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Introduction

Psoralea corylifolia L. (P. corylifolia), belonging to 
Leguminosae, was used to cure psoriasis and viti-
ligo.1 In our previous researches, one polysaccharide 
(PCp-I) with the average molecular weight of 
2.721 × 104 g/mol and irregular porous structure was 
purified and identified from P. corylifolia. The PCp-I 
was composed of rhamnose, arabinose, xylose, man-
nose, glucose and galactose.2 Polysaccharide has a 
wide range of biological activities, such as immu-
nomodulation,3–5 anti-tumor,6 anti-oxidation7,8 and 
anti-virus.9 Immunomodulatory activity is recog-
nized as the most important effective biological 
effects of polysaccharide and some scholars have 
found that the structure of polysaccharide including 
the monosaccharide composition, glycosidic-linkage 
position, molecular weight and branching are closely 
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related to its immunostimulatory activity.10 Contrary 
to bacterial polysaccharides, plant derived polysac-
charides are usually nontoxic and without side 
effects, so they become potential therapeutic candi-
dates for cancer and immune disorders.11 Inhibiting 
effect of PCp-I on the A549 lung cancer cells was 
confirmed in our previous research while the 
immune activity has not been studied.2 The main 
targets responding to immune molecules are mono-
cytes, macrophages and neutrophils.11 In this 
research, the mouse macrophage RAW264.7 was 
selected to study the immunomodulatory effects of 
PCp-I.

Due to the large molecular mass, polysaccha-
ride cannot penetrate cell membrane directly, so 
the first step in the modulation of cellular events is 
to bind to Pattern Recognition Receptors (PRRs),12 
such as Scavenger Receptors (SRs), Complement 
Receptor (CR) and Toll-Like Receptors 
(TLRs).10,13,14 Until now, a total of 10 functional 
TLRs (TLR1-TLR10) in humans and 13 active 
TLRs in laboratory mice have been discovered.15 
PRRs will trigger immune signalling pathways, 
leading to regulation of relevant gene expression 
and protein synthesis. In macrophages, Mitogen 
Activated Protein Kinases (MAPKs) and Nuclear 
Factor-κB (NF-κB) are main immunoregulate sig-
nalling pathways reported in previous researches.16 
When they are activated, macrophages can 
increase the secretion of the immune molecules, 
including Nitric Oxide (NO) and other pro-inflam-
matory cytokines, such as Tumour Necrosis 
Factor-α (TNF-α), interleukin (IL)-1, IL-6, IL-8, 
IL-12 and Interferon (IFN)-γ.17–19 Especially, 
NF-κB is recognized as a key regulator of cytokine 
expression and is closely associated with the gen-
eration of ROS and induction of apoptosis in mac-
rophages.20 Besides secretion the immune 
molecules, macrophages can exert their immu-
noregulation effects by devouring foreign patho-
gens and cell fragments.21 In addition, they can 
process and present the endogenous and exoge-
nous antigens by increasing the expression of 
Major Histocompatibility Complex (MHC) and 
Cluster of Differentiation (CD) molecules on the 
cell surface.22

In this paper, the immunomodulatory effects and 
corresponding regulation mechanism of P. coryli-
folia polysaccharide were studied by the mouse 
macrophage RAW264.7.

Materials and methods

Polysaccharide preparation and reagents

Preparation of PCp-I. PCp-I were isolated and purified 
by Henan Joint International Research Laboratory 
of Drug Discovery of Small Molecules, Zheng-
zhou, China.2 In brief, The P. corylifolia dried 
powder was soaked with petroleum ether and 75% 
ethanol to eliminate some fat-soluble substances 
and the residue was extracted three times with 
ultra-pure water at 85°C. The crude polysaccharide 
was precipitate from the water extraction solution 
by adding ethanol. The Sevage method was used to 
remove proteins. The DEAE-52 cellulose column 
and Sephadex G-100 column chromatography 
were used to refine polysaccharide. ToxinSensorTM 
Chromogenic LAL Endotoxin Assay Kit was used 
to detect endotoxin content and it ruled out the 
contamination of endotoxin in PCp-I used in the 
present study.

Chemicals and reagents. Dulbecco’s Modified Eagle’s 
Medium (DMEM) and neutral red were purchased 
from Solarbio (Beijing, China). Fetal Bovine Serum 
(FBS) was purchased from Gibco (Grand Island, 
NY, USA). Nitric oxide kit was obtained from Nan-
jing Jiancheng Bioengineering Institute (Nanjing, 
China). TNF-α and IL-6 ELISA kit were obtained 
from Beijing 4A Biotech Co, Ltd (Beijing, China). 
Primer iNOS, TNF-α, IL-6, TLR4 and MyD88 
were purchased from Thermo Fisher scientific 
(Shanghai, China). Reactive Oxygen Species Assay 
Kit were purchased from Beyotime Biotechnology 
(Shanghai, China). PrimeScriptTMRT reagent kit 
with gDNA Eraser kit and TB Green TM Ex TaqTM 
II (Tli RNadeH Plus) and Bulk kit were purchased 
from TaKaRa. Antibody NF-κB p65, phospho-NF-
κB p65, p38 MAPK, phospho-p38 MAPK, SAPK/
JNK, phospho-SAPK/JNK, p44/p22 MAPK and 
phospho-p44/p22 MAPK were purchased from 
Cell Signaling (Beverly, MA, USA). NF-κB inhibi-
tor (PDTC), ERK inhibitor (PD98059), JNK inhibi-
tor (SP600125) and p38 inhibitor (SB203580) 
Lipopolysaccharide (LPS) were purchased from 
Sigma-Aldrich (St. Louis, MO, USA)

Methods

Cell culture and treatment. RAW264.7 cells were 
obtained from Shanghai Institutes for Biological 
Sciences (Chinese Academy of Sciences, China). 
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The cells were cultured in DMEM medium with 
10% FBS, 100 U/mL penicillin and 100 μg/mL 
streptomycin and incubated in a humidified incu-
bator of 5% CO2 at 37°C. LPS (1 μg/mL) was used 
as the positive control.

Cell viability assay. RAW264.7 cells were seeded in 
96-well plates at a density of 1 × 105 cells/mL and 
cultured at incubator, and then the cells were 
treated with 100 μL culture medium or PCp-I at 
different concentration (25, 50, 100, 200, 400 and 
800 μg/mL) for 24 h. The culture medium was then 
removed and 100 μL/well of the MTT solution 
(1 mg/mL) was added. After 4 h incubation, the 
medium was discarded and 100 μL of DMSO was 
added to each well to solubilize blue-purple crys-
tal. Finally, the absorbance was measured at 
490 nm.

Phagocytic activity. Effects of PCp-I on the pinocyto-
sis activity of RAW264.7 cells was measured by 
the method of neutral red uptake as described by 
previous articles.23 Briefly, 100 μL cells (1 × 105 
cells/well) were seeded in 96-well plates and 
treated with specified concentrations of PCp-I or 
LPS (1 μg/mL). After 24 h culturing, the superna-
tant was replaced with 0.075 % neutral red solu-
tion. And then for, cell lysis solution (1% acetic 
acid/anhydrous alcohol, 1:1/v:v) was added to each 
well after 4 h incubation of neutral red solution. 
Finally, the absorbance value was measured at 
540 nm.

Measurement of NO, TNF-α and IL-6. RAW264.7 cells 
were added into 24-well plates (1 × 105 cells/well) 
and treated with PCp-I for 24 h. The supernatant 

was collected and the levels of NO and pro-inflam-
matory cytokines were determined according to 
the manufacturer’s instructions.

Determination of ROS generation. Intracellular ROS 
level was measured by detecting the changes of 
fluorescence intensity resulting from the oxidation 
of the fluorescent probe DCFH-DA.5 Cells (2 × 105 
cells/mL) were added into 6-well plates and incu-
bated with PCp-I (400 μg/mL) or LPS (1 μg/mL) 
for 24 h. Next, 10 μM DCFH-DA was added into 
each well and cells were incubated for 30 min at 
37°C in dark. Later, the cells were washed three 
times by the PBS, and the Mean Fluorescence 
Intensity (MFI) of RAW264.7 cells (1 × 104 cells)
were measured by the flow cytometry.

Quantitative real-time polymerase chain reaction (qRT-PCR).  
Similar to the above cell processing methods, 
RAW264.7 cells was treated with LPS or PCp-I 
(400 μg/mL) with 6 h. Then cells total RNA was 
isolated by Trizol Reagent and reversed to cDNA 
through Prime Script TMRT reagent kit with gDNA 
Eraser Kit. For detection of the mRNA expression, 
qRT-PCR was performed by TB Green TM Ex 
TaqTM II (Tli RNadeH Plus), Bulk kit. The data 
were presented as 2−ΔΔct. GAPDH was assessed as 
on normalization control and the sequences were 
listed in Table 1.

Western blot. The total proteins were extracted by 
the weak RIPA Lysis Buffer. The cytoplasmic and 
nuclear proteins were extracted by nuclear protein 
kit. The BCA kits were used to measure the protein 
concentrations. The proteins (30 μg, boiling for 
10 min) were separated by 8% SDS-PAGE and 

Table 1. Primers for real-time RT-PCR.

Name Sequences

GAPDH Forward: 5′ - ACCCCAGCAAGGACACTGAGCAAG-3′
Reverse: 5′ - GGCCCCTCCTGTTATTATGGGGGT -3′

iNOS Forward: 5'- GCTCGCTTTGCCACGGACGA -3′
Reverse: 5′- AAGGCAGCGGGCACATGCAA -3′

TNF-α Forward: 5′- CCCTCCTGGCCAACGGCATG -3′
Reverse: 5′- TCGGGGCAGCCTTGTCCCTT -3′

IL-6 Forward: 5′- AGACAAAGCCAGAGTCCTTCAGAGA -3′
Reverse: 5″- GCCACTCCTTCTGTGACTCCAGC -3′

TLR4 Forward: 5′- TGAGCAGTCGTGCTGGTATC -3′
Reverse: 5′- CAGGGCTTTTCTGAGTCGTC -3′

MyD88 Forward: 5′-ACTCGCAGTTTGTTGGATG -3′
Reverse: 5′- CACCTGTAAAGGCTTCTCG -3′
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then transferred to the polyvinylidene difluoride 
(PVDF) membranes. The membranes were blocked 
with 5% skim milk for 2 h and incubated with the 
phosphorylated or non-phosphorylated antibodies 
(NF-κB p65, ERK1/2, SAPK/JNK and p38) over-
night at 4°C. Subsequently, the membrane with 
PBST was washed and the membrane with an 
HRP-conjugated secondary antibody was incu-
bated. Washed again and the proteins signal were 
visualized with ECL chemiluminescence detection 
kit. The band gray value was quantitatively ana-
lyzed by Image J software.

Statistical analysis

The data were expressed as mean ± SD. All experi-
ments were performed in triplicate and analyzed 
statistically by SPSS 19.0 software. Statistical sig-
nificance was calculated by the one-way ANOVA 
analysis.

Results and discussions

PCp-I increases the proliferation of RAW264.7 
cells

MTT assay was used to detect the proliferation of 
cells. In Figure 1, PCp-I could significantly pro-
mote the proliferation of RAW264.7 cells at the 
concentration of 200–400 μg/mL (P < 0.05) and 
800 μg/mL (P < 0.01) compared with the control 
group. PCp-I polysaccharide could not present 
inhibiting effect at the concentrations less than 
800 μg/mL. The above results also indicated that 
PCp-I (25–800 μg/mL) did not exhibit any cyto-
toxic effect to the RAW264.7 cells.

PCp-I enhances the phagocytic activity of 
RAW264.7 cells

As a professional scavenger in the body, mac-
rophages play an important role in clearance of for-
eign matters and pathogens.24 Pathogens inside the 
macrophages are broken by low pH, hydrolysis 
and deep offence. Then pathogen-derived com-
pounds would be presented at the cell surface (anti-
gen presentation), allowing the activation of 
acquired immunity.25,26 In Figure 2, the phagocyto-
sis of the cell treated with LPS (1 μg/mL), as 
expected, obviously increased nearly twice as 
many as that in the control group (P < 0.001). 
Compared with the normal control group, the 
phagocytic activities of RAW264.7 cells treated 
with PCp-I from 100–800 μg/mL for 24 h were sig-
nificantly enhanced (P < 0.001) in a dose-depend-
ent manner. These results suggested that PCp-I 
treatment could enhance the phagocytic activity of 
RAW264.7 cell, which was important to the body’s 
immunomodulatory.

Effects of PCp-I on NO production and iNOS 
expression

As one of the most important pro-inflammatory 
mediators in immune system, NO reveals immu-
nity function through killing microorganisms and 
tumour cells.27,28 Hence, NO can be used to assess 
the effects of PCp-I on immune regulation. In 
Figure 3a, the level of NO production in RAW264.7 
cells increased significantly after the stimulation 
from LPS (1 μg/mL) and PCp-I (P < 0.001) com-
pared with the normal control group. Along with 

Figure 1. Effects of PCp-I on the proliferation rate of 
RAW264.7 cells.
Data represent the mean ± SD, n = 3. Compared with control 
group,**P < 0.01,*P < 0.05.

Figure 2. Effects of PCp-I on phagocytic activity of 
RAW264.7 cells.
Data represent the mean ± SD, n = 3. Compared with the control, 
***P < 0.001.
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an increase of the concentration of PCp-I, the 
enhancement of the NO secretion became stronger 
and stronger. In order to further verify the accuracy 
of the experiment and explore the regulation mode 
of NO release in RAW264.7 cells, qRT-PCR was 
used to detect the relative mRNA expression level 
of iNOS. The results showed that LPS and PCp-I 
(400 μg/mL) increased the expression levels of 
iNOS mRNA at 6 and 12 h treatment respectively 
(Figure 3b).

Effects of PCp-I on the expression of cytokines 
and mRNA in RAW264.7 cells

When macrophages are activated, more cytokines 
will be secreted, including TNF-α, IL-6, IL-1β etc, 
which all exert immunomodulatory activity. TNF-
α increase the production of a series of inflamma-
tory factors and enhance the immune responses of 
monocytes and macrophages through autocrine 
manner.29 In addition, as a kind of pivotal cytokines 
inducing acquired immune response, IL-6 plays a 
significant role in promoting the differentiation of 
the T cells and B cells.30,31

In Figure 4a to d, the level of TNF-α and IL-6 
and the expression of their corresponding mRNAs 
were significantly increased after the treatment of 
LPS (1 μg/mL) (P < 0.001). In Figure 4a to b, 
PCp-I could obviously enhance the secretion level 
of TNF-α and IL-6 compared with the control 
group. Moreover, PCp-I (400 μg/mL) significantly 
promoted the mRNA expression of TNF-α and 
IL-6 (P < 0.001) ( Figure 4c and d).

PCp-I induces ROS production of 
RAW264.7cells

ROS acts as an immunomodulatory signalling 
molecule in macrophage like other pro-inflamma-
tory cytokines.32 According to an earlier report, 
NF-κB is a transcription factor that is redox-regu-
lated, with the generation of reactive oxygen spe-
cies (ROS) in macrophages closely associated with 
the NF-κB pathway activating.20 NF-κB by many 
agents can result in the formation increase of intra-
cellular ROS.33–35 Besides, ROS also has a certain 
promotion effect on cell apoptosis.36 The Figure 5 
showed that compared with the control group, the 
peak shape of the model group shifted to the right 
significantly, which indicated that PCp-I could 
enhance the release of ROS. ROS indicated that 
PCp-I (400 μg/mL) could promote the production 
of ROS in RAW264.7 cells.

PCp-I induces the activation of MAPKs and NF-
κB pathways in RAW264.7 cells

In macrophages, NF-κB and MAPKs are main sig-
nalling pathways to control immune responses. 
NF-κB, as a master transcription factor including 
five members (p50, p52, p65 (RelA), RelB, c-Rel), 
regulates immune responses and exists mainly in 
cells as p65 and p50 heterodimers.37,38 In normal 
cells, NF-κB usually exists in the cytoplasm 
through combining with the inhibitor of kappa B 
(I-κB). After activation, different upstream path-
ways will converge on the inhibitor of nuclear 

Figure 3. Effects of PCp-I on NO production (a) and iNOS expression (b) in Raw264.7 cells.
Data represent mean ± SD, n = 3. Compared with the control, ***P < 0.001.
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Figure 5. The effects of PCp-I on ROS in Raw264.7 cells.
Data represent mean ± SD, n = 3. Compared with the control, ***P < 0.001.

Figure 4. The effects of PCp-I on the expression of TNF-α (a), IL-6 (b), and TNF-α (c), IL-6 (d) mRNA in Raw264.7 cells.
Data represent mean ± SD, n = 3. Compared with the control, ***P < 0.001.
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factor kappa B kinase (IKK) complex. Then IKK 
complex phosphorylates I-κB, leading to the 
release of NF-κB from the cytoplasm and translo-
cation into the nucleus to activate specific target 
genes.39,40 MAPK family contains three major 
kinases including extracellular signal-regulated 
kinase 1/2 (ERK 1/2), c-jun N-terminal kinase 
(JNK) and p38.36 AP-1 is a downstream transcrip-
tion factor of MAPKs and its major forms are Fos/
Jun heterodimers which have high affinity with the 
protein by binding to AP-1 sites. Besides, AP-1 
induces gene expression involved in cell differen-
tiation and proliferation.41,42

It was clear (shown in Figure 6a) that the expres-
sion level of phosphorylated p65 increased signifi-
cantly by the treatment of PCp-I, which enhanced 
the proportion of p-p65/p65. Compared with the 
control group, the concentration of PCp-I with 
800 μg/mL could increase the level of NF-κB as 
high as the positive control group. The results sug-
gested that PCp-I could accelerate the transloca-
tion of NF-κB from cytoplasm to nucleus. In order 
to further determine the role of NF-κB in the acti-
vation of RAW264.7 cells evoked by PCp-I, NF-κB 
specific inhibitors (PDTC) was used. We pretreated 
the PCp-I drug group with different concentrations 
of PDTC (10 and 30 μM, respectively). The results 
were shown in Figure 6b. LPS1 (100 ng/mL) and 
LPS2 (1 μg/mL) were used as a positive control, 
we found that the phosphorylated p65 expression 

level was significantly attenuated through PDTC 
pretreatment compared with the PCp-I (800 μg/
mL) group. All of these results indicated that PCp-I 
played an immunomodulatory role through activat-
ing the NF-κB signalling pathway.

In Figure 7, the expression of p-p38, p-ERK, 
p-JNK protein were observably higher than the 
control group. It is clear that in Figure 7a, LPS or 
PCp-I had no effects on the expression of non-
phosphorylated p38, ERK and JNK, while PCp-I 
enhanced the expression of MAPKs protein spe-
cially at the concentration of 100–800 μg/mL. As 
in the above case, the MAPK signalling pathway 
inhibitors were used to further verify the activation 
effects of PCp-I, including PD98059 (ERK inhibi-
tor), SP600125 (SAPK/JNK inhibitor) and 
SB203580 (p38 inhibitor). In Figure 7b, PD98059 
(30 μM), SP600125 (3 μM) and SB203580 (10 μM) 
pretreatment specifically reduced the expression of 
corresponding protein phosphorylation, which val-
idated the results of Figure 7a. Morever, the regula-
tory effects of PCp-I on p38 and ERK is particularly 
obvious than JNK. The results showed that PCp-I 
could up-regulate the level of MAPKs phospho-
rylation in RAW264.7 cells to exhibit the role of 
regulating immunity.

Many studies have reported that polysaccha-
rides derived from Angelica dahurica, Sutherlandia 
frutescens and Ganoderma atrum can activate 
immunocyte through MAPK phosphorylation and 

Figure 6. Effects of PCp-I on the expression of phosphorylation NF-κB P65 protein (a) inRAW264.7 cells and PDTC on protein 
expression after activation of PCp-I (b).
Data represent mean ± SD, n = 3. In Figure 6a and b, compared with the control, ***P < 0.001. In Figure 6b, compared with PCp-I, ##P < 0.01, ###P < 0.001.
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NF-κB translocation.3,43,44 It is consistent with pre-
vious studies, our results demonstrated that MAPK 
and NF-κB signalling pathways played a signifi-
cant role in RAW264.7 cells activation induced by 
PCp-I.

Effect of PCp-I on TLR4 and MyD88 in 
RAW264.7 cells

All TLRs bind to ligands, recruit the adapter mole-
cule Myeloid differentiation factor 88 (MyD88) to 
regulate immune responses.45 TLR4 has been iden-
tified as an important membrane receptor of poly-
saccharides. Some polysaccharides from A. gigas 
Nakai, Cordyceps militaris, and Acanthopanax 
koreanum have been reported to activate B cells 
and DCs through TLR4.46–48 The TLR4 bind to 
ligands, resulting in recruitment of the adapter mol-
ecule Myeloid differentiation factor 88 (MyD88), 

which in turn leads to the activation of NF-κB and 
MAPK transduction cascades in macrophages.49,50

In Figure 8, RT-PCR analysis showed that PCp-I 
directly up-regulated the mRNA expression levels 
of TLR4 and MyD88 in RAW264.7. Similar results 
concerning about TLR4 expression in macrophages 
were observed following LPS.51 TLR4 may be one 
of the important receptors for PCp-I regulate the 
immune activity of RAW264.7 cells.

Conclusions

Previous researches have reported that 35 kinds of 
polysaccharides from 22 different plants could 
enhance the function of macrophages.24 In our 
study, we found PCp-I had immunomodulatory 
effect on RAW264.7 macrophages and specific 
mechanism. Polysaccharide PCp-I can regulate  
the activation of NF-κB and MAPK signalling 

Figure 7. Effects of PCp-I on the proteins expression of p38, ERK and JNK in RAW264.7 cells (a) and corresponding inhibitors on 
proteins expression after activation of PCp-I (b).
Data represent mean ± SD, n = 3. In Figure 7a and b, compared with the control, *P < 0.05, **P < 0.01, ***P < 0.001. In Figure 7b, compared with 
PCp-I, ##P < 0.01, ###P < 0.001.
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pathway in the RAW264.7 cells. The activation of 
NF-κB have a closely relationship with the increase 
of active oxygen release. NF-κB and AP-1 can be 
transferred into the nuclear to regulate the transcrip-
tion of genes, which increase the secretion of NO 
and pro-inflammatory cytokines, including TNF-α 

and IL-6. In addition, PCp-I may bind to TLR4, 
induce the recruitment of MyD88 to activate of 
NF-κB and MAPK signalling pathway. This 
detailed process is shown in Figure 9. Therefore, 
PCp-I has potential to exploit as inherent immune 
response regulators, which has a significance in 

Figure 8. Effects of PCp-I on the expression of TLR4 (a) and MyD88 (b) mRNA.
Data represent mean ± SD, n = 3. compared with the control, **P < 0.01, ***P < 0.001.

Figure 9. Signalling pathways involved in macrophage activation by PCp-I.
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preventing and treating human immunosuppress 
diseases. However, the specific membrane receptor, 
and even the cellular messenger which play an 
important role in improving the immunity function 
of PCp-I need to be further studied.
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