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Abstract

BACKGROUND

CALD1 has been discovered to be abnormally expressed in a variety of malignant
tumors, including gastric cancer (GC), and is associated with tumor progression
and immune infiltration; however, the roles and mechanisms of CALD1 in epithe-
lial-mesenchymal transition (EMT) in GC are unknown.

AIM
To investigate the role and mechanism of CALD1 in GC progression, invasion,
and migration.

METHODS

In this study, the relationship between CALD1 and GC, as well as the possible
network regulatory mechanisms of CALDI1, was investigated by bioinformatics
and validated by experiments. CALD1-siRNA was synthesized and used to trans-
fect GC cells. Cell activity was measured using the CCK-8 method, cell migration
and invasive ability were measured using wound healing assay and Transwell
assay, and the expression levels of relevant genes and proteins in each group of
cells were measured using qRT-PCR and Western blot. A GC cell xenograft model
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was established to verify the results of in vitro experiments.

RESULTS

Bioinformatics results showed that CALD1 was highly expressed in GC tissues, and CALD1 was significantly
higher in EMT-type GC tissues than in tissues of other types of GC. The prognosis of patients with high expression
of CALD1 was worse than that of patients with low expression, and a prognostic model was constructed and
evaluated. The experimental results were consistent with the results of the bioinformatics analysis. The expression
level of CALD1 in GC cell lines was all higher than that in gastric epithelial cell line GES-1, with the strongest
expression found in AGS and MKN45 cells. Cell activity was significantly reduced after CALD1-siRNA trans-
fection of AGS and MKN45 cells. The ability of AGS and MKN45 cells to migrate and invade was reduced after
CALD1-siRNA transfection, and the related mRNA and protein expression was altered. According to bioinfor-
matics findings in GC samples, the CALD1 gene was significantly associated with the expression of members of the
PIBK-AKT-mTOR signaling pathway as well as the EMT signaling pathway, and was closely related to the PI3K-
Akt signaling pathway. Experimental validation revealed that upregulation of CALD1 increased the expression of
PI3K, p-AKT, and p-mTOR, members of the PI3K-Akt pathway,while decreasing the expression of PTEN; PI3K-Akt
inhibitor treatment decreased the expression of PI3K, p-AKT, and p-mTOR in cells overexpressing CALD1 (still
higher than that in the normal group), but increased the expression of PTEN (still lower than that in the normal
group). CCK-8 results revealed that the effect of CALD1 on tumor cell activity was decreased by the addition of the
inhibitor. Scratch and Transwell experiments showed that the effect of CALD1 on tumor cell migration and
invasion was weakened by the addition of the PI3K-Akt inhibitor. The mRNA and protein levels of EMT-related
genes in AGS and MKN45 cells were greatly altered by the overexpression of CALD1, whereas the effect of overex-
pression of CALD1 was significantly weakened by the addition of the PI3K-Akt inhibitor. Animal experiments
showed that tumour growth was slow after inhibition of CALD1, and the expression of some PI3K-Akt and EMT
pathway proteins was altered.

CONCLUSION
Increased expression of CALDI is a key factor in the progression, invasion, and metastasis of GC, which may be
associated with regulating the PI3K-Akt pathway to promote EMT.

Key Words: Gastric tumor; CALDI1; Epithelial-mesenchymal transition; Gene disruption; Invasion; Migration; Bioinformatics

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, the relationship between CALD1 and gastric cancer (GC) and the possible network regulatory
mechanisms of CALD1 were explored by bioinformatics methods and validated by experiments. We conducted functional
analysis and verification through tissue and cell experiments, delving into possible pathways and mechanisms involved. It
was showed that CALD1 may participate in the proliferation, invasion, and migration, and epithelial-mesenchymal transition
(EMT)-related gene and protein expression in GC cells. Our study suggested that CALD1, through PI3K-Akt signaling
pathway activation, may regulate EMT in GC cells, representing a potentially novel target for GC treatment.

Citation: Ma WQ, Miao MC, Ding PA, Tan BB, Liu WB, Guo S, Er LM, Zhang ZD, Zhao Q. CALDI1 facilitates epithelial-
mesenchymal transition progression in gastric cancer cells by modulating the PI3K-Akt pathway. World J Gastrointest Oncol 2024;
16(3): 1029-1045

URL: https://www.wjgnet.com/1948-5204/full/v16/i3/1029.htm
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INTRODUCTION

Gastric cancer (GC) is a major malignancy of the digestive tract that ranks fifth in incidence and fourth in mortality,
imposing a significant societal burden[1,2]. The rise in health consciousness, as well as advances in diagnostic techno-
logies such as endoscopy and computed tomography, has improved the early detection and treatment of GC. None-
theless, the survival rate for patients diagnosed at advanced stages is less than 40%[3], indicating a bleak prognosis. The
aggressive nature of GC, which is characterized by rapid progression, increased metastatic potential, and frequent re-
currence, is associated with the accelerated cell growth, robust invasiveness, and antiapoptotic properties of GC cells[3-
6]. It is a critical to identify precise and sensitive molecular targets, and investigate their regulatory roles in GC invasion
and metastasis, in order to lay the groundwork for comprehensive, personalized treatment strategies and prognostic
assessments.

The CALD1 gene encodes the Caldesmon protein, which has high and low molecular weight variants and functions as
a cytoskeletal-associated protein. It is involved in cellular adhesion, cytoskeletal organization, and angiogenesis, as well
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as cell proliferation, apoptosis, motility, and adhesion. As a result, it may influence tumor proliferation, invasion, and
metastasis[7-9]. CALD1 expression is abnormal in various cancers, including GC, and it correlates with tumor stage and
prognosis[8-13]. In GC research, CALD1 expression has been linked with immune infiltration and prognosis, though its
specific mechanisms remain unknown[8].

Tumor cells can acquire invasive mesenchymal characteristics via the epithelial-mesenchymal transition (EMT) process,
resulting in increased motility and invasiveness, decreased adhesion, and altered cell polarity, all of which can lead to
metastasis from the primary tumor site[14]. EMT is triggered by key transcription factors such as SNAIL, and involves
changes in gene expression mediated by the TGF-B, PI3K-Akt, and ERK-MAPK pathways, among others[15,16]. However,
the exact role and mechanism of CALD1 in GC-related EMT are unknown. Therefore, this study aimed to investigate the
relationship between CALD1 and GC based on the TCGA and GEO databases. We assessed CALD1 mRNA and protein
expression in GC tissues, explored the relationship between CALD1 expression and clinicopathological features, and
investigated the role and mechanism of CALD1 in GC tissues and cell lines through a combination of experimental and
bioinformatics approaches.

MATERIALS AND METHODS

Clinical tissue collection

This study involved 80 GC patients undergoing radical surgery from January to December 2022 at the Department of
Surgery, The Fourth Hospital of Hebei Medical University. Postoperative confirmation revealed that all patients had
gastric adenocarcinoma, with no preoperative treatments or concurrent secondary tumors. Uniformly sized tumors and
adjacent non-tumor tissues were excised, placed in cryopreservation tubes, and stored at -80 °C in liquid nitrogen.
Additionally, tissues from a previous cohort of 60 patients were included in immunohistochemical staining and follow-up
studies. The Medical Ethics Committee of The Fourth Hospital of Hebei Medical University granted ethical approval, and
all patients provided informed consent.

Cell culture

The human GC cell lines HGC27, NCI-N87, AGS, and MKN45, and the gastric epithelial cell line GES-1, obtained from
the National Cell Resource Center of the National Biomedical Resource, were maintained in RPMI-1640 medium supple-
mented with 10% fetal bovine serum, 100 U/mL penicillin, and 100 pg/mL streptomycin, in a humidified 37 °C incubator
with 5% CO,. Cell growth and sterility were monitored daily, with medium changes every 1-2 d. For cell detachment for
passage or subsequent experiments, 0.25% trypsin was used.

Cell transfection

Single-cell suspensions at a density of 1 x 10° cells/ mL were prepared, seeded into 6-well plates, and cultured. siRNA and
overexpression plasmids were used to transfect cells using Lipofectamine 2000 according to the manufacturer's in-
structions. CALD1-shRNA obtained from a gene pharmaceutical company in Shanghai, China was used for CALD1
knockdown. For overexpression, lentiviral particles were produced by co-transfecting plasmids psPAX2, pMD2G, and
pcDNA3.1/CALD1 into 293T cells and harvested 48 h post-transfection. The PI3K-Akt inhibitor from Sigma was used
according to the manufacturer's instructions.

Immunohistochemical staining

Paraffin-embedded GC tumor and adjacent tissue specimens were sectioned at 4 pm, deparaffinized, and underwent
antigen retrieval. Inmunohistochemical staining was done according to the kit instructions, and the results were eva-
luated by board-certified pathologists. The scoring system considered the percentage of positive cells and staining
intensity to calculate the cumulative score.

Western blot analysis for target protein expression

Cells were harvested and lysed for protein extraction, and the bicinchoninic acid method was used to quantify protein
concentrations. Proteins were denatured, separated using SDS-PAGE, and transferred to PVDF membranes. Membranes
were blocked and then incubated with primary and secondary antibodies before being imaged with the Odyssey dual-
color infrared fluorescence scanning system. Relative protein expression was assessed by comparing grayscale values,
with B-actin serving as an internal reference. This procedure was repeated three times.

RNA extraction and RT-qPCR analysis

Total RNA was extracted using Trizol, quantified, and reverse-transcribed into cDNA. qPCR amplification was per-
formed according to the manufacturer's instructions, and mRNA expression levels were calculated using the 244
method.

Cell viability assessment via CCK-8 assay
Cells were seeded in 96-well plates and incubated for 48 h. CCK-8 reagent was added at different time points. After
incubation, the optical density at 450 nm was measured using a microplate reader.
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Cell scratch assay

After seeding single-cell suspensions in 24-well plates and allowing cells to reach confluence, cell transfection was
performed. Once the cells were confluent, a scratch was made, followed by washing, serum-free medium addition, and
microscopic examination at 0 and 48 h post-scratch.

Transwell invasion assay
Single-cell suspensions were seeded into Transwell chambers in a 24-well plate. After 24 h, cells on the inner surface were
removed, fixed, stained, and examined under an inverted phase-contrast microscope.

GC cell xenograft model establishment
Single-cell suspensions of lentivirus-infected cells were subcutaneously injected into BALB/c nude mice. Tumor growth
was tracked, and tumors were dissected for analysis at the end of the experiment.

Bioinformatics analysis

Various bioinformatics analyses were performed, including gene set enrichment analysis, protein-protein interaction
(PPI) network analysis, differential gene expression enrichment analysis, Pearson correlation analysis, and Cox propor-
tional hazards model analysis. The goal of these analyese was to determine the effect of CALD1 expression on survival
and to create a predictive nomogram.

Statistical analysis
Statistical analyses were performed using IBM SPSS statistical software version 25.0. The t-test, one-way ANOVA, and

Kaplan-Meier method were used for data comparisons and survival curve generation. The data are presented as the mean
+SD.

RESULTS

Analysis of CALD1 expression in GC revealed its higher levels in GC cases, particularly in the EMT subtype, according to
the Asian Cancer Research Group (ACRG) classification (Figure 1A). Patients with higher levels of CALD1 expression
had a worse prognosis than those with lower levels (Figure 1B). A prognostic model that included age, gender, and
CALDI1 expression, was developed and validated for accuracy using a calibration curve (Figure 1C). Immunohisto-
chemical analysis revealed increased CALD1 protein expression in GC tissues compared to adjacent non-cancerous
tissues in a subset of 60 cases (Figure 1D). Both CALD1 mRNA and protein levels were significantly higher in the EMT
subtype of GC, as demonstrated by qPCR and Western blot in 20 cases (Figure 1E), and high expression was associated
with a poor prognosis in another subset of 60 cases (Figure 1F).

Inhibition of CALD1 reduced proliferation, invasion, and migration in GC cells. Among the various cell lines tested,
AGS and MKN45 had significantly higher CALD1 expression and were chosen for further investigation (Figure 2A).
CALD1-siRNA had a significant inhibitory effect in these cell lines (Figure 2B). Post-transfection, there was a significant
decrease in cell activity, migration, and invasion (Figure 2C). CALD1 inhibition also increased E-cadherin and Claudin-1
expression while decreasing N-cadherin, Vimentin, and Dickkop-1 (DKK-1) mRNA and protein levels, as confirmed by
RT-qPCR and Western blot (Figure 2D).

Bioinformatics analysis revealed significant associations of CALD1 with the PI3K-Akt-mTOR and EMT signaling
pathways in GC samples (Figure 3A). PPI network analysis revealed multiple proteins that interact with CALD1
(Figure 3B). GO and KEGG enrichment analyses revealed that CALD1 was involved in a network of various biological
processes that include protein kinase B signaling and protein tyrosine kinase activity (Figure 3C). Single-cell data showed
high CALD1 expression in fibroblasts, as evidenced by bulk data analysis, which revealed a positive correlation between
CALDI1 and fibroblast surface molecule expression (Figure 3D).

Additional studies confirmed the role of CALD1 in enhancing GC cell proliferation, invasion, and migration via the
PI3K-Akt pathway. Western blot analysis revealed that CALD1 overexpression increased PI3K, p-AKT, and p-mTOR
expression, while decreasing PTEN expression. However, integrating CALD1 overexpression with PI3K-Akt pathway
inhibition moderated these effects (Figure 4A). The CCK-8 assay results showed that the effect of CALD1 on tumor cell
activity was reduced after the addition of a PI3K-Akt inhibitor (Figure 4B). Scratch and Transwell assays revealed that
CALDI1 had a reduced impact on cell migration and invasion after inhibitor treatment (Figure 4C). In AGS and MKN45
cells, CALD1 overexpression altered the expression of EMT-related genes and proteins, an effect that was mitigated by
the PI3K-Akt inhibitor (Figure 4D).

In an animal model, CALD1 inhibition led to reduced tumor growth in nude mice. Tumors derived from CALD1-
shRNA-transfected cells were significantly lighter and smaller than those in the control group (P < 0.05), as shown by
Western blot analysis, which also revealed changes in EMT-related protein expression (Figure 5A and B), thus de-
monstrating the suppressive effect of CALD1 inhibition on GC tumor growth.
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Figure 1 CALD1 overexpression in gastric cancer: Correlation with epithelial-mesenchymal transition type, prognostic implications, and
enhanced protein expression in tissues. A: Bioinformatics results showed that CALD1 was highly expressed in gastric cancer (GC), and CALD1 in GC
tissues of epithelial-mesenchymal transition (EMT) type was significantly higher than that in GC tissues of other types; B and C: Patients with high expression of
CALD1 had a poorer prognosis than those with low expression, and a prognostic model was constructed and evaluated; D: Validation experiment showed that the
protein expression of CALD1 in GC tissues was enhanced compared with that in paracancerous tissues (60 cases); E: CALD1 mRNA (qPCR) and protein (Western
blot) in EMT-type GC tissues were significantly higher than those of other types (20 cases); F: Patients with high CALD1 expression had a poorer prognosis than
those with low expression (60 cases). °P < 0.001.

DISCUSSION

GC is a complex, multifaceted disease that progresses through multiple steps and stages, with tumor invasion and
metastasis playing important roles in the high mortality rates observed in advanced stages of GC[3-6]. It is critical to
comprehend the underlying mechanisms of GC development. Identifying molecules integral to its initiation and pro-
gression, as well as discovering specific and sensitive molecular targets, is critical to improve diagnosis, comprehensive
treatment, and prognostic evaluation. This is especially important for patients with unresectable GC who are not candi-
dates for surgical intervention.

The ACRG divides GC into distinct molecular subtypes: MSS/EMT, MSS/TP53+, MSI/TP53+, and MSS/TP53-. Each
subtype is associated with varying prognostic outcomes, with the MSS/EMT subtype being linked to the poorest prog-
nosis[17].

Our study employed bioinformatics analysis to establish that CALD] is significantly overexpressed in GC compared to
normal tissues. Further investigation, consistent with the ACRG molecular classification, revealed significantly higher
expression of CALD1 in the EMT subtype of GC than in other subtypes. Futhermore, increased CALD1 expression was
linked to a worse prognosis, implying a role for CALDI1 in the progression of EMT-subtype GC. This suggests the role of
CALD1 in the development of aggressive EMT-subtype GC. To substantiate these observations, we procured GC and
adjacent normal tissue samples for bioinformatics analysis, which corroborated our initial findings. The correlation of
high CALD1 expression with poorer patient outcomes implicates its significant role in GC progression.

Further validation using qPCR experiments showed increased CALD1 expression in GC cell lines compared to gastric
epithelial cell lines. Functional assays, including CCK-8, scratch, and Transwell assays, revealed that siRNA-mediated
CALD1 knockdown significantly reduced cell viability, migration, and invasion. This demonstrates a strong link between
CALD1 and GC cell activity, invasion, and metastasis, emphasizing its critical role in the initiation and progression of GC.

It is well-established that the progression of GC is closely associated with the EMT process in GC cells. EMT, which is
triggered by various genes and pathways, allows GC cells to switch from an epithelial to a more aggressive mesenchymal
phenotype, thereby facilitating tumor progression[18]. This process involves the downregulation of epithelial cell markers
and the upregulation of mesenchymal cell markers, both of which are important factors promoting tumor metastasis[19,
20].

In our investigation, CALD1 expression inhibition in AGS and MKN45 cells, specifically, resulted in increased ex-
pression of epithelial cell markers (E-cadherin and Claudin-1), decreased expression of mesenchymal cell markers (N-
cadherin, Vimentin, and DKK-1), and decreased tumor invasion, migration, and EMT-related mRNA and protein levels.
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Figure 2 Inhibition of CALD1 in gastric cancer cell lines reduces cell activity, migration, and invasion, and alters epithelial-mesenchymal
transition marker expression. A: CALD1 expression levels were higher in gastric cancer cell lines HGC27, NCI-N87, AGS, and MKN45 than in gastric epithelial
cell line GES-1, with the strongest expression found in AGS and MKN45 cells; B: The inhibitory effect of CALD1-siRNA was verified; C: After transfection of AGS and
MKN45 cells with CALD1-siRNA, cell activity was significantly reduced, and the migration and invasion ability was decreased; D: The expression of E-cadherin and
Claudin-1 was increased in AGS and MKN45 cells after inhibiting the expression of CALD1, while the expression of N-cadherin, Vimentin, and Dickkop-1 mRNA and
protein was decreased. 2P < 0.05, °P < 0.01.

Animal experiments confirmed these findings, demonstrating delayed tumor formation, decreased tumor volume and
weight, and corresponding changes in cell marker expressions in response to CALD1 inhibition, implying that CALD1
inhibition could impede GC growth and that CALD1 may contribute to GC invasion and metastasis by modulating EMT-
related genes and proteins. These results also underscore the pivotal role of CALD1 in promoting GC progression and
metastasis, highlighting its potential as a therapeutic target for GC.

CALD1, which is found at 7q33, encodes the Caldesmon protein, which exists in two isoforms with different molecular
weights and cellular origins. Caldesmon has diverse roles in cellular processes such as migration, invasion, and prolif-
eration by regulating actin cytoskeleton remodeling[8,9,21,22]. Previous research has linked CALD1 to tumor angio-
genesis[13], and its aberrant expression has been observed in various solid tumors[8,9,12,13,23-25], notably in extensive
studies on bladder cancer[9,12]. However, the precise mechanisms and pathways of CALD1 function remain unclear. In
this study, we undertook functional analyses and validations using tissue and cell experiments to explore its pathways
and mechanisms.

Using bioinformatics analysis, the PPI network of CALD1 was established and GO and KEGG data analysis was
performed, revealing CALD1 enrichment in the PI3K-Akt signaling pathway, which is known for its significant influence
on GC development. Previous research has shown that the PI3K-Akt signaling pathway is significantly implicated in the
onset and progression of GC. This pathway contributes to the advancement of GC by inhibiting apoptosis, metastasis,
EMT, and angiogenesis[26-31]. To verify CALD1's involvement in this pathway, we chose HGC27 cells, which exhibit low
CALD1 expression, for overexpression experiments. These experiments were conducted both independently and in
combination with PI3K-Akt pathway inhibition. Our results indicated that CALD1 upregulation enhanced expression of
PI3K-Akt pathway members, PI3K, p-AKT, and p-mTOR, reduced PTEN expression, and promoted cell viability, migra-
tion, and invasion. These effects were mitigated post pathway inhibitor addition, but there are still differences com-pared
with the control group. The congruence between bioinformatics analysis and cell experiment results suggests that CALD1
may regulate the EMT process in GC cells through the activation of the PI3K-Akt signaling pathway. This activation
potentially enhances the activity and invasive capabilities of these cells. Consequently, CALD1 emerges as a potential
novel target for GC therapy, offering promising avenues for the development of new treatment strategies aimed at
targeting this pathway to curb the aggressiveness of GC. Our bioinformatics analysis also underscored significant CALD1
expression in fibroblasts, the bulk dataset analysis showed that CALD1 was significantly positively correlated with the
surface molecular expression in fibroblasts, which, alongside literature, suggests a potential interaction between CALD1
and fibroblasts in GC[32,33], necessitating further thorough investigation. The specific mechanism of action between
CALDI1 and fibroblasts in GC can be further studied as a subsequent research direction.

However, our study has limitations. Although the study suggests that CALD1 is involved in EMT and the PI3K-Akt
pathway, the exact molecular mechanisms remain unknown, and its role in the tumor microenvironment requires further
exploration. Further research needs more patients to be included to verify the conclusions obtained in this study.

CONCLUSION

In summary, our findings show that CALD1 is upregulated in GC tissues and cell lines, and that high CALD1 expression
is associated with a poor prognosis in GC patients. Alterations in CALD1 expression result in changes in cell activity,
invasion, migration, and the expression of EMT-related genes and proteins. The PI3K-Akt signaling pathway was dis-
covered to be a key mediator of CALD1's effects. Our study suggests that CALD1 may regulate EMT in GC cells by
activating the PI3K-Akt signaling pathway and increasing their invasive properties, representing a potential novel target
for GC therapy (Figure 6).
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Figure 3 CALD1 gene is associated with PI3K-Akt-mTOR and epithelial-mesenchymal transition pathways in gastric cancer: Insights from
bioinformatics and protein interaction studies. A: Bioinformatics results showed that the CALD1 gene was significantly associated with the expression of
members in the PI3K-Akt-mTOR signaling pathway as well as the epithelial-mesenchymal transition signaling pathway in gastric cancer; B: PPI network analysis of
CALD1 showed that it interacts with a variety of proteins; C: GO and KEGG enrichment analyses showed that CALD1 was closely associated with the PI3K-Akt
signaling pathway; D: In-depth analysis revealed that CALD1 was highly expressed in fibroblasts and was significantly positively correlated with the expression of
fibroblast surface molecules.
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ARTICLE HIGHLIGHTS

Research background

CALDI1 is known for its abnormal expression in various malignant tumors, and this expression is linked to tumor growth
and immune system infiltration. However, the specific functions and underlying mechanisms of CALD1 in the epithelial-
mesenchymal transition (EMT) process in gastric cancer (GC) remain unclear.

Research motivation
The motivation behind this research is to explore and better comprehend how CALD1 functions in the context of GC.

Research objectives
This study aimed to investigate the role and mechanism of CALD1 in GC progression, invasion, and migration.

Research methods

In this study, the relationship between CALD1 and GC, as well as the possible network regulatory mechanisms of CA-
LD1, was investigated by bioinformatics and validated by experiments. CALD1-siRNA was synthesized and used to
transfect GC cells. Cell activity was measured using the CCK-8 method, cell migration and invasive ability were mea-
sured using wound healing assay and Transwell assay, and the expression levels of relevant genes and proteins in each
group of cells were measured using qRT-PCR and Western blot. A GC cell xenograft model was established to verify the
results of in vitro experiments.

Research results

The bioinformatics analysis revealed that CALD1 expression was significantly elevated in GC tissues, particularly in the
EMT type. Additionally, the CALD1 gene was found to be associated with the PI3K-Akt signaling pathway and other
EMT components. Compared to gastric epithelial cell lines, GC cell lines showed higher levels of CALD1 expression.
Suppressing CALD1 and the PI3K-Akt pathway resulted in reduced viability, invasion, and migration of GC cells. These
experimental findings elucidate the role of CALD1 and the PI3K-Akt pathway in GC, laying a foundation for further
molecular mechanism studies of this disease.

Research conclusions
By influencing the PI3K-Akt pathway, CALD1 plays a pivotal role in advancing the EMT in GC.

Research perspectives

This study, through bioinformatics analysis, as well as in vivo and in vitro experiments, has confirmed that CALD1
promotes the EMT in GC by affecting the PI3K-Akt signaling pathways. These findings underscore its significance in
tumor progression and potential as a target for future therapeutic approaches. However, the investigation into the re-
gulatory function of these pathways in this research was not comprehensive, leaving the full mechanism of action
somewhat unclear. To validate the study's conclusions more robustly, further research involving a larger patient cohort is
necessary.
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