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Abstract

Cancer cachexia is a multifactorial syndrome characterized by rapid weight
loss, skeletal muscle atrophy, and with or without fat reduction.
Ginsenosides are important active components in ginseng. Previous studies
have shown that some rare ginsenosides have anti-tumor and anti-
inflammatory effects. In this study, we investigated the Li-ginseng powder
on cachexia model mice by using various techniques such as enzyme-linked
immunosorbent assay (ELISA), hematoxylin-eosin staining, protein western
blotting, immunohistochemical staining, and immunofluorescence staining
and network pharmacology. In animal experiments, compared with the
normal group, mice in the cancer cachexia model group showed severe
weight loss (approximately 16.5%, P<0.0001), while LGP significantly
improved the body weight. The food intake of mice in the cachexia group
decreased by approximately 3% compared with the normal group (£<0.001),
but LGP significantly improved the appetite caused by cachexia. LGP
significantly reduced the levels of TNF-o, IL-6, and IL-1f in serum
(P<0.0001) and inhibited gastrocnemius muscle atrophy (P<0.0001).
Through the experiment, We found that the phosphorylation levels of
activated NF-kB and STAT3 were significantly upregulated in the cancer
cachexia group but significantly inhibited by LGP, consistent with the
expression levels of Trim63 and Fbxo32, indicating that the expression of
Trim63 and Fbxo32 is regulated by the NF-kB and STAT3 signaling
pathways. In addition, results showed that the expressions of Trim63,
Fbx032, p50 and STAT3 in C2CI12 cells were significantly upregulated
(P<0.05), while LGP significantly inhibited these protein expressions
(P<0.05). In conclusion, LGP effectively inhibits weight loss and appetite
decline in mice with cancer cachexia and significantly improves the
reduction in gastrocnemius muscle, heart, and kidney weight. LGP
significantly inhibits the activation of NF-kB and STAT3 in gastrocnemius
muscle of mice with cancer cachexia, as well as the expression of E3
ubiquitin ligases Trim63 and Fbxo32, indicating that LGP effectively
inhibits the occurrence of cancer cachexia.
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Infroduction

Cancer cachexia is a multifactorial syndrome that is closely related to poor
prognosis. More than half of cancer patients show symptoms of cachexia,
accounting for about 20% of all cancer-related deaths!!l. The development
of cachexia is related to the type and stage of the tumor as well as the
individual's physical condition. Currently, the standard for diagnosing
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cachexia is still a weight loss of more than 5% or a body mass index
(BMI) below 2031, The main features of cachexia are systemic
inflammation and weight loss, with reduced food intake being an
important reason for weight loss. This can cause changes in energy
balance, leading to lower energy intake than uptake. At the same
time, the protein degradation and the decrease in muscle synthesis
are also important reasons of weight loss, while the reduction of
nutrients is a key factor leading to decreased protein synthesis. This
highlights the importance of reduced dietary intake in cachexial® 3.
Although cancer cachexia has a huge impact on the quality of life
and lifespan of patients, there is still no standardized nursing plan,
which may be due to the unclear clinical definition. The lack of
clinical data on nutritional support, other supportive care
interventions, and new drug interventions, as well as the scarcity
of preclinical data defining key mechanisms and targetable
pathways, can all hinder research and treatment progress!®),
Currently, the main treatment method is to supplement nutrition to
support the patient's consumption. In recent years, some peptide
hormones, including Ghrelin and Anamorelin, have been
developed to promote appetite and increase patient food intake,
thereby allowing patients to obtain the necessary nutrients!” ®.
Megestrol Acetate (MA) is a clinical drug for treating cachexia, but
its main mechanism is to increase body fat rather than increase
skeletal muscle mass!®l. Currently, the drugs used to treat cancer
cachexia all have certain limitations, so current clinical treatments
are beginning to look for reasonable multi-modal treatment plans.
More researchers are also beginning to focus on drugs of cachexia,
and in recent years, research on traditional Chinese medicine has
provided a new direction for improving the current treatment of
cachexia'”l. Traditional Chinese medicine represents a huge
resource in modern medicine, and in recent years, understanding
and application of Chinese herbs and preparations in evidence-
based treatment has rapidly increased!'!). Preliminary laboratory
research on the anti-tumor and anti-inflammatory effects of
ginsenosides has been conducted'?'4], and further research is being
conducted on the treatment of cancer cachexia. Li-Ginseng powder
(LGP) from Yanbian ADKH Biotechnology Co., Ltd. is rich in a
group of rare ginsenosides (GRGs) Rk1, Rk3, Rh4, Rg3, and Rg5.
This study explored and verified the role of LGP in cancer cachexia
through in vivo and in vitro experiments. Currently, the molecular
mechanisms that cause muscle atrophy cannot be fully determined
and are usually considered to be caused by an imbalance between
protein synthesis and protein degradation. In cells, there are mainly
two protein degradation metabolic pathways: the ubiquitin
proteasome system (UPS) and the autophagic lysosome pathway
(ALP), which are influenced by multiple circulating factors. Most
misfolded proteins in cells are degraded by the UPS pathway, and
skeletal muscle atrophy involves the E3 ubiquitin ligases Trim63
(also known as Murfl) and Fbxo32 (also known as atrogin-1) in
the UPS pathway!!*!. Fbxo32 is a muscle-specific protein highly
expressed in atrophied muscle tissue, and it contains an F-Box
conserved sequence that plays a functional role, classifying
atrogin-1 as an FBXO protein in the F-box protein family, with X
indicating its lack of a recognized substrate binding region. Trim63
is another muscle-specific protein that contains a TRIM tripartite
motif and can regulate the degradation of myogenic differentiation
protein (MyoD) and other proteins related to regulating muscle
atrophy!'®l,

Tumor tissue can cause systemic inflammation and release a large
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number of inflammatory factors. Inflammatory factors lead to
reduced tissue function, which is also a cause of cancer cachexia
(17 181 TNF-a, IL-1B, and IL-6 are the main inflammatory factors
persistently upregulated in cachexial'®l. The catabolic metabolism
pathway of skeletal muscle is stimulated by various factors,
including oxidative stress, inflammatory cytokines, and
glucocorticoids, ultimately leading to the upregulation of E3
ubiquitin ligases Fbx032 and Trim63[2%, Inflammatory factors are
excessively released in cancer cachexia, activating multiple
signaling pathways, including the NF-kB and STAT3 pathways.
Inflammatory cytokines such as tumor necrosis factor a (TNF-a),
interleukin-6 (IL-6), and interleukin-1f (IL-1p) can cause muscle
atrophy by regulating the NF-xB and STAT3 pathways(?! 22,

In recent years, a large number of studies have proved that the
above pathways can generate cachexia, leading to skeletal muscle
atrophy and preventing muscle regeneration-2%, When cells are
affected by extracellular signals (such as TNF-a, IL-1, or IL-6),
NF-kB is activated, regulating the UPS pathway, leading to the
upregulation of Trim63 and Fbxo32 expression, and targeting
MyoD, thereby affecting muscle differentiation [?% 271, The NF-xB
inhibitor SN50 can reduce the expression of proteasome 20S
subunits, thereby inhibiting muscle atrophy 8. The STAT3
signaling pathway plays a role in various cellular activities,
including cell growth, proliferation, differentiation, and apoptosis
(291, Related studies have shown that STAT3 expression is
upregulated in cancer cachexia, p-STAT3 expression is
upregulated in mouse skeletal muscle, and the STAT3 signaling
pathway can activate the expression of C/EBP9, stimulate the
activation of downstream MAFbx and MuRF1, and cause muscle
atrophy’®%,

Materials and methods

Reagents

Li-Ginseng powder (LGP) enriched with rare ginsenosides
including Rk1, Rk3, Rh4, Rg3, and Rg5 was provided by Yanbian
ADKH Biotechnology Co., Ltd. Imperatorin (IMP) was purchased
from Shanghai EFEBIO Biological Co., Ltd. DMEM high glucose
medium, 1640 medium, and fetal bovine serum were purchased
from Gibco (New York, USA), while horse serum was purchased
from KangYuan Biological Co., Ltd. Fbxo32 antibody, Trim63
antibody, and MyoD antibody were purchased from Proteintech,
while STAT3 antibody, p-STAT3 antibody, p50 antibody, p-p50
antibody, p65 antibody, and p-p65 antibody were purchased from
Santa Cruz. GAPDH antibody was purchased from Cell Signaling
Technology, Pierce Goat Anti-Mouse IgG and Pierce Goat Anti-
Rabbit IgG were purchased from Thermo Scientific.

Cell culture

CT26 mouse colon cancer cells were obtained from Shanghai
Enzyme Research Science and Technology Bioengineering Co.,
Ltd., and were cultured in RPMI 1640 medium containing 10%
(v/v) fetal bovine serum, 100 U/mL penicillin, and 100 pg/mL
streptomycin under conditions of 5% CO2, 37°C, and saturation
humidity. C2C12 mouse myoblasts were obtained from Shanghai
EK-BIOscience Co., Ltd. and were cultured in DMEM medium
containing 10% (v/v) fetal bovine serum, 100 U/mL penicillin, and
100 pg/mL streptomycin under conditions of 5% CO2, 37°C, and
saturation humidity. The differentiation of C2CI12 cells was
induced by replacing the growth medium with DMEM medium
containing 2% horse serum once the cells were in the logarithmic
growth phase. The medium was changed every day until the cells
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differentiated into multinucleated myotubes, which could be used
for subsequent experiments.

Animals

Six-week-old male Balb/c mice with a bodyweight of 20+2 g were
purchased from Beijing vitalriver Technology Co., Ltd. (SCXK
(Jing) 2021-20006).

In vitro experiments

C2C12 cells were seeded in a 96-well plate and cultured in DMEM
medium containing 2% horse serum until they reached the
logarithmic growth phase. When the cells differentiated into multi-
nuclear muscle tubules, the medium containing different
concentrations of LGE was changed, and the concentrations of
LGE were setas 0, 1, 2.5, 5, 7.5, 10, 20, 50 mg/mL. And then, the
absorbance at 570 nm was measured with a microplate reader.
Collection of tumor-conditioned medium

Tumor-conditioned medium (TCM) was prepared by culturing
CT26 cells in DMEM medium containing 2% horse serum until
they reached the logarithmic growth phase. After 48 hours of
culture, the medium was collected and centrifuged at 1000 rpm for
10 minutes to obtain the supernatant for use in the establishment of
an in vitro cachexia model.

In vitro cancer cachexia model:

To establish an in vitro model, when C2C12 cells differentiated
into myotubes, the original culture medium was discarded and
tumor-conditioned medium was mixed with normal culture
medium at a ratio of 1:1. The mixture was added to the culture dish
to induce atrophy of the myotubes. LGP treatment was added for
48 hours, and then the cells were collected for subsequent testing.
For the control group, C2C12 cell supernatants were mixed with
normal culture medium at a ratio of 1:1.

In vivo cancer cachexia model:

The study selected CT26 colon cancer cells and SPF male Balb/c
mice to construct a cancer cachexia model. This model has been
widely accepted and used in the study of the pathogenesis of cancer
cachexia and screening of candidate drugs. CT26 colon cancer cells
were made into 100 uL (1.0 x 10° cells/mL) and injected
subcutaneously into the right axillary fossa of mice. After
approximately 7 days, obvious tumor masses could be observed,
and after 14 days, the mice were euthanized, and the tumor masses
were harvested, crushed with scissors, filtered through a 200-mesh
sieve, and made into a tumor tissue suspension. The second-
generation mice were injected subcutaneously with 100 pL of the
tumor tissue suspension in the right axillary fossa to form typical
cachexia more easily.

The study was divided into five groups: Control (healthy mice),
Model (injection of 100 uL of tumor tissue suspension, cancer
cachexia model group), LGP low-dose group (LGP(L), injection of
100 pL of tumor tissue suspension, after visible tumors appeared,
LGP was administered orally gavage of 85 mg/kg), LGP high-dose
group (LGP(H), LGP was administered orally gavage of 170
mg/kg), and positive control group (IMP, injection of 100 puL of
tumor tissue suspension, after visible tumors appeared, IMP was
administered orally gavage of 50 mg/kg). After the second-
generation mice were implanted with tumors, daily food intake and
weight were measured. On the 18th day, the mice were euthanized
and their blood, heart, liver, spleen, lungs, kidneys, and
gastrocnemius muscles were collected for further testing.
Histological examination staining:
The mouse gastrocnemius muscle 4%

was fixed in
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paraformaldehyde solution and embedded in paraffin. The tissue
was then cut into 4-um sections, placed on slides, and baked at
60°C for 30 minutes. The paraffin sections were then subjected to
dewaxing, rehydration, hematoxylin staining, differentiation, eosin
staining, dehydration, transparency, sealing, and microscopic
analysis.

Immunohistochemistry staining:

The mouse gastrocnemius muscle sections were subjected to
dewaxing and antigen retrieval, followed by blocking with non-
specific staining blocker at room temperature for 20 minutes. The
primary antibody was diluted with antibody diluent and added to
the sections, which were then placed in a wet box and incubated at
4°C for at least 12 hours. Biotin-labeled goat anti-mouse/rabbit IgG
polymer was added to the sections, followed by incubation for 20
minutes. Streptavidin-biotin-peroxidase was added and incubated
for 20 minutes. Diaminobenzidine (DAB) chromogenic solution
was added to the sections, which were then terminated with PBS
and restained with hematoxylin. After dehydration and
transparency, neutral resin was used to seal the sections, which
were then analyzed by microscopy.

Western blot:

Protein sample preparation:

C2C12 cells were transferred to a 1.5 mL centrifuge tube. RIPA
lysis buffer (with 1% PMSF and phosphatase inhibitor added) was
added and incubated on ice for 50 minutes. The lysed cells were
centrifuged at 12000 rpm for 15 minutes at 4°C. The supernatant
was absorbed and BCA protein was quantified. The sample was
boiled with 5xLoading Buffer and inactivated in boiling water for
5 minutes. Protein samples were stored at -20°C for subsequent
use.

Mouse gastrocnemius muscle was ground in the grinding
instrument; and incubated on ice for 50 minutes. The lysate was
centrifuged at 12000 rpm for 15 minutes at 4°C, and the
supernatant was collected. BCA protein quantification was
performed, and the sample was boiled with 5xLoading Buffer and
stored at -20°C for subsequent use.

Polyacrylamide gel electrophoresis (SDS-PAGE):SDS-PAGE gel
was prepared, and equal amounts of protein samples were
separated on the gel. The separated proteins were transferred onto
polyvinylidene fluoride (PVDF) membranes, which were blocked
with 5% skimmed milk powder for 1 hour. The primary antibody
was diluted in 3% skimmed milk powder and incubated overnight
at 4°C. The secondary antibody was diluted in 3% skimmed milk
powder and incubated for 1 hour. ECL Chemiluminescent Kit
(Thermo Fisher, Waltham, MA, United States) was used to
visualize the antibody—antigen interaction, and chemical
luminescence of membranes was detected by Tanon 5200.
Measurement of inflammatory cytokines in serum:
Enzyme-linked immunosorbent assay kits (mouse TNF-o, mouse
IL-6, and mouse IL-1 assay kits; Jianglai Biotechnology Co., Ltd.,
China) were used.

Detected of rare ginsenoside content in LGP:

Alcohol extraction was used to extract the substances contained in
LGP, and purified analysis of the extracted substances was
performed using high-performance liquid chromatography
(HPLC). The mobile phase of HPLC was 20% acetonitrile plus
80% methanol. LGP extract was dissolved in methanol, and the
standard sample was a mixture containing Rg5, Rgl, Rg3, Rbl,
Rb2, Rk1, Rh4, Re, Rd, Re, Rf, F1, and F2.
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Network topology analysis:

BATMAN-TCM (http://bionet.ncpsb.org.cn/batman-tcm) and
PubChem (https://pubchem.ncbi.nlm.nih.gov) were used to screen
for the targets of Rkl, Rk3, Rh4, Rg3, and Rg5, and the obtained
targets from both databases were merged to obtain all targets.
Cytoscape software was used to construct a drug-target network.
DisgeNET (https://www.disgenet.org/), GeneCard
(https://www.genecard.org/), and OMIM (https://www.omim.org/)
databases were searched with "cancer cachexia" as the keyword to
select disease targets related to cancer cachexia. The obtained
targets from the three databases were sorted and merged to obtain
all disease targets.

The Venny2.1.0 website
(https://bioinfogp.cnb.csic.es/tools/venny/) was used to sort the
targets of Rkl, Rk3, Rh4, Rg3, and Rg5 and cancer cachexia
disease targets, and the intersection of the two was taken as the
potential targets of the rare ginsenosides in cancer cachexia. Using
the STRING database (https://cn.string-db.org/), an interaction
network was generated, and a "ginsenoside-cancer cachexia" PPI
interaction network was constructed using Cytoscape based on the
downloaded tsv file, analyzing the correlation of each target
according to Degree.

Gene ontology and pathway enrichment analysis:

Metascape (https://metascape.org/gp/index.html) was used to
perform GO and KEGG pathway enrichment analysis on the
targets of rare ginsenosides in cancer cachexia, to explore the
biological processes and signaling pathways through which
ginsenosides play a role in cancer cachexia.

Experimental data analysis:

GraphPad Prism 8 software was used for experimental data
analysis and processing. One-way ANOV A was used for statistical
analysis, and a P-value of <0.05 was considered statistically
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significant.

Result

3.1 LGP significantly improved the body weight and food
intake of C26 tumour-bearing mice

Cancer cachexia leads to rapid weight loss and systemic
inflammation in patients, and there is currently no effective
treatment. Previous studies by the research team found that Li-
Ginseng powder (LGP) significantly inhibited inflammation and
tumor occurrence in a mouse model of inflammatory colon cancer.
LGP is characterized by its high-activity of rare ginsenosides (Rg3,
Rg5, Rk1, Rk3, Rh4). This study investigated the inhibitory effect
of LGP on cancer cachexia in a Balb/c mouse model. The study
used a tumor suspension from the subcutaneous tumors of first-
generation mice to induce tumors in the right axillary subcutaneous
tissue of second-generation mice to establish the cancer cachexia
model (Figure 1A). Treatment began on the third day when the
tumor mass was palpable. The tumor weight was calculated using
the formula: tumor weight (g) = 0.52 X tumor length (cm) x tumor
width? (cm)B!. On the seventh day, compared with the control
group, the body weight of the Model group began to decrease
significantly (by about 6.7%); on the seventeenth day, the body
weight of the Model group decreased by about 16.5%. After
treatment with LGP and IMP, the body weight of the LGP (H)
group was basically the same as that of the control group; the body
weight of the LGP (L) group decreased by about 4%; and the body
weight of the IMP group decreased by about 3% (Figure 1B). Loss
of appetite is also a reason for rapid weight loss, so the food intake
of each group was monitored. The results showed that the food
intake of the control and treatment groups remained stable, while
the food intake of the model group decreased significantly (Figure
1C).
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Figure 1 LGP can significantly improve cancer cachexia. (A)
Establishment of CT26 mouse colon cancer cachexia model; (B)
Body weight change curve of mice in each group; (C) Food intake
change curve of mice in each group; (D) Photographs of mouse leg
muscles; (E) Gastrocnemius muscle weight of mice in each group;
(F) Heart weight of mice in each group; (G) Kidney weight of mice
in each group; (H) Liver weight of mice in each group; (I) HE
staining of mouse gastrocnemius muscle (100x); # indicates
compared to the Control group, * indicates compared to the model
group, *P<0.05, #P<0.01, ##P<0.001, **P<0.0001, *P<0.05,
*P<0.01, **P<0.001, " P<0.0001.

3.2 LGP inhibited the gastrocnemius atrophy and affected the
weight of organ

As shown in Figure 1D, the leg muscles of cancer cachexia mice
were significantly atrophied, while the atrophy of leg muscles in
the LGP and IMP groups of mice was significantly reduced. Cancer
cachexia may have bad effects on various tissues and organs of the
body. To investigate the effects of LGP on the various tissues and
organs of cancer cachexia mice, the gastrocnemius muscle, heart,
liver, spleen, kidney, and lung of each group of mice were weighed
and compared. The results showed that compared with control, the
organs and gastrocnemius muscle of model group produced
significant changes in weight (P<0.05).

The weight of the gastrocnemius muscle (Figure 1E), heart (Figure
1F), and kidney (Figure 1G) in the model group decreased
significantly (P<0.05), and was effectively improved after LGP
treatment (P<0.05). The improvement in the gastrocnemius muscle
was particularly significant (P<0.0001). The liver (Figure 1H)
weights increased significantly in the model group (P<0.05), but
after LGP treatment, the liver weight decreased significantly
compared with the cancer cachexia group. This indicates that
cancer cachexia leads to changes in the weight of various organs
and the gastrocnemius muscle in mice, and LGP treatment
significantly improves these changes.

The typical characteristic of cancer cachexia is the degradation of

Control Muded

=
o]

Con Moedel
Hxxn‘l' e D

1mm1l— — — — —

LGP(L) LGP(H) IMP

Floend2 proteis devels

“?‘»‘DI —_—_————_——

(,Aponl—-.-i

LG

Aditum Publishing —~www.aditum.org

muscle tissue leading to a decrease in muscle mass. The changes in
muscle fibers were observed by HE staining of paraffin sections of
the gastrocnemius muscle in mice (Figure 11). The results showed
that compared to the control group, the model group had muscle
fiber atrophy and increased gaps between muscle fibers. LGP and
IMP treatment significantly improved muscle fiber atrophy in
cancer cachexia mice, indicating that LGP effectively improved the
degradation of skeletal muscle fibers in cancer cachexia.

3.3 LGP ameliorated myofibre and inhibits muscle atrophy by
down-regulating the expression of Fbx032 and Trimé63

The degradation of skeletal muscle is mainly carried out through
the UPS and autophagy. In the process of cancer cachexia, the UPS
pathway is the main pathway of the degradation of skeletal muscle.
The expression of two E3 ligases, Fbxo32 and Trim63 was
increases, resulting in skeletal muscle atrophy.
Immunohistochemical staining was performed to detect the
expression of Fbxo32 and Trim63 proteins. As shown in Figure 3E,
compared to control group, the expression levels of Fbxo32 and
Trim63 in the gastrocnemius muscle of the model group were
significantly upregulated, while the expression levels of Fbxo32
and Trim63 in the LGP and IMP treatment groups were
significantly decreased compared to the model group. Western blot
was used to detect the expression levels of Fbxo032 and Trim63 in
the gastrocnemius muscle of each group (Figure 2F). Compared to
the control group, the expression levels of Fbxo032 and Trim63 in
the gastrocnemius muscle of the model group were significantly
upregulated, indicating that the degradation of skeletal muscle
increased in the model group. The expression levels of Fbxo32 and
Trim63 were significantly decreased in the LGP and IMP treatment
groups (Figures 2F, G, and H). The expression levels of the MyoD
were detected (Figures 2F and I), and the results showed that the
expression of MyoD was inhibited in the gastrocnemius muscle of
the model group, while the expression of MyoD was significantly
upregulated in the LGP group after treatment.

o
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Figure 2: LGP inhibits muscle atrophy by regulating the UPS
pathway. (A) Immunohistochemical staining of Fbxo32 and
Trim63 expression in mouse gastrocnemius muscle (100x); (B)
Western blot analysis of Fbxo32, Trim63, and MyoD expression in
mouse gastrocnemius muscle; (C) Expression level of Fbxo32; (D)
Expression level of Trim63; (E) Expression level of MyoD. #
indicates compared to the Control group, * indicates compared to
the model group, *P<0.05, #P<0.01, #*P<0.001, #*#P<(0.0001,
*P<0.05, **P<0.01, **"P<0.001, ****P<0.0001.

3.4 The content of ginsenoside in LGP ethanol extract accounts
for about 60%, which has 121 potential targets for cancer
cachexia

The active in Li-Ginseng extract (LGE) were extracted from LGP
using ethanol extraction, and the content of ginsenosides Rk1, Rk3,
Rh4, Rg3, and Rg5 in LGE was identified by high-performance
liquid chromatography (HPLC). The results showed that the
contents of ginsenosides Rkl, Rk3, Rh4, Rg3, and Rg5 in LGE
were 12.94%, 5.67%, 11.31%, 10.68%, and 17.97%, respectively,

Figure 3: Rare ginsenosides and targets for cancer cachexia. (A)
The content of ginsenosides in LGP ethanol extract; (B) Diagram
of 199 rare ginsenoside target points; (C) 2981 targets for cancer
cachexia; (D) Venn diagram of targets for cancer cachexia and rare
ginsenoside target points; (E) PPI interaction network between rare
ginsenosides and cachexia in cancer.

3.5 Ginsenosides inhibit cancer cachexia by regulating STAT3
and NF-xB pathways

The 121 common target proteins were analyzed using Metascape
for GO analysis and KEGG enrichment analysis. The results of the
GO analysis showed that the 121 common target proteins were
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accounting for about 60% of the total extract (Figure 3A).

The rare ginsenosides Rk1, Rk3, Rh4, Rg3, and Rg5 contained in
LGP were searched for 57, 46, 42, 98, and 88 target proteins,
respectively, and after removing duplicates, 199 ginsenoside target
proteins were obtained (Figure 3B). A total of 2891 disease target
proteins were obtained by searching for cancer cachexia in
DisgeNET (110 targets), GeneCard (2562 targets), and OMIM
(496 targets) (Figure 3C). The potential target proteins of the rare
ginsenosides in cancer cachexia were obtained by integrating the
target proteins of the rare ginsenosides and the disease target
proteins of cancer cachexia using the Venny?2.1 tool, and a total of
121 potential target proteins were obtained (Figure 3D).

The 121 target proteins were used to construct a PPI network using
the STRING database, which contained 121 nodes and 2581 edges.
Network analysis was performed using Cytoscape software, and
AKTI1, TP53, CASP3, and STAT3 were found to occupy a central
position in the network, while NF-xB was found to be important
(Figure 3E).
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mainly involved in kinase binding, protein kinase activity,
transcription factor binding, and cytokine receptor binding in terms
of molecular function (MF) (Figure 4A); response to hormone,
response to inorganic substance, positive regulation of
phosphorylation, response to lipopolysaccharide, regulation of
neuron death, positive regulation of cell death and positive
regulation of cell motility in biological process (BP) (Figure 4B);
and membrane raft, side of membrane, transcription regulator
complex, transferase complex, and receptor complex in cellular
component (CC) (Figure 4C). The KEGG pathway enrichment
analysis revealed that the common targets of rare ginsenosides and
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cancer cachexia were mainly involved in cancer pathways, lipid
and atherosclerosis, FoxO signaling pathway, proteoglycans in
cancer, MAPK signaling pathway, and NF-kB signaling pathway
(Figure 4D).

LGP reduces the levels of inflammatory cytokines TNF-a, IL-6,
and IL-1p in serum. Cancer cachexia can cause systemic
inflammation, leading to an increase in the levels of related
inflammatory factors in serum. To investigate the effect of LGP on
inflammation in cancer cachexia, the levels of TNF-a, IL-6, and
IL-1B in mouse serum were measured. The results showed that
compared with the normal group of mice, the levels of TNF-a, IL-
6, and IL-1p in the serum of the model group increased
significantly (P<0.0001), and after LGP and IMP treatment, the
levels of TNF-a, IL-6, and IL-1B in the serum of the mice
decreased significantly (P<0.0001) (Figure 4E, F, and G). This

IL-6 | paml )

TNF- { pe'ml )

Figure 4: PPI network, GO and KEGG enrichment analysis of rare
ginsenosides and cachexia in cancer. (A) Molecular function
analysis of GO; (B) Biological process analysis of GO; (C) Cellular
component analysis of GO; (D) KEGG enrichment analysis; (E)
The content of TNF-a in the serum of each group of mice; (F) The
content of IL-6 in the serum of each group of mice; (G) The content
of IL-1p in the serum of each group of mice; (H) Regulation of
signaling pathways related to cachexia in cancer by LGP; (I)
Expression level of p65; (J) Expression level of p-p65; (K)
Expression level of p50; (L) Expression level of p-p50; (M)
Expression level of STAT3; (N) Expression level of p-STAT3. #
indicates compared to the Control group, * indicates compared to
the model group, #P<0.05, #P<0.01, #P<0.001, #*#P<0.0001,
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indicates that LGP can reduce the levels of TNF-q, IL-6, and IL-1
in mouse serum, thereby inhibiting systemic inflammation.

The NF-«xB and STAT3 signaling pathways regulated the
expression of the ubiquitin ligases Fbxo32 and Trim63 in the
ubiquitin-proteasome system. The expression and activation status
of the NF-kB subunits p50 and p65 and STAT3 in the
gastrocnemius muscle, as well as the degree of phosphorylation at
key sites, p-p65 (Ser536), p-p50 (Ser337), and p-STAT3 (Tyr705),
were analyzed. The results showed that the NF-xB (Figure 4H, I,
and J), p65 (Figure 4H, K, and L), and STAT3 (Figure 4H, M, and
N) signaling pathways were activated in the model group compared
to the control, and the activation of these pathways was inhibited
by LGP and IMP treatment. This suggests that LGP inhibits the
degradation of muscle in cancer cachexia mice by suppressing the
activation of the NF-kB and STAT3 signaling pathways.
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*P<0.05, **P<0.01, ***P<0.001, ***P<0.0001.

3.6 LGE alleviated myotube atrophy in an in vitro model of
cancer cachexia and affected NF-kB and STAT3 signaling
pathways in C2C12 myotubes

Differentiation of C2C12 mouse myoblasts showed that cell fusion
occurred on the fifth day, forming myotubes (Figure 5A). To
determine whether LGE affects the viability of myotube cells, the
activity of C2C12 myotubes was measured using the MTT assay at
different concentrations of LGE. The experimental results showed
that LGE had no toxic effect on C2C12 myotubes at concentrations
below 20 pg/mL (Figure 5C).

To verify whether LGE has a protective effect on myotubes
induced under conditions of cancer cachexia, C2C12 cells were
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induced with TCM and treated with 15 pg/mL and 20 pg/mL LGE,
respectively. IMP was used as a positive control, and the cells were
treated for 48 hours. HE staining showed that the myotubes
induced by TCM became sparse and had a shorter diameter,
indicating that the myotubes had atrophied. Treatment with LGE
and IMP significantly improved the atrophy of myotubes (Figure
5B).

Immunofluorescence staining showed that compared with the
normal group, the expression of Fbxo32 and Trim63 was
upregulated in the myotubes induced by TCM. After treatment with
LGE and IMP, the expression of Fbxo32 and Trim63 was
downregulated compared with that in the TCM-treated group
(Figure 5D). Western blot analysis was used to detect the
expression of Fbx032 and Trim63 in myotubes. The results showed
that the expression levels of Fbxo32 and Trim63 were significantly
upregulated in the myotubes treated with TCM (P<0.05). After
treatment with LGE, the expression levels of Fbxo32 and Trim63

Aditum Publishing —~www.aditum.org

were significantly downregulated compared with those in the
TCM-treated group (P<0.05) (Figures 5C, F, and G). The
expression of MyoD was also detected, and it was found that the
expression level of MyoD was significantly upregulated compared
with that in the TCM-treated group (P<0.05) (Figures 5C and H).
Related studies have shown that in cancer cachexia, the NF-xB and
STAT3 signaling pathways are activated, leading to upregulation
of Fbxo32 and Trim63 expression. Therefore, the expression of the
NF-xB subunit p50 and STAT3 was detected. The results showed
that under TCM treatment conditions, the phosphorylation levels
of p50 and STAT3 were significantly upregulated compared with
those in the control group. After treatment with LGE, the
phosphorylation levels of p50 and STAT3 were significantly
downregulated (P<0.05) (Figures 5A, C, and E). This indicates that
Fbxo032 and Trim63 can improve myotube atrophy caused by
cancer cachexia by inhibiting the NF-kB and STAT3 signaling
pathways.
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Figure 5: LGE inhibits the atrophy of C2C12 cells (A) Horse serum
induced C2C12 cells to differentiate into muscle tubes; (B) HE
staining of muscle tubes; (C); (D); (E); (F) Regulation of signaling
pathways related to cachexia in cancer by LGP; (G) Expression
level of p65; (H) Expression level of p-p65; (I) Expression level of
p50; (J) Expression level of p-p50; (K) Expression level of STAT3;
(L) Expression level of p-STAT3. # indicates compared to the
Control group, * indicates compared to the model group, *P<0.05,
#Pp<0.01, ™ P<0.001, *#P<0.0001, *P<0.05, *P<0.01,
*P<0.001, " P<0.0001.

Discussion

Cancer cachexia is a multifactorial syndrome characterized by
rapid loss of muscle mass. More than half of cancer patients suffer
from cachexia, which has a significantly adverse impact on their

‘\,\.\ .\ =

RS ‘.\\;\\\

lives and survival® 31, Cachexia can cause rapid degradation of
muscle tissue and fat tissue, resulting in serious damage to organs
in the body. The specific pathogenesis of cachexia is currently
unclear, but studies have shown that tumor secretions, tumor-
induced immune reactions, and metabolic changes are closely
related to its pathogenesis *21. In recent years, ginseng has been
used as an important traditional Chinese medicine containing rare
ginsenosides, including Rk1, Rk3, Rh4, Rg3, and Rg5, which have
been used to treat various diseases, including cancer, hypertension,
and inflammation. This study focuses on the effect of LGP, which
contains these rare ginsenosides, on the gastrocnemius muscle and
related signaling pathways in cancer cachexia.

A CT26 colon cancer cachexia mouse model was established for
this study, which has been widely used in the research of cancer
cachexia. The first-generation mice were transplanted with tumor
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cells, and the second-generation mice were transplanted with the
cells in the right upper limb axilla. The results showed that the
second-generation mice exhibited more typical characteristics of
cancer cachexia than the first-generation tumor-bearing mice,
showing more significant weight loss, reduced food intake, and
accompanied by a significant decrease in heart and kidney weight.
After successful modeling, LGP was used to treat cancer cachexia
mice, and it was found that LGP significantly alleviated the rapid
weight loss in cachexia mice and had a positive impact on their
food intake. The levels of TNF-q, IL-6, and IL-1p in the serum of
each group of mice were detected, and it was found that compared
with the normal group of mice, the levels of TNF-a, IL-6, and IL-
1B in the serum of cancer cachexia group of mice were significantly
increased. After LGP treatment, the levels of TNF-a, IL-6, and IL-
1B in the serum of mice were significantly decreased, indicating
that LGP has an excellent inhibitory effect on systemic
inflammation. Analysis of the gastrocnemius muscle of mice
showed that LGP significantly inhibited atrophy and mass loss,
protecting the activity of the gastrocnemius muscle in mice. Further
analysis using HE staining and protein immunoblotting showed
that the STAT3 signaling pathway and NF-kB signaling pathway
were activated in the cachexia group of mice, and the expression
levels of Fbxo32 and Trim63 were significantly upregulated. After
LGP treatment, the activation of the STAT3 signaling pathway and
NF-xB signaling pathway was effectively inhibited, and the
expression levels of Fbxo32 and Trim63 were significantly
downregulated.

LGP has a significantly therapeutic effect on cancer cachexia. To
study its mechanism of action, network pharmacology was used to
analyze the rare ginsenosides contained in LGP and the disease
targets related to cancer cachexia. Network pharmacology is an
emerging discipline based on systems biology theory, which
emphasizes the importance of developing rational and effective
drugs through the multiple regulation of signaling pathways. In this
study, the interaction network was constructed using PPI to screen
core proteins, and AKT1, TP53, CASP3, INS, STAT3, and NF-xB
were identified as potential core proteins for the inhibitory effect
of ginsenosides on cancer cachexia. The STAT3 signaling pathway
and NF-«kB signaling pathway play a key role in the pathogenesis
of cancer cachexia, and LGP's main rare ginsenosides, Rg5, Rk1,
and Rh4, can inhibit the STAT3 signaling pathway and NF-kB
signaling pathway. Therefore, this study analyzed the activation
status of STAT3 and NF-kB in gastrocnemius muscle tissue. It is
exciting to find that both transcription factors were activated in the
cachexia model, while LGP treatment significantly inhibited their
activation. Meanwhile, the expression of muscle fiber-specific E3
ligases Fbxo32 and Trim63 was significantly upregulated in the
model group, and LGP treatment significantly inhibited the
expression of these proteins.

We further explored the effect of LGP's ethanol extract LGE on
cancer cachexia cell models through in vitro cell experiments.
Western Blot analysis showed that LGE treatment effectively
inhibited the activation of the STAT3 and NF-«kB signaling
pathways in cachexia myotube cells, thereby inhibiting the
expression of muscle-specific E3 ubiquitin ligases Fbxo32 and
Trim63 and blocking the degradation of MyoD. The results
indicate that LGE improves the progression of cancer cachexia by
inhibiting the ubiquitination and degradation pathway of myotube
cells.

Aditum Publishing —~www.aditum.org

Both animal models and in vitro cell models have shown that LGP
significantly inhibits muscle atrophy during cancer cachexia. This
study only investigated the mechanism by which LGP inhibits
muscle atrophy and did not explore its mechanisms for improving
heart and kidney function, which should be addressed in future
studies.

As a common syndrome in late-stage cancer patients, cancer
cachexia is influenced by multiple factors that seriously affect the
quality of life and survival rate of cancer patients. More and more
reaserch result show that targeting a single molecule or pathway is
insufficient to effectively treat multifactorial and multisystem
cancer cachexia. Multi-modal treatment methods, including drug,
nutrition, and exercise intervention, have received widespread
attention and may be beneficial for treating this disease. LGP
contains a variety of rare ginsenosides, ginseng polysaccharides,
and ginseng peptides. In this study, we found that LGP treatment
can simultaneously regulate multiple signaling pathways involved
in cancer cachexia, including the NF-«kB and STAT3 signaling
pathways, while effectively inhibiting systemic inflammation. This
may explain the good therapeutic effect of LGP. Combining LGP
treatment with nutrition and exercise interventions may achieve
better therapeutic outcomes, and this possibility needs to be further
explored.

Conclusion

LGP effectively inhibits weight loss and appetite decline in mice
with cancer cachexia and significantly improves the reduction in
gastrocnemius muscle, heart, and kidney weight. LGP significantly
inhibits the activation of NF-kB and STAT3 in gastrocnemius
muscle of mice with cancer cachexia, as well as the expression of
E3 ubiquitin ligases Trim63 and Fbxo32, indicating that LGP
effectively inhibits the occurrence of cancer cachexia. Therefore,
we believe that Li-Ginseng powder has promising potential as an
effective drug for the treatment of cancer cachexia.
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