig. 3D; P<0.01) in 
the APS 25 µg/ml treatment group (P<0.01) and the IL‑1β 
and IL‑6 mRNA expression levels were significantly higher 
(Fig. 3B and D; P<0.01) in the APS 50 µg/ml group (P<0.01). 
The expression of IL‑1β, IL‑6, TNF‑α and iNOS mRNA 
in the APS 100 µg/ml group were significantly increased 
(Fig. 3B, D, F and H; P<0.01) compared with 0 µg/ml APS 
treatment group (P<0.01). These results demonstrated that 
PDTC inhibited the effects of APS.

APS upregulates the expression of surface molecules on 
RAW264.7 cells. The expression of CD40, CD80 and CD86 
on RAW264.7 cells treated with APS were measured by flow 
cytometry (Fig. 4). Compared with the 0 µg/ml APS treatment 
group, the expression levels of CD40 increased gradually with 
increasing concentrations of APS. Following treatment with 
100 µg/ml APS, CD40 expression reached 55.20%; however, 
following the addition of PDTC, the expression levels of CD40 
decreased. Compared with 100 µg/ml APS, CD40 expres‑
sion levels decreased in the 100 µg/ml APS + PDTC group. 
APS exerted no effects on CD80 expression. CD86 secretion 
increased from 36.47 to 66.72% with 25‑100 µg/ml APS, while 
PDTC inhibited APS‑induced upregulation on CD86 expres‑
sion.

APS promotes cell proliferation by inducing cell cycle 
progression in RAW264.7 cells. As shown in Fig. 5 and 
Table II, APS increased the ratio of G2/M cells in a 
dose‑dependent manner, where the effects of 100 µg/ml APS 
was the most prominent. The addition of PDTC lowered the 
ratio of G2/M cells. The number of G2/M phase cells was 
slightly higher compared with the 0 µg/ml APS treatment 
group when both APS and PDTC were administered simulta‑
neously. Therefore, the results indicated that APS promoted 
cell proliferation.

APS promotes p65 expression in RAW264.7 cells. EMSA 
was performed using nuclear protein extracts to assess p65 
expression in the nucleus (Fig. 6). APS treatment resulted in 
an increase of p65 expression in a dose‑dependent manner. 
However, this effect was inhibited by PDTC. Compared 
with the 0 µg/ml APS treatment group, the expression levels 
of p65 in the nucleus significantly increased in the 25 µg/ml 
(P<0.05), 50 µg/ml (P<0.01) and 100 µg/ml APS (P<0.01) 
groups. Compared with 100 µg/ml APS, p65 expression of p65 
significantly decreased in the 100 µg/ml APS + PDTC group 
(P<0.01). These results suggested that PDTC can inhibit the 
expression of p65 in the nucleus, opposing the effects of APS 
treatment.

Figure 1. Effects of APS on the cell proliferation rate. Cells were treated with 
different concentrations of APS (0‑200 µg/ml). All values are expressed as 
the mean ± standard deviation of at least five replications in each treatment. 
APS, Astralagus polysaccharide; OD, optical density.

Figure 2. Effects of various concentrations of APS on cell viability. Cells 
were treated with different concentrations of APS (0‑200 µg/ml) with or 
without PDTC (5  µmol/ml). All values are expressed as the mean ± standard 
deviation of at least five replications in each treatment. APS, Astralagus 
polysaccharide; PDTC, pyrrolidine dithiocarbamate.
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APS activates the NF‑κB/MAPK signaling pathway in 
RAW264.7 cells. Western blot analysis results are shown 
in Fig. 7. The levels of p‑p65 in RAW264.7 cells increased 

significantly with increasing concentrations of APS. Compared 
with the 0 µg/ml APS treatment group, the levels of NF‑κB 
p65, p‑p38, p‑JNK and p‑ERK were significantly increased 

Figure 3. Effects of APS on cytokine and NO content and mRNA expression. NO contents were detected by ELISA. The mRNA expression levels of cytokines 
and iNOS were detected by reverse transcription‑quantitative PCR. Cells were treated with 0, 25, 50 and 100 µg/ml APS in the absence or presence of 
10 µmol/ml PDTC. The (A) content and (B) mRNA levels of IL‑1β; (C) content and (D) mRNA levels of IL‑6; (E) content and (F) mRNA levels of TNF‑α; 
and (G) content of NO and (H) mRNA levels of iNOS. *P<0.05 and **P<0.01 vs. 0 µg/ml APS treatment group. ##P<0.01 vs. 100 µg/ml APS treatment group. 
All values are expressed as the mean ± standard deviation of at least five replications in each treatment. APS, Astralagus polysaccharide; PDTC, pyrrolidine 
dithiocarbamate; NO, nitric oxide; iNOS, inducible nitric oxide synthase.
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Figure 4. Effects of APS on CD40, CD80 and CD86 secretion. Key membrane molecules were measured by flow cytometry. Cells were treated with dif‑
ferent concentrations (0‑100 µg/ml) of APS in the absence or presence of 5 µmol/ml PDTC. From left to right, expression of CD40 (PB), CD80 (PE) and 
CD86 (FITC). After the cell surface factors was detected by flow cytometry, the results were expressed in the histogram. APS, Astralagus polysaccharide; 
PDTC, pyrrolidine dithiocarbamate; PE, phycoerythrin.
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in the 25‑100 µg/ml APS groups. Compared with 100 µg/ml 
APS, the levels of p‑p38 and p‑JNK were decreased in the 
100 µg/ml APS + PDTC group.

Discussion

APS is the main bioactive ingredient of Astragalus membra‑
naceus and is widely studied for their immunopotentiating 

components on murine B‑cell proliferation stimulation (22,23). 
Besides, previous studies reported that APS can promote cell 
proliferation within a certain concentration range (24). To 
investigate the immune regulation of APS, CCK‑8 assay was 
taken. In the present study, the result showed that different 
concentrations of APS increased the proliferation of cells to a 
certain extent which indicated that APS promoted the differ‑
entiation of RAW264.7. In addition, it is reported that APS was 

Figure 5. Effects of APS on the cell cycle. The cell cycle was measured by flow cytometry. Cells were treated with different concentrations (0‑100 µg/ml) of 
APS in the absence or presence of 5 µmol/ml PDTC. APS, Astralagus polysaccharide; PDTC, pyrrolidine dithiocarbamate.

Table II. Cell cycle data.

 APS (µg/ml)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ PDTC PDTC
Items 0 25 50 100 (5 µmol/l) (5 µmol/l) + 100 µg/ml APS

RMS 1.66 2.57 2.17 2.32 2.16 1.46
Freq.G1 86.20 66.44 80.31 66.57 75.84 96.54
Freq.S 5.48 14.02 12.37 15.70 14.70 3.41
Freq.G2 2.45 7.01 8.40 15.65 2.26 2.68
G1 mean 201.93 194.46 190.73 192.66 208.15 210.00
G2 mean 383.19 379.63 373.81 368.87 387.07 376.00
G1 cv 6.42 6.65 8.54 6.76 7.96 7.19
G2 cv 6.24 2.98 3.35 5.90 1.74 11.44
Freq.sub‑G1 5.62 14.38 4.46 3.34 9.25 2.91
Freq.sub‑G2 ‑0.75 ‑0.46 ‑0.13 ‑1.19 ‑0.05 ‑0.82

APS, Astragalus polysaccharide; PDTC, pyrrolidine dithiocarbamate; RMS, root mean square; Freq, frequency; cv, coefficient of variation.
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not associated with toxic effects in 3T3‑L1 adipocytes and 
ob/ob diabetic mice (25). Our results further confirm that APS 
play a vital role in RAW264.7 differentiation without cyto‑
toxicity. Meanwhile, APS was shown to potentiate immune 
response of murine macrophages via increasing the production 
of IL‑1β and TNF‑α (23). It was previously reported that pachy‑
maran polysaccharides enhance cellular immune function 
by increasing the secretion of NO and TNF‑α in macro‑
phages (26). Pleurotus nebrodensis polysaccharide can activate 
RAW264.7 cells and increase the expression of IL‑6, TNF‑α, 
IFN‑γ, NO and iNOS, thereby exerting an immune‑enhancing 
effect (7). In a study of mice, APS significantly suppressed 
coxsackievirus B3‑induced expression of IL‑1β, IL‑6, TNF‑α, 
INF‑γ and MCP‑1 in the heart (27). In addition, APS can 
modulate cytokine‑induced immune dysfunction, mainly by 
downregulation of the expression of IL‑1β, IL‑2, IL‑6, TNF‑α 
and IFN‑γ in non‑obese diabetic mice T‑cell subsets (28). 
However, it is not clear whether APS can induce the produc‑
tion of cytokines in RAW264.7 in vitro. The results of the 
present study demonstrated that APS promoted the secretion 
of IL‑1β, IL‑6 and TNF‑α and increased the content of NO in 
RAW264.7 cells, which indicated that APS can enhance the 

immune function of RAW264.7 cells by directly promoting the 
production of cytokines. It is well known that the production of 
cytokines is regulated on transcriptional, post‑transcriptional 
and translational level (29). Furthermore, it was demonstrated 
that polysaccharides can exert immunopotentiation effects by 
increasing the levels of cytokines and NO and enhancing gene 
expression (30). In the present study, the levels of IL‑1β, IL‑6, 
TNF‑α and NO were measured. The results demonstrated that 
the expression of IL‑1β, IL‑6, TNF‑α and iNOS was increased 
after treated with APS and was decreased after inhibitor 
PDTC treatment. These results suggest that APS can promote 
the expression of cytokines and the production of NO, exerting 
potent immunomodulatory effects.

CD40, CD80 and CD86 are antigen‑presenting cells 
that play a costimulatory role in immune response regula‑
tion (31). Previous studies indicate that CD40, CD80 and 
CD86 are indispensable for immune responses and inducing 
the expression of cytokines (32). In the present study, APS 
increased the secretion of CD40 and CD80 in RAW264.7 
cells. There is no significant changes in the secretion of 
CD80. On the basis of these findings, CD40 and CD80, not 
CD 86, are included in the immune regulation stimulated 
with APS. It is reported that G1 period and S period are 
preparing for the presynthesis of RNA and synthesis of DNA, 
respectively (31). The regulation of the cell cycle is necessary 
to cell proliferation (33). It was found that APS exhibited an 
anti‑proliferative effect on cancer and displayed differen‑
tiation induction on erythroid (34). In the present study, the 
G2/M of RAW264.7 cells was gradually increased with the 
increased APS and was lowed with the inhibitor PDTC treat‑
ment. Combined with the viability results, APS promoted the 
proliferation of RAW264.7 cells.

APS regulates immune function through a variety of 
extracellular and intracellular signaling pathways, of which 
the most important is the NF‑κB signaling pathway (35‑39). 
NF‑κB plays a key role in the regulation of immune and inflam‑
matory responses through phosphorylation, DNA binding, 
dimerization and nuclear translocation methods (39,40). p65 
is key in the activation of the NF‑κB family of transcription 
factors and translocates from the cytoplasm to the nucleus 
after stimulation (41,42). In the present study, p65 nuclear 

Figure 6. Effects of APS on the expression of transcription factor p65 in the nucleus. (A) The electrophoretic mobility shift assay (EMSA) result of NF‑κB 
p65. (B) The EMSA scanned gray scale of NF‑κB p65. *P<0.05 and **P<0.01 vs 0 µg/ml APS treatment group. ##P<0.01 vs. 100 µg/ml APS treatment group. 
All values are expressed as the mean ± standard deviation of at least three replications in each treatment. APS, Astralagus polysaccharide; PDTC, pyrrolidine 
dithiocarbamate.

Figure 7. Effects of APS on the expression of key molecules involved in the 
MAPK signaling pathway. All values are expressed as the mean ± standard 
deviation of at least three replications in each treatment. APS, Astralagus 
polysaccharide; PDTC, pyrrolidine dithiocarbamate; p, phosphorylated.
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translocation increased in RAW264.7 cells treated with APS as 
determined by EMSA. The results demonstrated that different 
concentrations of APS could promote p65 nuclear transloca‑
tion, particularly at high concentration, whereas PDTC could 
inhibit the function of APS. It is reported that p38, JNK and 
ERK MAPK signaling pathway is upstream of IL‑1β, IL‑6 
and TNF‑α (43,44). As one of the main components of Radix 
Astragali, Astragaloside IV was found to increase the phos‑
phorylation of p65, p38, ERK and JNK (31). Limited studies 
report whether APS affects the protein expression of p65 
and MAPK. To further investigate the roles of APS in the 
MAPK and NF‑κB pathways, western blotting was used. In 
the present study, western blotting results revealed that the 
levels of p‑p65, p‑p38, p‑JNK and p‑ERK were significantly 
increased following treatment with APS. The changes of 
p65 and MAPK were reversed by the inhibitor PDTC. These 
results suggested that APS can enhance immune function 
via the NF‑κB p65/MAPK signaling pathway and PDTC can 
suppress the effects of APS. Overall, the activation of NF‑κB 
p65/MAPK signaling pathway provides a molecular explana‑
tion for the well‑known immune regulation with APS.

In conclusion, the results of the present study demonstrated 
that APS affected the expression of inflammatory cytokines 
and associated genes, promoting the secretion of co‑stimula‑
tory molecules on the surface of RAW264.7 cells and promoted 
cell proliferation to enhance immune function partly via the 
NF‑κB/MAPK signaling pathway. However, the present study 
did not perform in vivo studies, which will further clarify the 
immunoregulatory effects of APS. However, the present study 
provided a foundation for further investigation of the immune 
function enhancement of APS.
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