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Metastasis remains the primary cause of cancer-related mortality worldwide. Circulating tu-
mor cells (CTCs) represent critical targets for metastasis prevention and treatment. Tradition-
al Chinese medicine may prevent lung cancer metastasis through long-term intervention in
CTC activity. Tiao-Shen-Zhi-Ai Formular (TSZAF) represents a Chinese medicine compound
prescription utilized clinically for lung cancer treatment. This study combined three principal
active ingredients from TSZAF into a novel TSZAF monomer combination (TSZAF mc) to in-
vestigate its anti-metastatic effects and mechanisms. TSZAF mc demonstrated significant in-
hibition of proliferation, migration, and invasion in CTC-TJH-01 and LLC cells, while inducing
cellular apoptosis in vitro. Moreover, TSZAF mc substantially inhibited LLC cell growth and
metastasis in vivo. Mechanistically, TAZSF mc significantly suppressed the Wnt/fS-catenin sig-
naling pathway and CXCL5 expression in lung cancer cells and tissues. Additionally, TAZSF mc
notably reduced neutrophil infiltration in metastatic lesions. These findings indicate that
TSZAF mc inhibits lung cancer growth and metastasis by suppressing the Wnt/f-catenin sig-
naling pathway and reducing CXCL5 secretion, thereby decreasing neutrophil recruitment
and infiltration. TSZAF mc demonstrates potential as an effective therapeutic agent for lung

cancer metastasis.

1. Introduction

Lung cancer represents the malignant tumor with the highest
incidence and mortality rate among cancer-related deaths glob-
ally . In China, lung cancer diagnoses exceeded 800 000 cases in
2022, with annual mortality surpassing 700 000 cases, and these
figures continue to increase . Metastasis constitutes a funda-
mental factor in the high mortality rate among lung cancer pa-
tients °. Although advances in targeted therapies and immuno-
therapies have substantially improved survival rates, the 5-year
overall survival rate remains under 20% *. This limitation primar-
ily stems from most treatments targeting the primary tumor,
leaving a significant gap in effective anti-metastatic therapies and
clinical models for drug screening.

During tumor progression, cells at the lesion margin under-
go epithelial-mesenchymal transformation, entering circulating
tumor cells (CTCs) °. CTCs demonstrate resistance to blood flow
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shear stress and evade immune surveillance mechanisms, includ-
ing natural killer (NK) cells “’. These cells subsequently dissem-
inate and colonize target organs through vascular extravasation,
becoming disseminated tumor cells (DTCs) *°. CTCs therefore
play a crucial role in lung cancer metastasis. Clinical studies indic-
ate that CTCs are detectable in postoperative early-stage lung
cancer patients ' with elevated CTC counts correlating to poorer
prognosis ' "%, These findings underscore the urgent necessity
for developing drugs targeting CTCs to prevent metastasis in
postoperative lung cancer patients.

The Wnt signaling pathway demonstrates a strong correla-
tion with tumor cell proliferation, invasion, and metastasis 1S,
In the off-state of Wnt signaling, f-catenin undergoes phos-
phorylation for proteasomal degradation. In the on-state, stable /-
catenin translocates into the nucleus, where it binds with
LET/TCF transcription factors to initiate transcription and trans-
lation of downstream target genes, including c-Myc, Cyclin D1,
and MMP-7, thereby enhancing the invasive metastatic capacity
of tumor cells ', Consequently, -catenin serves as a crucial ef-
fector molecule in the Wnt signaling pathway '°. The develop-
ment of drugs targeting f-catenin and enhancing drug-binding
stability may inhibit invasive metastasis of lung cancer *’. Neutro-

Copyright © 2025, China Pharmaceutical University. Published by Elsevier B.V. All rights reserved.
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phils exhibit dual roles in tumor progression and metastasis .
These cells can be influenced by tumors, activating signaling cas-
cades such as JAK/STAT, which suppress the immune system net-
work and facilitate immune evasion by malignant cells **. Neutro-
phil recruitment occurs through chemokines including CXCL5,
CXCL1, CXCL2, interleukin 8 (IL-8), and others **.

The anti-tumor effects of traditional Chinese medicine com-
pounds are characterized by multi-components, multi-pathways
and multi-targets **. Tiao-Shen-Zhi-Ai Formula (TSZAF) is a tradi-
tional Chinese formulation comprising Zizyphus jujuba, As-
tragalus membranaceus, Paris polyphylla and Curcuma aromatica,
demonstrating significant clinical efficacy against tumors. TSZAF
follows the Jun-Chen-Zuo-Shi principle, representing Monarch-
Minister-Assistant-Facilitating assistant. Zizyphus jujuba derived
from the Suan-Zao-Ren decoction in Huangdi Neijing (Huangdi’s
internal classic), nourishes blood and calms the mind, with
Jujuboside A (JBA) as its active ingredient. Astragalus mem-
branaceus (Fisch.) tonifies yang and supplements gi, regulating
immunity to exert anti-tumor efficacy, with Astragaloside IV (AS
IV) as its effective component. Paris polyphylla clears heat and re-
moves toxins, demonstrating significant anti-tumor efficacy in re-
cent studies *°, with Paris saponin VIl (PS VII) as its representative
compound. Curcuma aromatica regulates gi and relieves stagna-
tion, with curcumin (CCM) as its typical component. While TSZAF
has been granted a patent (ZL 202210718678.8), its anti-tumor
mechanism remains to be elucidated.

This study examines the main effective active ingredients
from TSZAF, combined as TAZAF mc (PS VII, AS IV and JBA), to in-
vestigate their effects on lung cancer growth and metastasis and
elucidate the anti-metastasis mechanism.

2. Materials and methods

2.1. Chemicals and reagents

PS VII (CAS No. 68124-04-9; PubChem CID: 176233; molecu-
lar formula: C5;Hg,0,1; molecular weight: 1031.2; high perform-
ance liquid chromatography (HPLC) = 98%), AS IV (CAS No.
84687-43-4; PubChem CID: 13943297; molecular formula:
C41Hgg014; molecular weight: 784.97; HPLC = 98%), ]BA (CAS No.
55466-04-1; PubChem CID: 51346169; molecular formula:
CsgHg4026; molecular weight: 1207.6; HPLC = 98%), CCM (CAS
No. 458-37-7; PubChem CID: 969516; molecular formula:
C,1H,004; molecular weight: 368.38; HPLC = 98.5%) were ob-
tained from Push Bio-Technology Co., Ltd. (Chengdu, China). The
chemicals were dissolved in DMSO and stored at -20 °C. Prior to
each experiment, the chemicals were diluted with medium to
achieve a DMSO concentration below 0.1%. Cell counting kit-8
(CCK-8) (#CK-04) was acquired from Dojindo (Shanghai, China).
Fluorescein isothiocyanate (FITC) Annexin V apoptosis detection
kit (#556547) and PI/RNase staining buffer (#550825) were pro-
cured from BD Pharmingen (CA, USA). Ribonucleic acid (RNA) ex-
traction kit (#RR430S) and PrimeScript™ RT Master Mix
(RRA036) were obtained from TaKaRa (Beijing, China). Antibod-
ies specific for MMP-2 (#AF5330), MMP-9 (#AF5228), E-Cadher-
in (#BF0219), p-catenin (#AF6266), WNT-3a (#DF6113), MMP-7
(#AF0218), CXCL1 (#AF5403), CXCL5 (#DF9919), Ki-67
(#AF0198), c-caspase 3 (#AF7022), and S-actin (#T0022), were
acquired from Affinity Bioscience. Antibodies specific for p-g-
catenin (#4176T), IL-8 (#94407), goat anti-mouse IgG-HRP
(#56970), donkey anti-rabbit IgG-HRP (#7074), and Ly-6G (FITC-
Conjugate) (#88876S) were obtained from Cell Signaling Techno-
logy (Danvers, MA, USA). Antibody specific for c-Myc
(#GTX103436) was procured from GeneTex (San Antonio, Texas,
USA). Antibody specific for Cyclin D1 (60186-1-Ig) was obtained
from Proteintech (Wuhan, China). Antibody specific for
CD16/CD32 (553142) was acquired from BD (CA, USA), CD11b-
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APC/Cy7 (#101262) and Ly6G-FITC (#127068) were obtained
from Biolegend (Beijing, China).

2.2. Cell culture

Human circulating lung cancer cell line CTC-TJH-01 was es-
tablished by our team “°. LLC cells were obtained from the Cell
Bank of the Chinese Academy of Science (Shanghai, China). CTC-
TJH-01 cells were maintained in F12K medium (basal media,
Shanghai, China). LLC cells were maintained in DMEM (Corning
Cellgro, USA), supplemented with 10% (V/V) fetal bovine serum
(Biological Industries) and 1% (V/V) penicillin-streptomycin. All
cells were incubated in a humidified atmosphere with 5% CO, at
37 °C.

2.3. Cell viability assay

CTC-TJH-01 and LLC cells were seeded into 96-well plates
and preincubated for 24 h at 37 °C with 5% CO,. Subsequently,
cells were incubated with fresh medium containing TSZAF mc at
specific concentrations. For cell viability assessment, the cell
plate was incubated with CCK-8 for 2 h after 24 and 48 h. The op-
tical density (OD) was measured at 450 nm using the UV-vis cell
plate reader and normalized against control cells without TSZAF
monomer incubation.

2.4. Colony forming assay

CTC-TJH-01 and LLC cells were seeded into 6-well plates
(600 cells/well) and treated with TSZAF mc at different concen-
trations for 10 d. The cells were fixed with 4% paraformaldehyde
and stained with Giemsa, followed by phosphate-buffered saline
(PBS) washing twice. Images were captured after staining and the
number of cell clones was quantified.

2.5. Flow cytometry assay

For cell cycle analysis, CTC-TJH-01 and LLC cells were treated
with varying concentrations of TSZAF mc for 24 h. The cells were
collected, washed once with PBS, and resuspended in 1 mL pre-
cooled 70% ethanol. After fixation at 4 °C for 2 h, cells were
washed once with PBS, stained with PI/RNase at room temperat-
ure for 15 min, and analyzed using CytoFLEX (BA11101, Beck-
man) within 1 h.

For the cell apoptosis assay, CTC-TJH-01 and LLC cells were
treated with varying concentrations of TSZAF mc for 24 h. The
cells were collected, washed twice with precooled PBS, and re-
suspended in 300 pL binding buffer containing 5 pL. Annexin V-
FITC and 5 pL PI for 30 min. Analysis was performed using
CytoFLEX within 1 h.

2.6. Transwell migration and invasion assay

The migration and invasion capabilities of tumor cells (CTC-
TJH-01 and LLC) were evaluated through a Transwell assay. CTC-
TJH-01 (8 x 10" and LLC (1.2 x 10°) cells in 500 pL medium
without fetal bovine serum (FBS) were placed in the transwell
upper chamber, while 750 pL medium containing 20% FBS was
added to the lower chamber. For the invasion assay, matrigel was
pre-coated in the upper chambers. Following TSZAF mc treat-
ment for 18 h, remaining cells in the upper chamber were re-
moved, fixed with 4% paraformaldehyde for 30 min, and stained
with crystal violet for 15 min. After washing twice with double
distilled water and drying, images of five random fields were cap-
tured using a microscope (Nikon), and migrated and invaded
cells were quantified.
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2.7. Animal experiment

Five-week-old male C57BL/6] mice were utilized for the
mouse models. The animals were maintained under specific
pathogen-free (SPF) laboratory conditions in the Animal Laborat-
ory Center. All procedures received approval from the Animal Re-
search Committee of Shanghai Municipal Hospital of Traditional
Chinese Medicine, Shanghai University of Traditional Chinese
Medicine (SYXK (Shanghai) 2021038). Following one week of ad-
aptive breeding, mice were randomly assigned to two groups:
(1) Control group (Control, n = 8), (2) TSZAF mc group (TSZAF
mc, n = 8), and received either subcutaneous or tail injection with
5 x 10° LLC cells. The TSZAF mc groups received TSZAF mc (PS VI
(2.5 mg-kg™), AS IV (2.5 mg-kg™), JBA (2.5 mg-kg™) in 0.2 mL
physiological saline with 25% PEG300 thrice weekly, while Con-
trol groups received equivalent physiological saline. After 4
weeks, the mice were sacrificed, and tumors or lungs were ex-
tracted for further analysis.

2.8. Immunohistochemical (IHC)

The paraffin-embedded tissue specimens underwent section-
ing, antigenic repair, and bovine serum albumin (BSA) blocking
before incubation with Ki-67, c-caspase 3, -catenin and CXCL5
antibodies at 4 °C overnight. Following secondary antibody in-
cubation, specimens were developed with DAB, counterstained
with hematoxylin, and sealed with neutral gum. The sections
were examined under a microscope (Leica Biosystems, Wetzlar,
Germany), and images were captured and analyzed using Fuji Im-
age] software.

2.9. RNA-Sequencing (Seq) analysis

Total RNA from CTC-TJH-01 cells (Control group, n = 3, and
TSZAF mc group, n = 3) was extracted using Trizol. The RNA un-
derwent electrophoretic QC and quantitative QC for library con-
struction before analysis on an Illumina sequencing platform. Se-
quencing was performed using PE150 by Synthesis (SBS, Sequen-
cing by Synthesis). Genome mapping was conducted using
HISAT2 software. RNA quantification of comparative data util-
ized htseq-count software. Expression counts and FPKM matrices
obtained through the R package edgeR were used for expression-
based differential and significance calculations. Differential mes-
senger RNAs (mRNAs) were visualized using volcano plots. Clus-
tering heatmap visualization was performed for differential
mRNA FPKM values. Gene Ontology (GO) & Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis of differential
mRNA genes was conducted using the R package.

2.10. Real-time polymerase chain reaction (RT-PCR)

Total RNA was extracted using an RNA extraction kit follow-
ing the standard protocol. mRNA was reverse transcribed into
cDNA using PrimeScript™ RT Master Mix kit. RT-PCR was per-
formed using TB Green Fast Qpcr Mix kit on QuantStudio Dx. Tar-
get gene mRNA levels were calculated and normalized using the
27" method. Primer sequences are listed in Table S1.

2.11. Western blotting (WB)

Total protein from CTC-TJH-01 cells treated with varying
concentrations of TSZAF mc was extracted using RIPA buffer.
Protein concentrations of cell lysates were determined using a
BCA assay kit. Subsequently, 30 pg of proteins were loaded onto
10%-15% SDS-PAGE gels, electrophoresed, and transferred to
PVDF membranes. The membranes were blocked with 5% fat-
free milk in Tris-buffered saline-Tween 20 (TBST) for 1 h at room
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temperature and incubated with primary antibodies (MMP-2,
MMP-9, E-cadherin, S-catenin, phosphorylation-g-catenin, Wnt-
3a, c-Myc, Cyclin D1, MMP-7, CXCL1, CXCL5, CXLC8 and f-actin)
overnight at 4 °C. The membranes underwent four washing cycles
(5 min each) with TBST and were incubated with secondary anti-
bodies for 1 h at room temperature, followed by additional TBST
washing. The blot images were acquired using an ECL kit (Bio-
Rad). Protein density was measured and normalized against S-
actin using Image] software (National Institutes of Health, USA).

2.12. Neutrophil recruitment assay

Mouse spleen immune cells were dissociated into single cells
using gentleMACS™ Dissociator (Miltenyi, German). Red cells
were eliminated with red cells lysate (Biosharp) and washed
twice with PBS. The remaining cells were transferred to the
transwell upper chamber for co-cultivation with LLC cells previ-
ously treated with TSZAF for 24 h. After 4 h, cells in the lower
chamber were collected, blocked with CD16/CD32 for 10 min,
then incubated with CD11b-APC/Cy7 and Ly6G-PE antibodies at
room temperature under light protection for 15 min. Following
two PBS washes, the cells were analyzed using CytoFLEX. All data
were processed using Flow]o software (10.4.0, USA).

2.13. Immunofluorescence (IF)

Paraffin-embedded tissue specimens were sectioned, anti-
genically repaired, blocked with BSA, and incubated with Ly6G
and IL-8 antibodies at 4 °C overnight. The specimens were then
incubated with a fluorescent secondary antibody and treated
with DAPI under light protection. Following decolorization and
washing, the specimens were sealed with anti-fluorescence
quenching agent. The sections were examined under a fluores-
cence microscope (Leica Biosystems, Wetzlar, Germany), and im-
ages were captured.

2.14. Statistical analysis

All experiments were performed in triplicate (n = 3). The
data are expressed as the mean + SD. Data between two inde-
pendent groups were compared by Student's t-test, and multiple
groups were assessed by one-way ANOVA analysis, with the LSD-
t-test used for between-group comparisons. P < 0.05 was defined
as statistically significant. All statistical analyses were performed
using GraphPad Prism 8.0.2 (GraphPad) Prism 8.0.2 (GraphPad,
SanDiego, CA).

3. Results

3.1. TSZAF mc inhibited the proliferation of CTC-T/H-01 and LLC
cells in vitro

To elucidate the anti-tumor effects of components in TSZAF,
the effects of four main monomers on the proliferation of CTC-
TJH-01 and LLC cells were measured using CCK-8 assay (Fig.
S1A). Following traditional Chinese Medicine principles, Zizyphus
jujuba serves as the monarch medicine, Paris polyphylla and As-
tragalus membranaceus function as minister medicines, and
Curcuma aromatica acts as the assistant medicine. Given that
Curcuma aromatica and Zizyphus jujuba exhibit similar effects,
the monomers were combined at equivalent concentrations, cre-
ating two combinations differentiated by the presence or ab-
sence of CCM. No significant difference in anti-tumor prolifera-
tion effects was observed between these combinations (Fig. S1B).

PS VII, AS IV and JBA were combined in a 1:1:1 ratio to cre-
ate TSZAF mc. Among these compounds, PS VII demonstrated
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proliferation inhibitory properties (Fig. S1A), while AS IV and JBA
potentially modulate immunity and endocrine function. The
TSZAF mc concentration was determined based on PS VII levels.
The combination of these three monomers demonstrated inhibit-
ory effects on CTC-TJH-01 and LLC cell proliferation (Fig. 1A).
Concentrations of 0.5 pmol-L™ and 1.0 pmol-L™ were selected for
low and high-concentration groups, respectively. Colony forma-
tion assays further validated TSZAF mc's inhibitory effect on CTC-
TJH-01 and LLC cells, with significant reductions in clone num-
bers following treatment (Fig. 1B). Treatment with 1.0 pmol-L™
TSZAF mc induced G1 phase cell cycle arrest (Fig. 1C) and apop-
tosis in both cell lines (Fig. 1D). These results demonstrate that
TSZAF mc effectively inhibited CTC-TJH-01 and LLC cell prolifera-
tion.

3.2. TSZAF mc inhibited the growth of LLC cells in vivo

To evaluate TSZAF mc's effects on tumor growth in vivo, a
subcutaneous tumor model was established in C57BL/6] mice.
Following 22 days of TSZAF mc administration, significant reduc-
tions in tumor weight and volume were observed (Figs. 2A-2C),
while body weight remained consistent between groups (Fig. 2D).
IHC staining of tumor tissue for Ki-67 and c-caspase 3 was per-
formed to investigate the mechanism of TSZAF mc's anti-prolifer-
ative and tumor-suppressive effects. The results revealed signific-
antly decreased Ki-67 expression and positive cell ratio after
TSZAF mc treatment, accompanied by notably increased c-cas-
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pase 3 expression Fig. 2E.

3.3. TSZAF mc inhibited the migration and invasion of CTC-TJH-01
and LLC cells

Migration and invasion assays were conducted to evaluate
the effect of TSZAF mc on the metastatic capacity of CTC-TJH-01
and LLC cells. As illustrated in Figs. 3A and 3B, TSZAF mc demon-
strated significant concentration-dependent inhibition of migra-
tion and invasion in both CTC-TJH-01 and LLC cells. Additionally,
we examined the protein expression of MMP-2 and MMP-9, which
are essential for cell migration and invasion. Fig. 3C demon-
strated that TSZAF mc treatment notably decreased the expres-
sion of MMP-2 and MMP-9 protein levels in both CTC-TJH-01 and
LLC cells. These findings collectively demonstrated that TSZAF
mc inhibited lung cancer cell metastasis in vitro.

3.4. TSZAF mc inhibited the metastasis of lung cancer in vivo

To investigate the anti-metastatic effect of TSZAF mc, a lung
cancer metastasis model was established in C57BL/6] mice
through tail injection of LLC cells. The TSZAF mc treatment group
exhibited significantly fewer metastatic nodules on the lung sur-
face compared to the control group (Figs. 4A and 4B), while body
weights remained comparable between groups (Fig. 4C). HE
staining of the lungs revealed a significant reduction in metastat-
ic foci number and lung metastatic load (calculated as metastasis
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CTC-TJH-01 and LLC cells were treated with TSZAF mc (0, 0.5, 1 umol-L™) for 24 h, flow cytometry was used to determine the cell cycle. (D) Cell apoptosis. Each bar repres-
ents the mean * SD of the three separate experiments. P < 0.05, "P < 0.01, ""P < 0.001 vs the control group.
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index = tumor area/lung area x 100%) following TSZAF mc treat-
ment (Fig. 4D). IHC staining of lungs for Ki-67 and c-caspase 3
was performed. As shown in Fig. 4E, TSZAF mc treatment resul-
ted in significantly decreased Ki-67 expression and Ki-67 posit-
ive cell ratio, while c-caspase 3 expression increased. These res-
ults demonstrate that TSZAF mc effectively inhibited lung meta-
stasis formation in mice.

3.5. RNA-Seq analysis of CTC-TJH-01 treated with TSZAF mc

To elucidate the anti-tumor mechanism of TSZAF mc, tran-
scriptome sequencing was performed on CTC cells treated with
TSZAF mc for 24 h. As illustrated in Fig. 5A, the heatmap displays
upregulated genes in red and downregulated genes in blue. Ana-
lysis of differentially expressed genes (fold change > 2) revealed
that 78 genes were significantly downregulated and 161 genes
were significantly upregulated in TSZAF mc-treated CTC-TJH-01
cells compared to the control group (Fig. 5B). GO and KEGG path-
way analyses of the significant genes demonstrated that CDH1 (E-
cadherin) was significantly upregulated, and the Wnt signaling
pathway was enriched (Figs. 5C and 5D). Additionally, the IL-17
signaling pathway (Figs. 5E and 5F) was enriched, while CXCL1,
CXCL5, and IL-8, which are closely associated with neutrophil re-
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cruitment, were significantly downregulated. These findings sug-
gest that TSZAF mc inhibits lung cancer progression and meta-
stasis through modulation of the Wnt signaling pathway and reg-
ulation of neutrophil recruitment.

3.6. TSZAF mc inhibited the Wnt/f-catenin signaling pathway in
CTC-TJH-01 and LLC cells

To investigate the mechanism of TSZAF mc on CTC-TJH-01
and LLC cells, the mRNA expression levels in the Wnt/f-catenin
signaling pathway of CTC-TJH-01 cells were examined. TSZAF mc
significantly enhanced the mRNA expression of E-cadherin while
reducing the expression of f-catenin, APC, Wnt-3a, c-Myc, Cyclin
D1 and MMP-7 (Fig. 6A). Protein expression analysis of the Wnt/[5-
catenin signaling pathway in CTC-TJH-01 and LLC cells by WB
demonstrated results consistent with the mRNA findings. Treat-
ment with 1.0 pmol-L™" TSZAF mc led to significant upregulation
of E-cadherin and p-f-catenin expression, while downregulating
pB-catenin, Wnt-3a, c-Myc, Cyclin D1, and MMP-7 expression
(Figs. 6B and 6C). Furthermore, analysis of -catenin protein ex-
pression in lung metastases of mice revealed a marked reduction
following TSZAF mc treatment (Fig. 6D). These results indicate
that TSZAF mc inhibits proliferation through downregulation of
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the Wnt/f-catenin signaling pathway.

3.7. TSZAF reduced the neutrophil recruitment by decreasing CX-
CL5 secretion in lung cancer metastases

Neutrophils play a crucial role in tumor progression and
metastases, and evidence suggests that TSZAF mc may reduce
neutrophil recruitment through inhibition of chemokine secre-
tion. RT-PCR was employed to detect the mRNA expression of CX-
CL1, CXCL5 and IL-8 in CTC-TJH-01 cells treated with TSZAF mc.
Additionally, the protein expression of the corresponding
chemokines in CTC-TJH-01 and LLC cells was analyzed using WB
assay. As demonstrated in Figs. 7A and 7B, the mRNA and pro-
tein levels of these three chemokines decreased after TSZAF mc
treatment. To evaluate the effect of TSZAF mc on neutrophil re-
cruitment by LLC cells, a recruitment assay revealed a significant
reduction in the proportion of neutrophils recruited by LLC cells
treated with TSZAF mc (Fig. 7C). IF staining was conducted to de-
tect neutrophil infiltration within lung metastases. As illustrated
in Fig. 7D, the expression of Ly6G, a neutrophil marker, signific-
antly decreased following TSZAF mc treatment. Furthermore, IHC
results demonstrated significantly reduced CXCL5 expression in
the lung metastases of the TSZAF mc group. These findings indic-
ate that TSZAF mc inhibits lung metastasis by reducing neutro-
phil recruitment through decreased CXCL5 secretion from lung
cancer cells.

4. Discussion

Prevention of metastasis represents a critical therapeutic
strategy for improving long-term survival in lung cancer patie-
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nts *’. However, clinically proven drugs for managing lung cancer
metastases remain limited *°. CTCs circulate in the peripheral
blood of lung cancer patients preoperatively or may disseminate
in a dormant state to target organs, potentially developing into
metastases at a later time > *”*. Consequently, developing new
anti-metastatic drugs based on CTC cell lines is essential. Our re-
search group previously established a lung cancer CTC line
named CTC-TJH-01 for screening effective drugs against lung can-
cer metastasis ***'. This study investigated the anti-metastatic
mechanism of TSZAF mc using CTC-TJH-01 cells and a mouse
model of lung metastasis.

TSZAF demonstrates significant anti-tumor efficacy, though
its mechanism remains incompletely understood. Given that
Chinese medicine prescriptions contain multiple herbal compon-
ents, making it challenging to fully elucidate their mechanisms
within a brief period, we selected three representative monomers
for investigation. Previous research indicates that PS VI, AS IV
and JBA exhibit anti-tumor effects through direct or indirect
mechanisms. PS VIl inhibited migration and invasion of A549 cells
by reducing MMP2 and MMP9 activities through TIMP1/2 up-reg-
ulation *. Additionally, PS VIl induced autophagy in H460 and PC9
cells by activating adenosine 5'-monophosphate-activated pro-
tein kinase (AMPK) and inhibiting mTOR signaling **. AS-IV sup-
pressed migration and invasion of A549 cells through the PKC-a-
ERK1/2-NF-kB pathway **. Furthermore, AS-IV inhibited lung
cancer progression and metastasis by modulating macrophage
polarization through AMPK signaling *°. JBA, an agonist of FAT
atypical cadherin 4, inhibited proliferation of A549, H1299, and
H1975 through HIPPO signaling activation and YAP nuclear
translocation inhibition *. However, these studies primarily fo-
cus on primary tumors, with limited research addressing lung
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Fig. 4 TSZAF mc inhibited the lung metastasis of tumors by suppressing proliferation and inducing apoptosis in vivo. C57BL/6] mice were injected intravenously through
tail vein with LLC cells, and TSZAF mc was injected intraperitoneally three times a week. (A) An image of lungs in each group on day 28 after injection of tumor cells. (B)
Number of metastatic nodules on the surface of the lungs. (C) Weight of mice in the two groups. (D) Representative HE staining images of lungs. The scale bars indicate 2
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positive Ki-67 and c-caspase 3 cells in tumor tissues. Scale bar 40 um. Each bar represents the mean + SD (n = 8). P < 0.05, **P < 0.01, " P < 0.001 vs the control group.
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cancer metastases and CTCs. Our previous research demon-
strated that Jinfukang, a traditional Chinese medicine prescrip-
tion, induced DNA damage and apoptosis in CTC-TJH-01 cells and
recruited NK cells to inhibit lung cancer metastasis *"~.

This study demonstrated that TSZAF mc significantly inhib-
ited the invasive migration capability of CTC-TJH-01 cells through
the Wnt/fS-catenin signaling pathway. The Wnt/f-catenin path-
way is implicated in the proliferation, migration, invasion, and
epithelial-mesenchymal transition of lung cancer cells “’. This
pathway exhibits potential connections to several other path-
ways and serves a crucial function in lung cancer development
and progression '>*'. The abnormal reactivation of the Wnt/-
catenin signaling pathway facilitates the progression of various
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cancers, including triple-negative breast cancer, intrahepatic cho-
langiocarcinoma, colorectal cancer, and prostate cancer '*'> >,
The Wnt/S-catenin pathway has also been linked to chemoresist-
ance induction, immune editing, and resistance to immune check-
point inhibitors ***.,

Furthermore, TSZAF mc demonstrated the ability to reduce
neutrophil infiltration in the metastatic foci of a lung cancer
metastasis mice model. Recent research has extensively docu-
mented the roles of neutrophils in tumor metastasis. Peripheral
blood neutrophils can adhere to CTCs, forming CTC-neutrophil
clusters that protect CTCs from blood flow shear forces and im-
mune surveillance, thereby facilitating efficient CTC spread and
metastasis *°. The abundance of neutrophil infiltration in solid tu-
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Fig. 6 TSZAF mc inhibited the Wnt/f-catenin signaling pathway in the lung cancer cells. (A) CTC-TJH-01 cells were treated with TSZAF mc (0, 0.5, 1 pmol-L™") for 24 h,
then the relative mRNA expression levels of E-cadherin, B-catenin, APC, Wnt-3a, c-Myc, Cyclin D1 and MMP-7 were analyzed by RT-PCR. Each bar represents the mean + SD
of the three separate experiments. (B) The CTC-TJH-01 and (C) LLC cells were exposed to TSZAF mc (0, 0.5, 1 pmol-L™") for 24 h, the expression of E-cadherin, f-catenin, p--
catenin, Wnt-3a, c-Myc, Cyclin D1 and MMP-7 was detected by WB. $-Actin was used as an internal standard. Each bar represents the mean + SD of the three separate exper-
iments. (D) The immunohistochemistry staining results of -catenin expression in lung metastases. Each bar represents the mean + SD (n = 8)."P < 0.05, “P < 0.01, "

0.001 vs the control group.

mors shows positive correlation with prognosis *’. Tumor cells
recruit neutrophils into the tumor microenvironment by secret-
ing chemokines, forming tumor-associated neutrophils (TANs) *,
TANs contribute to tumor-promoted inflammation by facilitating
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The CTC-TJH-01 and LLC cells were exposed to TSZAF mc (0, 0.5, 1 pmol-L™) for 24 h, the protein expression of CXCL1, CXCL5 and IL-8 were detected by WB. B-Actin was
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50 um. (E) The immunohistochemistry staining results of CXCL5 expression in lung metastases. Scale bar 40 um. Each bar represents the mean + SD (n = 8). ‘P < 0.05, 'P <

0.01, P <0.001 vs the control group.

Wnt signaling pathway reduces related chemokine expression .
However, the precise mechanism through which the Wnt path-
way regulates chemokine expression remains undefined and re-
quires additional investigation and validation.

In summary, this study identified TSZAF mc, a traditional
Chinese medicine compound that effectively inhibits lung cancer
metastasis and invasion. Mechanistically, TSZAF mc inhibited the
proliferation, invasive and metastatic abilities of CTC-TJH-01 and
LLC cells through down-regulation of the Wnt/f-catenin path-
way and induction of apoptosis in lung cancer cells. Additionally,
TSZAF mc reduced neutrophil infiltration in lung metastases by
decreasing chemokine secretion, particularly CXCL5. These find-
ings suggest that TSZAF mc represents a potential individualized
therapeutic approach for the prevention and treatment of lung
cancer metastasis.
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