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Abstract: Active polysaccharides have unique advantages in inhibiting cancer cell proliferation, invasion and me-
tastasis and inducing apoptosis. Yulangsan polysaccharide (YLSPS) is derived from the root of Millettia pulchra var.
laxior (Dunn) Z. Wei. Previous studies revealed that YLSPS exhibits bioactivities such as antibacterial, antidepres-
sive, antitumor, hepatoprotective and immunomodulating activities. However, the anticancer effects of YLSPS on
lung cancer have not yet been studied, and its mechanism of action remains unclear. The present study investigated
the anti-migration/invasion effects of YLSPS and possible mechanisms in lung cancer cells (A549 and Lewis) in vi-
tro and in vivo. The data suggested that YLSPS reversed epithelial-mesenchymal transition (EMT) and inhibited the
invasion and migration of lung cancer cells by inhibiting the TGF-1-induced ERK signaling pathway. Furthermore,
YLSPS reduced the levels of proteins associated with EMT, including vimentin, but increased those of E-cadherin, as
determined by Western blotting. In vivo, YLSPS significantly inhibited the growth of xenograft tumors, and decreased
the levels of TGF-B1 and protein markers associated with EMT. Importantly, YLSPS had fewer toxic side effects than
cisplatin. Overall, YLSPS significantly delayed non-small cell lung cancer (NSCLC) progression by modulating EMT
and TGF-B1/ERK signaling pathway. The present findings suggest that YLSPS may be a potential adjuvant therapy
and drug for improving the tumor microenvironment of lung cancer.
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for cancer invasion and metastasis. More
importantly, there is also a need for further

Introduction

The majority of lung cancer cases are non-
small cell lung cancer (NSCLC) and are diag-
nosed at an advanced stage. The 5-year sur-
vival rate for NSCLC is only 15% [1, 2]. Although
immunological and targeted therapy of NSCLC
has made great progress, problems of immune
escape, radiotherapy resistance and targeted
drug resistance lead to tumor metastasis and
recurrence, which have become major prob-
lems inthe treatment of NSCLC [3]. The increas-
ing importance of epithelial-mesenchymal tran-
sition (EMT) in cancer progression and drug
resistance in cancer cells requires its use as a
starting point to identify targets for the EMT
process and to develop therapeutic strategies

exploration of regulatory targets and mecha-
nisms associated with NSCLC development.

There is evidence to suggest that the invasion
and dissemination of cancerous cells occurs
via EMT during metastasis [4-6]. EMT is charac-
terized by a loss of the epithelial marker
E-cadherin, an increase in mesenchymal mark-
ers (vimentin and N-cadherin), and an increase
in migratory and invasive behavior [7]. TGF-B is
a key cytokine in the tumor microenvironment
that is influential in tumor progression. In addi-
tion to regulating the migration, proliferation
and differentiation of cells, the TGF-B signaling
pathway also regulates various other processes
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[8], including induction of EMT, which is an
important transdifferentiation process that
allows epithelial cells to develop a mesenchy-
mal phenotype, which then promotes tumor
progression [9]. Numerous factors have led to
the frequent failure of TGF-B pathway-related
drugs, which prompted our group to investigate
the mechanisms of TGF-B pathway-related
drugs in greater depth; we also utilized tools
such as bioinformatics and single-cell sequenc-
ing and information on targeted agents to iden-
tify candidate drugs.

Millettia pulchra var. laxior (Dunn) Z. Wei pro-
duces a highly effective extract called Yu-
langsan polysaccharide (YLSPS) [10]. As a well-
known Zhuang medicine in Guangxi, YLSPS has
various therapeutic properties, such as antifi-
brosis [11], antiinflammatory, liver protection
[12-14], immunity enhancement [15, 16], ner-
vous system protection [17, 18] and antitu-
mor effects. Importantly, YLSPS has recently
attracted considerable attention for its antitu-
mor activity since its toxicity and safety profiles
are better than those of chemotherapy agents
[19]. YLSPS significantly inhibited proliferation
and induced apoptosis in a human hepatoma
carcinoma cell line in a dose-dependent man-
ner, and the mechanism of action was associ-
ated with G,/M cycle arrest [20]. It was found
that the tumor suppression rates of the YLSPS
low-, medium- and high-dose groups, which
were also treated with cyclophosphamide
(CTX), were 67.4, 76.1 and 74.8%, respectively,
and YLSPS significantly increased the thymus
and spleen indexes of mice with sarcoma,
which led to significant potentiation and toxicity
reduction effects in combination with CTX [21,
22]. In addition, it was previously found that
serum containing YLSPS significantly inhibited
the proliferation of breast cancer 4T1 cells and
induced apoptosis, which was mainly associat-
ed with the inhibition of Bcl-2 and the promo-
tion of Bax and caspase-3 protein expression.
In vivo experiments revealed that the average
tumor suppression rates for subcutaneously
transplanted tumors in the YLSPS low-, medi-
um- and high-dose groups were 18.41+0.86,
30.92+1.66, and 38.84+1.04%, respectively,
indicating that the compound could enhance
the regulatory effect of immune cells and stim-
ulate antiangiogenesis [23]. However, there are
currently no reports illustrating its anti-migrato-
ry/invasive properties in NSCLC.
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YLSPS has been reported to have antitumor
effects. However, the currently available infor-
mation is not sufficient to justify the use of
YLSPS in the clinical treatment of cancer. Its
mechanism and effect in NSCLC have yet to be
determined. The study used YLSPS-containing
serum for in vitro experiments and established
a mouse Lewis cell-loaded tumor model for in
vivo experiments to evaluate the reversal effect
of YLSPS on EMT in NSCLC, with the aim of pro-
viding data for the development of natural
drugs against lung cancer and a scientific basis
for guiding clinical treatment.

Materials and methods
YLSPS-containing serum preparation

YLSPS was acquired by Professor Renbin
Huangand was prepared by a method described
previously [10]. A total of 50 SD rats weighing
180-220 g were provided by the Experimental
Animal Center of Guangxi Medical University
(SYXK2020-0004). Experimental rats were
randomly divided into five groups: control
group; positive control (CDDP) group; low-dose
YLSPS group (750 mg/kg/day); medium-dose
YLSPS group (1,500 mg/kg/day); and high-
dose YLSPS group (3,000 mg/kg/day). YLSPS
was administered orally twice daily. For the neg-
ative control, the animals were treated with dis-
tilled water via gavage; for the positive control,
CDDP was injected intraperitoneally at 8 mg/kg
every 2 days. A blood sample was obtained
from the abdominal aorta of rats 1 h after the
last injection following 7 days of treatment
(under anesthesia with 2% pentobarbital sodi-
um intraperitoneally at 40-50 mg/kg). Upon
centrifuging the whole blood for serum isola-
tion, the sample was filtered through a cellu-
lose acetate membrane of 0.22 um. The serum
was then inactivated at 56°C for 30 min and
stored at -20°C [23].

Reagents

FBS was purchased from Shanghai Shuangru
Biotechnology. High-glucose DMEM was pro-
vided by Gibco, while a penicillin-streptomycin
mixture and 0.25% trypsin-EDTA digestion
solution were purchased from Beijing Solar-
bio Science & Technology. Cell Counting Kit-8
(CCK-8) was obtained from Biosharp Life
Sciences. Recombinant human TGF-B1 powder
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(PeproTech) was dissolved in 4 mM HCI con-
taining 1 mg/ml (stock, 10 pg/ml). The ERK
inhibitor U0126 and agonist TBHQ were pur-
chased from MCE. Matrigel basement mem-
brane matrix was acquired from BD Bioscien-
ces, while Transwell plates were acquired from
Corning. Universal tissue fixative was pur-
chased from Biosharp Life Sciences. Anti-ERK,
anti-Snail and anti-E-cadherin antibodies were
purchased from CST, while anti-vimentin and
phosphorylated (p)-ERK antibodies were pur-
chased from Santa Cruz Biotechnology.

Cell viability assay

The human NSCLC A549 cell line and the
mouse lung cancer cell line Lewis were provid-
ed by Procell Life Science & Technology. A549
and Lewis cells in logarithmic growth phase
were seeded at a density of 3 x 10%/ml in
96-well plates with 100 pl culture medium per
well and three replicate wells per set. After cell
attachment, the cells were treated with medi-
um containing different concentrations of
YLSPS for 24, 48 and 72 h. Next, 10 yl CCK-8
and 90 yl DMEM were added to each well. After
incubation at 37°C in the dark for 2 h, the
absorbance was measured at 450 nm using a
microplate reader (Thermo Fisher Scientific).

Analysis of EMT alterations in TGF-1-
stimulated cells

We treated A549 and Lewis cells with 10 ng/ml
TGF-B1 for 48 h to observe the changes in cell
morphology [24-26]. Western blotting was also
applied to detect alterations in EMT-related
proteins. According to the CCK-8 experimental
results, the most appropriate dose of drug-con-
taining serum was selected for subsequent
experiments.

Wound healing assay

The cells were subjected to the following three
treatments: i) Blank serum control group; ii)
TGF-B1 group (with blank serum and 10 ng/mi
TGF-B1); and iii) TGF-B1 + YLSPS-containing
serum group. A549 and Lewis cells in logarith-
mic growth phase were separately resuspend-
ed and inoculated into 6-well plates per well (5
x 105 cells). TGF-B1 was also added and incu-
bated for 48 h. When cells adhered to the wall,
a scratch was created with a 200-ul pipette tip,
followed by three washes with PBS. After 24/48
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h of treatment with YLSPS-containing serum,
the width of the scratch was observed and pho-
tographed [27].

Transwell-migration/invasion assay

The vertical migration and invasion of lung can-
cer cells were evaluated by Transwell assays
using 24-well plates (0.8-um pore size). Cells
were pretreated with blank serum and YLSPS-
containing serum for 48 h, and then a total of 1
x 10* cells were seeded into the upper cham-
ber in serum-free DMEM. The lower chamber
was filled with 600 yl DMEM containing 10%
FBS as a chemoattractant. After culturing for
24 h, the non-invading cells were removed from
the upper surface of the membrane. The
migrated cells on the lower surface were fixed
with 4% formaldehyde for 30 min and stained
with crystal violet for 5 min. The number of cells
in 6 fields of each triplicate filter was counted.
Cell invasion assays were performed in a simi-
lar manner, with the following exception 5 x 10*
cells with Matrigel diluted in serum-free DMEM
(1:8) were seeded into the upper inserts.

Western blotting

A549 and Lewis cells were induced with TGF-$1
to undergo EMT according to the aforemen-
tioned method and grouping, and then the cells
were treated with drug-containing or drug-free
serum-containing medium for 48 h. Prior to the
experiment, it was hypothesized that YLSPS
regulates the invasion and migration of NSCLC
through the TGF-B1/ERK signaling pathway.
Next, the cells were washed with cold PBS and
lysed with RIPA buffer and PMSF according to
the manufacturer’s protocol. The cells were
then centrifuged at 13,000 rpm for 15 min at
4°C. Next, protein concentrations were deter-
mined by BCA assay. Samples (20-30 pg/lane)
were then subjected to 8-16% SDS-PAGE and
transferred onto PVDF membranes. After block-
ing with 5% nonfat dry milk in TBS containing
0.1% Tween-20 (TBST) buffer for 2 h at room
temperature, the membranes were incubated
overnight at 4°C with the corresponding diluted
primary antibodies: anti-E-cadherin (1:1000),
anti-vimentin  (1:1000), anti-snail (1:12000),
anti-ERK (1:1000), and anti-p-ERK (1:500). The
B-actin signals were used to normalize the
band signals (1:1000). After three washes with
1x TBST buffer, the membranes were incubat-
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ed with HRP-conjugated secondary antibody
(1:5000) at room temperature for 2 h. Upon
washing three times with 1x TBST buffer, the
protein bands were detected via enhanced
chemiluminescence.

Immunofluorescence staining

A549 and Lewis cells were treated with the
ERK activator TBHQ (10 uM) alone or in combi-
nation with YLSPS-containing serum. Cells
were fixed with 4% paraformaldehyde for 30
min and permeabilized with 0.3% Triton X-100
for 20 min at room temperature, followed by
three washes with PBS. Next, the samples were
blocked with 5% goat serum for 2 h, and incu-
bated with anti-ERK (1:800) and anti-p-ERK
(1:100) antibodies overnight. Antibodies were
washed off with PBS, and the samples were
then incubated with goat anti-rabbit IgG (H+L)
(1:100) for 2 h. PBS was used for washing three
times, and the slides were then sealed with
anti-fluorescence quencher containing DAPI.
Finally, the cells were observed under a fluores-
cence microscope and photographed. The fluo-
rescence intensity of the stained cells was cal-
culated by ImageJ software.

Tumor xenograft model and in vivo YLSPS
treatment

The experiment was conducted at the Animal
Research Facility of Guangxi Medical University.
Consent for all operations was obtained from
the Ethics Committee. Female C57BL/6J mice
(18-20 g) were adaptively fed for 1 week in a
relatively pathogen-free environment. Tumor-
bearing mice were generated by injecting 0.1
ml 2 x 10%/ml Lewis cells into the right axilla of
C57BL/6J mice. When the tumors became vis-
ible, the animals were divided into four groups
for the following treatments: control group:
administered distilled water; CDDP group: intra-
peritoneal injection of 2 mg/kg CDDP every 2
days as a positive control; YLSPS high group:
injection of 1,200 mg/kg YLSPS once per day;
YLSPS low group: injection of 600 mg/kg
YLSPS once per day. The tumor volume was
measured by Vernier calipers every 2 days and
calculated with the formula length x width? x
0.5. After 14 days of rearing, the tumors were
excised, photographed and weighed. Tumor
samples were fresh-frozen and stored at-80°C,
and at the same time, a part of the tissue was
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fixed in paraformaldehyde fixation solution for
subsequent analysis.

Hematoxylin and eosin (H&E) staining

Tumor tissue was fixed in 4% paraformaldehyde
and paraffin embedded, and the wax blocks
were cut into 5 um-thick sections, dewaxed,
hydrated, and stained with hematoxylin. Mul-
tiple steps including washing, eosin solution,
dehydration, transparency and sealing, were
performed to prepare the sections. Next, path-
ological changes were observed by light micros-
copy, photographed at x400 magnification,
and scored based on the degree of necrosis.

Immunohistochemistry (IHC)

Paraffin-embedded tissues were sectioned,
dewaxed and subjected to antigen retrieval by
boiling in a pH 6.0 citrate buffer containing 10
mM citrate and then deparaffinized again. The
next steps were performed overnight at 4°C:
3% H,0, was used to block endogenous peroxi-
dase, and then the sections were blocked with
nonimmune serum and incubated with anti-
bodies against E-cadherin (1:400), vimentin
(1:500), TGF-B1 (1:200), Ki67 (1:200), Snail
(1:400), ERK (1:100) and p-ERK (1:50). After
incubation with goat anti-rabbit (1:200), stain-
ing with DAB chromogen and counterstaining
with hematoxylin, the slides were analyzed
under a light microscope.

Reverse transcription-quantitative PCR (RT-
gPCR) analysis

Total RNA was extracted with TRIzol® reagent
following the manufacturer’s instructions. RNA
was reverse transcribed into cDNA using
HiScript IIIRT SuperMix for qPCR (+gDNA eras-
er) (Vazyme Biotech) using ChamQ Universal
SYBR qPCR Master Mix according to the manu-
facturer’'s instructions on a 7,500 system
(Thermo Fisher Scientific). The relative fold
changes in mRNA were determined by using the
285t method, using GAPDH as the endogenous
control. The primers for PCR were as follows:
E-cadherin forward 5-ACTTTGGTGTGGGTCAG-
GAA-3' and reverse 5-CACATGCTCAGCGTCT-
TCTC-3’; vimentin forward 5-CGCTTTGCCAA-
CTACATCGA-3’ and reverse 5-CCTCCTGCAATT-
TCTCTCGC-3’; and GAPDH forward 5-ATGG-
TGAAGGTCGGTGTGAA-3” and reverse 5-TGGA-
AGATGGTGATGGGCTT-3..
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Statistical analysis

GraphPad Prism 9 and SPSS 26 software were
used for statistical analyses. Differences
between different treatment groups were ana-
lyzed by one-way ANOVA. P<0.05 was consid-
ered to indicate a statistically significant
difference.

Results

YLSPS inhibits the proliferation of A549 and
Lewis cells

The viability of A549 and Lewis cells decreased
with increasing YLSPS serum concentrations,
with a more pronounced inhibitory effect in the
YLSPS high-dose group (Figure 1A). However,
the YLSPS-containing serum did not significant-
ly inhibit cell viability with increasing times, and
the effect was particularly weak at 72 h (Figure
1B). Based on the results of the CCK-8 experi-
ment, serum from the YLSPS high-dose group
was used for the follow-up experiment, and the
intervention time was 48 h. The results sug-
gested that YLSPS-containing serum could
effectively inhibit the proliferation of A549 and
Lewis cells.

TGF-B1 induces EMT in cells

A549 and Lewis cells were treated with TGF-f1
for 48 h to observe changes in cell morphology,
and it was found that TGF-B1 induced changes
in cell morphology from polygonal to fibroblast-
like and spindle-like mesenchymal morpholo-
gy compared with control group cells (Figure
1C). In both types of cells treated for 48 h, TGF-
B1 decreased E-cadherin protein levels and
increased vimentin protein levels, as deter-
mined by Western blotting (Figure 1D). These
data suggest that TGF-B1 induced EMT chang-
es in lung cancer cells, indicating that our
model was successfully established.

The migration and invasion of NSCLC cells can
be inhibited by serum containing YLSPS

EMT changes in the cells were first induced
with TGF-B4, followed by treatment with blank
or YLSPS-containing serum to evaluate the
effect of YLSPS on the migration of cells by
wound healing assay (Figure 2A). The data
showed that the lateral migration ability of cells
in the TGF-B1 group was significantly enhanced
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and the cell migration rate was significantly
increased compared with that in the control
group, while treatment with YLSPS-containing
serum inhibited the migration of lung cancer
cells (Figure 2B). Prior to Transwell migration
and invasion assays, cells were treated with
blank and YLSPS-containing serum, and then
induced with TGF-B1. The longitudinal migra-
tion and invasion of A549 and Lewis cells were
significantly enhanced by TGF-B1. Importantly,
this enhancement was attenuated by serum-
containing YLSPS (Figure 3).

YLSPS affects the expression of EMT-related
markers in NSCLC cells induced by TGF-B1 by
blocking the TGF-B1/ERK signaling pathway

YLSPS-containing serum inhibited the invasion
and migration of lung cancer cells. Western
blotting assays were employed to further in-
vestigate the mechanism by which YLSPS
affects NSCLC cells. The results showed that
the YLSPS-containing serum and ERK inhibitor
group exhibited increased expression of
E-cadherin, indicating that this treatment atten-
uated the effects of TGF-B1 induction. However,
YLSPS-containing serum and inhibitor U0126
inhibited the induction of vimentin and Snail
expression by TGF-B1 in NSCLC cells (Figure
4A). Assays for TGF-B1/ERK pathway-related
factors revealed that YLSPS-containing serum
had no significant effect on the protein expres-
sion of total ERK, while p-ERK protein levels
were significantly decreased, acting in the
same way as the pathway inhibitor, suggesting
that YLSPS may inhibit the EMT process in lung
cancer by blocking the TGF-B1/ERK signaling
pathway (Figure 4B). Immunofluorescence
analysis showed that the ERK activator TBHQ
increased the expression of p-ERK, while treat-
ment with YLSPS-containing serum partially
reversed ERK phosphorylation and thus de-
creased p-ERK expression, but had no signifi-
cant effect on total ERK protein. These results
suggested that YLSPS effectively inhibited ERK
phosphorylation in lung cancer cells (Figure 5).

Analysis of C57BL/6J mice bearing lung can-
cer showed that YLSPS inhibited tumor growth
and increased histopathological damage

C57BL/6J mice were subcutaneously injected

with Lewis cells to verify the accuracy of the in
vitro experiments. The results showed that the
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Figure 1. TGF-B1 influences epithelial-mesenchymal transition in A549 and Lewis cells. A. Cell viability of A549 and
Lewis cells. B. Cell viability at different time points. C. A549 and Lewis cells were treated with TGF-B1 at a concentra-
tion of 10 ng/ml (Scale bar =50 ym). D. Western blot analysis of E-cadherin and vimentin levels in A549 and Lewis
cells treated with TGF-B1 (10 ng/ml) for 48 h compared with the control group. Data are presented as the mean +
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tumor growth rate increased from the seventh
day of intervention, while cisplatin and high-
dose YLSPS significantly inhibited tumor growth
(Figure 6A, 6B). From the seventh day, the mice
in the cisplatin group gradually lost body weight,
and the difference in body weight between this
group and the control group was significant,
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while the mice in the YLSPS low- and high-dose
groups did not show significant changes in body
weight. This indicates that YLSPS is safe and
effective in tumor treatment (Figure 6C, 6D).

Based on the H&E staining results, the control
group’s tumor tissues were structurally and
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morphologically intact, while the tumor tissues
in the other treatment groups presented vary-
ing degrees of necrosis. The tumor volume was
smaller and the area of necrosis was the larg-
estin the cisplatin group, followed by the YLSPS
high-dose group, suggesting that the cisplatin
group had the best inhibitory effect on tumor
growth (Figure 6E). Tissues from each group
were compared according to the tumor tissue
damage scoring criteria, and the tumor tissue
damage scores were significantly higher in the
cisplatin and YLSPS groups than in the control
group (Table 1).
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YLSPS restrains the expression of TGF-31 and
EMT-related markers in Lewis tumor-bearing
mice

To verify the expression of EMT-related proteins
such as E-cadherin, vimentin, TGF-B1 and Ki67
in vivo, IHC and RT-qPCR were performed in
tumor tissues of mice. IHC showed that the pos-
itive expression rate of E-cadherin protein was
increased in the YLSPS and CDDP groups, while
treatment with YLSPS and cisplatin attenuated
the positive expression of vimentin, Ki67 and
TGF-B1 protein (Figure 7A). The effect of YLSPS
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on the ERK signaling pathway in vivo was
detected by IHC, and the results showed that
the expression of p-ERK and Snail in tumor tis-
sues was attenuated after treatment with
YLSPS and cisplatin, but the expression of ERK
was not significantly changed, which was con-
sistent with the results of the in vitro experi-
ments (Figure 8A).

RT-gPCR was used to determine the transcrip-
tion levels of EMT-related factors. The results
showed that YLSPS increased the mRNA level
of E-cadherin and downregulated the mRNA
level of vimentin compared with the control
group (Figure 7B). In addition, the effect of
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YLSPS on tumor invasiveness was also investi-
gated, and lungs from tumor-bearing mice were
harvested to observe lung metastases after
YLSPS and cisplatin treatment. According to
the pathological results of lung tissues, metas-
tasis of cancer cells was found in the lung tis-
sues of the control group, while no cancer cells
were found in the YLSPS or cisplatin groups
(Figure 8B).

Discussion
Natural products have long been a part of tradi-

tional Chinese medicine (TCM) and have played
an instrumental role in the development of anti-
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tein levels of cells. B. The expression of ERK, phosphorylated ERK and Snail was detected after cell treatment with
serum-containing YLSPS. Data represent the mean * SD (n=3), #, P<0.05 vs. the TGF-B1 group.
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cancer drugs. Since TCM compounds generally
have lower toxicity and incidence of side effects
than chemotherapeutic drugs, the antitumor
effect of TCM compounds and their ability to
regulate the tumor microenvironment have
attracted increased attention; thus, herbal
medicines are important resources for develop-
ing new drugs [28]. The development of natural
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nontoxic macromolecules can be used as a
new strategy for cancer treatment as well as an
adjuvant treatment to regulate the internal
environment of the human body [29, 30]. At
present, the specific mechanisms of action of
many TCM compounds remain poorly under-
stood. In addition, the effects of TCM com-
pounds are multitarget and complex. To date,
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Figure 6. YLSPS attenuates tumor growth and promotes histopathological damage in tumor-bearing mice. A. Growth
curve of tumor volume after initiation of intervention. B. Photograph of subcutaneous xenografts in C57BL/6J mice
after 14 days of treatment with CDDP and YLSPS: (a) Control group; (b) CDDP (2 mg/kg); (c) YLSPS low-dose group
(600 mg/kg); and (d) YLSPS high-dose group (1,200 mg/kg). C. Weight of mice in each group. D. Weight of xeno-
grafts in each group. All values are presented as the mean = SD (n=6). *, P<0.05 vs. the control group. E. Hema-
toxylin and eosin staining was used to evaluate micrographs of xenografts (magnification: x400).

the antitumor effect of YLSPS has been studied
in several tumors, but it has not been reported
whether YLSPS affects the migration or inva-
sion of lung cancer cells. Thus, the present
study investigated the effect of YLSPS on EMT
in lung cancer for the first time.
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Previous studies have shown that EMT confers
a phenotype and cellular plasticity to tumor
cells, resulting in a loss of epithelial-like cell
polarity, reduced intercellular adhesion, and
increased metastatic and invasive capacity, as
evidenced by changes in the expression of cal-
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Table 1. Tumor tissue damage score results
and statistic (X + SD)

Group Number X +SD

Control group 6 0.00+0.00
CDDP group 6 2.67+0.52"
YLSPS Low group 6 2.00+0.89"
YLSPS High group 6 1.67+0.52""

Note: Groups CDDP, YLSPS L and H are compared with
the control group, *, P<0.05, **, P<0.01.

reticulin (E-cadherin) and vimentin [31, 32]. The
signaling pathways involved in EMT include
Wnt/B-catenin, TGF- and Notch, among others
[33, 34]. TGF-B is an important factor in the
immune microenvironment of tumors and has
been intensively studied in recent years [35]. It
is also an effective EMT inducer and can regu-
late the migration and invasion process of
tumors through the classical TGF-B/Smad sig-
naling pathway and nonclassical pathways
such as the TGF-B/ERK signaling pathway [36,
37]. Since TGF-B1-induced EMT in tumor cells is
a classic pathological model for the study of
cancer cell metastasis and invasion, it was
used as an inducer for the establishment of
the lung cancer EMT model in this study.
Consequently, reversing EMT may be an effec-
tive strategy for inhibiting cancer metastasis.

As an effective immunosuppressive factor,
the immunosuppressive effect of TGF-B helps
tumors evade the immunosurveillance function
of normal organisms. Moreover, TGF-B can
inhibit the proliferation and differentiation of a
variety of immune cells in tumor tissues, as
illustrated by its roles in inducing tumor-associ-
ated macrophage (TAM) and tumor-associated
neutrophile (TAN) polarization, blocking den-
dritic cell maturation, promoting regulatory
T-cell production, inhibiting T-cell proliferation
and activation, recruiting Myeloid-derived sup-
pressor cells (MDSCs) and enhancing the pro-
cancer effects of TGF-B signaling in the tumor
microenvironment [38]. TGF-B plays an impor-
tant role in tumor immune evasion; however,
slow progress has been made in developing
therapies that inhibit its signaling [39]. To eluci-
date the mechanism by which YLSPS inhibits
lung cancer cell invasion and migration through
downregulation of TGF-B1, the current study
investigated signaling pathways frequently
involved in tumorigenesis in human cancer.
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Multiple stimulus signals such as changes
in protein concentration, internal metabolic
stress, DNA damage pathways, cell-matrix
interactions, external growth factors and sig-
nals from other cells, are often received by the
MAPK/ERK signaling pathway, which is a con-
vergent signaling node [40, 41]. Therefore, we
showed that the TGF-B/ERK pathway was
involved in the inhibitory effect of YLSPS on
lung cancer cell migration and invasion by add-
ing an ERK inhibitor (U0126) to serve as a con-
trol. In vitro results showed that TGF-B1 acti-
vated the ERK signaling pathway and that
YLSPS reversed EMT in lung cancer cells by
inhibiting ERK phosphorylation. The antimigra-
tion and invasive effects of YLSPS were fur-
ther illustrated by the addition of an ERK activa-
tor (TBHQ) through the inhibition of ERK
phosphorylation.

The results of in vitro experiments showed
that the cells underwent significant morpholo-
gical changes upon TGF-B1 stimulation; they
changed from a polygonal to spindle shape and
lost intercellular adhesion. The expression of
E-cadherin, a marker protein of the epithelium,
was also downregulated, while the expression
of vimentin, a marker protein of the mesen-
chyme, was increased, indicating that both cell
lines underwent the EMT process induced by
TGF-B1. The current study examined for the first
time the effect of YLSPS-containing serum on
the development of migration and invasion of
A549 and Lewis cells after TGF-B1 induction.
The results of the cell functional assay showed
that YLSPS-containing serum inhibited the
migration and invasion abilities of TGF-f1-
induced NSCLC cells, indicating that YLSPS had
certain anti-lung cancer effects.

In vitro drug screens and in vivo subcutaneous
xenograft models are conventional preclinical
models used in cancer drug discovery [42]. It
was shown that the MTD of YLSPS was 25,000
mg/kg and had no significant toxic effect [43].
C57BL/6J mice were implanted with subcuta-
neous tumors, and after 14 days of administra-
tion, the tumor volume in the YLSPS-treated
group was lower than that in the control group,
where the tumor suppression effect of the
YLSPS high-dose group was the same as that
of the CDDP group. More importantly, it had
fewer toxic side effects and better safety than

Am J Cancer Res 2023;13(8):3401-3416



YLSPS inhibits EMT in NSCLC

YLSPS L group

YLSPS H group
RIS y i

magnification: x200

A Control group CDDP group
—
"
&3
@]
=
t-n..,_
©
s
£
—
(]
=
5
<
b
m
.E
=
(5]
E
>
B <
E 5- dededed
g e
=
=
£ 3
2 ns
3 -
&
2 "N
k4
g
f & 8 &
S&eESL
N & X
Q\_’ﬁc QQ %\0 6\%
o v & 4\?}‘*‘

T 1.5+
-
s
o
E 1.0 *
£ * d
E
E
0.5+
Z
=
£ 0.0
S & & &
W& g & ¢
& P
(o &7 &
K4

Figure 7. IHC and RT-gPCR of xenograft tumors. A. The expression of the EMT-related markers, TGF-B1 and Ki67 in
Lewis tumor-bearing mice in each group (maghnification: x200). B. The vimentin and E-cadherin mRNA levels. Data
represent the mean + SD (n=6). *, P<0.05 vs. the control group.

CDDP, and the whole intervention process did
not significantly affect the body weight of mice,
while the body weight of mice in the cisplatin
group decreased significantly, which is consis-
tent with the safety and low toxic effect of
YLSPS reported by a previous study [19].
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The present study has revealed the anti-lung
cancer mechanism of YLSPS, but TCM exerts
its effect via multiple pathways and targets.
There are some limitations since only the EMT
process of lung cancer cells was investigated,
and whether YLSPS has other regulatory effects
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Figure 8. Expression of Snail, ERK and phosphorylated ERK by immunohistochemical staining (Scale bar =20 pym)
(A). Histological observations of lung tissues by hematoxylin and eosin staining (magnification: x100, x400) (B).

on the tumor immune microenvironment
needs to be further explored. Second, the
current study only verified the effect of YLSPS
on lung cancer migration and invasion and
did not investigate the effect of YLSPS on
TGF-B-mediated immunosuppression in depth.
In addition, an animal model of spontaneous
lung cancer metastasis needs to be estab-
lished, and the mechanism by which YLSPS
regulates the EMT process and tumor microen-
vironment of lung cancer in vivo needs to be
further evaluated.

In summary, the results of the present study
demonstrated for the first time that YLSPS
could restrain EMT through the TGF-B1/ERK
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signaling pathway, inhibiting lung cancer cell
migration and invasion. In addition, the mecha-
nism by which YLSPS regulates the tumor
microenvironment and exerts its antitumor
effects in combination with other tumor treat-
ment modalities, such as radiotherapy, chemo-
therapy, thermotherapy and immunotherapy,
deserves further investigation.
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