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Abstract
Background  Anaplastic thyroid cancer (ATC) is a markedly invasive subtype of thyroid cancer with a poor prognosis. 
The Gynostemma pentaphyllum-derived Gypenoside LI (Gyp LI) can inhibit the growth and metastasis of various 
tumors. This study was designed to evaluate the pharmacological mechanisms of Gyp LI against ATC via network 
pharmacology analysis combined with experimental verification.

Methods  Core targets and signaling pathways were obtained by using the network pharmacological analysis 
method. Utilizing a combination of in vitro and in vivo methodologies, we conducted a rigorous examination to 
ascertain the suppressive impact of Gyp LI on the ATC cell lines, specifically 8305 C and C643. Then used western 
blotting and immunohistochemistry to analyze the inhibitory effects of Gyp LI on SRC kinase and its downstream 
signaling pathways.

Results  Through integrative analysis of Gyp LI and ATC-target interactions, 78 candidate targets were identified. 
Network-based protein-protein interaction (PPI) analysis, combined with molecular docking, pinpointed HSP90AA1, 
SRC, and CASP3 as pivotal hub genes modulated by Gyp LI. KEGG enrichment analysis further emphasized the PI3K/
AKT pathway, highlighting its critical involvement in ATC therapy. Gyp LI significantly inhibits ATC cell proliferation, 
migration, and invasion while inducing apoptosis, likely via modulation of the SRC/PI3K/AKT axis. Moreover, it 
enhances iodine uptake in ATC cells by regulating the sodium-iodide symporter pathway.

Conclusions  Gyp LI effectively inhibits ATC progression by modulating SRC/PI3K/AKT signaling, enhancing apoptosis, 
and promoting iodine uptake, offering potential therapeutic benefits for ATC treatment.

Keywords  Gypenoside LI, Anaplastic thyroid cancer, Network pharmacology, SRC/ PI3K/AKT signaling pathway, 
Iodine uptake
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Background
Anaplastic thyroid cancer (ATC) is an aggressively inva-
sive malignancy composed of undifferentiated thyroid 
follicular cells [1, 2]. Early metastasis primarily occurs in 
the cervical lymph nodes, while in advanced stages, com-
mon metastatic sites include the lungs, bones, liver, and 
other vital organs [3]. The rapid growth rate and aggres-
sive invasiveness of ATC make early diagnosis and treat-
ment particularly challenging. The treatment of ATC 
currently predominantly relies on surgical intervention 
[4], radiotherapy [5], and chemotherapy [6]; however, 
these therapeutic approaches have demonstrated lim-
ited efficacy in extending survival [7]. Given the elevated 
mortality rate linked to ATC and the shortcomings of 
current therapeutic modalities, there is an imperative to 
intensify research and advance the development of more 
efficacious treatment alternatives.

Gynostemma pentaphyllum (GP), vine belonging to 
the Cucurbitaceae family, is renowned for its distinctive 
chemical composition and notable medicinal properties 
[8]. Among its bioactive components, Gypenoside LI 
(Gyp LI), a tetracyclic triterpenoid saponin of the dam-
marane type, stands out due to its structural similarity 
to ginsenosides, contributing to its potential therapeutic 
value [9]. Previous studies have shown that Gyp exhib-
its a wide range of biological activities, including anti-
oxidant [10], anti-inflammatory [11], anti-diabetic [12], 
lipid-lowering, cardiovascular protective, and immune-
modulatory [13]. Furthermore, Gyp LI has been proven 
to significantly inhibit the growth of various cancer cell 
lines, including A549 lung carcinoma cells [14], renal 
neoplasms [15], breast cancer cells [16], and melanoma 
cells [17]. Despite these promising findings, research on 
the anti-cancer effects of Gyp LI in ATC remains limited.

Network pharmacology, an emerging systems biol-
ogy approach, has become widely utilized in exploring 
the complex mechanisms of traditional Chinese medi-
cine (TCM) [18]. Unlike the conventional “one drug, one 
target” model, network pharmacology emphasizes the 
interaction between drugs and multiple targets, offering 
a more comprehensive understanding of the relation-
ships between drugs and diseases, which aids in uncover-
ing multi-target therapeutic mechanisms [19–21]. In this 
investigation, we utilized network pharmacology, molec-
ular docking, and experimental validation to elucidate 
the prospective targets and molecular pathways involved 
in the therapeutic actions of Gyp LI in ATC. Further-
more, we validated these findings in 8305  C cells, C643 
cells, and tumor xenograft models. The workflow of our 
study is shown in Fig. 1.

Methods
Network pharmacology analysis
Target prediction of gypenoside LI and ATC
The molecular formula of Gyp LI was obtained from the 
PubChem database (​h​t​t​p​​s​:​/​​/​p​u​b​​c​h​​e​m​.​​n​c​b​​i​.​n​l​​m​.​​n​i​h​.​g​o​v) 
and subsequently used in Swiss Target Prediction (​h​t​t​p​​:​/​/​​
s​w​i​s​​s​t​​a​r​g​​e​t​p​​r​e​d​i​​c​t​​i​o​n​.​c​h) to search for the corresponding 
molecular targets of the drugs and export them in Excel. 
We searched for the keyword “anaplastic thyroid cancer” 
to obtain ATC targets from the Therapeutic Target Data-
base (TTD) (http://db.Idrblab.net/ttd), Online Mendelian 
Inheritance in Man (OMIM) (https://www.omim.org/), 
and Gene Cards (https://www.genecards.org/). Genes 
from all three databases were combined. Targets with a 
score of less than 5 were excluded due to the excessive 
number of integrated targets. Subsequently, duplicate 
values were deleted to generate ATC-related targets.

The protein-protein interaction (PPI) and drug-targets-
pathway network construction
To evaluate the interaction between Gyp LI and ATC 
targets, intersecting targets were obtained using Venny 
2.1.0 (​h​t​t​p​​s​:​/​​/​b​i​o​​i​n​​f​o​g​​p​.​c​​n​b​.​c​​s​i​​c​.​e​s​/​t​o​o​l​s​/​v​e​n​n​y). The 
interaction network of the intersecting targets was con-
structed using the STRING (https://string-db.org/) ​d​a​t​a​
b​a​s​e with the parameters “Homo sapiens” and “highest 
confidence level > 0.4”, while setting the rest of the param-
eters as default. Finally, Cytoscape 3.9.0 ​s​o​f​t​w​a​r​e​(​​​h​t​t​p​s​:​/​
/​c​y​t​o​s​c​a​p​e​.​o​r​g​/​​​​​)​, which is an information data analysis 
and editing software used for designing, constructing, 
and mapping grids that help identify core targets based 
on network topology parameters (degrees), was used for 
visualization.

Gene ontology (GO) and Kyoto encyclopedia of genes and 
genomes (KEGG) enrichment analyses
KEGG and GO enrichment analyses were performed 
using the DAVID database (​h​t​t​p​​s​:​/​​/​d​a​v​​i​d​​b​i​o​​i​n​f​​o​r​m​a​​t​i​​c​
s​.​n​i​h​.​g​o​v​/). GO enrichment analysis extracts molecular 
functions (MF), cell composition (CC), and biological 
processes (BP) that are closely related to common tar-
gets. The GO enrichment results were visualized using 
bar charts. In this study, relevant signaling pathways were 
screened at p < 0.05. The first 20 related KEGG pathway 
bubble diagrams were plotted. The KEGG signaling path-
way and corresponding target network diagram were 
constructed using Cytoscape 3.9.0 software.

Molecular docking
For molecular docking, the mol2 form of Gyp LI 
(MOL009895) was obtained from TCMSP (​h​t​t​p​​s​:​/​​/​w​w​
w​​.​t​​c​m​s​​p​w​.​​c​o​m​/​​t​c​​m​s​p​.​p​h​p). The three-dimensional ​s​t​r​
u​c​t​u​r​e​s of potential protein targets were retrieved from 
the Protein Data Bank (PDB) repository ​(​​​h​t​t​p​s​:​/​/​w​w​w​.​r​c​
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s​b​.​o​r​g​/​​​​​)​. Auto dock Vina 1.1.2 was used to dock Gyp LI 
with the target protein. Blind docking was used because 
of the inability to accurately determine the core site of the 
protein. The affinity and score values were used to pre-
dict the optimal form of intermolecular docking. Lower 
scores indicated higher affinity. It is generally believed 
that when the free energy of docking is lower than − 4 
Kcal/mol, the binding capacity is stronger. The lowest 

three docking scores were selected, and the correspond-
ing conformations were visualized using PyMOL 2.5.4. 
The Human Protein Atlas (​h​t​t​p​​s​:​/​​/​w​w​w​​.​p​​r​o​t​e​i​n​a​t​l​a​s​.​o​r​g​
/) obtained pathological images of HSP90AA1, SRC, and 
CASP3 in thyroid tissue and thyroid cancer for analysis.

Fig. 1  Flowchart of this study

 

https://www.rcsb.org/
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https://www.proteinatlas.org/
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Experimental verification in vitro
Cell lines and cell culture
The ATC cell lines 8305 C and C643 were obtained from 
Zhejiang Meisen Cell Technology Co., Ltd. The cells were 
maintained in either Roswell Park Memorial Institute 
1640 or Dulbecco’s Modified Eagle’s Medium, enriched 
with 10% fetal bovine serum (FBS; Gibco, Grand Island, 
NY, USA) and penicillin-streptomycin (Gibco), at 37  °C 
in a humidified incubator containing 5% CO₂.

Gypenoside LI (Gyp LI) (CAS No. 94987-10-7; molecu-
lar formula: C42H72O14; molecular weight: 801.01  g/
mol; purity > 98%) was procured from Chengdu Desite 
Biotechnology Co., Ltd. To maintain its stability, Gyp LI 
was solubilized in dimethyl sulfoxide (DMSO) and stored 
at -20 °C for use in subsequent assays.

CCK8 assay
The ATC cells were treated with Gyp LI at concentrations 
of 0, 10, 20, 30, 40, 50, 60, 70, and 80 µM. Respectively, 
after 24 h, 48 h and 72 h of incubation, the medium was 
removed, and 100 µL of the new medium mixed with 10% 
CCK8 solution was pipetted into each well. Following 
incubation at 37 °C for 1.5 h, the optical density (OD) of 
the samples was quantified at 450 nm using an enzyme-
linked detection system.

Colony formation assay
ATC cells were plated in six-well plates and cultured for 
12 h before being exposed to Gyp LI at concentrations of 
0, 20, 40, and 60 µM for 24 h. Subsequently, the cells were 
reseeded at a density of 1,000 cells per well. The culture 
medium was replenished every three days, continuing for 
a total of 12 days. At the conclusion of the culture period, 
cells were washed with phosphate-buffered saline (PBS), 
fixed with paraformaldehyde, and subjected to crystal 
violet staining for assessment. Finally, cells forming colo-
nies were photographed and statistically analyzed.

5-Ethynyl-2’-deoxyuridine (EdU) assay
EdU was used to assay cell proliferative capacity. The 
ATC cells were then treated with different concentrations 
of Gyp LI for 24  h. Following, the cells were incubated 
with 2 mL of EdU-labelled medium (10 µM) for 2 h. Sub-
sequently, the fixed and transparent cells were subjected 
to nuclear staining. Images were captured using a fluo-
rescent microscope.

Wound healing assay
ATC cells were inoculated into six-well plates at a den-
sity of 5 × 10⁵ cells per well. Upon establishment of a 
confluent monolayer, a wound was introduced using a 
micropipette tip. The cells were then exposed to varying 
concentrations of Gyp LI. Migration of the cells into the 

wound area was captured at 0 and 24 h using an inverted 
microscope for analysis.

Transwell migration and invasion assay
Following treatment with various concentrations of Gyp 
LI, ATC cells were harvested and resuspended in medium 
supplemented with 5% FBS. The cells were then seeded 
into the upper compartment of Transwell inserts, pre-
coated either with Matrigel or left uncoated, and placed 
in the lower chamber containing medium enriched with 
20% FBS. After a 24-hour incubation period to facilitate 
cell migration and invasion, the cells in the lower cham-
ber were fixed with 4% paraformaldehyde and stained 
with 0.1% crystal violet. Images were captured at 20× 
magnification using a microscope, and the captured data 
were subsequently subjected to quantitative analysis and 
statistical evaluation.

Flow cytometry
Following treatment with Gyp LI, ATC cells were har-
vested, washed with chilled PBS, and resuspended in 1× 
binding buffer. A 100 µL aliquot of the cell suspension 
was transferred to a flow cytometry tube, combined with 
5 µL of Annexin V, and incubated in the dark at an ambi-
ent temperature for 5 min. Subsequently, 10 µL of prop-
idium iodide (PI) solution (20 µg/mL) and 400 µL of PBS 
were added. The samples were promptly analyzed by flow 
cytometry for further assessment.

qRT-PCR
Cells were seeded in 6-well plates, treated with Gyp LI 
for 24  h, and washed twice with pre-cooled PBS. RNA 
was extracted using an RNA extraction kit (TransGen 
Biotech). The RNA concentration was measured, and a 
cDNA synthesis reaction system was prepared. The reac-
tion procedure: incubation at 42 °C for 15 min, 85 °C for 
5s, and cooling to 4  °C. The PCR reaction mixture was 
prepared by incorporating the appropriate forward and 
reverse primers (Table 1), and the amplification was car-
ried out following the defined reaction protocol. Sub-
sequent data analysis was performed to interpret the 
results.

Western blotting
Cell and tissue proteins were extracted and quanti-
fied using a BCA protein assay kit (Epizyme Biomedi-
cal). Equal quantities of protein were resolved by 10% 
SDS-PAGE and subsequently transferred onto poly-
vinylidene fluoride (PVDF) membranes. Prior to anti-
body incubation, the transfer membrane was subjected 
to precision excision to exclusively retain the specific 
molecular weight range encompassing the target pro-
teins. The membranes were blocked and incubated over-
night at 4 °C with the corresponding primary antibodies. 
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After three washes, the membranes were incubated with 
secondary antibodies at room temperature for 1.5  h. 
Following incubation, the membranes were exposed 
to an ECL detection reagent in a darkroom and visual-
ized using a gel imaging system. ImageJ software was 
employed to analyze the grayscale intensity of each 
protein band. Quantitative data were processed using 
appropriate software, and protein band intensities were 
normalized to GAPDH to account for loading variations.

Experimental verification in vivo
Nude mouse xenograft model
All animal experiments were evaluated and approved by 
the Animal Care and Use Committee of Gannan Medical 
University (No. LLSC-2024077). Experimental mice were 
purchased from Jiangsu Huachuang Xinnuo Pharmaceu-
tical Technology Co., Ltd. The 8305 C cells (5 × 106) were 
subcutaneously injected into the left armpit of 10 BALB/c 
female mice (4 weeks old, 15–18  g). After successful 
tumor engraftment, the tumors were excised to the size 
of 10 mm3 and transplanted into the left armpit of the 
nude mice. The mice were randomly divided into two 
groups and administered either Gyp LI (gavage, 100 mg/
kg) or control solution (gavage, saline + 0.8% DMSO) 
when the tumor volume reached 50 mm3. Tumor volume 
and mouse body weight were measured every 2 days. On 
day 21, the mice were euthanized through cervical dislo-
cation and the tumors were excised and weighed.

Hematoxylin-eosin staining
Livers of nude mice were fixed with paraformaldehyde, 
embedded in paraffin, and sectioned. After dewaxing and 
hydrating, the sections’ hematoxylin dye solution was 
added to the sections and stained for 3–5  min. Follow-
ing washing with clean water, an eosin dye solution was 
added to the sections to fully stain them for 1–3  min. 
After alcohol gradient dehydration, the sections were 
placed in sealing solution.

Immunohistochemistry
Tumor tissues from nude mice were fixed in parafor-
maldehyde, embedded in paraffin, and sectioned. The 
tissue sections were deparaffinized, followed by rehy-
dration and antigen retrieval. Non-specific binding was 
blocked by incubating the sections with 5% bovine serum 

albumin (BSA) for 1  h. Subsequently, the sections were 
incubated overnight at 4 °C with the appropriate primary 
antibodies. After thorough washing with buffer, the sec-
tions were incubated with species-specific secondary 
antibodies. Following a subsequent wash, the slides were 
developed using 3,3’-diaminobenzidine (DAB) substrate. 
Counterstaining was performed with hematoxylin, and 
the slides were sealed for microscopic examination.

Statistical analyses
Statistical analyses were conducted using GraphPad 
Prism 8.0 (GraphPad Software, Boston, MA, USA) and 
ImageJ software. Comparisons between two groups were 
performed using a student’s t -test, assuming normal 
distribution and homogeneity of variances. For compar-
isons among multiple groups, a one-way analysis of vari-
ance (ANOVA) was applied. A significance threshold of 
p < 0.05 was considered statistically significant. All data 
were derived from at least three independent experi-
ments and are expressed as the mean ± standard deviation 
(X ± SD). Statistical significance was denoted as follows: 
*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.

Results
Network pharmacology-based analysis
Prediction of Gyp LI and ATC targets
A total of 112 potential targets for Gyp LI were predicted 
using the Swiss Target Prediction Database, based on 
the molecular formula of Gyp LI derived from TCMSP 
and PubChem (Fig.  2A). Nine ATC targets were iden-
tified from the TTD database, while 499 ATC targets 
were screened using the OMIM database. Additionally, 
12,476 ATC targets were retrieved from the GeneCards 
database, and targets with scores exceeding a predefined 
threshold of 5 were considered potential candidates for 
ATC-related activities, yielding a total of 3,674 ATC tar-
gets. By integrating all potential targets from the three 
databases and excluding duplicates, a total of 4,031 dis-
tinct ATC targets were obtained. A Venn diagram analy-
sis revealed 78 intersecting genes between the 112 Gyp LI 
targets and the 4,031 ATC targets (Fig. 2B).

The PPI network of Gyp LI and ATC common targets
Network construction was conducted to more precisely 
and intuitively explore the relationships among drugs, 

Table 1  qRT-PCR primer sequence
Gene Name Forward Primer5-3′ Reverse Primer5-3′
SRC TTTGGCGAGGTGTGGATG TGACGATGTAAATGGGCTCC
HSP90AA1 TCTGCCTCTGGTGATGAGATGG CGTTCCACAAAGGCTGAGTTAGC
CASP3 GGAAGCGAATCAATGGACTCTGG GCATCGACATCTGTACCAGACC
NIS TGCGGGACTTTGCAGTACATT TGCAGATAATTCCGGTGGACA
TSHR GGAATGGGGTGTTCGTCTCC GCGTTGAATATCCTTGCAGGT
GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
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targets, and pathways. To this end, the 78 predicted tar-
get genes were submitted to the STRING database, where 
a high-confidence threshold of > 0.4 was applied for the 
analysis. The resulting PPI network, visualized using 
Cytoscape 3.9.0, comprised 76 nodes and 567 edges 
(Fig.  3A). In this PPI network, the nodes represent the 

target proteins, while the edges denote the interactions 
between them; the number of connections for each node, 
reflected by its degree value, indicates the centrality and 
significance of the corresponding protein within the 
network [22]. Subsequently, the CytoHubba plugin was 
employed to identify the core targets among the potential 

Fig. 3  Potential hub targets identified via PPI analysis. (A). The network, visualized in Cytoscape 3.9.0, consists of 76 nodes representing target proteins 
and 567 edges denoting interactions between them. (B). The hub genes, including VEGFA, EGFR, SRC, STAT3, CASP3, FGF2, HSP90AA1, IL2, PI3KCA, and 
GRB2, were highlighted, representing key targets with high connectivity and potential roles

 

Fig. 2  Acquisition of potential targets. (A). A total of 112 targets were identified, providing insight into the potential molecular interactions of Gyp LI. (B). 
A total of 78 common genes were identified, highlighting potential shared molecular mechanisms between Gyp LI and ATC-related targets
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candidates, and the top 10 hub genes, namely VEGFA, 
EGFR, SRC, STAT3, CASP3, FGF2, HSP90AA1, IL2, 
PI3KCA, and GRB2, were selected based on the degree 
method (Fig.  3B). Differential analyses of, and survival 
curve construction for the ten hub genes were performed 
using TCGA-THCA dataset (S1, S2).

GO analysis and KEGG pathway enrichment analysis
To further investigate the function of Gyp LI in ATC, 
we executed GO and KEGG enrichment analysis of the 
78 overlapping targets. The top 20 enriched GO terms of 
molecular functions, cellular components, and biological 
processes are shown in (Fig. 4A-C). Molecular functions 
include catalytic activity, protein kinase activity, phos-
photransferase activity, alcohol group acceptor, etc. The 

Fig. 4  Intersection target GO enrichment analysis
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cellular components include cell surface, cell junction, 
external side of plasma membrane, etc. Finally, the bio-
logical processes include response to wounding, response 
to chemical, response to organic substance, among 
others.

A total of 118 pathways associated with the ATC 
effects of Gyp LI were identified through KEGG enrich-
ment analysis. Among these, the processes exhibiting the 
highest number of differentially expressed genes (DEGs) 
included: pathways in cancer (30 DEGs), the PI3K-AKT 
signaling pathway (23 DEGs), proteoglycans in cancer (22 
DEGs), human papillomavirus infection (21 DEGs), reg-
ulation of the actin cytoskeleton (18 DEGs), focal adhe-
sion (16 DEGs), and Ras signaling pathway (13 DEGs) 
(Fig. 5A). These findings highlight the significant involve-
ment of the PI3K-AKT and Ras signaling pathways in 
mediating the therapeutic effects of Gyp LI on ATC. 
Notably, the PI3K-AKT signaling pathway harbored the 
largest number of DEGs, suggesting its pivotal role in 
the treatment of ATC. Furthermore, the top 20 enriched 
KEGG pathways were visualized as a “target pathways” 
network (Fig.  5B), with the most significantly enriched 
genes, including PIK3CB, PIK3CA, MAP2K1, EGFR, 
GRB2, VEGFA, MTOR, PDGFRB, SRC, and PDGFRA. 
Notably, the KEGG atlas revealed that SRC is positioned 
upstream of the PI3K/AKT signaling pathway and exerts 
a direct or indirect regulatory influence on this path-
way (S3, S4), further emphasizing its importance in the 
molecular mechanisms underlying Gyp LI’s anti-ATC 
effects.

Molecular docking
Molecular docking, which involves the spatial and ener-
getic alignment of molecules, facilitates the exploration 
of intermolecular interactions and enables the prediction 
of binding modes and affinities. The top ten hub targets, 
identified through the PPI network, were subjected to 
molecular docking analysis with Gyp LI, with the spe-
cific docking scores presented in Table 2. Upon system-
atic evaluation of the molecular docking outcomes, it 
was observed that the docking energies of HSP90AA1, 
SRC, and CASP3 were ranked as the highest, indicat-
ing that these targets may exhibit a more significant and 
direct interaction with Gyp LI. To further elucidate the 
nature of the interactions between the docking residue 
sites of Gyp LI and the three targets, PyMOL software 
was employed, allowing for the visualization of the cor-
responding protein residues as rod-shaped structures 

Table 2  Docking and binding energy of gyp LI with ten target 
molecules
Component Gene PDB ID ΔGb (Kcal/mol)
Gypenoside LI HSP90AA1 3T0H -5.84
Gypenoside LI SRC 1FMK -4.87
Gypenoside LI CASP3 6X8I -3.34
Gypenoside LI IL2 6YIO -2.88
Gypenoside LI VEGFA 1FLT -2.51
Gypenoside LI EGFR 1XKK -1.81
Gypenoside LI GRB2 1GCQ -1.55
Gypenoside LI PI3KCA 7L1C -1.38
Gypenoside LI STAT3 6NJS -0.41
Gypenoside LI FGF2 5X10 0.39

Fig. 5  (A) KEGG enrichment results related to the potential targets of Gyp LI. (B) Target-pathway network diagram
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and the identification of specific interacting residues 
(Fig.  6A-C). Moreover, data from The Human Protein 
Atlas revealed that the expression levels of HSP90AA1, 
SRC, and CASP3 were notably elevated in thyroid cancer 
tissue when compared to normal thyroid tissue (Fig. 6D), 
providing additional support for their potential relevance 
in the context of Gyp LI’s therapeutic effects.

Experimental validation
In vitro cytotoxicity of Gyp LI
To further investigate the inhibitory effect of Gyp LI on 
the proliferation of ATC cells and to establish the opti-
mal drug concentration for subsequent experiments, a 
series of CCK-8 assays were conducted using a concen-
tration gradient ranging from 0 to 80 µM (with incre-
ments of 10 µM). The CCK-8 results revealed that the 
half-maximal inhibitory concentrations (IC50) of Gyp 
LI were 68.46 µM at 24  h, 61.09 µM at 48  h, and 52.97 
µM at 72 h for 8305 C cells (Fig. 7A), while for C643 cells, 
the corresponding IC50 values were 60 µM at 24 h, 57.27 
µM at 48 h, and 54.30 µM at 72 h (Fig. 7B). These find-
ings demonstrate that Gyp LI exerts a concentration-
dependent inhibition of cell proliferation in both 8305 C 
and C643 cell lines. Notably, the effects of Gyp LI were 
most pronounced at 24  h, which was therefore selected 
as the optimal treatment duration for subsequent inves-
tigations. Furthermore, based on the 24-hour IC50 val-
ues, four concentrations (0, 20, 40, and 60 µM) were 
chosen for further experimental evaluation. To further 
substantiate the proliferative inhibitory potential of Gyp 
LI on ATC cells, we performed colony formation and 
EdU assays. The results showed that Gyp LI markedly 
suppressed the colony-forming ability of both cell lines 
after 24  h of treatment, with both the number and size 
of colonies significantly diminished as the drug concen-
tration increased (Fig.  7C-D). Moreover, in comparison 
to the control group, the number of fluorescently stained 
cells was significantly reduced in the experimental group, 
and the morphology of the cells also exhibited noticeable 
changes (Fig.  8A-D), indicating that Gyp LI effectively 
inhibits the proliferation of 8305  C and C643 cells in a 
dose-dependent manner.

Gyp LI suppresses ATC cells migration and invasion
Cell migration and invasion are critical cellular processes, 
with particular significance in cancer metastasis [23, 24]. 
This study aimed to investigate the impact of Gyp LI on 
the migratory and invasive abilities of ATC cell lines. 
Migration was assessed using both the scratch wound 
assay and Transwell chamber assay [25]. The results 
revealed that Gyp LI significantly inhibited cell migration 
in a dose-dependent fashion. After 24 h of treatment with 
Gyp LI, the cell migration rate at 0 µM was set as 100%. 
At concentrations of 20, 40, and 60 µM, the migration of 

8305 C cells to the lower chamber was reduced by 31%, 
53%, and 74%, respectively. Similarly, the migration of 
C643 cells was inhibited by 47%, 61%, and 79%, respec-
tively (Fig. 9A-C). These findings were further supported 
by the results of the wound-healing assay (S5). The 
scratch assay results demonstrated that the wound heal-
ing rates for the control groups of 8305 C and C643 cells 
were 57.33% and 55.33%, respectively. When treated with 
Gyp LI at a concentration of 20 µM, the wound healing 
rates were 54.33% and 47%, respectively, showing no sta-
tistically significant difference compared to the control. 
However, at a Gyp LI concentration of 40 µM, the wound 
healing rates decreased to 36.31% and 37%, respectively. 
Further increasing the Gyp LI concentration to 60 µM 
resulted in wound healing rates of 25% and 23%, respec-
tively. The invasive potential of ATC cells was evaluated 
using the Transwell chamber assay. Data presented in 
(Fig.  9D-F) demonstrated that Gyp LI effectively sup-
pressed the invasion of ATC cells in a concentration-
dependent manner. When the number of cells invading 
the lower chamber after 24 h of treatment at 0 µM was 
set as 100%, the number of 8305  C cells invading the 
lower chamber after 24 h of treatment with 20, 40, and 60 
µM Gyp LI was reduced by 10%, 35%, and 51%, respec-
tively. A similar trend was observed in C643 cells. In con-
clusion, our findings provide strong evidence that Gyp 
LI exerts potent inhibitory effects on both the migration 
and invasion of ATC cells, suggesting its potential as a 
novel therapeutic approach for metastatic thyroid cancer.

Gyp LI inhibited the activation of the SRC/PI3K/Akt signaling 
pathway
Network pharmacology analysis revealed the pivotal 
roles of HSP90AA1, SRC, and CASP3 as key target hubs, 
as well as the PI3K/AKT signaling pathway in the thera-
peutic effects of Gyp LI on ATC. To validate these find-
ings, experimental verification was conducted. Firstly, 
the mRNA expression levels of these core targets were 
assessed, and the results indicated that Gyp LI treat-
ment significantly downregulated the mRNA expression 
of HSP90AA1 and SRC, while upregulating the mRNA 
expression of CASP3 in ATC cells (Fig.  10A-C). Recent 
studies have demonstrated a close correlation between 
SRC and cellular invasiveness, as well as a complex regu-
latory relationship with the PI3K/AKT signaling pathway 
[26, 27]. To further explore the impact of Gyp LI on this 
signaling cascade, we examined the expression levels of 
key proteins involved in the SRC/PI3K/AKT pathway. 
Notably, with increasing concentrations of Gyp LI, the 
protein levels of SRC, P-PI3K, and P-AKT in ATC cells 
progressively decreased (Fig.  10D-G), suggesting that 
Gyp LI effectively inhibited the activation of the SRC/
PI3K/AKT signaling pathway. Given that SRC activation 
is frequently linked to enhanced cellular invasiveness and 
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the emergence of therapeutic resistance in tumor cells, 
a process that is intimately associated with epithelial-
mesenchymal transition (EMT) [28, 29], we proceeded 
to examine the expression of key EMT markers. The 

results revealed that Gyp LI treatment led to a significant 
downregulation of N-cadherin and vimentin, as well as 
a marked reduction in MMP9 and MMP2 levels, while 
E-cadherin expression was significantly upregulated 

Fig. 6  Structural Insights into the Molecular Docking of Gyp LI with HSP90AA1, SRC, and CASP3. Molecular docking analyses elucidated the binding 
configurations, with the green rod structures representing Gyp LI and the pink fan structures delineating the respective binding sites. (A) The interaction 
between HSP90AA1 and Gyp LI was found to involve the residues GLU-200, LYS-204, and SER-211. (B) The binding of Gyp LI to SRC was characterized by 
interactions with the residues GLN-144, PHE-150, LYS-152, and THR-247. (C) The residues implicated in the binding of CASP3 to Gyp LI were identified as 
TYR-204, ASP-253, and TYR-501. (D) The immunohistochemical analysis revealed significantly elevated expression levels of HSP90AA1, SRC, and CASP3 in 
thyroid cancer tissues compared to normal thyroid tissues, suggesting their potential relevance in the pathophysiology of ATC
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(Fig. 10H-K). In summary, our analysis indicates that Gyp 
LI inhibits the activation of the SRC/PI3K/AKT signaling 
pathway, thereby significantly suppressing the migration 
and invasiveness of ATC cells.

Gyp LI induced apoptosis of ATC cells
Apoptosis is a highly regulated and orderly process of 
cell death that is initiated by either extrinsic or intrinsic 
signaling pathways [30]. As a pivotal executioner protein 
in the apoptotic process, CASP3 plays a crucial role. We 
suspect that Gyp LI can induce apoptosis in ATC cells, 

Fig. 7  Gyp LI inhibited the proliferation of ATC cells. (A) Survival rate of 8305 C cells treated with different concentrations of Gyp LI. (B) Survival rate of 
C643 cells treated with different concentrations of Gyp LI. (C) The ATC cells treated with Gyp LI formed fewer colonies, as indicated using crystal violet 
staining. (D) Statistical analysis of the colony formation assays. The y-axis indicates the total number of clones in one well
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as our results demonstrate that the mRNA expression of 
CASP3 increases with the rising concentration of Gyp 
LI. To further substantiate this hypothesis, we conducted 
flow cytometry analysis on ATC cell lines 8305  C and 
C643. The results demonstrated a significant increase 
in the proportion of both early and late apoptotic cells 
in the Gyp LI-treated groups compared to the control, 

with statistical significance (Fig. 11A-C). Additionally, we 
investigated the modulation of key apoptosis-related pro-
teins. Western blot analysis revealed a marked reduction 
in HSP90AA1 protein levels following Gyp LI treatment, 
accompanied by a substantial elevation in the levels of 
cleaved CASP3 and cleaved CASP9, both of which sur-
passed the expression levels observed in the control 

Fig. 8  Cellular proliferation was evaluated through the EdU incorporation assay. ATC cells were incubated with EdU and counterstained with DAPI to 
visualize cell nuclei. The proportion of EdU-positive cells was quantified (Magnification: 20×; scale bar = 500 μm)
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Fig. 9  Gyp LI inhibits the migration and invasive ability of ATC cells. (A-C) The Transwell migration assay was used to evaluate the migration capability 
of ATC cells through the chamber following treatment with Gyp LI. Following treatment with Gyp LI (0, 20, 40, and 60 µM), the mean numbers of 8305 C 
cells migrating through the chamber were 141.67, 97, 65.67, and 35.67, respectively. Similarly, the mean numbers of C643 cells migrating through the 
chamber were 176, 92.33, 68.33, and 36.33, respectively. (Magnification: 20×; scale bar = 500 μm). (D-F) The Matrigel Transwell invasion assay was used to 
evaluate the invasive capability of ATC cells through the basement membrane following treatment with Gyp LI. Following treatment with Gyp LI (0, 20, 
40, and 60 µM), the mean numbers of 8305 C cells that migrated through the Matrigel-coated chambers were 173.67, 155.33, 111.33, and 84.33, respec-
tively. Similarly, the mean numbers of C643 cells that migrated through the Matrigel-coated chambers were 149.67, 139, 86.67, and 53.67, respectively. 
(Magnification: 20×; scale bar = 500 μm)
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Fig. 10  Gyp LI Affect the activation of the SRC / PI3K / AKT signaling pathway. (A-C) HSP90AA1, SRC and CASP3 mRNA expression in ATC cells after Gyp LI 
treatment. (D-G) Western blots of ATC cells treated with Gyp LI. The expression of proteins involved in the SRC/PI3K/AKT signaling pathway was monitored 
in cell lysates. GAPDH was utilized as a loading control for normalization. The Western blot data from three independent experiments were quantitatively 
analyzed using ImageJ software. Statistical significance was assessed using one-way ANOVA. (H-K) The Western blot results and corresponding statistical 
analyses of EMT-related proteins in ATC cells following treatment with Gyp LI
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Fig. 11  Induction of apoptosis in ATC cells by Gyp LI. (A-C) Flow cytometry analysis showing the distribution of viable, early, and late apoptotic cells in the 
lower left, lower right and upper right quadrants, respectively. The apoptosis rate was calculated based on the percentage of apoptotic cells. Treatment 
with 40 and 60 µM Gyp LI significantly enhanced apoptosis in ATC cells. (D-G) Western blot analysis of ATC cell lysates post-treatment with Gyp LI. The 
expression levels of HSP90AA1, CASP3, cleaved CASP3, CASP9, and cleaved CASP9 were assessed, with GAPDH used as a loading control

 



Page 16 of 22Liu et al. BMC Cancer          (2025) 25:870 

group (Fig.  11D-G). Notably, the elevated presence of 
cleaved-CASP3, the active form of CASP3, serves as a 
reliable marker for increased apoptotic activity. Taken 
together, these data strongly support the conclusion that 
Gyp LI effectively induces apoptosis in ATC cells, thereby 
inhibiting tumor cell progression.

Gyp LI increases sensitivity of ATC cells to radioactive iodine
In research related to ATC, the reduction in the expres-
sion level of the sodium-iodide symporter (NIS) has been 
identified as a key factor contributing to tumor dediffer-
entiation and the decreased ability to uptake iodine [31]. 
Iodine is an essential component for the synthesis of thy-
roid hormones, and the proper function of NIS is critical 
for effective iodine uptake by thyroid cells. Studies have 
shown that thyroid-stimulating hormone (TSH) binds to 
its receptor (TSHR), activating the cAMP signaling path-
way, which subsequently upregulates the expression of 
NIS and enhances iodine uptake by thyroid cells [32]. In 

the present study, we utilized qRT-PCR to measure the 
mRNA expression levels of TSHR and NIS in ATC cells. 
The results revealed that the mRNA expression levels of 
both TSHR and NIS were significantly upregulated in 
ATC cells treated with Gyp LI (Fig. 12A-B). Moreover, we 
assessed the changes in NIS protein expression through 
Western blot analysis, which demonstrated a marked 
increase in NIS protein expression in Gyp LI-treated 
ATC cells (Fig. 12C-F). These findings not only confirm 
the regulatory effect of Gyp LI on NIS expression but also 
provide strong evidence for the potential of Gyp LI to 
enhance the sensitivity of ATC cells to radioactive iodine.

Gyp LI inhibited tumor formation in nude mice
To further validate the anti-ATC efficacy of Gyp LI in 
vivo, we employed a xenograft tumor model for the 
experiment. The results indicated that, compared to 
the control group, Gyp LI treatment led to a substan-
tial reduction in tumor volume (Fig.  13A), a marked 

Fig. 12  Gyp LI enhances the sensitivity of ATC cells to radioactive iodine. (A-B) Relative mRNA expression levels of TSHR and NIS in 8305 C and C643 cells 
from the control and Gyp LI-treated groups, as assessed by real-time quantitative PCR. (C-F) Western blot analysis of 8305 C and C643 cells treated with 
Gyp LI. Alterations in NIS protein expression were observed in the cell lysates, with GAPDH used as a loading control
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Fig. 13  Gyp LI inhibits the proliferation of tumors in nude mice. (A) Representative images of 8305 C xenograft tumors in mice after treatment with Gyp 
LI on day 21. (B) Tumor growth curves of hormonal nude mice after gavage of Gyp LI at a dose of 100 mg/kg. (C) Comparison of tumor volume after strip-
ping on day 21. (D) Body weight changes of 8305 C hormonal mice during treatment. (E) Histological observation of the tumor tissues after treatment. 
The liver sections were stained with hematoxylin and eosin, Scale bar, 100 μm. (F-H) The expression levels of pertinent proteins were assessed in the 
lysates extracted from tumor tissues, with GAPDH serving as an internal loading control. Quantification of the Western blot outcomes from three separate 
experiments was conducted employing ImageJ software. Statistical analysis was executed utilizing Student’s t-test. (I) Examination of protein expression 
changes within tumor tissues after treatment. Tumor tissue sections were subjected to DAB staining (brown), with hematoxylin counterstaining for nuclei 
(blue). Scale bar, 50 μm
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deceleration in tumor progression (Fig.  13B), and a sig-
nificant decrease in tumor mass (Fig. 13C), demonstrat-
ing its potent anti-tumor effect. Despite the enhanced 
tumor growth rate and increased tumor mass observed 
in the control group, the body weight of the control mice 
was slightly higher than that of the experimental group 
(Fig. 13D). Histopathological analysis of liver tissue from 
tumor-bearing nude mice, using hematoxylin and eosin 
(HE) staining, revealed no significant histological altera-
tions in liver architecture (Fig. 13E), suggesting that Gyp 
LI treatment exerts minimal hepatotoxic effects in this 
model.

In vitro studies have shown that Gyp LI regulates the 
SRC/PI3K/AKT signaling pathway to suppress EMT in 
tumor cells. However, it remains uncertain whether Gyp 
LI exerts a similar regulatory effect in vivo in the nude 
mouse model. To address this, we performed Western 
blot and immunohistochemical (IHC) analyses on tumor 
tissues to evaluate changes in the expression of key pro-
teins. Western blot results revealed that in the tumor tis-
sues of Gyp LI-treated mice, the levels of SRC, P-PI3K, 
and P-AKT proteins were significantly reduced, while 

the expression of NIS protein was markedly increased 
(Fig.  13F-H). Additionally, in EMT-related proteins, 
while E-cadherin expression was elevated, the expres-
sion levels of other EMT markers were significantly 
decreased (Fig. 13F-H). IHC analysis further showed that 
the expression of Ki-67, SRC, HSP90AA1, and P-AKT 
was significantly lower in the Gyp LI group compared 
to the control group, while the levels of NIS and CASP3 
expression were significantly higher (Fig.  13I). Overall, 
these findings suggest that Gyp LI targets the SRC signal-
ing pathway to inhibit the progression of thyroid tumors 
in vivo, induces cell apoptosis, and significantly enhances 
the sensitivity of tumor cells to radioactive iodine 
(Fig. 14).

Discussion
ATC is a highly aggressive malignancy with limited treat-
ment options and an extremely poor prognosis. Gyp 
LI, a saponin compound extracted from Gynostemma 
pentaphyllum, exhibits a wide range of biological activi-
ties, including antioxidant, anti-inflammatory, antitu-
mor, and immunomodulatory effects. Following oral 

Fig. 14  Schematic representation of the possible mechanism of inhibition of ATC progression by Gyp LI
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administration, Gyp LI is primarily absorbed through 
the gastrointestinal tract; however, its bioavailability is 
relatively low due to its poor water solubility and high 
molecular weight. Gyp LI is predominantly metabolized 
in the liver via the cytochrome P450 (CYP450) enzyme 
system, undergoing oxidative metabolism. In animal 
studies, the typical dose range of Gyp LI is 10–100 mg/
kg. Research has demonstrated that a dose of 100 mg/kg 
exhibits significant pharmacological activity in various 
animal models, with no observable toxic effects reported 
at this dosage [15].

The core principle of network pharmacology lies in 
the systematic integration of multidimensional infor-
mation, including drugs, targets, diseases, and biologi-
cal pathways, into a complex network structure [33]. In 
this study, we employed a combination of network phar-
macology approaches, molecular docking, and both in 
vitro and in vivo experimental validation to systemati-
cally explore the molecular mechanisms underlying the 
therapeutic effects of Gyp LI on ATC. By screening pub-
lic databases, we identified 112 potential targets of Gyp 
LI, and 4031 targets associated with ATC treatment, and 
through intersection analysis, we identified 78 candidate 
targets for Gyp LI in the treatment of ATC. Further PPI 
analysis revealed the interrelationships among these tar-
gets, and degree-based analysis helped us pinpoint 10 key 
hub targets, suggesting that these targets may play crucial 
roles in the therapeutic action of Gyp LI against ATC.

KEGG pathway enrichment analysis revealed that Gyp 
LI intervention in ATC affects 118 signaling pathways 
(p-value < 0.05), primarily involving pathways in cancer, 
the PI3K/Akt signaling pathway, proteoglycans in cancer, 
human papillomavirus infection, regulation of the actin 
cytoskeleton, focal adhesion, and Ras signaling pathways. 
The PI3K/AKT signaling pathway plays a critical role in 
regulating various cellular processes such as differentia-
tion, metabolism, survival, and apoptosis [34]. However, 
its aberrant activation often leads to the development of 
malignancies [35]. The actin cytoskeleton, composed of 
actin filaments, myosin, and other proteins, plays a cru-
cial role in cell movement, shape maintenance, and cell 
division [36]. Focal adhesions regulate cell adhesion to 
the extracellular matrix and mechanical signal transduc-
tion, as well as controlling cell growth and differentiation 
[37]. Based on the analysis of these pathways, we hypoth-
esize that Gyp LI may significantly modulate the motility 
of ATC cells.

Molecular docking has been widely utilized to dis-
cover lead compounds, elucidate binding mechanisms, 
and guide the optimization of drug molecular structures 
[38]. To further explore the binding modes and affini-
ties between Gyp LI and potential ATC targets, we per-
formed docking with 10 core targets. Our results indicate 
that Gyp LI shows low binding energy and high binding 

capacity with HSP90AA1, SRC, and CASP3 proteins, 
which is consistent with the findings from the PPI analy-
sis, suggesting that these proteins may serve as potential 
binding targets for Gyp LI. Overexpression of HSP90AA1 
promotes the proliferation, invasion, and drug resistance 
of thyroid cancer cells and is correlated with the malig-
nancy and poor prognosis of thyroid cancer [39]. Resi-
dues GLU-200, LYS-204, and SER-211 may form stable 
complexes with Gyp LI through hydrogen bonding, elec-
trostatic interactions, or hydrophobic interactions dur-
ing the molecular binding process, thereby modulating 
the function of HSP90AA1. SRC, identified as the first 
oncogene in 1976, plays a key role in tumor growth and 
progression, with its activity inversely correlating with 
patient survival [40]. Residues GLN-144, PHE-150, LYS-
152, and THR-247 may interact with Gyp LI through 
similar non-covalent interactions, such as hydrogen 
bonding, electrostatic forces, or hydrophobic effects, 
thereby modulating the activity of SRC kinase. CASP3 
is a key executor in the apoptosis signaling pathway and 
plays key roles in regulating the growth and homeostatic 
maintenance of both normal and malignant cells [41]. 
We confirmed the expression of these three core genes in 
ATC through public databases, although some findings 
remain unverified due to limitations in sample size and 
database resources. Further studies are needed to eluci-
date the roles of these genes in ATC and the impact of 
Gyp LI on them.

In vitro and in vivo experiments were conducted to 
validate the results of the network pharmacology analy-
sis and to clarify the mechanisms by which Gyp LI treats 
ATC. Using CCK-8, colony formation, and EdU assays, 
we observed that Gyp LI inhibits ATC cell proliferation 
in a dose-dependent manner. Cell apoptosis is a protec-
tive mechanism against cancer progression and plays a 
key role in anticancer therapy [42]. Our study demon-
strated that Gyp LI significantly increased the mRNA 
level of Caspase-3 and the protein level of cleaved Cas-
pase-3 in ATC cells, and flow cytometry analysis con-
firmed that Gyp LI effectively induced apoptosis. These 
results suggest that Gyp LI promotes apoptosis in ATC 
cells. Furthermore, Gyp LI not only inhibits ATC cell 
migration and invasion but also enhances the sensitivity 
of ATC cells to radioactive iodine.

Focusing on the PI3K/AKT signaling pathway, which 
corresponds to a large number of targets, studies found 
that excessive activation of the PI3K-AKT signaling 
pathway promotes cell proliferation and migration while 
inhibiting apoptosis [43–45]. Studies have shown that 
SRC can activate the PI3K/AKT pathway by directly 
phosphorylating the p85 subunit of PI3K [46], while also 
indirectly regulating the phosphorylation state of AKT 
through other downstream effector molecules, thereby 
further amplifying the signaling transduction of this 
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pathway [47]. HSP90AA1 promotes tumor cell prolifera-
tion and invasion by stabilizing various pro-proliferative 
proteins, such as AKT and ERK [48], and inhibits tumor 
cell apoptosis by stabilizing anti-apoptotic proteins [49]. 
We found that Gyp LI significantly reduced the mRNA 
levels of SRC and decreased the protein expression of 
SRC, p-PI3K, and p-AKT, suggesting that Gyp LI may 
inhibit cell proliferation, invasion, and promote apop-
tosis by suppressing the SRC/PI3K/AKT pathway. In 
vivo results further support this conclusion. Increased 
endogenous NIS expression is associated with inhibition 
of the PI3K/Akt and MAPK signaling pathways [50]. In 
this study, Gyp LI was identified as a promising com-
pound capable of significantly enhancing the endogenous 
expression of NIS, thereby restoring the affinity of radio-
active iodine in ATC.

There have been studies reporting the combination 
of tyrosine kinase inhibitors and HSP90 inhibitors [51]. 
Studies have demonstrated that the Hsp90 inhibitor 
NVP-AUY922 enhances the radiosensitivity of lung can-
cer cell lines with acquired resistance to EGFR-tyrosine 
kinase inhibitors [52]. Combination therapy with the 
HSP90 inhibitor AUY922 and the tyrosine kinase inhibi-
tor erlotinib is associated with drug-related adverse 
events, including diarrhea, rash, hyperglycemia, and 
night blindness [53]. Gyp LI, by simultaneously inhibit-
ing SRC and HSP90AA1, may more effectively block key 
signaling pathways in tumor cells, thereby reducing the 
occurrence of drug resistance. In contrast, as a single-
molecule dual-target inhibitor, Gyp LI may achieve a bet-
ter balance between efficacy and safety. Future research 
could focus on structural biology studies to elucidate 
the binding modes of Gyp LI with its target molecules 
and further analyze how this dual-targeting mechanism 
synergistically inhibits critical signaling pathways in 
tumor cells, providing a theoretical foundation for drug 
optimization.

Overall, our findings demonstrate that Gyp LI exerts 
significant inhibitory effects on ATC in the 8305  C and 
C643 cell lines, as well as in tumor xenograft models, 
which may be closely linked to its suppression of the 
SRC/PI3K/AKT signaling pathway. However, the mecha-
nism underlying Gyp LI’s anti-ATC effects remains mul-
tifaceted, involving various pharmacological actions. 
While we have identified several key targets and associ-
ated signaling pathways, further pharmacological inves-
tigations are needed to provide a more comprehensive 
understanding of these complex mechanisms. Nonethe-
less, these findings offer strong pharmacological sup-
port for the potential use of Gyp LI in the treatment of 
ATC and lay a solid foundation for the development of 
Gyp LI as a novel therapeutic strategy for this aggressive 
cancer. Due to limitations in experimental conditions, 
the long-term effects of Gyp LI have not been thoroughly 

investigated. Future studies should include clinical trials 
to evaluate the long-term efficacy and safety of Gyp LI. 
Additionally, incorporating xenograft models using the 
C643 cell line and expanding the dose range (e.g., includ-
ing very low and very high dose groups) would provide 
a more comprehensive assessment of the dose-response 
relationship. Currently, data on the in vivo toxicity of Gyp 
LI are limited. Further research is needed to determine 
its maximum tolerated dose (MTD) and pharmacoki-
netic profile, which will aid in optimizing in vivo dosing 
strategies.

Conclusion
Gyp LI significantly inhibits tumor proliferation and 
invasion, while promoting apoptosis in ATC cell lines 
(8305  C and C643) and tumor xenograft models, likely 
through the suppression of the SRC/PI3K/AKT signaling 
pathway. Moreover, Gyp LI notably enhances the endog-
enous expression of NIS, thereby restoring the affinity for 
radioactive iodine, offering promising potential for ATC 
treatment.
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