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Purpose: Natural triterpenoid saponins isolated from Anemone flaccida Fr. Schmidt have

exhibited anti-cancer properties and exerted remarkable inhibitory effects on tumor growth.

Herein, we investigated the potential mechanism involved in the suppression of hepatocel-

lular carcinoma (HCC) development by triterpenoid saponins in a mouse model.

Methods: An HCC model was established in H22 tumor-bearing mice and triterpenoid

saponins were administered at various doses. Immunofluorescence, flow cytometry, and

western blot were performed to analyze the effect of triterpenoid saponins on immune

response in tumor tissues. Metabolomic analysis was carried out to assess the metabolites

involved in mediating the effect of triterpenoid saponins on tumor tissues.

Results: Triterpenoid saponins induced anti-tumor immune response by decreasing the number

of Treg cells, increasing that of B cells, natural killer cells, and CD3+/CD28+ T cells, and

reducing the secretion of inflammatory factors including nuclear factor-κB, cyclooxygenase-2,

and microsomal prostaglandin E synthase-1. In addition, triterpenoid saponins inhibited tumor

growth and induced the apoptosis of HCC cells by blocking the activation of PD1/PD-L1, ERK1/

2, p38 MAPK, JNK, and STAT3 signaling pathways. Furthermore, triterpenoid saponins regu-

lated tumor immune response by upregulating a number of metabolites (including 1,3-diamino-

propane, lauric acid, 2,4-diaminobutyric acid 2, and ribitol) and modulating the metabolism of

histidine, arginine, proline, beta-alanine, glycine, serine, and threonine.

Conclusion: The findings suggested that triterpenoid saponins interfered with multiple

signaling cascades involved in tumorigenesis and tumor metabolism and have potential

applications in HCC therapy.

Keywords: triterpenoid saponins, hepatocellular carcinoma, immune response, MAPK,

PD1/PD-L1, STAT3

Introduction
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related deaths

and the fifth most prevalent neoplasm worldwide,1 with more than 700,000 new cases

diagnosed annually, most at an advanced stage.2 Despite remarkable advances in diag-

nosis and improvements in therapeutic strategies, the long-term survival of HCC patients

remains unsatisfactory because of the high rates of intrahepatic and distal metastasis.3,4 It

is critical to identify the potential molecular mechanisms underlying the progression and

metastasis of HCC to provide novel therapeutic targets for cancer treatment.
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Alternative medicine has emerged as a complement to

conventional anti-cancer treatment schemes such as che-

motherapy and radiotherapy. In particular, the compo-

nents of natural herbal medicine have recently gained

attention as natural compounds that act as anti-cancer

agents with reduced side effects compared to those of

clinical therapeutic drugs. Among these, Anemone flac-

cida Fr. Schmidt is a well-known medicinal plant that is

widely distributed in China and has been used as

a component in folk medicine to treat neuralgia and

rheumatism. Saponins are a class of chemical compounds

found in nature and function as bioactive constituents in

many plants because of their anti-inflammatory, anti-

viral, anti-bacterial, and anti-cancer properties.5 It was

reported that saponins from Anemone david inhibited

the proliferation of subcutaneous tumor S180 in mice,6

and saponins isolated from Rosa laevigata Michx showed

significant hepatoprotective effects against carbon tetra-

chloride-induced acute liver damage in mice.7 Our pre-

vious study has demonstrated that triterpenoid saponins

from A. flaccida exerted inhibitory effects on HeLa cell

proliferation and induced HeLa cell apoptosis via activa-

tion of caspase-3.8

Recently, the effect of saponins on liver diseases, espe-

cially HCC, has elicited widespread concern. Specifically,

the participation of saponins in mediating signaling path-

ways involved in various physiological phenomena is of

interest. The dysregulation of certain pathways occurs in

nearly half of all early and almost all advanced cases of

HCC.9–11 For example, mitogen-activated protein kinases

(MAPKs) are a highly evolutionarily conserved family of

serine/threonine kinases that are involved in the regulation

of tumor cell proliferation, differentiation, migration, sur-

vival, and angiogenesis.12 Members of the MAPK family

include extracellular signal-regulated kinase (ERK) 1/2,

c-Jun N-terminal kinase (JNK), and p38. Programmed

cell death-1 (PD1) is a member of the CD28 receptor

family, and its ligand PD-ligand 1 (PD-L1) plays

a fundamental role in tumor immune escape by inhibiting

immune effector functions. PD1 expression is induced in

antigen-activated T cells and exhausted T and B cells,

while PD-L1 is mainly expressed by antigen-presenting

cells and non-hematopoietic cells.10 Likewise, signal

transducer and activator of transcription 3 (STAT3) regu-

lates multiple oncogenic pathways, including tumor cell

survival, angiogenesis, and evasion from the immune

system.13

The aim of the present study was to evaluate the effect

of triterpenoid saponins from A. flaccida against HCC in

mice by establishing a model of HCC using H22 hepatoma

cells. The possible underlying mechanisms were evaluated

to elucidate the potential protective effect of triterpenoid

saponins against HCC via suppression of inflammation

and apoptosis. A metabolomics approach was also

employed to determined the involvement of tumor meta-

bolism therein.

Materials and Methods
Plant Material and Preparation of

Triterpenoid Saponins
The rhizome of A. flaccida Fr. Schmidt was obtained from

Jiufeng County (Hubei province, China) and identified by

Prof. Keli Chen (Department of Pharmacology, Hubei

College of Traditional Chinese Medicine). Triterpenoid

saponins were extracted according to a previously

described method. Briefly, 5 kg of dried A. flaccida was

extracted by CH3OH at room temperature. The extract was

filtered, concentrated, and chromatographed. The residue

obtained from the 30% EtOH fraction was further sepa-

rated on a low-pressure reverse-phase C18 column using

CH3OH2H2O. By similar procedures, triterpenoid saponins

were obtained from the 50% EtOH fraction. The structures

of the compounds were determined by chemical and spec-

tral analysis. The following five compounds were identi-

fied (Figure S1): glycoside St-I4a (1), glycoside St-J (2),

anhuienoside E (3), hederasaponin B (4), and flaccidoside

II (5).

Animals and Experimental Design
All animal experiments were carried out according to the

institutional guidelines for animal care and approved by

the Animal Ethics Committee of Hubei University of

Chinese Medicine. The mouse hepatoma model was

established according to a previously reported method

with some modifications.2 The murine hepatoma cell

line H22 was obtained from BeNa Culture Collection

(BNCC100746). Forty Balb/c mice weighing 20 ± 2

g were purchased from the Hubei Provincial Center for

Disease and Prevention. The animals were maintained in

a specific-pathogen-free environment at a temperature 23

± 2°C in a 12/12-h light/dark cycle. Water and standard

rodent chow were provided ad libitum. After one week of

adaptive breeding, the mice were randomly divided into

five groups (n = 8 in each group): control (CON), model
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(MOD), low-dose total saponins (LOW), medium-dose

total saponins (MED), and high-dose total sapo-

nins (HIG).

H22 cells were diluted to a concentration of 1 × 107

cells/mL with phosphate-buffered saline (PBS) under ster-

ile conditions. Then, 0.2 mL of cells were inoculated

subcutaneously into the right armpit of each mouse to

establish the hepatoma model (MOD). Mice in the LOW,

MED, and HIG group were administered orally with total

saponins daily at doses of 5 mg/kg, 10 mg/kg, and 15 mg/

kg, respectively. Animals in the CON and MOD groups

received equivalent volumes of solvent. Tumor size was

measured on alternate days using a vernier caliper and

mouse body weight was recorded once every two days.

After 14 days of treatment, the mice were sacrificed and

tumor tissue and blood were sampled. The tumor and

spleen were isolated and weighed immediately after the

mice were sacrificed. Immune organ index was calculated

using the following equation: Immune organ index = mean

organ weight (mg)/mean body weight (g).

Immunofluorescence
Fresh transplanted tumor tissues were extracted and

embedded in paraffin wax. Tissue sections were prepared

on microscopic slides and deparaffinized for staining. After

antigen retrieval and endogenous peroxidase removal, the

tissue sections were washed with PBS, fixed in 4% paraf-

ormaldehyde for 10 min, and permeabilized at room tem-

perature. Non-specific binding was blocked with 1% bovine

serum albumin for 1 h and the samples were incubated with

primary antibodies against PD1 (ab214421, 1:100, Abcam)

or PD-L1 (ab224030, 1:50, Abcam) overnight at 4°C.

Thereafter, the sections were incubated with rabbit IgG

conjugated to Alexa Fluor® 488 (ab15077, 1:200, Abcam)

secondary antibody for 1 h at room temperature. Nuclei

were stained with DAPI for 5 min at room temperature.

Immunopositive cells were analyzed using a fluorescence

microscope (Zeiss Axiophot II, Oberkochen, Germany) at

40× magnification (excitation 590 nm; emission 650 nm).

The quantification of fluorescence images was performed

using ImageJ software.

Flow Cytometry of Lymphocytes in

Spleen and Tumor Tissues
Lymphocytes from mouse spleen and tumor tissues were

isolated in sterile conditions. Spleen tissues were placed in

10 mL of PBS and then placed in a 200-mesh aseptic

milling steel line. The tissues were repeatedly milled,

filtered twice, centrifuged at 1500 rpm for 10 min at

4°C, and washed twice with PBS. Mouse lymphocyte

separating medium was added and the tissues were cen-

trifuged at 1500 rpm for 20 min to absorb the mononuclear

cell layer. Cells were washed twice with PBS and the

concentration was adjusted to 1 × 106 cells/mL. Flow

cytometry data was acquired from a splenic cell suspen-

sion using the following antibodies: CD19-fluorescein iso-

thiocyanate (FITC) (11-0193-82), CD25-phycoerythrin

(PE)-cyanine 5 (Cy5) (15-0251-82), CD3-FITC (11-

0031-82), CD4-FITC (11-0041-82), CD69-PE (12-0691-

82), CD28-PE-Cy5 (15-0281-82), CD335-PE (11-3351-

82), and Foxp3 (12-5773-80). All antibodies were pur-

chased from eBioscience.

Western Blot
Western blot was performed to detect the expression of

relevant proteins. Tumor samples were washed twice with

PBS and homogenized in radioimmunoprecipitation assay

lysis buffer (Beyotime, Wuhan, China) containing protease

inhibitor at 4°C and centrifuged at 12000 × g for 15 min.

The concentration of the proteins was measured by

a bicinchoninic acid assay (Beyotime, Wuhan, China).

Proteins (30 μg) were separated by 10% sodium dodecyl

sulfate-polyacrylamide gel electrophoresis and transferred

onto polyvinylidene fluoride membranes (Millipore, USA).

The membranes were blocked with 5% skim milk for 2 h at

room temperature in Tris-buffered saline. Then, the mem-

branes were incubated overnight at 4°C with primary anti-

bodies against PD1 (ab36151, 1:250), PD-L1 (213480,

1:1000), nuclear factor (NF)-κβ (32360, 1:1000), cycloox-

ygenase-2 (COX-2, ab62331, 1:1000), p38 MAPK

(ab170099, 1:1000), c-Jun N-terminal kinases (JNK,

ab110724, 1:1000), p-JNK (ab4821, 1:1000), extracellular

signal-regulated kinase 1/2 (ERK1/2, ab184699, 1:5000),

p-ERK1/2 (ab214036, 1:1000), STAT3 (ab68153, 1:1000),

p-STAT3 (ab76315, 1:20,000), and microsomal prostaglan-

din E synthase-1 (mPGES1, ab62050, 1:1000), all pur-

chased from Abcam (Cambridge, UK). GAPDH (2118,

1:1000, CST, MA, USA) was selected as an internal refer-

ence. Then, the membranes were washed with Tris-buffered

saline and incubated in goat IgG secondary antibody

(PAB160011, 1:10,000, Bioswamp, Wuhan, China) for 2

h at room temperature. Immunoreactivity was visualized by

colorimetric reaction using enhanced chemiluminescence

substrate buffer (Millipore, MA, USA). Membranes were

scanned with Gel Doz EZ imager (Bio-rad, USA).
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Targeted Metabolomics Using Gas

Chromatography Time-of-Flight Mass

Spectrometry (GC-TOFMS)
Metabolomic analysis of tumor tissues from the MOD and

HIG groups was performed using GC-TOFMS as previously

reported.14 Tumor tissue samples were homogenized and

extracted with 1 mL of degassed isopropanol/acetonitrile/

water (3/3/2) at 4°C for 5 min. The extracts were subse-

quently dried and re-suspended in 50% aqueous acetonitrile

to remove most of the complex lipids. After dry evaporation,

the extracts were derivatized and subjected to GC-TOFMS

(Leco Pegasus IV) fitted with automatic liner exchange-cold

injection (Gerstel). Raw data were deconvoluted using

ChromaTOF (Leco) and mass spectra were exported for

further data processing by the BinBase database, including

identification of metabolites. The impact of individual meta-

bolic pathways was determined by topological analysis.

Statistical Analysis
Statistical analysis was performed by SPSS 19.0 software

and the results are presented as the mean ± standard devia-

tion (SD). Comparison between different groups was per-

formed using one-way analysis of variance. P < 0.05 was

considered to indicate a statistically significant difference.

Results
Triterpenoid Saponins Suppressed

H22-Transplanted Tumor Growth
To determine the inhibitory effect of triterpenoid sapo-

nins on tumor growth in a macroscopic perspective, we

monitored the tumor volume (Figure 1A and B) over 21

days and measured the mouse and tumor weight at the

end of the experimental period (Figure 1C and D). Over

the experimental period, tumor growth was suppressed

by triterpenoid saponins to various extents depending on

dose, with the HIG group showing the greatest growth

inhibition. The average tumor weight in the HCC model

mice was 2.92 ± 0.37 g. Compared with the MOD group,

the average tumor weights of mice treated with medium

and high doses of triterpenoid saponins decreased sig-

nificantly to 1.62 ± 0.24 g and 1.34 ± 0.19 g, respec-

tively, with corresponding tumor inhibition rates of

44.47% and 54.05%, respectively. Furthermore, the

body weight of the mice treated with high-dose saponins

was higher than that of mice in the model and low-dose

groups.

Triterpenoid Saponins Inhibited the

Expression of PD1 and PD-L1 in H22

Tumors
Immunofluorescence was performed to detect the level and

localization of PD1 and PD-L1 in H22 tumor tissues

(Figure 2). Triterpenoid saponin treatment resulted in the

downregulation of PD1 and PD-L1 in a dose-dependent man-

ner, as indicated by the reduction in fluorescence level

observed in the LOW, MED, and HIG groups compared to

that of the MOD group. In particular, high-dose triterpenoid

saponins showed the most drastic effect, as demonstrated by

the lowest intensity of PD1- and PD-L1-positive staining in the

tumor tissues.

Triterpenoid Saponins Altered Spleen

Index and Recruitment of Immune

Effector Cells
To examine the effect of triterpenoid saponins on the immune

system, we assessed the spleen index and recruitment of

immune effector cells in the host animals. The results indicated

that the spleen index of the HIG group was higher than that of

the MOD group (Figure 3A), suggesting that triterpenoid

saponins exerted beneficial influence on immune organs.

Analysis of B cell and T cell populations from the spleen

revealed that the proportion of B cells, natural killer (NK)

cells, and CD3+/CD28+ cells decreased and that of CD4+/

CD25+ Treg cells increased significantly in the MOD group

compared with those in the control group. However, compared

to the MOD group, HIG significantly increased the proportion

of B cells, NK cells, and CD3+/CD28+ cells and decreased that

of CD4+/CD25+ Treg cells (Figure 3B). The infiltration of

immune effector cells was also evaluated in tumor tissues

(Figure 4). Consistent with expression in the spleen, triterpe-

noid saponins increased the proportion of B cells and NK cells

and decreased that of CD4+/CD25+ Treg cells in a dose-

dependent manner. However, the proportion of CD3+/CD28

+ T cells showed a decrease in tumor tissues.

Triterpenoid Saponins Downregulated

the Expression of Proteins Associated

with Inflammation, Apoptosis, and MAPK

Cascade
As shown in Figure 5A, the protein levels of COX-2,

mPGES1, and NF-κβ in the MOD group were markedly

increased compared with those in the control group.

However, triterpenoid saponins decreased the levels of
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these proteins in a dose-dependent manner, with HIG

exerting the most prominent effect. The protein expression

of PD1 and PD-L1 showed similar trends (Figure 5B). We

next determined whether triterpenoid saponins regulated

the MAPK cascade including ERK1/2, p38, JNK, and

STAT3 pathways (Figure 6). In HCC tumor tissues, the

levels of phosphorylated ERK1/2, p38, JNK, and STAT3

relative to the respective total protein content were upre-

gulated compared to those in the control group.

Triterpenoid saponins downregulated the relative levels

of p-ERK1/2, p-p38, p-JNK, and p-STAT3 in a dose-

dependent manner, with high-dose exerting the greatest

inhibitory effect.

Heat Map and Metabolomic Analysis of

Changes in Primary Metabolite Levels
Tumor metabolism is actively involved in the process of

cancer development and is tightly correlated with immune

response and signal transduction.15 Thus, a metabolomic

approach was employed to assess the participation of tumor

metabolism underlying the therapeutic mechanism of triterpe-

noid saponins. The assessment of primary metabolites by GC-

TOFMS is demonstrated by heat mapping (Figure 7). The

results consist of annotated metabolites including saccharides,

amino acids, and metabolites related to the tricarboxylic acid

cycle and fatty acid metabolism. To evaluate the tumor tissues

from a metabolite-based molecular approach, we analyzed the

classifying power of each metabolite. The fold changes in

these marker metabolites are shown in Table 1. We found

that eight metabolites were increased and three were decreased

in the HIG group. Furthermore, Figure 8 indicates that the

differential metabolites were mainly enriched in histidine

metabolism; arginine and proline metabolism; beta-alanine

metabolism; and glycine, serine, and threonine metabolism.

Discussion
We have previously reported that triterpenoid saponins

found in the rhizome of A. flaccida Fr. Schmidt exerted

Figure 1 Effect of triterpenoid saponins on H22 tumor growth in mice. (A) Tumors were extracted from tumor-induced mice that were either untreated (MOD) or treated

with triterpenoid saponins at 5 mg/kg (LOW), 10 mg/kg (MED), and 15 mg/kg (HIG) for 21 days. (B) Tumor length and width were measured throughout the 21-day

observational period and tumor volume was calculated. (C) Mouse and (D) tumor weight were measured on day 21. The data represent the mean ± SD of three replicates

(n = 3), *p < 0.05 vs MOD; #p < 0.05 vs LOW.

Abbreviations: CON, control; MOD, model; LOW/MED/HIG, low-/medium-/high-dose triterpenoid saponins.
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anti-tumor effects on HeLa cells by inducing apoptosis and

reducing cell proliferation.8 Herein, we demonstrated the

significant anti-tumor effect of triterpenoid saponins on

HCC. Notably, this is the first study to demonstrate that

triterpenoid saponin therapy negatively regulated the

expression of PD1/PD-L1, ERK1/2, p38 MAPK, JNK,

and STAT3 and inhibited inflammatory response by reg-

ulating immune effector cells and inflammatory mediator

release.

The immune system plays an important role in immuno-

surveillance against tumor cells and acts as a primary defense

against cancer.16 Triterpenoid saponins extracted from

A. flaccida induced remarkably higher spleen indexes than

that of non-treated mice subjected to HCC, indicating that

triterpenoid saponins effectively boosted the immune system

in H22 tumor-bearing mice. Furthermore, our studies uncov-

ered novel roles of triterpenoid saponins as a positive regu-

lator of B and T lymphocyte function, as triterpenoid saponin

treatment increased the percentages of B cells, NK cells, and

CD3+/CD28+ T cells. Meanwhile, the percentage of CD4+/

CD25+ Treg cells, which play an important regulatory role in

immune regulation, transplantation, and tumor immunity,17

Figure 2 Immunofluorescence staining of PD1 and PD-L1 in tumor cells. PD1 is shown in green; PD-L1 is shown in red; and DAPI represents the cell nuclei. Scale bar = 100 μm.

Abbreviations: CON, control; MOD, model; LOW/MED/HIG, low-/medium-/high-dose triterpenoid saponins.
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Figure 3 Effect of triterpenoid saponins on spleen index and lymphocyte development in the spleen. (A) Measurement of spleen index in mice administered triterpenoid

saponins. All data are expressed as the mean ± SD (n = 8). **P < 0.01 vs CON; #P < 0.05 and ##P < 0.01 vs MOD; ▲▲P < 0.01 vs LOW. (B) Flow cytometry profiles of

mouse spleen lymphocytes stained with the indicated antibodies.

Abbreviations: CON, control; MOD, model; LOW/MED/HIG, low-/medium-/high-dose triterpenoid saponins.
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Figure 4 Effect of triterpenoid saponins on lymphocyte development in HCC tumor. Flow cytometry profiles of mouse lymphocytes in tumor tissues, stained with the

indicated antibodies. MOD: model; LOW/MED/HIG: low-/medium-/high-dose triterpenoid saponins.
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was decreased. Tumor-associated immune suppressor cells

such as Treg cells can effectively block anti-tumor immune

response, representing an important obstacle for immu-

notherapy. Effective outcome of anti-tumor immunotherapy

may be obtained by attenuating Treg suppressor function. It

was reported that cyclophosphamide administration depleted

Treg selectively and induced significant anti-tumor immune

response in a murine HCC model.18 Moreover, antigen-

hyperactivated T cells and exhausted T cells and B cells

were found in the process of tumor development. In this

study, triterpenoid saponins reduced the number of Treg

cells and increased that of immune cells including B cells,

NK cells, and CD3+/CD28+ T cells in spleen lymphocytes of

H22 tumor-bearing mice, suggesting that triterpenoid sapo-

nins induced anti-H22 tumor immune response.

The ability of cancer cells to invade its surrounding is an

important hallmark of tumor malignancy and results from

aberrant cell signaling mechanisms. The signaling pathways

involved in tumor metastasis are composed of a complex

network of components. The STAT3 and NF-κβ signal path-

ways are constitutively activated in many malignant human

tumor cells.19 Activated NF-κβ modulates pro-inflammatory

mediators including interleukin-1β, interleukin-6, and tumor

necrosis factor-α. In turn, tumor necrosis factor-α can

increase the expression of COX-2, which induces the pro-

gress of tumor development along with pro-inflammatory

cytokines.20 mPGES1, one of the PGE2 synthases, is co-

localized and functionally coupled with COX-2.21

Induction of mPGES-1 was also accompanied by COX-2

induction in colon cancer tissues.20 In this study, we found

that triterpenoid saponins significantly inhibited the expres-

sion of NF-κβ, COX-2, and mPGES1 in HCC. We inferred

thus that triterpenoid saponins might exert anti-tumor effects

by inhibiting immune factor release.

Several studies have defined the immune checkpoint

receptor PD1/PD-L1 as a key signaling pathway regulating

the critical balance between immune activation and

tolerance.22–24 Recent studies have suggested that PD1/

PD-L1 signaling enables escape from immune surveil-

lance, transforming the tumor microenvironment into

a tumor-protective and immune-suppressive milieu.25,26

In addition, Qin et al revealed that cisplatin mediated

hepatoma drug resistance via the PD1/PD-L1 signaling

pathway.10 In this study, H22-derived tumors showed ele-

vated expression of PD1 and PDL-1, which was attenuated

by triterpenoid saponins. In cancer cells, PD-L1 plays

a crucial role in suppressing overall T-cell response and

the development of cancer immunoresistance by binding

to PD1 receptors on activated T cells, inhibiting the pro-

liferation of tumor-reactive cytotoxic T cells and inducing

the Treg phenotype.27 Blocking PD1/PD-L1 using clini-

cally relevant PD1 monoclonal antibodies restored

immune response and achieved remarkable clinical

response in solid tumors including melanoma and lung

cancer, providing a promising novel immunotherapeutic

strategy.

Figure 5 (A) Western blot of NF-κβ, COX-2, and mPGES1 in tumor tissues. (B) Western blot of PD1, and PD-L1 in tumor tissues. Data are expressed as the mean ± SD

(n = 3). **P < 0.01 vs CON; #P < 0.05 and ##P < 0.01 vs MOD; ▲▲P < 0.01 vs LOW.

Abbreviations: CON, control; MOD, model; LOW/MED/HIG, low-/medium-/high-dose triterpenoid saponins.
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The biological significance of the PD1/PD-L1 pathway

is only beginning to be understood recently. Both the Janus

kinase/STAT and MAPK signal pathways are known to be

involved in PD1/PD-L1 activation.27 The importance of

MAPK and STAT3 signaling in regulating various physio-

logical processes in HCC treatment has been proposed.

A study demonstrated that total saponins interfered with

p38 signaling cascades involved in tumorigenesis and had

potential application in cancer therapy.28 In addition, inhi-

biting the activation of reactive oxygen species-mediated

p38/MAPK, Akt, and STAT3 signal pathways induced

apoptosis in human hepatoma Hep3B cells.29 Our data

indicated that the activation of ERK1/2, p38, JNK, and

STAT3 signaling pathways in H22-induced hepatoma was

diminished by triterpenoid saponins.

Furthermore, the results of metabolomic analysis

revealed that triterpenoid saponins influenced various tumor

metabolites. Tumor metabolism involves various phenomena

such as glucose, amino acid, and lipid metabolism. The

correlation between cancer metabolism, tumor immunity,

and signal transduction is widely known, and the interplay

between these phenomena affects malignant transformation

and tumor control and clearance.30 In particular, the activa-

tion of T lymphocytes can alter glucose metabolism, in turn

Figure 6 Western blot of MAPK and STAT3 signaling-related factors in tumor tissues. Data are expressed as the mean ± SD (n = 3). *P < 0.05 vs CON; #P < 0.05 vs MOD

**P < 0.01 vs CON; ##P < 0.01 vs MOD; ▲▲P < 0.01 vs LOW.

Abbreviations: CON, control; MOD, model; LOW/MED/HIG, low-/medium-/high-dose triterpenoid saponins.
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triggering changes in the tumor microenvironment and mole-

cular signaling that affects tumor survival and

progression.31,32 Nutrient availability and amino acid content

are also factors that could lead to changes in immune

response and tumor development via a variety of signaling

pathways, such as PI3K/Akt/mTOR.33 Amino acids are the

basic buildings blocks required to form proteins and are

indispensable nutrients in all organisms that participate in

many physiological processes. Studies have shown that

abnormal amino acid metabolism is related to tumor

progression34,35 and can affect tumor development and

growth by regulating the immune system.36,37 In recent

years, amino acid metabolic pathways have become impor-

tant targets in anti-tumor immune therapy.38 In the analysis of

metabolic pathways, we found that histidine, arginine, pro-

line, beta-alanine, glycine, serine, and threonine metabolism

were highly associated with and affected by different meta-

bolites, and these amino acids might be involved in regulat-

ing tumor growth and immune response. Arginine is a non-

essential amino acid that can be produced by proline, and

tumor growth is promoted by feeding arginine in mice.39 It

can improve immune function in patients with colorectal

cancer after operation and enhance parenteral nutrition

effect.40 According to our results, arginine metabolism was

significantly affected by triterpenoid saponins. Taking into

account previous studies that reported the relationship

between arginine metabolism and inflammation,41–43 the

regulation of tumor metabolism by traditional Chinese

Figure 7 Heat map of hierarchical clustering analysis for MOD vs HIG. The abscissa represents different experimental groups, the ordinate represents the contrasting

differential metabolites between these groups, and the color blocks at different positions represent the relative expression of metabolites at corresponding positions.

Table 1 Screening of Differentially Expressed Metabolites in Tumor Tissues Between MOD and HIG Groups

Peak Similarity Count P-value Q-value Fold Change

1,3-diaminopropane 780 23 0.02421 0.2160 2.9044

Lauric acid 746 24 0.0106 0.1902 3.1767

2,4-diaminobutyric acid 2 415 24 0.0297 0.2203 2.0955

Glycocyamine 2 387 23 0.0012 0.0930 1.9436

Analyte 61 336 10 0.0497 0.2284 18.5408

Analyte 1047 276 15 0.0028 0.1188 13.8594

Ribitol 272 22 0.0340 0.2228 2.0498

Cis-sinapinic acid 205 17 0.0071 0.1717 3.2148

Aspartic acid 1 932 10 0.0446 0.2270 5.75E-08

N-alpha-Acetyl-L-ornithine 2 578 23 0.0328 0.2222 0.2473

Glutamic acid 934 23 0.0369 0.2242 0.2346

Notes: Peak, name of the substance in the Fiehn database; Similarity, similarity rating of this substance and the detection peak of mass spectrometry; Count, number of

times the substance was detected in all experimental groups; P-value, obtained by the t-test of the substance in the comparison group; Q-value, hypothesis test statistic (P

value) is the result of multiple hypothesis tests; Fold change, quantitative ratio of the two groups of experimental substances.
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medicine can be clarified. In addition, the inhibition of gly-

cine and serine metabolism by triterpenoid saponins could

restrict tumor growth by reducing the production of nucleic

acids and cell energy metabolism.44 Hence, we suggest that

triterpenoid saponins exerted anti-tumor effect by interfering

with the tumor immune system through mediating amino

acid metabolism.

Conclusion
Our results proved that triterpenoid saponins dramati-

cally inhibited transplanted tumor growth and induced

anti-tumor immune response by regulating immunologi-

cal effector cells, reducing the release of pro-

inflammatory factors, and blocking the activation of

PD1/PD-L1 signaling. Triterpenoid saponins also

induced apoptosis and suppressed tumor cell invasion

by blocking the MAPK and STAT3 pathways. In

addition, triterpenoid saponins regulated tumor growth

and immune response by modulating the metabolism of

histidine, arginine, proline, beta-alanine, glycine, serine,

and threonine. These results suggest that triterpenoid

saponins have the potential to attenuate the occurrence

of hepatoma. However, further studies on orthotopic

human cancer are needed to validate the therapeutic

use of this agent in humans.
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enrichment analysis.
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