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Research Paper

Scientific experimental studies showed that many 
edible fungus polysaccharides had biological activities, 
including immune regulation and antitumor activities[1]. 
It is becoming increasingly clear by using the technology 
in modern medicine, cell biology and molecular biology 
to know how the immune system works. It would lead 
to the occurrence of human aging and a variety of 
diseases if the immune system is disordered[2]. Immune 
regulation by polysaccharides plays a role through 
the activation of macrophages, T and B lymphocytes, 
the reticuloendothelial system, complement and 
interferon, interleukin (IL) generation[3]. In addition, 
scientists further found that macrophages are one of 
the most important immune cells. It was and remained 
to be an integral part in studying cell phagocytosis, 
cellular immunity and molecular immunology[4]. With 
the stimulation of antigen, innate immune response is 
produced, which is not only sterilize directly but also 
secrete innate immune factors such as cell factors 
and chemotactic factors to regulate the function of 
the immune system[5]. Boletus speciosus Frost, a very 
rare edible fungus with high nutritional value, also has 

important medicinal values such as promoting digestion 
and enhancing immunity. Some progress has been 
made on bioactive substances from B. speciosus, for 
example some important components of B. speciosus 
were responsible for anticancer[6], antioxidant activities 
and for lowering blood lipids. In our previous studies, 
the polysaccharide structure of B. speciosus, which 
was named BSF-1 had been identified. The molecular 
weight of BSF-1 was 1.33×104 Da. BSF-1 consisted 
of two kinds of monosaccharides which were L-Man 
and D-Gal in the ratios of 2:1. It had a backbone of 
(1→4)-α-L-mannopyranose residues, which branches 
at O-6. The branches mainly comprised of (a→1)-α-D-
galactopyranose residue (fig. 1)[7]. A protein chip was 
used to identify the signalling transduction pathways 
in macrophages stimulated by polysaccharide BSF-1. 
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MATERIALS AND METHODS 

The fruiting bodies of B. speciosus were collected 
in Sichuan province, China and were authenticated 
in the College of Life Sciences, China West Normal 
University, Nanchong, China. DEAE-cellulose was 
purchased from Sigma-Aldrich (Mainland, China). 
Monosaccharide standards were purchased from 
Beijing BioDee Biotechnology Co. Ltd. (Beijing, 
China). All other reagents used were of analytical 
grade.

Extraction and purification of polysaccharides from 
B. speciosus Frost: 

In order to remove lipids, B. speciosus Frost fruiting 
bodies were soaked with 95 % alcohol for 6 h. The 
powder of B. speciosus Frost fruiting bodies was boiled 
three times each time for 6 h to extract polysaccharides. 
The filtrate was concentrated, dialyzed (MWCO8000, 
Sigma) and centrifuged to remove insoluble material 
and small molecular compounds[8]. Three times 
volume of 95 % alcohol was added to precipitate 
the crude polysaccharides, which was dried at 65°. 
Polysaccharides of B. speciosus Frost were extracted 
and purified using DEAE-Sepharose fast flow column[9].

Cell culture experiments:

After macrophages (RAW 264.7 cells, derived from 
mice, Chengdu golden Kay Biological Technology 
Co. Ltd. Chengdu, China) were recovered, 1640 basic 
culture medium (phenol red free) was used to culture 
the macrophages. The composition of the culture 
medium was as follows, 90 % RPMI-1640 culture 
medium (phenol red free), 10 % fetal bovine serum and 
1 % double antibiotics (10 mg/ml streptomycin and  
10000 U/ml penicillin)[10]. Macrophages were digested 
using 0.5 % pancreatin when cells were in the logarithmic 
growth phase. The cell culture fluid was added to 
dilute macrophages at a density of 2×105 cells/ml. 

The polysaccharide BSF-1 solution was mixed at 
concentrations of 2.5, 5, 10 and 20 μg/ml, respectively 
with 0.2 % fetal bovine serum medium. There were 
three groups, the blank group, LPS group and the BSF-1 
group. Each well was added 1 ml cell dilution solution 
in the 6-well plates. The 6-well plates were placed in 
a CO2 incubator (37°) to cultivate. After cultivated for 
24 h, the supernatant was removed from the 6-well 
plates. The blank group of the 6-well plates was added 
1 ml 0.2 % fetal bovine serum medium, the LPS group 
was added 1 ml (10 μg/ml) LPS, and the BSF-1 groups 
were added 1 ml each of different concentrations of 
BSF-1 solution (2.5, 5, 10, and 20 μg/ml). The 6-well 
plates were incubated in 5 % CO2 incubator (37°). 
After cultivated for 72 h, the supernatant was sucked 
with a pipette in 2 ml centrifuge tubes and sent to the 
company (Ray Biotech, Inc., Guangzhou, China) to 
carry out protein chip experiment.

Statistical analysis:

Experimental data was received from the company. 
Each of the cytokines had data in triplicate for the 
blank as well as the BSF-1 group. Average and standard 
deviation of values of each cytokine in the blank and 
the BSF-1 group were calculated[11]. The level of each 
cytokine from the BSF-1 group was expressed as a 
multiple of the corresponding value from the blank 
group. Student’s t-test and one-way analysis of variance 
were used for statistical analysis. A level of p<0.05 
was considered to be statistically significant. Owing 
to the abundant experimental data with large changes, 
logarithm of the original data was used to make the bar 
graph to make the data easily comprehensible. 

Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analysis: 

All the up-regulated or down-regulated cytokines were 
introduced into KEGG for cell signalling pathway 
analysis. Pathway Builder Tool 2.0 software was used 
to draw the map of the identified signalling pathway and 
NCBI was used to learn about the biological function 
of the related cytokines and the expression mechanism 
of protein in macrophage.

RESULTS AND DISCUSSION

Cells were cultured to collect the supernatant 
to complete the protein chip experiment. In this 
experiment, cell factors in macrophages had a standard 
(fig. 2A). The original diagram of the chip was 
analyzed (fig. 2B). The results indicated that there were 
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Fig. 1: The structure of the B. speciosus Frost polysaccharide, 
BSF-1
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differences in fluorescence intensity between the blank 
group and BSF-1 group. All the fluorescence intensities 
were automatically identified by the computer. Two 
hundred cytokines were tested using five protein 
chips and the results indicated that there were 48 up-
regulated cytokines and 73 down-regulated cytokines 
in macrophages induced by BSF-1 (fig. 3).

Proteins with up-regulated expression meant that 
certain signalling pathways were activated. That 
immune systems could operate through these 
signalling pathways in macrophages was surmised. 
Through sorting the data, 48 proteins with up-regulated 
expression were found, such as TNF-α, IL-6, G-CSF, 
LOX-1 and RANTES. These cytokines were divided 
into two groups. One group that was 5 to 20 fold 
up-regulated (Table 1) and the other was 20 fold up-
regulated (Table 2). Individual cytokines with the 
number of fold up-regulation in the BSF-1 group 
relative to the blank group were listed in Tables 1 and 2. 

Analysis of the processed data revealed a large IL 
family with in the 5.0 to 20.0 fold up-regulated group 
of cytokines that included IL-1α (18.4 fold), IL-1RA 
(16.9 fold), IL-12p70 (14.6 fold), IL-1β (7.3 fold), 
IL-20 (6.9 fold) and IL-12p40 (6.5 fold). ILs are 

cytokines, which are expressed by white blood cells[12]. 
The main function of ILs is to transmit information, 
activate and regulate immune cells[13], mediate T and 
B cells activation, proliferation and differentiation[14]. 
These play a major role in the inflammatory response. 
Within the same group a chemokine family was also 
found, which contained MIP-3α (13.7 fold), MDC 
(11.7 fold), I-TAC (9.4 fold), eotaxin-2 (7.2 fold), 
MIP-3β (6.6 fold), SDF-1α (6.5 fold) and PF-4 (6.0 
fold). Chemokines are a family of small cytokines that 
play important role in the inflammatory response. The 
results also indicated that there were members of the 
IL family that were up-regulated more than 20 fold, 
such as IL-6 (263.5 fold), IL-23 (79.8 fold) and IL-28  
(27.8 fold) and members of the chemokine family, 
RANTES (1694.7 fold), MCP-5 (145.6 fold), 
lymphotactin (46.9 fold) and TARC (23.6 fold).

The data also revealed some cytokines with down-
regulated expression, which signified that a few 
signalling pathways were inhibited and some of these 
signalling pathways might have been involved in 
macrophages proliferation. Sorting of the obtained 
data revealed that 73 proteins were down-regulated, 
such as CXCL16, IGF-I, CCL28, CD36, TECK and 
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Fig. 2: Maps of cell factor standards, blank and BSF-1 stimulation on protein chips 
Map of A. cell factor standards, B. diagram of expression of cell factors on protein chips exposed to the supernatants from blank 
and BSF-1-treated macrophages
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MMP-2. These cytokines were further divided into two 
groups, one group that had 0 to 5 fold down-regulated 
cytokines (Table 3) and the other with cytokines that 
were down-regulated more than 5 fold (Table 4). The 
actual fold down regulation of these cytokines in BSF-1 
group compared to the blank group was determined 
and presented (Tables 3 and 4). The KEGG pathway 
analysis indicated that the inhibited signalling pathways 
in BSF-1-treated microphages were the SDF-1/CXCR4 
signalling pathways. 

After analysis, there were some cytokines associated 
with TNF superfamily including Fas (20.4 fold), 
TWEAK (8.5 fold), TACI (6.8 fold), TRANCE  
(6.7 fold) and GITR L (1.1 fold). The tumor necrosis 
factor superfamily is a class of substances that can 
induce cell apoptosis or death. And there were certain 

cytokines, which were involved in inflammatory 
responses, Chemerin (404.7 fold), granzyme B  
(11.7 fold), RAGE (6.9 fold), CRP (5.2 fold), IFN-γ R1 
(1.9 fold) and IFN-γ (1.2 fold) included. 

Cytokines that were up-regulated by less than five-
fold when compared to the blank group were grouped 
under unchanged factors. After BSF-1 stimulation 
of the macrophages, some proteins with unchanged 
expression were found such as Axl, Flt-3L, E-selectin 
and galectin-1 (Table 5) and it was speculated that these 
factors were not involved in macrophage proliferation. 
Although these were regarded as unchanged factors, 
some of them were found in very high levels, for 
example, 69565.0 pg/ml of MIP-1α was found in 
BSF-1 group and this factor was also known as 
CCL3, which belonged to the CC chemokine family. 
Chemokine CCL3 played a role in innate immune and 
adaptive immune responses. Lungkine was found in 
an amount of 56287.8 pg/ml in BSF-1 group-treated 
macrophages, which is also known as CXCL15 with 
crucial physiological functions and an important role 
in mediating inflammation[15] belonged to the CXCL 
chemokine family. Progranulin (32804.3 pg/ml in 
BSF-1 group) is one of members of the granulin protein 
family, which might act as inhibitors or stimulators 
with opposing influence on cell growth.

Through the KEGG pathway analysis it was realized 
that BSF-1 could induce several signalling pathways in 
macrophages to initiate an immune response, such as 
Janus kinase (JAK) and signal transducer and activator 
of transcription (STAT), NF-ҡB, TNF and MAPK 
signalling pathways. In this study, the data revealed that 
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Fig. 3: Classification of cytokines in to up-regulated or down-
regulated groups
Each bar represents the number of either up-regulated or 
down-regulated cytokines in macrophages stimulated by BSF-1

Cytokines Blank BSF-1 Fold change Cytokines Blank BSF-1 Fold change
GITR 1.1 5.7 5.0 Fcg RIIB 132.5 1165.2 8.8
PF-4 32.6 195.2 6.0 I-TAC 19.3 181.1 9.4
TSLP 1.2 7.4 6.1 Nope 4.0 37.8 9.6
SDF-1α 30.7 199.1 6.5 B7-1 40.5 397.8 9.8
IL-12p40 0.0 6.5 6.5 P-selectin 3.3 33.1 9.9
CD30T 4.0 25.9 6.5 IGFBP-2 16.9 173.6 10.2
VEGF R1 18.1 119.4 6.6 IGFBP-3 31.8 331.2 10.4
MIP-3β 0.6 3.9 6.6 JAM-A 0.1 1.6 11.0
Decorin 7.8 53.3 6.8 MDC 59.6 700.0 11.7
IL-20 0.0 6.9 6.9 Pro-MMP-9 2685.2 31914.0 11.9
CD27L 1.9 13.5 7.1 MIP-3α 0.3 3.6 13.7
Eotaxin-2 19.7 141.0 7.2 IL-12p70 0.0 14.6 14.6
IL-1β 7.4 53.5 7.3 VCAM-1 0.0 14.9 14.9
Fas L 1.9 14.5 7.8 IL-1RA 270.5 4578.0 16.9
AR 3.7 32.7 8.8 IL-1 19.6 361.2 18.4

TABLE 1: 5-20 FOLD UP-REGULATED CYTOKINE EXPRESSION IN MACROPHAGES STIMULATED WITH 
BSF-1 RELATIVE TO THE BLANK GROUP

Fold increase in cytokine expression in the BSF-1 group over the blank group was calculated using the average cytokine levels in each of 
the two groups. Three sets in duplicate of each cytokines including three repeat of the blank group and three repeat of the BSF-1 group
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two major signalling pathways were induced, the JAK-
STAT signalling pathway and the NF-ҡB signalling 
pathway (fig. 4). 

Various ligands that could bind to cell surface receptors 
such as G-CSF (3766.5 fold), IL-6 (263.5 fold), IL-23 
(79.8 fold), thymic stromal lymphopoietin (TSLP)  
(6.1 fold) all of which could activate associated JAKs 
and increase their kinase activity[16]. The tyrosine 
residues on the receptor were phosphorylated by 
activated JAKs, which could create SH2 domains in 
order to bind to proteins. STATs belonging to SH2 
domains were gathered together by the receptor where 
their tyrosine residues were also phosphorylated 
by JAKs. STATs tyrosine residues could also be 
phosphorylated not only by the non-receptor tyrosine 

kinases in cytoplasm such as c-Src, but also by tyrosine 
kinases receptor such as the epidermal growth factor 
receptor[17]. Transcription of target genes was induced 
by these activated STATs, which constituted hetero- or 
homodimers and diverted to the cell nucleus[18]. 

Ligands such as TNFα (1127.9 fold) and IL-1β  
(7.3 fold) when bind to corresponding cell surface 
receptors can activate NF-ҡB signalling pathway. 
The products of such activation included TNFα  
(1127.9 fold), VCAM-1 (14.9 fold), IL-1β (7.3 fold). 
NF-ҡB was a transcription factor protein family 
containing five subunits which were NF-κB1, NF-κB2, 
RelA, RelB and c-Rel[19]. While in the resting state, 
NF-κB is combined with the inhibitory protein IκBα 
in cytoplasm. A great diversity of signals outside the 

Cytokines Blank BSF-1 Fold up-regulation Cytokines Blank BSF-1 Fold up-regulation
TARC 2.4 55.8 23.6 IL-23 0.0 79.8 79.8
IL-28 1.2 33.7 27.8 NOV 0.0 94.5 94.5
Meteorin 0.0 28.7 28.7 MCP-5 2.2 313.7 145.6
CD40 18.7 581.0 31.1 IL-6 95.5 25161.1 263.5
PlGF-2 1.3 42.6 32.9 Lipocalin-2 14.7 11833.1 806.2
DAN 0.0 45.4 45.4 TNFα 14.0 15773.7 1127.9
Lymphotactin 0.0 46.9 46.9 RANTES 0.8 1312.4 1694.7
TREM-1 2.7 134.2 49.7 LOX-1 0.2 382.8 1925.1
DLL4 13.2 654.7 49.7 G-CSF 0.0 3766.5 3766.5

TABLE 2: MORE THAN 20 FOLD UP-REGULATED CYTOKINES IN MACROPHAGES OF BSF-1 GROUP 
RELATIVE TO THE BLANK GROUP

Fold increase in cytokine expression in the BSF-1 group over the blank group that was calculated using the average cytokine levels in each 
of the two groups. Three sets in duplicate of each cytokines including three repeat of the blank group and three repeat of the BSF-1 group

TABLE 3: 0-5 FOLD DOWN-REGULATED CYTOKINE EXPRESSION IN MACROPHAGES STIMULATED WITH 
BSF-1 RELATIVE TO THE BLANK GROUP
Cytokines Blank BSF-1 Fold down-regulation Cytokines Blank BSF-1 Fold down-regulation
Kremen-1 0.6 0.0 0.6 sFRP-3 128.6 69.9 1.8
P-Cadherin 5.4 5.1 1.1 IFN-γ R1 9.4 4.8 1.9
IGF-I 1 56 414.7 1 41 303.8 1.1 CD27 96.9 48.8 2.0
GITR L 14.4 12.9 1.1 IL-21 20.9 9.8 2.1
Periostin 2.6 2.3 1.1 C5α 0.5 0.2 2.4
GM-CSF 4.2 3.7 1.1 TECK 523.2 213.5 2.5
BLC 6.2 5.3 1.2 IL-22 40.4 16.5 2.5
IFNγ 177.7 149.0 1.2 IL-7 2.5 1.0 2.5
IL-2 89.9 74.4 1.2 MMP-3 171.0 63.7 2.7
IL-4 9.2 7.0 1.3 TACI 4.6 1.7 2.7
CTLA-4 2.5 1.9 1.3 Neprilysin 49.9 15.3 3.3
MBL-2 1.4 0.0 1.4 Leptin R 16.8 5.1 3.3
CXCL16 512.9 362.5 1.4 MMP-2 208.2 54.9 3.8
CD36 2656.4 1752.6 1.5 TCK-1 88.4 22.5 3.9
IL-3 7.3 4.8 1.5 LIX 127.2 28.8 4.4
EGF 18.5 11.6 1.6 GP130 4.5 0.0 4.5
IL-33 1.4 0.8 1.7 MIP-1β 14.5 3.0 4.8
VEGF R3 5.9 3.5 1.7 MAdCAM-1 4.9 0.0 4.9
Fold decrease in cytokine expression in the BSF-1 group over the blank group that was calculated using the average cytokine levels in each 
of the two groups. Three sets in duplicate of each cytokines including three repeat of the blank group and three repeat of the BSF-1 group
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cell bound to membrane receptors so as to activate 
the enzyme IκB kinase (IKK). The IκBα protein was 
phosphorylated by IKK, which led to the disintegration 
of the complex of NF-κB and IκBα. The free activated 
NF-κB was diverted into the nucleus to combine with 
specific sequences of DNA. The complex of NF-κB and 
DNA gathered other proteins such as coactivators and 
RNA polymerase to transcribe downstream DNA into 
mRNA, which was translated into protein resulting in a 
change of cell function[20].

Many researchers studied BSF-1 on human disease, but 
specific studies aimed at understanding the mechanism 
by which BSF-1 affected the immune system and the 
involved signalling pathways were seldom conducted. 
Therefore, the present investigation was conducted to 
find the signalling transduction pathways of BSF-1 
activity on macrophages. 

The DEAE-Sepharose fast flow column was used 
to extract and purify BSF-1, which was used to 
stimulate macrophages to get cytokines. Protein chip 
experiments were conducted to identify the secreted 
cytokines, which were 200 in number, including IL-
1β, IL-20, IL-23, TNF-α, and G-CSF. It turned out 
that there were 48 up-regulated cytokines, 73 down-
regulated cytokines and 79 unchanged cytokines. After 
analysis, it could be concluded that BSF-1 activated 
immune cells to secrete IL, which played a significant 
role in the maturation, activation, proliferation and 

immune regulation of the immune cells. To further 
study the mechanism of the BSF-1 stimulation of 
human immune system, all the factors in macrophages 
induced by BSF-1 were uploaded into the KEGG 
database in order to analyze the signalling pathway. 
By the KEGG analysis, it was found that BSF-1 could 
induce immune response of macrophages through a 
number of signalling pathways and there were two 
relatively important signalling pathways, the JAK-
STAT and the NF-κB signalling pathways. These two 
signalling pathways are related to many diseases of the 
human body[21]. For instance, TNF-α, IL-6 and IL-1 
are closely related to the pathogenesis of rheumatoid 
arthritis and joint destruction. 

The JAK-STAT signalling pathway was one of the 
most important signalling transduction pathways found 
in recent years[22]. The JAK-STAT signalling cascade 
was made up of three main components, receptor, a 
JAK and two STAT proteins[23]. JAK is a family of non-
receptor tyrosine kinases, which transduced cytokine-
mediated signals via the JAK-STAT pathway. The STAT 
protein is a family of intracellular transcription factors. 
The JAK-STAT signalling pathway could transmit 
chemical signals from outside the cell to the nucleus 
leading to genes involved in immunity, proliferation[24], 
differentiation, apoptosis and oncogenesis transcribing 
and translating[25]. BSF-1 could promote macrophages 
secreting cytokines through JAK-STAT signalling 

Cytokines Blank BSF-1 Fold down-regulation Cytokines Blank BSF-1 Fold down-regulation
Activin A 50.6 9.9 5.1 Epigen 85.2 10.2 8.4
Artemin 5.2 0.0 5.2 TWEAK 491.1 57.5 8.5
CRP 5.2 0.0 5.2 6Ckine 175.8 19.3 9.1
Galectin-7 931.3 176.3 5.3 TROY 4.0 0.4 9.4
Adiponectin 5.3 0.0 5.3 SLAM 2400.3 256.0 9.4
Fetuin A 400.6 75.4 5.3 EDAR 11.2 0.0 11.2
Shh-N 122.9 22.8 5.4 TremL1 224.3 19.6 11.5
VEGF-B 416.0 71.8 5.8 GranzymeB 132.2 11.3 11.7
VEGF-R2 78.3 12.7 6.1 IL-13 77.9 5.6 13.8
ANG-3 170.3 26.5 6.4 Epiregulin 2121.2 143.6 14.8
TRANCE 468.3 70.2 6.7 Chordin 216.5 12.4 17.5
Gremlin 6.7 0.0 6.7 IL-17B R 1010.7 57.1 17.7
TACI 278.9 41.0 6.8 Fas 20.4 0.0 20.4
RAGE 6.9 0.0 6.9 M-CSF 21.8 0.0 21.8
CCL28 254.7 35.6 7.1 Endocan 199.7 7.4 26.9
CXCL15 34.0 4.4 7.6 ANGPTL3 51.5 0.0 51.5
Persephin 66.7 8.0 8.3 IL-7 Rα 137.9 0.0 137.9
E-Cadherin 86.1 10.3 8.3 IL-17B 1662.8 10.6 156.5

Chemerin 404.7 0.0 404.7

TABLE 4: GREATER THAN 5 FOLD DOWN-REGULATED CYTOKINE EXPRESSION IN MACROPHAGES 
STIMULATED WITH BSF-1 RELATIVE TO THE BLANK GROUP

Fold decrease in cytokine expression in the BSF-1 group over the blank group that was calculated using the average cytokine levels in each 
of the two groups. Three sets in duplicate of each cytokines including three repeat of the blank group and three repeat of the BSF-1 group
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pathway and had an effect on macrophage functions 
regulating the body's immune system, involved in 
cell proliferation, differentiation, survival, apoptosis, 
immune dysfunction and tumor formation. 

These cytokines, G-CSF (3766.5 fold), IL-6  
(263.5 fold), IL-23 (79.8 fold) and TSLP (6.1 fold), 
were found in the JAK-STAT signalling pathway in this 
study. G-CSF is a glycoprotein[26]. It is mainly produced 
by endothelial cells, macrophages, epidermal cells and 
fibroblasts stimulated by endotoxin, TNFα, IFN-γ and 
so on[27]. G-CSF mainly acted on the proliferation, 
differentiation and activation of neutrophil and 
hematopoietic cells. IL-6 is mainly secreted by 
activated T cells and fibroblasts, which can make B cell 
precursors, become cells that can produce antibodies. 
IL-6 combined with colony stimulating factor can 
promote the growth and differentiation of primordial 

bone marrow-derived cells and enhance the cleavage 
function of natural killer cells. IL-23 is produced by 
activated dendritic cells and macrophages, which is 
a cytokine, belonging to the IL-12 family. IL-23 can 
affect the differentiation of primitive Th cells into Th1 
cells and regulate the production of Th1 cells. TSLP 
is a signalling molecule secreted by non-hematopoietic 
cells such as fibroblasts, epithelial cells and different 
types of stromal or stromal-like cells. It is a compound 
that has a capable of resulting in a strong immune 
response. 

In addition, with the discovery of the connection 
between the NF-ҡB signalling pathway and some 
diseases such as cancer, asthma, muscular dystrophy, 
the NF-ҡB signalling pathway will be more concerned 
by people. Moreover, blocking the NF-ҡB signalling 
pathway to prevent and control some diseases will 

Cytokines Blank BSF-1 Cytokines Blank BSF-1
Axl 2.8 6.6 Flt-3L 186.3 534.0
E-selectin 0.7 3.5 Galectin-1 4576.9 13 743.1
Fractalkine 562.0 1296.4 Galectin-3 2429.9 2587.1
HGF 1108.7 1607.0 Gas 1 5.4 12.7
IGFBP-5 8.9 39.1 Gas 6 638.6 671.4
IGFBP-6 91.2 278.9 HAI-1 22.7 32.2
IL-17E 5.1 6.7 IL-1 R4 107.6 193.5
IL-17F 0.6 2.2 IL-3 Rβ 220.7 329.7
IL-2 Rα 6.4 14.2 L-Selectin 3.3 5.5
MIP-2 2742.1 3432.5 MFG-E8 689.3 752.0
OPN 6019.7 11 171.4 Pentraxin 3 12.9 15.1
OPG 5.1 9.3 TWEAK R 7514.4 10 347.3
Prolactin 50.9 232.3 CCL6 2934.8 4117.8
Resistin 0.7 2.4 CD48 21.6 23.6
SCF 24.8 115.3 CD6 3.2 5.6
TPO 9.3 10.5 Clusterin 488.9 562.1
VEGF 878.7 2226.5 Cystatin C 4301.3 6507.0
VEGF-D 3.8 9.9 Marapsin 138.5 143.2
bFGF 0.7 2.7 Osteoactivin 5831.1 9436.8
ICAM-1 90.5 180.7 Progranulin 29 872.5 32 804.3
IL-5 43.4 45.3 ADAMTS1 49.1 73.4
IL-10 450.3 482.3 Lungkine 14 921.2 56 287.8
IL-15 8.1 9.8 MMP-10 13.1 12.9
IL-17 7.2 9.2 CD30L 0.0 0.2
MCP-1 579.6 2297.4 MIG 0.0 2.7
MIP-1α 20 041.4 69 565.0 BTC 0.0 0.5
MIP-1γ 892.9 873.1 Limitin 0.0 0.1
TCA-3 3.2 4.4 ALK-1 97.6 211.4
TNF RⅠ 228.3 389.7 CT-1 273.0 829.7
TNF RⅡ 16 214.6 19 773.0 CD40L 297.7 485.5
4-1BB 6.5 8.5 Dkk-1 350.6 595.1
ACE 120.0 356.4 Dtk 34.5 140.8

TABLE 5: CYTOKINES WITH UNCHANGED EXPRESSION IN MACROPHAGES STIMULATED WITH BSF-1 
RELATIVE TO THE BLANK GROUP

Three sets in duplicate of each cytokines including three repeat of the blank group and three repeat of the BSF-1 group
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become another focus of future research. NF-ҡB is a 
protein complex, which controls the transcription of 
DNA, cytokine production and cell survival. The main 
function of NF-ҡB is the regulation of cell proliferation 
and apoptosis, immune and inflammatory reaction, 
which plays a very remarkable part in macrophages 
activation[28].

These cytokines, TNFα (1127.9 fold), VCAM-1 
(14.9 fold), IL-1β (7.3 fold), were found in the NF-
ҡB signalling pathway in this study. TNFα is secreted 

chiefly by activated macrophages. TNFα, of which 
the primary role is in the regulation of immune cells, 
is a cytokine capable of directly killing tumor cells 
without significant toxicity to normal cells. It is one 
of the most potent bioactivity factors to kill tumours 
directly. Vascular cell adhesion molecule 1 (VCAM-1) 
acts as a cell adhesion molecule produced by activated 
macrophages, fibroblasts, dendritic cells and so on. 
VCAM-1 not only regulated cadmium adhesion and 
vascular permeability[29], but also mediated neutrophil 
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Fig. 4: JAK-STAT and NF-κB signalling pathways in macrophages stimulated by BSF-1 
A. JAK-STAT signalling pathway stimulated by BSF-1 in macrophages and B. NF-κB signalling pathway stimulated by BSF-1 in 
macrophages
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aggregation, infiltration to reach inflammatory site 
to clear pathogens[30]. IL-1β belongs to the IL-1 
family of cytokines, which is produced by activated 
macrophages. IL-1β is an important mediator of the 
inflammatory response, and participates in a mass 
of cellular activities, including cell proliferation, 
differentiation, and apoptosis.

In brief, BSF-1 with the unique structure could activate 
immune cells to secrete cytokines, which can regulate 
the body's antitumor immunity and other related 
aspects, such as IL and tumor necrosis factor. In this 
study, the cytokines fulfilled a valuable function in two 
major signalling pathways, which were JAK-STAT 
signalling pathway and NF-ҡB signalling pathway 
through KEGG analysis. Through the study, it was 
found that the edible fungus polysaccharides could 
stimulate immune cells to secrete immune factors, 
which could provide a scientific basis for targeting 
sugar immunization preparations. 
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