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1 Introduction
Malignant tumor is a kind of common disease that seriously 

threatens human health and life safety, and chemotherapy is 
still one of the main treatment methods (Gao & Zhao, 2022). 
However, chemotherapy drugs will destroy the patient’s immune 
barrier while destroying tumor cells, leading to other diseases, 
such as bone marrow suppression, liver damage, immune organ 
atrophy, immune cell depletion, and other diseases (Fatmi et al., 
2022). In addition, clinical diagnosis shows that patients receiving 
long-term chemotherapy will experience immunosuppression, 
leading to inhibition or even loss of the body’s ability to respond 
to antigens (Yan et al., 2014). Therefore, it is a common treatment 
method to give appropriate immune modulator to alleviate 
immunosuppression during treatment to improve the immune 
ability of chemotherapy patients (Jiang et al., 2010).

Polysaccharides are an important class of biological 
macromolecules present in all living organisms (El-Naggar et al., 
2020).They perform various biological functions, including 
immunomodulatory (Ramberg et al., 2010), antitumor (Meng et al., 
2017), antidiabetic (Ganesan & Xu, 2019), anticoagulant (Hu et al., 
2020), antiviral (Chaisuwan et al., 2021) and antioxidant activities 
(Wang & Liu, 2020). It can accelerate, enhance, or prolong the 
immune response affected by the host immune status, administration 
route and application dose (Han et al., 2022). Several studies have 
shown that β-polysaccharides with a complex structure, such 
as dextran, can interact with various receptors on the surface of 
effector cells (macrophages, monocytes, neutrophils, NK cells, 
dendritic cells, T cells and B cells) (Zheng  et  al., 2017). The 
receptor binds to and activates various effector cells, thereby 

increasing the secretion of proinflammatory chemokines and 
cytokines such as tumor necrosis factor-α (TNF-α), interleukin-
1β (IL-1β), IL-6, IL-8, IL-12, interferon-γ (IFN-γ) and IFN-β 
(Hassan et al., 2021). Several studies have reported that fungal 
polysaccharides have a high potential for use as a natural immune 
regulator (Guo et al., 2021).

In Asian countries, Lyophyllum decastes is a delicious and 
popular dual-purpose fungus used in medicine and food. 
It has a pleasant taste and exhibits various pharmacological 
activities, including lowering blood lipid (Ukawa et al., 2002), 
radioprotective (Nakamura et al., 2007), antidiabetic (Miura et al., 
2002), antitumor (Ukawa et al., 2000), thrombolytic (Ukawa et al., 
2001), alleviating acute liver injury (Zhang  et  al., 2022) and 
bacteriostatic effects (Arase  et  al., 2013). However, despite 
these beneficial health effects, there is a lack of comprehensive 
research on the immunoregulation activity of the fruiting body 
polysaccharides of L. decastes.

The isolation, characterization and determination of the 
immunomodulatory activity of the tested LDP-W are described in 
the following sections. These results provide a strong foundation to 
conduct further investigations on the fruiting bodies of L. decastes.

2 Materials and methods
2.1 Experimental materials

The experimental material used in this study was the L. 
decastes fruiting body purchased from Shandong Fuhe Fungus 
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Technology Co., Ltd. (Tai Ping Zhen Xi Heng He Cun, Zoucheng 
City, Jining City, Shandong Province, China). The material was 
identified as L. decastes belonging to the order Agaricales, family 
Tricholomataceae, and genus Lyophyllum by the experimental 
group of Professor Wang Qi from the Engineering Research 
Center of Chinese Ministry of Education for Edible and Medicinal 
Fungi, Jilin Agricultural University. This fruiting body specimen 
has been deposited in the mycological specimen center of Jilin 
Agricultural University.

2.2 Experimental animals

Fifty BALB/c female mice (Specific pathogen free) aged 
7-8 weeks and weighing 18-22 g was obtained from Beijing 
Huafukang biotechnology limited company (License number: 
SCXK 2019-0008). The following feeding conditions were 
maintained: temperature, 20 °C ± 2 °C; humidity, 50-60%. All 
animals were kept in a pathogen-free environment and ad lib 
fed. The procedures for care and use of animals were approved 
by the Ethics Committee of Jilin Agricultural University (2021-
06-29-001), and all animal experimentation were in line with 
the ARRIVE guidelines.

2.3 Experimental reagents

The antigen repair solution and antibodies were purchased 
from eBioscience Company (Beijintg, China). Monosaccharide 
standards were obtained from Sigma-Aldrich (Shanghai, China). 
Western blotting (WB) assay-related experimental reagents were 
provided by Servicebio (Wuhan, China). The other chemicals and 
reagents were of analytical grade and were provided by Beijing 
Chemical Industry Group Co., Ltd (Beijintg, China). DEAE-52 
cellulose was purchased from GE Whatman (Shanghai, China).

2.4 Extraction of polysaccharide from L. decastes

Five hundred grams of the fruiting body was weighed, dried, 
and crushed. The crushed material was then passed through 
a 100-mesh sieve. After treatment with a high-speed blender 
(Westinghouse, WFB-HS0466, USA) for 10 min for disrupting 
the cell wall, the dry powder of the fruiting body was obtained. 
Distilled water was added to the dry powder at the ratio of 
1:40 (material to liquid), and the dry powder was subjected to 
extraction in a 70 °C water bath for 3 h. The process was repeated 
twice; the extract was combined and concentrate to one-third 
of the original volume. Add 95% ethanol to the concentrated 
solution until the final volume of the solution reached 85% (v/v) 
and crude polysaccharide was obtained from the precipitate. The 
crude polysaccharide was deproteinized using Sevag reagent 
and then filtered through a 0.45-μm membrane filter and finally 
obtained LDP (Yun et al., 2022).

2.5 Purification of LDP

LDP was loaded on a DEAE-52 chromatographic column 
(Φ2.6 cm×20 cm) and eluted with NaCl solutions of varying 
concentrations at the flow rate of 1 mL/min. The fraction of 
the eluate with the highest yield and the highest activity was 
collected, and the purified polysaccharide component was 

obtained through dialysis and freeze-drying. Next, 20 mg of 
the eluted polysaccharide was accurately weighed and dissolved 
in 4 mL deionized water. The mixture was then subjected 
to chromatography by using a Sephacryl S-300 gel column 
(Φ 2.6 cm × 100 cm), with the flow rate of 0.5 mL/min. The 
fractions were acquired by an automatic fractionation collector 
(Luxi Analytical Instrument Co., Ltd., automatic partial collector 
SBS-160, Shanghai); the procedure was performed at the speed 
of 10 min/tube (Cui et al., 2023). The polysaccharide content in 
each tube was determined by the phenol-sulfuric acid method, 
and the elution curve was then drawn. The absorbance value was 
read at 490 nm. The active ingredient (LDP-W) was collected, 
dialyzed, concentrated, freeze-dried, and preserved.

2.6 Analysis of LDP-W composition and relative molecular mass

The total carbohydrate content of LDP-W was measured 
by the phenol-sulfuric acid method. The protein content 
was determined by Coomassie Brilliant Blue staining. The 
molecular weight of LDP-W was estimated using an evaporative 
light scattering detector (Agilent Technologies Co. Ltd., 1260 
Infinity ELSD, USA). The assay was performed on a TSK-gel 
G-3000PWXL column (Φ 7.8 mm × 300 mm) with distilled 
water as the mobile phase; the flow rate was 0.5 mL/min, the 
column temperature was 35 °C, and the injection volume was 
10 μL. The sample was tested under these detection conditions, 
and the results were calculated with GPC software.

2.7 Determination of monosaccharide composition of LDP-W

The monosaccharide composition of LDP-W was determined 
using a method similar to that of McConnell & Antoniewicz 
(2016), with slight modifications. ddH2O was used as mobile 
phase A, 100 mmol/L NaOH solution as mobile phase B, and 
100 mmol/L NaOH/200 mmol/L NaAc as mobile phase C. The 
flow rate was set to 0.5 mL/min, and the samples were detected 
on a PA20 ion chromatographic column with Dionex™ and 
CarboPac™. The measurement data were analyzed by chromeleon 
software (version 7.2).

2.8 Fourier transform infrared spectroscopy

LDP-W (2.0% ± 0.5% mg) was dried sufficiently and mixed 
with 100 mg of spectroscopic-grade KBr powder. The mixture was 
milled properly and then pressed into a 1-mm-thick slice with a 
hydraulic press. The Fourier transform infrared (FT-IR) spectra 
of the pellet were then recorded in the range of 500-4000 cm-1 

(Thermo Fisher Scientific, Nicolet IS5, USA).

2.9 Methylation analysis

Methylation analysis of LDP-W was performed to determine 
the nature of the glycosidic bonds according to the reported 
method (Ji et al., 2018).

Chromatographic conditions: The test conditions were as 
follows: carrier gas: high-purity helium; flow rate: 1.0 mL/min; 
injection volume: 1 μL. The split ratio was 10:1, and the temperature 
of the injection port was 260 °C; the initial temperature of the 
column temperature box was 140 °C, and it was maintained for 
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1500 rpm for each washing, and the volume was replenished to 
100 μL. After washing, flow cytometry was used for detection 
(Becton Dickinson, FACS Calibur, USA).

2.15 MTT assay for lymphocyte proliferation

Single cell suspension of mouse spleen lymphocytes was 
prepared for each group and seeded onto a 96-well cell culture 
plate, with the addition of 100 μL cell suspension to each well. 
Next, 100 μL RPMI-1640 complete culture medium containing 
PHA and LPS was added to each well. The cell culture plate was 
incubated at 40 °C under 5% CO2 concentration and saturated 
humidity for 2 h, and 20 μL MTT solutions with a mass fraction 
of 5 mg/mL was then added to each well for 3 h. After incubation, 
the culture suspension was centrifuged at 1000 rpm for 10 min, 
and 150 μL DMSO was added to each well after discarding 
the supernatant; the mixture was shaken for 10 min, and the 
absorbance was measured at 590 nm (Thermo Fisher Scientific, 
Varioskan Flash, USA).

2.16 Cytokine detection

The levels of cytokines TNF-α, INF-γ, IL-6, and IL-2 in plasma 
were detected by ELISA. In accordance with the manufacturer’s 
protocol, the absorbance was measured with a multifunction 
enzyme standard instrument (Thermo Fisher Scientific, Varioskan 
Flash, USA), and the contents of TNF-α, INF-γ, IL-6, and IL-2 
were calculated according to the standard concentration curve.

2.17 WB assay

Mouse spleen cells were washed twice with PBS to prepare cell 
lysate homogenates for protein extraction. The protein concentration 
of each sample was quantified using the BCA protein assay kit. The 
PVDF membrane (Millipore, USA) used for protein transfer was 
activated with methanol before the actual transfer. The membrane 
with transferred proteins was then placed on a decolorizing shaker 
at room temperature and blocked with 5% skimmed milk (with 
0.5% TBST) for 1 h. Subsequently, the membrane was incubated 
overnight with primary antibodies at 4 °C, followed by incubation 
with secondary antibodies. Electrochemiluminescence (ECL)-A 
and ECL-B were mixed in equal volumes and allowed to be in full 
contact with proteins for protein visualization. The gray values of 
the protein bands were quantified by the alpha program.

2.18 Statistical analysis

Unless otherwise stated, the data are expressed as mean ± 
standard deviation (SD) of triplicate determinations. All the 
data were analyzed using IBM SPSS 21.0 software. Analysis of 
variance (one-way ANOVA) was used for multiple comparisons 
between the control and test conditions. P < 0.05 was considered 
statistically significant.

3 Results and discussion
3.1 Isolation and purification of LDP

LDP was obtained by hot water extraction and ethanol 
precipitation, and the yield was 32.64%. The crude polysaccharide 

2 min. The program temperature was set to increase at the rate 
of 3 °C/min to 230 °C, and it was maintained for 3 min.

Mass spectrum conditions: The temperature of the injection 
port was set at 230 °C, and the temperature of the fourth stage rod 
was 150 °C. The full-scan mode (SCAN) was used for scanning, 
and the scanning quality range was 30-600 m/z (Shimadzu, 
GC-2014C, Shanghai).

2.10 NMR spectroscopy analysis

LDP-W (50 mg) was dissolved in 0.5 mL of deuterium oxide 
(D20) and then freeze-dried. This procedure was repeated three 
times to fully exchange active hydrogen, and the mixture was 
finally dissolved in D20 in an NMR tube. 1H NMR and 13C NMR 
spectra were recorded on an NMR apparatus (Bruker, Avance 
III 600, USA) at 600 MHz at 25 °C (Le et al., 2022).

2.11 Surface morphology observation

LDP-W was dissolved and diluted with deionized water, 
and the final concentration was 10 μg/mL. Next, 5 μL samples 
were added in a dropwise manner to mica flakes and then dried 
under natural environmental conditions. The microstructure of 
LDP-W was observed using an atomic force microscope (Bruker, 
Dimension FastScan, USA).

2.12 Grouping and administration methods

50 experimental mice with similar physiological conditions 
were randomly divided into five groups, 10 in each group: 
normal control group (NC), cyclophosphamide (CTX) control 
group (MC), CTX + LDP-W (200 mg/kg) group, CTX + LDP-W 
(100 mg/kg) group, and CTX + LDP-W (50 mg/kg) group. CTX 
was intraperitoneally injected into mice. Four groups of mice except 
NC group, each mouse were injected daily for 5 days at the dose 
of 80 mg/kg. The stomach of mice in four CTX administration 
groups were daily irrigated with the indicated dose of LDP-W, 
while the stomach of mice in the MC group was daily irrigated 
with the same amount of normal saline after treatment with 
CTX. All groups were treated continuously for 20 days.

2.13 Immune organ index

At 24 h after the last administration, mice in each group were 
weighed and sacrificed by cervical dislocation. The spleen was 
immediately separated, and the weight of each organ was recorded. 
The spleen index of mice was expressed as the ratio of the weight 
of the spleen (mg), respectively, to the weight of mice (g).

2.14 Detection of lymphocyte subsets

Three mice from each group were taken, and spleen 
lymphocytes were prepared into single cell suspension under 
sterile conditions. For this purpose, 100 μL cell suspension was 
taken in a 1.5 mL EP tube, and 10 μL monoclonal antibodies 
was added, with a blank control. The mixed cell suspension was 
placed at 4 °C and incubated in dark for 30 min. Subsequently, 
the mixed cell suspension was washed twice with precooled 
FACS. The suspension was centrifuged for 5 min at 4 °C and 
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of each monosaccharide standard, as shown in Figure 1D. The 
main monosaccharides constituting LDP-W were Glc, Fru, Gla, 
and Fuc. LDP-W also contained a small amount of Rib, Ara, and 
Man (Table 1).

3.3 Results of FTIR spectroscopy

According to the published data, different structures 
correspond to different absorption bands. The absorption bands 
between 3500 and 3100 cm−1 were attributed to the vibration of 
the hydroxyl groups (Tian et al., 2016). As shown in Figure 2A, 
the broad absorbance bands at 3416.60 cm–1 were formed by 
the stretching vibration of the O-H bond, which is also the 
characteristic absorption peak of polysaccharides (Kim et al., 
2016). The absorption peak at 1644.47 cm–1 corresponded to the 
tensile vibration of the C-O group. The peaks at 1413.96 cm−1 
were also ascribed to the stretching vibration of the C-H bond 
(Duan et al., 2020). The signals at 1200-1000 cm–1 were defined 
as the molecular fingerprint region of polysaccharides, wherein 
the band at 1076.81 cm−1 was the characteristic absorption band 
of the pyranose ring (Ji et al., 2020).

3.4 Methylation analysis of LDP-W

Methylation analysis is a crucial chemical analytical method for 
studying the structures of carbohydrate by GC–MS (Cheng et al., 

was deproteinized with the Sevag reagent and dialyzed to 
remove small molecule impurities. The subsequent yield rate 
was 20.96% (the ratio of crude polysaccharide weight to the 
weight of powder of the L. decastes fruiting body). The extraction 
rate is higher than that of Pleurotus ostreatus polysaccharides 
and agaric polysaccharides, and similar to that of Ganoderma 
lucidum polysaccharides (Wang et al., 2022).

According to the basic chemical composition of LDP, the 
contents of polysaccharides, proteins, and uronic acid were 
64.09%, 14.81%, and 0.08%, respectively. LDP was separated 
sequentially on a DEAE-52 chromatographic column, and three 
fractions were obtained: F1, F2, and F3 (Figure 1A). Fraction F1 
was further purified on a Sephacryl S-300 gel chromatography 
column, and the corresponding positive peaks were collected, 
dialyzed, and freeze-dried to obtain purified LDP, which was 
named as LDP-W with a yield of 4.26% (Figure 1B).

3.2 Molecular weight and monosaccharide composition of 
LDP-W

LDP-W showed weak characteristic absorption at 280 and 260 
nm, indicating that there was almost no nucleic acid or protein 
in LDP-W, as determined by UV spectrum analysis. In the same 
detection method, LDP-W showed a maximum absorption peak 
near 199 nm, which indicated the presence of polysaccharides 
(Qiu et al., 2022). HP-GPC assay of LDP-W showed a single and 
symmetrical peak in the chromatogram, indicating that LDP-W 
is a fraction with uniform polysaccharide composition. By using 
the standard curve equation, the molecular weight of LDP-W 
was calculated as 2.12 × 104 Da (Figure 1C). The retention time 
of the hydrolyzed derivative of LDP-W was compared with that 

Table 1. Monosaccharide composition and percentage of LDP-W.

Sample
Monosaccharide composition (mol%)

Fuc Ara Gal Glc Man Fru
LDP-W 2.969 0.803 6.964 73.548 9.804 1.519

Figure 1. Chromatogram of LDP on DEAE-52 cellulose column (A), elution curves of LDP-W on Sephacryal S300 HR column (B), the high-
performance liquid chromatogram of LDP-W (C), and analysis of monosaccharide composition of LDP-W (D).
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position is less likely to occur due to the steric hindrance effect at 
C3 and the intramolecular hydrogen bond between C2 and C3; 
this results in incomplete methylation. Thus, it can be concluded 
that LDP-W is composed of 1, 3, 6-Glcp; 1, 3, 4, 6-Glcp; and 2, 
4, 6 Galp. Based on the peak area of monosaccharide residues, 
the results showed that the main repetitive structural unit of 
LDP-W was (2→4)-D-glucopyranose as the main chain and 
(2→6)-D-glucose as the side chain polysaccharide. These results 
are consistent with the monosaccharide composition of LDP-W. 
Moreover, according to the results of methylation analysis obtained 
in this study and the results of monosaccharide composition 
analysis obtained in previous studies, it can be deduced that the 
basic skeleton of LDP-W is formed through the glycosidic bonds 
of glucose (Ernst et al., 2023).

3.5 Results of NMR

NMR spectra analysis is an indispensable tool for analyzing 
the structure of polysaccharides, and it is one of the most accurate 
and efficient methods to analyze the structure of polysaccharides. 
Figure 2B is the hydrogen spectrum of LDP-W. The hydrogen 
spectrum signal is mainly concentrated in δ 3.0-5.0, among which 
δ 3.2-4.0 is the proton signal of the saccharide ring (Cai et al., 
2018). In 1H NMR, four anomeric proton signals were recorded, 
namely δ 4.67, δ 4.59, δ 4.41, and δ 4.08, which indicates that 
one repetitive unit of LDP-W contains four types of anomeric 
protons and that all belong to β-type pyranose. Signals at δ 
4.11-3.18 were the overlapping hydrogen signals of H2–H6.

2020). This method is widely used to determine the type and relative 
content of glycosidic bonds of polysaccharides (Liang et al., 2019). 
The Complex Carbohydrate Research Center (CCRC) spectral 
database (University of Georgia, 2022) was used to determine 
the glycosidic bonds of sugar residues. The GC–MS analysis 
data of LDP-W are shown in Table 2. LDP-W contains seven 
types of methyl groups. The group with the largest proportion is 
1,5,6-tri-O-acetyl-2,3,4-tri-O-methyl glucitol, followed by 1,3,5-tri-
O-acetyl-2,4,6-tri-O-methyl glucitol, and 1,5-di-O-acetyl-2,3,4,6-
tetra-O-methyl glucitol. This finding suggests that glucopyranose 
is 2,3,4-, 2,3,4,6-, and 2,4,6-bonded. Carboxymethylation at the C3 

Figure 2. Chromatogram of LDP on DEAE-52 cellulose column (A), H NMR spectra of LDP-W (B), C NMR spectra of LDP-W (C), and atomic 
force microscopy of LDP-W (D).

Table 2. Methylation analysis results of LDP-W.
Connection 

mode Name of derivative Molecular 
weight

Mole 
ratio

t-Man(p) 1,5-di-O-acetyl-2,3,4,6-tetra-O-
methyl mannitol

323 5.10

t-Glc(p) 1,5-di-O-acetyl-2,3,4,6-tetra-O-
methyl glucitol

323 18.51

3-Glc(p) 1,3,5-tri-O-acetyl-2,4,6-tri-O-
methyl glucitol

351 18.73

6-Glc(p) 1,5,6-tri-O-acetyl-2,3,4-tri-O-
methyl glucitol

351 30.34

4-Glc(p) 1,4,5-tri-O-acetyl-2,3,6-tri-O-
methyl glucitol

351 3.87

3,6-Glc(p) 1,3,5,6-tetra-O-acetyl-2,4-di-O-
methyl glucitol

379 16.74

2,6-Gal(p) 1,2,5,6-tetra-O-acetyl-3,4-di-O-
methyl galactitol

379 6.70
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index of immunosuppressed mice were significantly lower than 
those of the NC group (P < 0.01); this finding indicated that the 
experimental model had been successfully established.

Compared to the MC group, the immune organ index of 
each LDP-W administration group increased significantly with 
the increase in treatment duration, while the immune organ 
index of the NC group did not change significantly; this finding 
shows that the experimental results are reliable (Figure 3A). 
Compared to the other dose groups, the administration of LDP-W 
at a high dose significantly increased the immune organ index 
(P < 0.05), and the results were similar to those of the NC group. 
This finding confirmed that LDP-W treatment can significantly 
repair the damage of immune organs caused by CTX in mice, 
thus improving the immune ability of mice.

3.8 Effect of LDP-W on lymphocyte subsets

The results are shown in the Figure 3B and Figure 3C, compared 
to the NC group, the MC group showed lower percentage of 
CD3+, CD4+, CD8+, and CD19+ lymphocytes and lower ratio 
of CD4+/CD8+ T cells. The results for the low-dose group were 
slightly better than those for the MC group. The percentage of 
CD3+, CD4+, CD8+, and CD19+ lymphocytes and the ratio of 
CD4+/CD8+ T cells in the high-dose and middle-dose groups 
were significantly increased. The high-dose group also showed 
more significant upregulation of the ratio of CD4+/CD8+ T cells.

Lymphocytes play a very important role in the specific 
immune regulation of the body (Isakov& Altman, 1986). CD3 
is a differentiation antigen specifically expressed by mature T 
cells. CD19 is a differentiation factor specifically expressed by 
mature B lymphocytes. The proportion of CD3 and CD19 in the 
MC group was significantly reduced as compared to that in the 
NC group, thus indicating that T and B lymphocyte activities in 
mice were inhibited by CTX administration. After intragastric 
administration of LDP-W, CD3 and CD19 levels in the serum 
of mice in each dose group were recovered to a certain extent, 
thus indicating that LDP-W can improve the immune ability 
of mice by enhancing the activities of T and B lymphocytes. 

Similar to the hydrogen spectrum signal, the heteromeric 
carbon of sugar in the carbon spectrum was also located in a 
lower field of δ 95-110 (Liu et al., 2022). Figure 2C shows the 
one-dimensional carbon spectrum of LDP-W. The NMR spectra 
signals of LDP-W were mainly centered between δ 60 and δ 105. 
In the carbon spectrum, only one anomeric carbon signal peak 
was visible at δ 103.94 and was distributed in the anomeric 
carbon region δ 95-110. The chemical shifts of α-and β-glycosyl 
groups were located at δ 90-102 and δ 102-112, respectively 
(Song et al., 2019). Signals at δ 85.42-60.56 were the carbon 
signals of C2–C6. This further confirmed that LDP-W belongs 
to β-type pyranose.

3.6 Results of AFM analysis

AFM is a simple and accurate technique to observe the 
spatial conformation and appearance of macromolecules, and 
it can effectively characterize biopolymers at the sub-nanometer 
scale (Trache & Meininger, 2008). The surface morphology of 
LDP-W is shown in Figure  2D. Lumpy spherical aggregates 
of different sizes were observed by AFM, and the height was 
0.10-13.45 nm. According to previous reports, the height of a 
monosaccharide chain is approximately 0.1-1.0 nm. Hence, it 
can be concluded that the aggregation reaction had occurred 
in the LDP-W molecule. Moreover, the LDP-W molecule was 
much larger than a single polysaccharide chain, thus indicating 
that the structural units of LDP-W were entangled with each 
other. Based on the above results, we speculate that not only 
entanglement or superposition of polymers but also a reduction 
in solvent volume occurred during the drying process, such 
that the sugar chains retained the polymers together through 
intermolecular and intramolecular hydrogen bond interactions.

3.7 Effect of LDP-W on the immune organ index

The immune organ index was calculated according to the 
weight of immune organs, and it was used to characterize the 
degree of damage and health status of the immune organs. One 
week after CTX administration, the spleen index and thymus 

Figure 3. Effect of LDP-W on spleen index(A) (X ± s, n=10), effect of LDP-W on lymphocyte subsets (B) (C), effect of LDP-W on the value-
added function of T and B lymphocytes (D), and effects of LDP-W on cytokines secreted by splenic lymphocytes (E) (F). A denotes significant 
differences (p < 0.05) compared with MC, b denotes significant differences (p < 0.01) compared with MC.
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and cytotoxic T lymphocytes (Khajepour et al., 2022). Th2 cells 
produce IL-4, IL-6, IL-10, and IL-13, whose main function is 
to enhance cellular immunity, promote the proliferation of B 
lymphocytes, and generate antibodies (Espinosa Gonzalez et al., 
2022). IL-2 is a highly effective proliferation promoting factor for 
all T cell subtypes, and it functions by promoting G1 cell cycle 
(Jenkinson et al., 1987). In addition to affecting T cells, IL-2 also 
affects NK cells, LAK cells, B cells, macrophages, and other cells 
(Cluff et al., 2022). Therefore, the IL-2 production level is an 
important parameter to evaluate immune function. IFN-γ has 
a wide range of immune regulation capabilities; for example, it 
can activate macrophages and enhance their phagocytosis as 
well as increase NK cell activity and enhance their antibacterial 
and antitumor effects (Cao et al., 2013). IFN-γ can also improve 
the ability of anti-lymphocyte presentation (Chen et al., 2015). 
The present study showed that LDP-W stimulation leads to 
higher levels of IL-2 and IFN-γ. IL-6 is a Th2-type cytokine 
that plays an important role in promoting cell differentiation to 
Th2 (Eissa et al., 2022). The results showed that LDP-W could 
significantly enhance the secretion of IL-6. Thus, these results 
indicate that PSG-1 can simultaneously activate Th1 and Th2 cells.

3.11 Effect of LDP-W on the MAPK signal transduction 
pathway in splenic cells of immunosuppressed mice

Compared to the blank control group, the phosphorylation 
levels of P38, ERK, and JNK proteins in mouse spleen cells 
were decreased after CTX treatment. Furthermore, compared 
to the MC group, the phosphorylation levels of P38, ERK, and 
JNK proteins in all treated groups were relatively increased. 
The medium-dose group showed a significant increase in the 
protein phosphorylation level of JNK, and the high-dose group 
showed a significant increase in the protein phosphorylation 
level of ERK (Figure 4).

The MAPK pathway is a common junction pathway of cell 
proliferation, stress response, inflammation, differentiation, 
transformation, apoptosis, and other signal transduction 
pathways (Roberts et al., 2000). It is also an important pathway 
of immune-related signal transduction (Mohammed et al., 2020). 

T lymphocyte-mediated cellular immunity plays an important role 
in body’s immune defense and the elimination of infected cells 
(Bethge et al., 2010). T lymphoid cells are classified into CD4+ T 
cells and CD8+ T cells. The dynamic balance between these two 
subtypes is very important to maintain the stability of the immune 
status of the body (Serre et al., 2010). In the present study, we 
found that LDP-W can restore the proportion of CD4+ T cells 
and CD8+ T cells in the lymphoid cells of immunosuppressed 
mice, and LDP-W can increase the proportion of lymphocytes 
and reduce the proportion of cytotoxic T cells.

3.9 Effect of LDP-W on lymphocyte proliferation

Lymphocytes are an important part of the body’s acquired 
immune system (Roszczyk  et  al., 2022). Activated T and B 
lymphocytes are critical components of the immune response 
of the body (Wei  et  al., 2022).The most apparent change 
in lymphocyte activation is cell division and proliferation 
(Almeida et al., 2015).Compared to the MC group, the number 
of T and B cells in blood of mice in each dose group increased 
significantly (Figure 3D).The results showed that LDP-W could 
directly stimulate the proliferation of splenic lymphocytes in 
immunosuppressed mice and then activate the mechanisms of 
cell division and differentiation, thereby improving the immune 
capacity of the body.

3.10 Effect of LDP-W on cytokines

Compared to the NC group, the release of the cytokines IL-2, 
IL-6, IFN-γ, and TNF-α was significantly reduced in the MC 
group. Furthermore, compared to the MC group, the amount 
of IL-2, IL-6, IFN-γ, and TNF-α secreted in mice serum in 
each dose administration group increased, and the amount of 
cytokine secretion dose-dependently increased with the increase 
in LDP-W administration concentration (Figure 3E,3F).

Cytokines promote the maturation and differentiation of 
lymphocytes and enhance the activities of toxic T lymphocytes 
and NK cells (Shardina et al., 2022). Cytokines produced by Th1 
cells include IL-2, IL-12, IFN-γ, and TNF-α, which are mainly 
involved in mediating cellular immunity and activating macrophages 

Figure 4. Effects of LDP-W on the phosphorylation of MAPK signaling pathway proteins in spleen cells (A), effect of LDP-W on the relative 
content of MAPK signaling pathway protein in spleen cells (B). A denotes significant differences (p < 0.05) compared with MC, b denotes 
significant differences (p < 0.01) compared with MC.
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γ-stimulated RAW 264.7 cell line. ACS Omega, 7(18), 15637-15646. 
http://dx.doi.org/10.1021/acsomega.2c00439. PMid:35571776.

El-Naggar, N. E. A., Hussein, M. H., Shaaban-Dessuuki, S. A., & 
Dalal, S. R. (2020). Production, extraction, and characterization of 

MAPK is an important protein that transmits information from 
the cell surface to the nucleus. It is expressed in all eukaryotic 
cells (Yin et al., 2021). The main role of MAPK is to receive 
extracellular signal stimuli and to amplify and transmit the 
stimulus signal cascade to the cell. This signaling pathway 
plays a critical role in the cell signal transduction pathway 
(Zhang et al., 2018). The MAPK family members are involved 
in three signaling pathways (P38, ERK1/2, and JNK pathways) 
(Cano& Mahadevan, 1995). ERK activation was considered to 
be related to the activity of immune cells; in particular, when 
macrophages are activated, ERK can increase the production 
of proinflammatory cytokines (Raman et al., 2007). P38 plays a 
particularly important role in the expression of TNF-a (Ito et al., 
2006). JNK is ubiquitous in the body and plays an important 
role in immune regulation. After activation it can change the 
corresponding gene expression and affect the immune response 
of the body (Cargnello & Roux, 2011). These data confirm that 
LDP-W can affect the phosphorylation of P38, JNK, and ERK 
proteins in a dose-dependent manner, thus regulating MAPK-
related signaling pathways.

4 Conclusion
In present study, the extraction, purification, characterization 

and immunomodulatory activity of polysaccharide from L. 
decastes were investigated. LDP-W is the main component, and 
describes their structure and immunoregulatory activity. LDP-W 
is a β pyran-type glucan with molecular weight of 2.12 × 104 Da. 
Additionally, LDP-W also shows a strong immunoregulatory 
effect, by activating the MAPK signal pathway, producing 
more cytokines, and regulating the number and proportion of 
immune cells. According to all these findings, LDP-W shows 
immunomodulatory effect, and can alleviate some side effects 
caused by the chemotherapeutic drug CTX, thus improving 
the survival of mice. It is expected that this research and the 
subsequent studies will help to improve the immune status of 
immunocompromised and immunosuppressed patients and 
reduce the side effects of chemotherapeutic drugs which might 
have positive effects on the production of functional foods and 
medications.
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