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Introduction: Thyroid cancer (TC) stands as a prevalent malignancy within the

global endocrine system, with its incidence notably exacerbated by the presence

of diabetes. However, the specific relationship between TC and diabetes and

promising treatment strategies that address both conditions simultaneously are

still under exploration. Quercetin, herb medicine from traditional Chinese

medicine (TCM), is widely used as an adjunctive therapy with Western

medicine in the treatment of many diseases based on a wide range of

biological effects. The objective of this study was to explore the efficacy of

quercetin in treating TC with diabetes combining bioinformatics and

network pharmacology.

Methods: After multistep Cox proportional hazards regressions, we built a

prognostic risk model for TC-diabetes and identified targets for quercetin in

treating TC with diabetes. Molecular docking was employed to evaluate the

binding affinities of quercetin with core targets, and in vitro experiments verified

quercetin’s targets and functions.

Results: 11 prognostic genes were included in the prediction model with a great

performance in predicting the prognosis of TC-diabetic patients. 45 genes

served as the targets of quercetin in treating TC with diabetes, among which, 5

core genes were screened as themost contributors. Throughmolecular docking,

matrix metalloproteinase-3 (MMP3) was identified as the potential therapeutic

target of quercetin. In vitro experiments have found that quercetin can inhibit the

proliferation of thyroid cancer cells and the expression of MMP3 under high

glucose conditions.
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Discussion: In summary, quercetin may suppress the progression of TC-diabetes

by inhibiting the proliferation of thyroid cancer cells and the expression of MMP3.
KEYWORDS

quercetin, thyroid cancer, diabetes, network pharmacology, bioinformatics,
molecular docking
1 Introduction

Thyroid cancer (TC) is the common malignant tumor in the

endocrine system among populations, with a significant increase in

prevalence worldwide over the past several decades, especially due

predominantly to an increase in papillary thyroid cancer (PTC) (1,

2). The etiology of TC is multifactorial, including genetic,

environmental, and social-psychological factors. Currently, the

management of TC in clinical settings is promising with a

relatively high five-year survival as surgical operation is an

effective therapeutic approach for TC patients (1). Another

common disease of the endocrine system is diabetes mellitus

(DM), with typical features of hyperglycemia, hyperinsulinemia,

and insulin resistance (3). Empirical evidence has indicated that

DM acts as a risk factor that would lead to high prevalence and poor

prognosis of TC (4). A previous review demonstrated that diabetes

patients showed a marginally significant increased risk of

developing thyroid cancer compared with those without diabetes

(5). Moreover, in a case-control study, Bezin et al. found that the use

of glucagon-like peptide 1 (GLP-1) receptor agonists in Type 2 DM

patients could increase the risk of TC, especially after 1-3 years of

treatment (6). However, the discovery that diabetes could increase

the risk of TC remains controversial. Wang et al. revealed that

diabetes and longer diabetes duration (> 5 years) showed no

significant association with TC (7). Therefore, exploring the

specific relationship between TC and diabetes and developing

treatment strategies that address both conditions simultaneously

have significant clinical importance.

While thyroid surgery, radioactive iodine therapy, and thyroid

stimulating hormone suppression are the main approaches to TC

treatment, they can be a double-edged sword accompanied by

endocrine disorders and other complications (8). Currently,

traditional Chinese medicine (TCM) has become an area of active

interest owing to its flexible functions (9–12). Herb medicine from

TCM is widely used as an adjunctive therapy with Western

medicine in clinical settings (13). Quercetin is among the widely

prevalent polyphenols, belonging to the flavonoid subclass of

flavonols, and is found abundantly in fruits and vegetables (14,

15). The natural flavonoid of quercetin is beneficial to multi-system

diseases by the modulation of various targets and signaling
02
pathways based on a wide range of biological effects (16), such as

anti-cancer, antioxidant, anti-diabetic, anti-inflammatory and

angiogenesis inhibition functions (17, 18). For example, by

regulating the Phosphoinositide 3-Kinase (PI3K)/Protein Kinase

B (Akt)/Mammalian Target of Rapamycin (mTOR), Wnt/-catenin,

and Mitogen-Activated Protein Kinase (MAPK)/Extracellular

Signal-Regulated Kinase 1/2 (ERK1/2) pathways, quercetin could

promote the loss of cell viability, apoptosis and autophagy and then

exert anti-tumor effect (15). Strong evidence has demonstrated that

quercetin is able to inhibit various types of cancers including breast,

lung, nasopharyngeal, liver, kidney, colorectal, and ovarian cancer

(19). In particular, quercetin can inhibit the growth, adhesion, and

migration of thyroid cancer cells, and has redifferentiation

properties in some thyroid cancer cell lines (20). Moreover,

increasing research indicates that quercetin contributes to

diabetes management (21) through the modulation of absorbing

glucose, inhibiting the digestion of intestinal carbohydrates,

promoting islet b cell regeneration, and reducing blood glucose

levels (21, 22). It can also restrict insulin release in response to

glucose via enhancing the extracellular regulated kinase 1/2 (23, 24).

Notably, a recent study combining in vitro experiments suggests

that quercetin can inhibit the progression of hepatocellular

carcinoma with diabetes by regulating the Mitogen-activated

protein kinase kinase (MEK)/ERK signaling pathway and

prohibiting the proliferation and Epithelial-Mesenchymal

Transition (EMT) of HepG2 cells (25). However, the potential

molecular mechanisms underlying quercetin in treating TC with

diabetes remain unknown and require further investigation.

In the current study, we first evaluated the relationships

between TC prognosis and DM by screening the targets of TC-

diabetes and building a clinical prognostic risk model for TC-

diabetes. Second, we identified the targets of quercetin in treating

TC-diabetes and examined their biological functions through

functional enrichment analyses. Third, molecular docking was

employed to estimate the binding affinities of quercetin and core

proteins related to TC-diabetes. Finally, we validated the anticancer

effect of quercetin in vitro experiments through the inhibition of

tumor metastasis (Figure 1). To conclude, this study systematically

clarified the molecular mechanism by which quercetin inhibits the

progression of thyroid cancer with DM through regulating key
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targets by constructing a clinical prognosis model of TC-Diabetes,

specific targets screening and in vitro verification, providing new

candidate targets and translational medical evidence for the precise

treatment of TC-diabetes.
2 Methods

2.1 Identification and clinical analysis of TC
−diabetes targets

The Cancer Genome Atlas (TCGA) database was analyzed to

identify TC-related genes. Using the “DESeq” package in R language

Bioconductor, we compared the gene expression matrices between

tumor samples and normal samples to obtain the differentially

expressed genes in TC. The significance level was set at FDR < 0.05

and |logfold change(FC)| > 1.5. The targets of diabetes were integrated from

GeneCard, Online Mendelian Inheritance in Man (OMIM), DrugBank

(26), PharmGkb (27), and Therapeutic Target Database (TTD) (28)

databases and censored the repeated genes. These websites were user-

friendly to provide available genetic information on human and

diseases. Then, the TC-diabetes targets were defined as the

overlapping genes between TC and diabetes targets. Using the

“survival” package in R software, we constructed a prognostic risk

model based on the univariate Cox regression, followed by lasso

regression and multivariable Cox regression to evaluate the overall

survival in TC-diabetes patients.
Frontiers in Endocrinology 03
2.2 Screening of quercetin targets and
therapeutic targets

The targets of quercetin were directly searched from the TCM

Systems Pharmacology Database (TCMSP) (29), Swiss target

prediction (30), and Pharmmapper databases as quercetin works as

active compound of many herbs. We then limited the organism to

“Homo sapiens” via the Universal Protein Resource (UniProt) database

and removed the duplicated genes. The therapeutic targets of quercetin

in TC-diabetes were then defined as the intersection between quercetin

targets and TC-diabetes targets.
2.3 Protein–protein interaction and
functional enrichment analyses

The therapeutic targets of quercetin in TC-diabetes were imported

to the String database (31) to construct the protein–protein interaction

(PPI) network and obtain the tab-separated values (TSV) data. The

organism was set to “Homo sapiens”, the minimum interaction

threshold was set to “high confidence” (> 0.7), and the rest were set

as the default. Then, the TSV data was imported into Cytoscape 3.10.1

software (39) to build a PPI network. Finally, core genes were screened

with CytoNCA plug-in by analyzing betweenness, closeness, degree,

eigenvector, LAC, and network scores of the network. Among them,

genes with larger degree values (>6) were regarded as the core ones. To

evaluate the biological functions, a set of enrichment analyses were
FIGURE 1

Flow chart. The target and mechanism of quercetin in the treatment of TC with diabetes. TC, Thyroid cancer; TC-Diabetes genes, Thyroid cancer
with diabetes.
frontiersin.org

https://doi.org/10.3389/fendo.2025.1537799
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Liu et al. 10.3389/fendo.2025.1537799
conducted for the targets and the R packages “clusterProfiler,”

“org.Hs.eg.db,” and “enrichplot” were used to analyze and visualize

gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes

(KEGG) pathways.
2.4 Molecular docking

To further validate the binding affinities between quercetin and

proteins related to TC-diabetes, we performed molecular docking.

The structure of quercetin was downloaded from PubChem

(https://pubchem.ncbi.nlm.nih.gov/) website and modified in the

ChembioOffice software. Receptor structures of proteins were

obtained from the RCSB PDB database (https://www.rcsb.org/).

Before docking, we used PyMOL (32, 33) and Autodock Tools (34)

software to preprocess the receptors (proteins) and ligand

(quercetin), including removing solvent and organics, adding

hydrogen, calculating charge, and converting into pdbqt format.

Finally, Autodock Vina was used to simulate the binding between

the receptor and ligand by running the CMD command and

PyMOL for visualization of the results, including potential

binding sites and interaction forces.
2.5 Immunohistochemical staining

The expression of MMP3 protein in thyroid cancer tissues

and normal thyroid tissues was obtained through the

online website THE HUMAN PROTEIN ATLAS (http://

www.proteinatlas.org/humanproteome).
2.6 Cell lines and cell culture

SW579 human thyroid cancer cells were purchased from the

Cell Bank of the Chinese Academy of Sciences. The cells were

cultured in RPMI-1640 medium supplemented with 10% fetal

bovine serum (FBS) and 1% penicillin/streptomycin in a standard

cell culture environment. To establish a high glucose environment,

a high glucose RPMI-1640 medium containing 25 mmol/L glucose

was used to culture SW579 cells. All cells were incubated in a cell

culture incubator at 37°C with 5% CO2.
2.7 CCK8 test

SW579 cells were gathered from regular and high-glucose

milieus and seeded into 96-well plates for a duration of 24 hours.

Post adhesion to the plate walls, the cells were subjected to

treatment by adding 400 mmol/L quercetin (with DMSO

concentration below 0.1%) in the high-glucose condition. After a

24-hour incubation, 10 ml of CCK8 solution was dispensed into
Frontiers in Endocrinology 04
each well. Then, following a 1.5-hour incubation, the absorbance

value at a wavelength of 450 nm was measured.
2.8 Real-time polymerase chain reaction

Using the Takara RR047A kit, 1 mg of total RNA underwent

reverse transcription. For mRNA expression analysis, RT-PCR was

carried out with the Takara RR420A TB Green® Premix on an

Applied Biosystems ViiA 7 system. Sample Ct values were evaluated

via the 2-△△Ct approach, employing b-actin as the reference gene.

Primer details are available in Supplementary Table 1.
2.9 Western blot analysis

10 mg of protein were fractionated via 10% SDS-PAGE and

subsequently blotted onto a PVDF membrane. The membrane was

blocked with 5% BSA and incubated overnight at 4°C with a

primary antibody. After three 10-minute washes in TBST, it was

incubated for 1 hour at room temperature with a secondary

antibody. Protein bands were detected using an ECL reagent

(Invitrogen). Antibodies used: anti-ß-actin (1:1000, 4970, Cell

Signaling Technology, USA) and anti-MMP3 (1:2000, 17873-1-

AP, Proteintech, China).
2.10 Statistical analysis

Statistical analyses utilized GraphPad Prism 10.0 and SPSS 20.0.

Normally distributed data were presented as mean ± standard

deviation (SD); non-normally distributed data as median and

IQR. The Shapiro-Wilk test confirmed data normality. Group

comparisons were done using the independent t-test or Mann-

Whitney U test (as applicable). Multiple group comparisons

employed one-way ANOVA (where suitable), with significance

set at p < 0.05 (two-side).
3 Results

3.1 Common genes of TC-Diabetes and
construction of prognostic model

We searched for diabetes-related genes from GeneCard, OMIM,

DrugBank, TTD, and PharmGKB databases, yielding a total of 6605

targets. Furthermore, by comparing gene expression matrix

between the TC samples and normal samples from TCGA

database, we obtained 3097 TC-related differential expressed

genes (Supplementary Figures S1A, B). A total of 645 common

genes from the intersection between diabetes- and TC- related genes

were acquired for the following analyses (Figures 2A, B).
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Combining univariate Cox regression, Lasso regression, and

multivariate Cox regression methods, we conducted a clinical

prognostic risk model and identified 11 genes as prognostic

targets, i.e., Resistin (RETN), Bone Morphogenetic Protein 2
Frontiers in Endocrinology 05
(BMP2), Runt-Related Transcription Factor 1 (RUNX1), Cellular

Communication Network Factor 1 (CCN1), Fibrinogen-Like 1

(FGL1), Long Intergenic Non-Protein Coding RNA 926

(LINC00926), Tyrosine 3-Monooxygenase/Tryptophan 5-
FIGURE 2

Screening TC-diabetes common genes and survival analyses. (A) Diabetes-related genes. (B) Common genes of diabetes and TC. (C) 11 Prognostic
genes identified by multivariate Cox proportional hazards regression analysis. (D) Analysis of patients’ risk score using Cox proportional hazards
regression (upper) and gene expression levels (bottom). (E) Survival curves of high-risk and low-risk groups. (F) 1-, 3- and 5-year ROC curve of risk
score via multivariate Cox proportional hazards regression. AUC, area under the curve; TC, thyroid cancer.
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Monooxygenase Activation Protein Epsilon Pseudogene 7

(YWHAEP7), Glutamate Ionotropic Receptor AMPA Type

Subunit 1 (GRIA1), NADPH Oxidase 5 (NOX5), Zinc Finger

Matrin-Type 4 (ZMAT4) and Hyperpolarization Activated Cyclic

Nucleotide Gated Potassium and Sodium Channel 2 (HCN2)

(Figure 2C, Table 1, Supplementary Figures S1C, D). Patients

were then divided into high-risk and low-risk groups based on

the risk scores, and the high-risk group was correlated with poorer

survival outcomes relative to the low-risk group (Figures 2D–F).

Clinical analysis indicated that RETN and RUNX1 expressions were

associated with advanced TC stages, RETN, RUNX1 and ZMAT4

expressions were related to lymph node, and RUNX1, LINC00926

and GRIA1 expressions were linked to distant metastases

(Figures 3A–D, Supplementary Figures S2A–D). Additionally,

BMP2, RUNX1 and LINC00926 showed higher expression in

younger patients, with BMP2 more highly expressed in female

patients (Figures 3E, F, Supplementary Figure S2E).
3.2 Therapeutic targets of quercetin in
THCA−diabetes and PPI network

After searching from the TCMSP database, PharmMapper

database, and Swiss Target Prediction website and correcting gene

deduplication through the UniProt database, a total of 397

quercetin-related genes were identified as targets (Figure 4A).

Then, the intersection of these quercetin targets with the TC-

diabetes targets yielded 45 common targets, suggesting that

quercetin treats TC-diabetes via working on these key targets. To

evaluate the potential therapeutic mechanism of quercetin on TC-

diabetes, the 45 common genes were further included in a PPI

network analysis using STRING. The PPI network was constructed

and included 36 nodes and 45 edges as node sizes were proportional

to the target degree. Most importantly, we identified a core PPI

network based on the criteria of DC > 6 calculated by CytoNCA

plug-in comprised of 5 core nodes and 25 edges (Figure 4B). The
Frontiers in Endocrinology 06
core gene targets with greater degree were Matrix Metalloproteinase

1 (MMP1), C-X-C Motif Chemokine Ligand 8 (CXCL8), Matrix

Metalloproteinase 3 (MMP3), Secreted Phosphoprotein 1 (SPP1)

and Collagen Type I Alpha 1 Chain (COL1A1).
3.3 Gene functional enrichment

To characterize the biological functions and pathways of the target

genes related to quercetin in treating TC−diabetes, we performed

functional enrichment analyses based on the 45 common genes.

With regard to GO enrichment, a total of 144 biological features

were confirmed including 129 biological processes (BP), 8 cellular

components (CC), and 7 molecular functions (MF) (Figure 4C,

Supplementary File). The enriched BP terms were involved

extracellular matrix disassembly, extracellular matrix organization,

extracellular structure organization, external encapsulating structure

organization, collagen catabolic process, collagen metabolic process,

regulation of body fluid levels, endochondral bone morphogenesis,

leukocyte migration and cell chemotaxis; the enriched CC terms were

involved secretory granule lumen, cytoplasmic vesicle lumen, vesicle

lumen, collagen-containing extracellular matrix, endoplasmic

reticulum lumen, fibrillar collagen trimer, serine-type peptidase

complex and immunological synapse; the enriched MF terms were

involved serine-type endopeptidase activity, serine hydrolase activity,

protease binding, growth factor binding, platelet-derived growth factor

binding, kinase activator activity and iron ion binding. In terms of

KEGG pathways, a total of 19 pathways were identified including AGE

−RAGE signaling pathway in diabetic complications, bladder cancer,

amoebiasis, transcriptional misregulation in cancer, non−small cell

lung cancer, microRNAs in cancer, rheumatoid arthritis, prostate

cancer, malaria, proteoglycans in cancer, human T-cell leukemia

virus 1 infection, alcoholic liver disease, melanoma, tyrosine

metabolism, complement and coagulation cascades, IL-17 signaling

pathway, relaxin signaling pathway and renin-angiotensin

system (Figure 4D).
TABLE 1 Multivariate Cox proportional hazards regression analysis.

Symbol coef HR HR 95L HR 95H P value

RETN 0.00179 1.00179 1.00112 1.00246 0.00000

BMP2 -0.00003 0.99997 0.99993 1.00001 0.14313

RUNX1 -0.00006 0.99994 0.99990 0.99999 0.00848

CCN1 -0.00001 0.99999 0.99999 1.00000 0.00354

FGL1 0.01059 1.01065 1.00386 1.01748 0.00207

LINC00926 0.00151 1.00151 1.00096 1.00206 0.00000

YWHAEP7 0.00143 1.00143 0.99994 1.00292 0.05988

GRIA1 -0.00951 0.99053 0.98151 0.99964 0.04160

NOX5 0.00030 1.00030 1.00017 1.00043 0.00000

ZMAT4 0.00021 1.00021 1.00011 1.00031 0.00004

HCN2 0.00028 1.00028 1.00008 1.00048 0.00641
coef, Coefficient of multivariate cox proportional risk regression model; HR, hazard ratio; HR.95L, hazard ratio.95% low; HR.95H, hazard ratio.95% high.
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3.4 Molecular docking of the target genes

To validate the findings from network pharmacology, molecular

docking was employed to estimate the affinity between quercetin

and five core targets (MMP1, CXCL8, MMP3, SPP1 and COL1A1)

involved in TC-diabetes treatment, separately. All core genes

showed potential binding with quercetin (Figure 5A, Table 2).

Quercetin’s binding interactions suggest it may alter the structure

and function of these proteins, impacting downstream pathways to

exert antitumor and antidiabetic effects. Specific hydrogen bond

interactions were identified: MMP1: ASN-180, LEU-181, ALA-182,

GLU-219 and LEU-235 (966c 1.90 Å); MMP3: ALA-165, LEU-164,

LEU-218 and GLU-202 (1hfs 1.70 Å); SPP1: LYS-42, GLY-41, and

GLY-42 (3cxd 2.80 Å); CXCL8: ILE-10, GLN-8 and LYS-11 (4xdx

0.95 Å); COL1A1: ASP-38 and ARG-37 (5ctd 1.60 Å) (Figures 5B–

F). The docking results indicate that quercetin can form hydrogen

bonds with these proteins, confirming potential interactions.
Frontiers in Endocrinology 07
Among the five proteins, quercetin showed the strongest binding

affinity with MMP1 and MMP3, suggesting MMP1 and MMP3 are

primary targets for quercetin in treating TC-diabetes.
3.5 Quercetin inhibits the proliferation of
human thyroid cancer cells and the
expression of MMP3 in a high-glucose
environment

To explore the effect of quercetin on the proliferation of thyroid

cancer cells in a high-glucose environment, 400 mmol/L quercetin

was applied to thyroid cancer cells in a high-glucose environment

(Figure 6A). The experimental results showed that compared to the

normal environment, the proliferation capacity of SW579 cells in

the high glucose environment was significantly increased, while

quercetin could offset this effect (p < 0.05, Figure 6B). Previous
FIGURE 3

Clinical prognostic analyses of 11 genes. (A–D) Relationships between gene expressions and depth of tumor invasion, lymph node metastasis, distant
metastasis of tumor, and TC stage, respectively. (E) Relationships between gene expressions and age of TC patients. (F) Relationships between gene
expressions and gender in TC patients. TC, thyroid cancer. *p < 0.05, **p < 0.01, ***p < 0.001.
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results showed that MMP1 and MMP3 might be potential targets of

quercetin action. PCR detection results showed that quercetin could

significantly inhibit the mRNA expression level of MMP3 in SW579

cells in a high glucose environment (p < 0.05, Figure 6D), but no

significant difference was observed in MMP1 (Figure 6C). Further

Western blot detection also showed that quercetin could

significantly inhibit the expression level of MMP3 in SW579 cells

in a high glucose environment (p < 0.05, Figures 6E, F). In addition,

immunohistochemical results also indicated that the expression

level of MMP3 protein in thyroid cancer tissues was significantly

higher than that in normal thyroid tissues (Supplementary

Figure S3).
4 Discussion

This is the first study investigating the molecular mechanisms

underpinning quercetin in treating TC-diabetes. Both TC and

diabetes belong to endocrine system diseases with various degrees
Frontiers in Endocrinology 08
of endocrine disorders. Although thyroid surgery, radioactive

iodine therapy, and TSH suppression are effective measures in TC

treatment, they can bring in a set of complications, in particular

worsening in the condition of diabetes. Indeed, more secure and

effective measures are of great necessity to control and treat TC-

diabetes. Herb medicine from TCM plays an important role in the

modern medical system as an adjuvant therapy, for its multiple

efficacies in treating various complex diseases (9–12). Quercetin is

among the widely prevalent flavonoid subclass of flavonols and

abundantly in fruits and vegetables with a high medicinal value in

clinic attributing to its remarkable anti-tumor and anti-diabetic

effects (35–37). Although, previous studies have revealed the multi-

target cancer inhibition and organ protection mechanism of

quercetin from the perspective of thyroid cancer and diabetic

nephropathy respectively, providing a theoretical basis for its

synergistic application with standard therapy (38, 39), there is still

a lack of research on the therapeutic effects of quercetin in thyroid

cancer patients with comorbid diabetes. Consequently, this present

study aims to explore the therapeutic effects and molecular
FIGURE 4

Screening targets of quercetin in treating TC-diabetes and functional enrichment analyses. (A) Venn diagrams of quercetin-related genes and
common genes of quercetin genes and TC-diabetes genes. (B) Protein interaction network (PPI) of quercetin anti-TC-Diabetes genes. The circle
nodes represent targets of quercetin in treating TC-diabetes with the oranges representing core targets screened by Cytoscape. (C) Gene ontology
enrichment analysis. (D) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. TC, thyroid cancer.
frontiersin.org

https://doi.org/10.3389/fendo.2025.1537799
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Liu et al. 10.3389/fendo.2025.1537799
mechanisms of quercetin on TC-diabetes by integrating

bioinformatics, network pharmacology, and molecular docking,

and further validating these observations with in vitro experiments.

In this study, a prognosis risk prediction model was built to

evaluate the prognosis of the identified targets for TC-diabetes

patients. Initially, we integrated and intersected the gene results by

screening available databases. 645 common genes were identified
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between TC and diabetes, defined as TC-diabetes targets. Then, 11

targets (RETN, BMP2, RUNX1, CCN1, FGL1, LINC00926,

YWHAEP7, GRIA1, NOX5, ZMAT4, and HCN2) were selected

for subsequent prognostic analyses after conducting univariate Cox

analysis, LASSO regression, and multivariate Cox regression

analyses. Survival and ROC analyses showed that the

performance of these targets in predicting survival was credible,
FIGURE 5

Molecular docking of core targets with quercetin. (A) Two and three-dimensional structure of quercetin. (B–F) Molecular docking of quercetin with
MMP1 (966c), MMP3 (1hfs), SPP1 (3cxd), CXCL8 (4xdx) and COL1A1 (5ctd).
TABLE 2 Binding site of quercetin to the protein expression product of quercetin anti-TC-diabetes core genes.

Component PDB ID △Gb (kcal/mol)

Bonds formed between functional groups of component and
protein residues

Functional groups Functional groups Bond

Quercetin 966c -10.2 O ASN-180 H-bond

O LEU-181 H-bond

O ALA-182 H-bond

O GLU-219 H-bond

O LEU-235 H-bond

1hfs -10.0 O ALA-165 H-bond

O LEU-164 H-bond

O LEU-218 H-bond

O GLU-202 H-bond

(Continued)
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TABLE 2 Continued

Component PDB ID △Gb (kcal/mol)

Bonds formed between functional groups of component and
protein residues

Functional groups Functional groups Bond

3cxd -7.9 O LYS-42 H-bond

O GLY-41 H-bond

O GLY-42 H-bond

4xdx -7.6 O ILE-10 H-bond

O GLN-8 H-bond

O LYS-11 H-bond

5ctd -5.2 O ASP-38 H-bond

O ARG-37 H-bond
F
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966c, MMP1; 1hfs, MMP3; 3cxd, SPP1; 4xdx, CXCL8; 5ctd, COL1A1; TC, thyroid cancer.
FIGURE 6

The effects of quercetin on human thyroid cancer (SW579) cells under high glucose environment. (A) Cell experiment design diagram; (B) CCK8
experiment to detect the cell viability of SW579 cells in each group; (C) PCR to detect the mRNA expression level of MMP1 in SW579 cells of each
group; (D) PCR to detect the mRNA expression level of MMP3 in SW579 cells of each group; Western blot analysis of MMP3 protein expression in
each group of cells (E, F). NG, normal environment; HG, high glucose environment; HG+Q, high glucose environment with quercetin (400mmol/L).
Normalization to Group NG. Data are presented as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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regardless of short-term (1 year) or long-term (5 years) survival.

Additionally, group comparison analyses between different

conditions of clinical features revealed that these risk gene

expression levels were related to ages, genders, and TNM stages

of clinical patients. Taking together, DM exerts an adverse effect on

the prognosis of TC and patients with such risk factors should be

paid more attention to when considering their treatment and

prognosis. In this study, we established a human thyroid cancer

cell model under high glucose conditions. Our findings showed that

the high glucose environment promotes cancer cell proliferation

while quercetin can reverse the tumor-promoting effects of the high

glucose environment. Therefore, it is of great significance to further

study the therapeutic effect of quercetin on TC-diabetes and its

potential mechanisms.

To investigate the molecular mechanisms of quercetin in

treating TC-diabetes patients, we identified 45 common genes

between quercetin targets and TC-diabetes targets by integrating

data from three public pharmacology databases. Combining PPI

network and CytoNCA plug-in in Cytoscape, five hub genes were

further determined: MMP1, CXCL8, MMP3, SPP1 and COL1A. In

addition, functional enrichment analyses of the 45 common genes

indicated that they were related to different biological functions and

pathways, which play an important role in cell migration and

human diseases. Among them, extracellular matrix (ECM)

structure organization is of great importance. Accumulated

evidence clearly demonstrated over the last decade that ECM

plays key roles in maintaining cell structure and function since it

modulates cell signaling, properties and morphology (40). The

mature ECM can also generate dynamic structural alterations in

response to external stimuli (i.e., applied force or injury), which

enables the tissue to maintain homeostasis and to respond to

physiological challenges and stresses, including disease (41). With

the advancement of molecular techniques, the role of ECM in

tumor initiation, growth, and dissemination is getting more and

more in-depth research that tumor ECM collaborates intricately

with both malignant and stromal cells, initiating and facilitating the

complex, multistage cascade that leads to metastatic capability (42).

Notably, thyroid cancer-associated fibroblasts (CAFs) significantly

contribute to the proliferation and advancement of thyroid cancer

through the secretion of soluble factors and ECM proteins, which,

in turn, profoundly influence the behavior and aggressiveness of

thyroid cancer cells (43, 44). An animal experiments indicate that

components of ECM could act as an essential mediator in the

dynamic interplay between CAFs and tumor cells, ultimately

promoting the growth of papillary thyroid tumors (45).

Additionally, a recent review suggests that microgravity may

become a novel therapy of TC by intervening cell growth

processes such as apoptosis and structural changes of the

cytoskeleton and the ECM (46). Therefore, the therapeutic

perspectives targeting ECM of TC may be promising.

Molecular docking was carried out for the above five core genes

(MMP1, CXCL8, MMP3, SPP1 and COL1A) to further estimate
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the binding affinities in receptor-ligand compounds and found that

quercetin can produce hydrogen bonds with them. This suggested

that these five hub genes may act as potential targets of quercetin in

treating TC-diabetes. Among them, MMP1 and MMP3 genes had

the strongest binding abilities with quercetin. Further in vitro

experiments demonstrated that quercetin could inhibit the

expression of MMP3 in human thyroid cancer cells under high

glucose conditions. It is well acknowledged that matrix

metalloproteinases (MMPs) are a family of proteolytic enzymes

that are responsible for the degradation of ECM and basement

membrane (47). They are crucially involved in a variety of

physiological and pathological processes, such as tumor

establishment, growth and metastasis. Emerging research has

consistently demonstrated that MMP3 plays a pivotal role as a

regulatory factor within a set of biological pathways to inhibit the

tumor metastasis (48–50). Of most importance, Lin et al. found

that through the suppression of MMP3, microRNA-17 could

inhibit tumor cell migration and invasion both in vitro and in

vivo experiments (51). Molecular research indicated that one of the

transmembrane glycoproteins could induce MMPs including

MMP3 and participate in carcinoma invasion in follicular

thyroid carcinoma (52). Another pilot study indicated that the

expression and secretion of MMP3 could be stimulated by

members of the CC-chemokine family, and enhance thyroid

cancer cell invasion and migration (53). MMP3 is also associated

with anaplastic thyroid cancer (ATC) cell invasion and migration,

suggesting it may be developed as a novel therapeutic target for

ATC (54). Collectively, the expression of MMP3 gene was up-

regulated in TC patients with the gene implicated in cell

invasiveness and migration, such that it may serve as the

therapeutic target of TC in future studies. Furthermore,

considering that this study was not yet included in patient

sample, the value of these molecular targets as clinical prognostic

markers or predictors of treatment response will be further

explored in the future.
5 Conclusion

In this study, we constructed a prognostic risk model for TC-

diabetes via bioinformatics and evaluated the correlations between

diabetes and TC prognosis under the conditions of clinical features.

By integrating bioinformatics and network pharmacology, we

further screened the targets of quercetin in treating TC-diabetes

and analyzed its anti-tumor molecular mechanisms and biological

functions. Molecular docking identified the drug binding affinities

of targets with MMP3 exhibiting stronger affinities. in vitro

experiments indicated that quercetin suppressed the growth and

MMP3 expression of thyroid cancer cells under high glucose

conditions, thereby alleviating the advancement of TC-diabetes.

This provides a theoretical and practical foundation for treating

TC-diabetes with quercetin.
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