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Abstract
Astragalus polysaccharides (APS), the main effective component of Astragalus mem-
branaceus, can inhibit tumor growth, but the underlying mechanisms remain unclear. 
Previous studies have suggested that APS can regulate the gut microenvironment, 
including the gut microbiota and fecal metabolites. In this work, our results showed 
that APS could control tumor growth in melanoma-bearing mice. It could reduce the 
number of myeloid-derived suppressor cells (MDSC), as well as the expression of 
MDSC-related molecule Arg-1 and cytokines IL-10 and TGF-β, so that CD8+ T cells 
could kill tumor cells more effectively. However, while APS were administered with 
an antibiotic cocktail (ABX), MDSC could not be reduced, and the growth rate of tu-
mors was accelerated. Consistent with the changes in MDSC, the serum levels of IL-6 
and IL-1β were lowest in the APS group. Meanwhile, we found that fecal suspension 
from mice in the APS group could also reduce the number of MDSC in tumor tissues. 
These results revealed that APS regulated the immune function in tumor-bearing 
mice through remodeling the gut microbiota. Next, we focused on the results of 16S 
rRNA, which showed that APS significantly regulated most microorganisms, such as 
Bifidobacterium pseudolongum, Lactobacillus johnsonii and Lactobacillus. According to 
the Spearman analysis, the changes in abundance of these microorganisms were re-
lated to the increase of metabolites like glutamate and creatine, which could control 
tumor growth. The present study demonstrates that APS attenuate the immunosup-
pressive activity of MDSC in melanoma-bearing mice by remodeling the gut micro-
biota and fecal metabolites. Our findings reveal the therapeutic potential of APS to 
control tumor growth.
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1  | INTRODUC TION

Globally, cancer is a major problem that seriously endangers human 
health.1 Malignant melanoma is an invasive skin cancer that origi-
nates from melanocyte lineage cells. It is characterized by rapid prog-
ress, a high mortality rate and extremely poor prognosis.2 Clinically, 
numerous treatment strategies, such as radiotherapy, chemother-
apy, targeted therapy and immunotherapy, have been developed, 
but controlling tumor growth and metastasis remains challenging. 
Of all the factors, the immunosuppressive microenvironment is 
crucial in tumor progression.3 The myeloid-derived suppressor cells 
(MDSC) have attracted the most research attention, because they 
can interfere with antitumor immunity in a variety of ways, including 
to weaken the tumor-killing effect of CD8+ T cells.4 MDSC are asso-
ciated with poor prognosis in patients with melanoma.5 Therefore, 
finding more effective treatment options to regulate the tumor im-
mune microenvironment (TIME) is the goal of many researchers.

In recent years, increasing evidence has shown that the gut mi-
croenvironment is a major factor affecting the progression of and 
therapeutic effects on malignant tumors, including melanoma,6 
which has become a research hotspot. It is believed that the variety 
and composition of gut microbiota, as well as their metabolic func-
tion, interact with tumor progression.7 Mixed feeding or fecal micro-
biota transplantation (FMT) strategies can affect tumor growth in 
mice from different feeding environments.8 Antibiotics, which can 
disturb the gut microbiota, can also affect tumor progression and the 
efficacy of immune checkpoint inhibitors (ICI).9,10 The effect of gut 
microbiota on tumor progression is often associated with the change 
of TIME. Gut microbiota is thought to influence the infiltration and 
function of immune cells, such as antigen presenting cells (APC), 
MDSC, and CD8+ T cells.11-13

A growing number of studies have recognized that plant polysac-
charides are natural flora regulators, and they can enhance systemic 
immune function by regulating gut microbiota.14-16 Astragalus poly-
saccharides (APS), the main effective component of Astragalus mem-
branaceus, can enhance immune function and inhibit tumor growth. 
Our previous study showed that APS could inhibit tumor growth in 
melanoma-bearing mice.17 However, the underlying mechanism has 
yet to be further studied.

In this work, we investigated the change in the immunosuppressive 
activity in melanoma-bearing mice after APS administration. We exam-
ined the relationship between the effect of antitumor immunity and the 
regulation of gut microbiota. Furthermore, we analyzed the changes 
in gut microbiota and their metabolic function, and we evaluated the 
correlation between changes in gut microbiota and fecal metabolites.

2  | MATERIAL S AND METHODS

2.1 | Cell cultures

The mouse melanoma cell line B16-F10 was purchased from the Cell 
Bank of the Chinese Academy of Sciences, Shanghai Branch. Cells 

were cultured in a 5% CO2 incubator at 37°C. RPMI 1640 medium 
(Gibco) was used in cell culturing, with 10% FBS (Gibco). Once the 
cell density reached 80%-90%, trypsin was used for cell passage.

2.2 | Animal models

C57BL/6 mice (male, approximately 20 g, 5-6 weeks) were raised in 
specific pathogen-free conditions (temperature of 25 ± 2°C, relative 
humidity of 45% ± 5%, and a 12-hour light/dark cycle). After 1 week 
of acclimation, approximately 5  ×  105 cells were injected subcu-
taneously into the right axillary region of each mouse to establish 
tumor models. Tumors were collected before they reached 2.0 cm 
in diameter.18 All animal experiments were carried out in accordance 
with the standards approved by the Animal Ethical Committee of 
Yueyang Hospital of Integrative Medicine.

2.3 | Antibiotic cocktail

In the antibiotic disturbance experiment, dysbiosis was induced 
1 week prior to the tumor inoculation by gavaging a 200-μL antibi-
otic cocktail (ABX) each day, including vancomycin (500 mg/L), am-
picillin (1 g/L), neomycin (1 g/L), and metronidazole (1 g/L; sigma).19 
The ABX was administered until the end of the experiment. For FMT, 
the ABX was administered 2 weeks prior to the tumor inoculation 
and continued for 1 week.

2.4 | Astragalus polysaccharides administration and 
fecal microbiota transplantation

The day after tumor inoculation, mice in APS and APS + ABX groups 
were given APS (Shanghai Yuanye Biotechnology) 200 mg/kg/d by 
oral administration for 2 weeks, and the same volume of PBS was 
used in the “Model” and ABX groups. FMT was performed as previ-
ously described.20 Feces from Model and APS groups were collected 
and made into suspensions, and every 100 mg of feces was dissolved 
into 1 mL of sterile PBS; 200 μL of fresh fecal suspensions were pro-
vided daily and lasted for 18 days.

2.5 | 16S rRNA gene sequencing of the 
gut microbiota

Fresh feces were collected and immediately frozen at −80°C 
until 16S rRNA sequencing. Microbial community genomic DNA 
was extracted from the fecal samples using an EZNA Soil DNA 
Kit (Omega Bio-tek). The DNA concentration and purity were 
checked using a NanoDrop 2000 UV-Vis spectrophotometer 
(Thermo Scientific). The hypervariable region V3–V4 of the bac-
terial 16S rRNA gene was amplified by PCR with specific primer 
pairs 338F (5′-ACTCCTACGGGAGGCAGCAG-3′) and 806R 
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(5′-GGACTACHVGGGTWTCTAAT-3′). The amplified PCR prod-
uct was extracted and then purified using the AxyPrep DNA Gel 
Extraction Kit (Axygen Biosciences), according to the manufacturer’s 
instructions, and further quantified using a Quantus Fluorometer 
(Promega). Purified amplicons were pooled in equimolar amounts 
and paired-end sequenced on an Illumina MiSeq PE300 platform 
(Illumina) using Majorbio Bio-Pharm Technology. The quality control 
and splicing of the original sequences were carried out, and the data 
was analyzed on the free online platform of the Majorbio I-Sanger 
Cloud Platform (www.i-sanger.com).

2.6 | Untargeted analysis of feces by liquid 
chromatography–mass spectrometry

A 50-mg fecal sample was immersed in 400-μL cold extraction so-
lution (4:1 methanol: water). The suspension was extracted after 
grinding and centrifugation. The QC sample was a mixture contain-
ing 20  μL suspension from each single sample. The resulting su-
pernatant and the QC sample were used to conduct metabolome 
profiling on UHPLC-QE (Thermo Fisher Scientific).

2.7 | Flow cytometry

To obtain single cells, the isolated tumor tissues were digested in a 
37°C thermostatic remote box with 10 mL digestion medium includ-
ing 1 g/L Collagenase Type Ⅳ, .02 g/L DNase I, and 1 g/L Neutral 
Protease (Worthington Biochemical). For intracellular cytokine 
staining, tumor infiltrating lymphocytes were isolated by 40%/70% 
percoll density centrifugation. Cells were incubated in RPMI-1640 
medium supplemented with 10% FCS for 5 hours, with the stimula-
tion of a leukocyte activation cocktail and with the protein transport 
inhibitor (Brefeldin A; 550  583, BD Pharmingen). Before staining 
intracellular cytokine, the cells were fixed and permeabilized using 
a transcription factor buffer set (562 574, BD Pharmingen). In the 
spleen, single cells were obtained directly by grinding. The following 
antibodies were used: fixable viability stain 780 (565 388), CD11b 
FITC M1/70 (557  396), Ms Ly-6G/Ly-6C PerCP-Cy5.5 RB6-8C5 
(552 093), MS F4/80 PE TER-2342 (565 410), MS CD11C APC HL3 
(550 261), Ms CD3e PerCP-Cy5.5 145-2C11 (551 163), and Ms CD8a 
PE 53-6.7 (553 032; BD Pharmingen). Cells were acquired using a 
BD FACSVerse Flow cytometer and a Cytoflex Flow cytometer, and 
FlowJo V10 software was used to analyze data.

2.8 | Gene expression analysis by quantitative RT-
PCR

Total RNA was extracted from tumor tissues using TRIzol Reagent 
(Thermo Fisher Scientific). An iScript cDNA Synthesis Kit (BIO-RAD) was 
used to synthesize cDNA according to the manufacturer’s instructions. 

Quantification of gene expression was conducted using a QuantStudio 7 
Flex real-time PCR system (Thermo Fisher Scientific) with iTaq Universal 
SYBR Green SuperMix (BIO-RAD). The following primers were used 
in this study: Arg-1 (forward_5′- CTCCAAGCCAAAGTCCTTAGAG-3′, 
reverse_5′-AGGAGCTGTCATTAGGGACATC-3′), IL-10 (forward_5′-G  
CTCTTACTGACTGGCATGAG-3′, reverse_5′-CGCAGCTCTAGGAGCA  
TGTG-3′), TGF-β (forward_5′-CCAGATCCTGTCCAAACTAAGG-3′, 
reverse_5′-CTCTTTAGCATAGTAGTC CGCT-3′), GAPDH (forward_5′-
CAGGAGGCATTGCTGATGAT-3′, reverse_5′-GAAGGCTGGGG CTCA  
TTT-3′). Relative mRNA levels were calculated using the comparative 
2−ΔΔCt method and the GAPDH mRNA level was used for normalization.

2.9 | Cytokine analysis of serum

The blood of tumor-bearing mice was collected on the 14th day after 
tumor inoculation. Serum was harvested after centrifuging at 900g 
for 20 minutes and kept at −80°C before use. The cytokines, includ-
ing IL-6, IL-1β, TNF-α, and IL-10 (Multi Sciences), were quantified ac-
cording to the manufacturer’s protocol.

2.10 | Statistical analysis

All data were presented as mean  ±  SD. The significance between 
two groups was measured using an unpaired Student’s t test. One-
way ANOVA with Tukey’s multiple comparisons test was used for 
comparison for more than two groups. Microbial diversity and meta-
bolic analysis were performed using the Majorbio I-Sanger Cloud 
Platform. Spearman’s correlation was performed to identify cor-
relation between microbial communities and specific metabolites. 
*P < .05 was considered statistically significant.

3  | RESULTS

3.1 | Astragalus polysaccharides attenuate the 
immunosuppressive activity of myeloid-derived 
suppressor cells in melanoma-bearing mice

After 14 days of APS administration, tumor weights were recorded to 
assess the antitumor effect of APS. We observed that the tumor blocks 
from the APS group were much lighter than those from the Model 
group (Figure 1A,B). Next, we examined the contents of myeloid cells 
in the spleen of mice. The flow cytometry showed that compared with 
the Model group, the number of dendritic cells increased in the APS 
group and the number of macrophages and MDSC decreased, but 
only MDSC changed significantly (Figure 1C-F). The mRNA expression 
of arginase-1 (Arg-1), interleukin-10 (IL-10), and transforming growth 
factor-β (TGF-β) were decreased in tumor tissues in mice from the APS 
group (Figure 1G). These results indicated that APS could regulate the 
immune function in melanoma mice and inhibit tumor growth.

http://www.i-sanger.com
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3.2 | Astragalus polysaccharides regulate immune 
function through remodeling the gut microbiota

An antibiotic cocktail was used to explore the influence of gut mi-
crobiota on tumor growth inhibition by APS. In melanoma-bearing 
mice models, the tumor volume was recorded from day 7 to day 14 
after tumor inoculation. As shown in Figure  2A,B, the tumor 

volume in the APS group increased slower than that in the Model 
group, while the treatment of APS combined with ABX weakened 
the antitumor effect of APS. On day 14, before tumors were col-
lected, the tumor volume of the APS group was 704 ± 109.3 mm3 
versus 1555.9  ±  74.8  mm3 in the Model group, and the tumor 
volume of the group treated with APS combined with ABX was 
1432.6 ± 59.7 mm3.

F I G U R E  1   Astragalus polysaccharides (APS) attenuate the immunosuppressive activity of myeloid-derived suppressor cells (MDSC) in 
melanoma mice. Mice were given APS (200 mg/kg/d) or normal saline (Model) after tumor inoculation. A, The tumor weight of mice from 
APS and Model groups. B, Image of tumor blocks. C-E, Changes of myeloid cells, including dendritic cells (DC) (C), macrophages (D), and 
MDSC (E) in the spleen of mice in the APS group compared with the Model group. F, Bar chart of DC, macrophages, and MDSC content in 
the spleen. (G), The expression of Arg-1, IL-10, TGF-β was quantified by qRT-PCR. All these data were presented as mean ± SD. *P < .05, 
**P < .01, ***P < .001
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Next, we investigated whether the immune function changed 
under the condition of ABX interference. The results showed that 
the number of MDSC in the APS group was the least among four 
groups, and no difference was seen between APS + ABX and Model 
groups (Figure 2C,D). MDSC are believed to exert an immunosup-
pressive effect mainly by inhibiting the proliferation and function 
of CD8+ T cells; tumor growth follows. Therefore, we examined the 
content of CD8+ T cells in tumor tissues with the use of flow cy-
tometry. As shown in Figure 2E, the number of CD8+ T cells in the 
APS group was much higher than that in the Model group, while the 
number of CD8+ T cells in the APS + ABX group was not significantly 
increased. The CD8+ T cells’ secretion of IFN-γ was enhanced in the 
APS group (Figure 2F). These results suggested that APS affected 
the immune function of melanoma-bearing mice by regulating the 
gut microbiota.

Consistent with the reduced abundance of MDSC in mice from 
the APS group, the expression level of the cytokines interleukin-1β 
(IL-1β) and interleukin-6 (IL-6) were strikingly decreased in the serum 
of mice after APS administration, while the expression levels of 
tumor necrosis factor-α (TNF-α) and IL-10 revealed no significant 
changes (Figure 2G). A high serum level of IL-1β was also found in 
the ABX group, which was previously reported to be associated with 
poor clinical outcome.5,21

To further confirm whether the gut microbiota regulation is 
necessary for APS to suppress tumor growth, we carried out an 
FMT experiment (Figure  3A). The results showed that the fecal 
suspension from the APS group could also control the tumor 
growth (Figure 3B,C). Moreover, compared with the Model group, 
a decrease of MDSC and an increase of CD8+ T cells were found 
in tumor tissues from the A-FMT group (Figure  3D,E). Therefore, 
we hypothesized that APS reversed the TIME by regulating the gut 
microbiota.

3.3 | Astragalus polysaccharides regulate the 
composition of gut microbiota in melanoma mice

To understand the effect of APS on the gut microbiota in melanoma-
bearing mice, we analyzed the diversity and composition of gut 
microbiota in the Model, APS, ABX and APS  +  ABX groups. First, 
the Shannon index and the Chao index were used to estimate the 
α-diversity of gut microbiota in four groups. The results showed that 
there was no significant difference between Model and APS groups, 
although the α-diversity of the ABX group and the APS + ABX group 
were significantly reduced (Figure  4A,B). Importantly, the compo-
sition of gut microbiota was significantly different in four groups. 
Principal coordinates analysis demonstrated that the microbial com-
munity structure was separated between Model and APS groups. 
They were different to the ABX group, while the combination of APS 
and ABX made the microbial community structure similar to that of 
the ABX group (Figure 4C). Furthermore, the differences in microbial 
composition among the four groups are clearly shown in the Venn 
diagram (Figure 4D).

We sought to determine which microorganisms were significantly 
different from the APS group and the Model group. At the species 
level, we observed that Lactobacillus_johnsonii, Faecalibaculum_ro-
dentium, and unclassified_g_Lactobacillus were enriched in the APS 
group, while Sphingomonas_leidyi, Bifidobacterium_pseudolongum, 
unclassified_g_norank_f_Christensenellaceae, and uncultured_bac-
terium_g_Anaeroplasma were downregulated (Figure 4E). Among all 
of them, the difference of Bifidobacterium_pseudolongum was the 
most significant. Together, these results indicated that the regulation 
of gut microbiota was necessary for APS to exert its antitumor effect.

3.4 | Astragalus polysaccharides 
induce the changes of fecal metabolites through gut 
microbiota remodeling

We then performed untargeted metabolic analysis of feces by liq-
uid chromatography–mass spectrometry in Model, APS, ABX, and 
APS  +  ABX groups. Through PLS-DA analysis, composition differ-
ences between Model and APS groups were obvious. Meanwhile, 
as ABX disrupted the regulation of gut microbiota composition by 
APS, fecal metabolites in the APS + ABX group were also similar to 
those in the ABX group (Figure 5A). The cluster heat map revealed 
that fecal metabolites in the Model and APS groups were well sepa-
rated from each other; fecal metabolites were similar in ABX and 
APS + ABX groups (Figure 5B). As was evident in the volcano map, 
many metabolites had been upregulated or downregulated com-
pared with the Model group (Figure  5C). These results suggested 
that gut microbiota regulated by APS altered the composition of 
fecal metabolites.

3.5 | Astragalus polysaccharides promote a shift 
in the metabolic function of the gut microbiota

Along with the composition changes of gut microbiota, their func-
tion changes substantially, which is reflected in the composition of 
metabolites. To clarify the influence of APS on metabolic function in 
melanoma-bearing mice, Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis was performed. The results 
showed that four biological pathways were significantly affected 
by APS compared with the Model group, and these changes were 
primarily linked to D-glutamine and D-glutamate metabolism, isofla-
vonoid biosynthesis, steroid biosynthesis, and arginine and proline 
metabolism (Figure 6A). Furthermore, these four biological pathways 
covered nine different metabolites, including L-glutamate, (R)-(+)-
2-pyrrolidone-5-carboxylic acid, daidzein, 5-dehydroavenasterol, 
glycitein, genistein, 7-dehydrocholesterol 5,6-oxide, creatine, and 
4-acetamidobutanoic acid (Figure 6B). We analyzed the abundance 
of these nine fecal metabolites in the four groups. From Figure 3B, it 
is evident that compared with the other three groups, glycitein and 
genistein were significantly downregulated in the APS group, while 
L-glutamate and creatine was upregulated in the APS group.
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The Spearman correlation analysis showed that the changes in cre-
atine and L-glutamate were negatively correlated with Bifidobacterium_
pseudolongum and positively correlated with Lactobacillus_johnsonii, 

while the changes for glycitein and genistein were the opposite 
(Figure 7). Because previous studies have reported that L-glutamate 
and creatine are related to the antitumor effect, we postulated that the 

F I G U R E  2   Astragalus polysaccharides (APS) suppress tumor growth by modulating the gut microbiota in melanoma mice. A, Tumor volume 
changes in mice treated with APS (200 mg/kg/d), antibiotic cocktail (ABX) (200 μL/d), APS + ABX or normal saline (Model) are shown. B, 
Image of tumor blocks collected from mice 14 d after tumor inoculation. C, D, The content of MDSC in the spleen (C) and tumor tissues (D). 
E, The content of CD8+ T cells in tumor tissues. F, The expression of IFN-γ on CD8+ T cells in tumor tissues. G, inflammatory cytokines IL-6, 
IL-1β, TNF-α, and IL-10 in serum of mice. *P < .05, **P < .01, ***P < .001
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antitumor effect of APS was related to its regulation of gut microbiota 
composition and alteration of metabolic function.

4  | DISCUSSION

Astragalus membranaceus has been widely used to treat cancer and 
has demonstrated satisfactory therapeutic effects.22 The composi-
tion of Astragalus membranaceus is relatively complex. APS, the main 
active component, have a variety of biological characteristics.23 
Data from in vivo and in vitro experimental studies have indicated 
that APS can control tumor growth in different types of tumor mod-
els.24 Our previous research found that APS had the ability to control 
tumor growth in mice with melanoma,17 but the exact mechanism 
remains unclear. Here, we confirmed the antitumor effect of APS 
and investigated the possible underlying mechanism.

In cancer, MDSC are heterogeneous cells that originate from 
myeloid cells, including immature dendritic cells and macrophages.25 
They are the main immunosuppressive cells in TIME and can lead to 
the promotion of tumor growth and metastasis.26 In this study, we 
found that the number of MDSC and the mRNA expression of Arg-
1, IL-10, and TGF-β was reduced after APS administration. To some 
extent, this reflects the weakened ability of MDSC to inhibit CD8+ 
T cells from killing tumor cells. Therefore, we speculated that APS 
attenuated the immunosuppressive activity of MDSC to suppress 
tumor growth.

The close relationship between gut microbiota and intestinal 
neoplasms, such as colorectal cancer, is beyond question.27 Several 
reports have shown that the progression of parenteral tumors, such 
as melanoma, liver cancer and pancreatic cancer, are affected by gut 
microbiota.28,29 The regulation of gut microbiota has become a new 
target for controlling parenteral tumor progression. It was found 

F I G U R E  3   Fecal suspension from 
the Astragalus polysaccharides (APS) 
group suppresses the tumor growth 
in melanoma mice. A, Flowchart of 
fecal microbiota transplantation (FMT) 
experiment. In the FMT experiment, 
the C57BL/6 mice received ABX 1 wk in 
advance, then mice were gavaged with 
fresh fecal suspension obtained from the 
Model group (M-FMT) or the APS group 
(A-FMT), respectively, until mice were 
killed. Tumor inoculation occurred on day 
8 of fecal suspension administration. B, 
Tumor weight of mice from M-FMT and 
A-FMT groups. C, Image of tumor blocks. 
D, Contents of MDSC in tumor tissues of 
M-FMT and A-FMT groups. E, Contents 
of CD8+ T cells in tumor tissues of M-FMT 
and A-FMT groups. *P < .05
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in a sarcoma model mice that specific gut microbiota composition 
could amplify the content of extraintestinal MDSC and lead to tumor 
progression.5 Gut microbiota can also affect the lung infiltration of 
MDSC in melanoma-bearing mice with a high fat diet and, finally, af-
fect tumor metastasis.30 Of interest, it was reported that APS were 
not easily directly absorbed by the intestine but they did regulate gut 
microbiota.14 The current study found that APS had a therapeutic 
effect on acute colitis induced by sodium dextran sulfate and could 
restore the structure of gut microbiota.31 They could also increase 
the level of 2-hydroxybutyric acid in the serum and liver of mice by 
regulating gut microbiota and improve lipid metabolism disorders in 
vivo and in vitro.32 Therefore, we investigated whether the effect 
of the antitumor immunity of APS depended on the gut microbiota 
remodeling.

With the disturbance of gut microbiota by ABX, we found that 
the ability of APS to control tumor growth was weakened. The regu-
latory effects of APS on MDSC and CD8+ T cells were also affected. 
Chronic inflammation leads to the production of immunosuppres-
sive cells (like MDSC) and promotes tumor progression, while it 
has been reported that APS have an anti–inflammatory effect.33 
Therefore we examined the expression level of inflammatory cyto-
kines in the serum of mice from Model, APS, ABX and APS+ABX 

groups. In comparing the results of the Model and APS groups, we 
found that APS can, indeed, downregulate the expression of IL-6 
and IL-1β in the serum of mice with melanoma but not TNF-α. An 
in vitro study also found that APS could reduce the expression level 
of pro–inflammatory genes except for TNF-α.34 Moreover, we found 
that the expression level of IL-1β was high in the peripheral blood of 
mice treated with antibiotics. These mice had larger tumor volume 
and higher content of MDSC. This is consistent with reports that 
prolonged dysregulation of the gut microbiota caused by persistent 
antibiotic perturbation can trigger systemic inflammation.35 In ad-
dition, we performed the FMT experiment and found that the fecal 
suspensions from APS interfered mice also had antitumor immu-
nomodulatory effects. These results suggested that the changes in 
gut microbiota composition by APS might be related to the immune 
function regulation in mice with melanoma.

Next, we further investigated the influence of APS on gut microbi-
ota in mice with melanoma. The remodeling of gut microbiota mainly 
includes changes in diversity and composition. Interestingly, no dif-
ferences were found in α-diversity between APS and Model groups 
based on the sequencing results of 16S rDNA, while there were 
differences in composition. After APS administration, most of the 
Bifidobacterium_pseudolongum was significantly downregulated, 

F I G U R E  4   Astragalus polysaccharides (APS) regulate the composition of gut microbiota in melanoma mice. The feces of mice from Model, 
APS, ABX, APS + ABX groups were collected to perform 16S rRNA gene sequencing. Shannon (A) and Chao (B) indexes were used to analyze 
α-diversity of the gut microbiota. C, Principal coordinates analysis (PCOA) at the OTU level, in which the differences in groups can be seen 
from the distances between samples. D, Venn diagram of different microbial compositions in four groups. E, Bar plot of compositional 
differences at the species level in the gut microbiota of mice in the APS group vs the Model group using Student’s t-test. *P < .05, **P < .01, 
***P < .001
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whereas most of the Lactobacillus and Lactobacillus_johnsonii was 
upregulated. Previous studies have shown that the abundance of 
Bifidobacterium pseudolongum is positively correlated with tumor 
progression, which can inhibit the activity of immune cells and 
promote the upregulation of the expression of factors related to 
tumor growth.36 Lactobacillus and Lactobacillus johnsonii, as probi-
otics in the intestine, are important in maintaining host intestinal 
homeostasis and regulating host immune response.37 Lactobacillus 
has been proved in several studies to have an antitumor effect,38,39 
and Lactobacillus johnsonii is also thought to enhance the efficacy of 
anti–CTLA4.40 In addition, we found that APS was able to increase 
the abundance of Faecalibaculum rodentium, which could exert an 
antitumor effect in a mouse model of colorectal cancer by produc-
ing short-chain fatty acids, while Holdemanella biformis, the bacteria 
corresponding to Faecalibaculum rodentium in the human body, could 
also inhibit tumor cell growth in vitro through release of short-chain 
fatty acids.41,42 These results suggested that the changes in gut 

microbiota composition by APS might be related to their antitumor 
effects.

Metabolites are one of the ways in which gut microbiota influ-
ence tumor progression.42-44 In this study, we found that the compo-
sition of fecal metabolites in the APS group was different from that in 
the Model, ABX and APS + ABX groups. Further analysis showed that 
compared with the other three groups, metabolites L-glutamate and 
creatine were enriched in the APS group. It has been demonstrated 
that the supplementation of glutamate can inhibit tumor growth in 
breast cancer model mice.45 Creatine could prevent skeletal muscle 
atrophy, weight loss, and tumor growth by attenuating the tumor-
induced pro–inflammatory environment in rats.46-48 In addition, 
combined use of creatine with ICI could continuously provide energy 
to T cells and, thus, more effectively combat cancer.49 The Spearman 
correlation analysis also suggested that these metabolites might 
be involved in the antitumor effects of APS. Previous studies sug-
gested that daidzein and genistein could exert antitumor effects.50,51 

F I G U R E  5   The changes in gut microbiota by Astragalus polysaccharides (APS) influenced the fecal metabolites composition. A, PLS-DA 
plots of the fecal metabolites from all groups in the positive and negative ion modes. B, Cluster heat map showing relative abundances of 
metabolites at the genus level: from blue (less) to red (more). C, Volcano maps presenting metabolite expression changes in APS group vs 
Model group
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F I G U R E  6   Astragalus polysaccharides (APS) improve the metabolic function of gut microbiota. A, Pathway enrichment of differential 
metabolites in the APS group compared with the Model group. B, Comparison of the abundance of pathway-related metabolites in four 
groups. *P < .1; **P < .05; ***P < .001 compared with Model group. #P < .1; ##P < .05; ###P < .001 compared with APS group
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However, here, most of these two metabolites in the APS group were 
downregulated compared with the other three groups. Therefore, it 
may not be through them that APS exert antitumor effects. In further 

study, the role of metabolites L-glutamate and creatine in the treat-
ment of melanoma and specific mechanisms will be further studied. 
Moreover, in this research, we just used the melanoma mouse model 

F I G U R E  7   Correlation between changes of abundance in fecal metabolites and gut microbiota. Nine fecal metabolites were selected. 
The heat map shows the Spearman correlation coefficient between changes in these metabolite concentrations and changes in relative 
abundance of species. The intensity of the colors represents the degree of positive or negative association. *P < .05, **P < .01, ***P < .001
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to observe the changes in the gut and tumor microenvironment. We 
will further explore whether APS play an antitumor role in other tu-
mors by regulating gut microbiota.

In conclusion, our study demonstrated that the antitumor effect of 
APS was related to its attenuation of the immunosuppressive activity 
of MDSC in melanoma-bearing mice, and this was dependent on the 
remodeling of gut microbiota and metabolic function (Figure 8). These 
findings indicated that APS has therapeutic potential and is of great 
significance to the modern application of traditional Chinese medicine.
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