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FN1, a reliable prognostic biomarker for thyroid cancer, is
associated with tumor immunity and an unfavorable prognosis
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Abstract. Thyroid cancer (THCA) is a malignant tumor
that affects the endocrine system. At present, an effective
treatment for THCA remains elusive, particularly for medul-
lary carcinoma and undifferentiated carcinoma, due to the
lack of suitable medications and prognostic markers. Patient
RNA-sequencing and clinical data were obtained from The
Cancer Genome Atlas and Genotype-Tissue Expression data-
bases. Protein-protein interaction analyses were performed for
differentially expressed genes related to THCA. Moreover, the
associations between fibronectin 1 (FN1), clinical data,immune
checkpoint genes and immune cell infiltration was assessed.
The potential functional role of the FN1 gene was evaluated
through gene set enrichment analysis. Immunohistochemistry
was used to assess FNI1 expression in 103 cases of THCA,
comprising 32 with papillary carcinoma, 30 with follicular
carcinoma, 35 with medullary carcinoma and 6 with undif-
ferentiated carcinoma. Finally, 11 co-expression modules were
constructed and the expression of five identified hub genes
(FN1, mucin-1, keratin 19, intracellular adhesion molecule 1
and neural cell adhesion molecule) were evaluated. The results
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demonstrated that higher FN1 gene expression levels were
strongly associated with a higher pathologic stage and tumor
stage, and were significantly associated with immune cell
infiltration in THCA. Significant increases in FN1 protein
expression levels were noted among patients diagnosed
with four types of THCA, comprising papillary carcinoma,
follicular carcinoma, medullary carcinoma and undifferenti-
ated carcinoma. Patients diagnosed with medullary carcinoma
and undifferentiated carcinoma, and with low FN1 expression
levels, exhibited a significant survival advantage compared
with those with high FN1 expression levels. In conclusion, the
present study identified five hub genes involved in the onset
and progression of THCA. Furthermore, FN1 could serve as
a candidate biomarker and a therapeutic target for THCA and
may be a key gene mediating THCA immune infiltration.

Introduction

Thyroid cancer (THCA) is the most common endocrine
malignancy of the head and neck globally, with a steadily
increasing global incidence. It accounts for ~1% of all
systemic malignant tumors (1,2). THCA comprises four
pathological types: Papillary carcinoma, follicular carcinoma,
undifferentiated carcinoma and medullary carcinoma (3,4).
Papillary carcinoma, the most prevalent type, is characterized
by low malignancy and a favorable prognosis (5). In the early
stages, THCA frequently presents no noticeable symptoms
or signs (6). However, in the advanced stages, hoarseness,
dyspnea and compression of the sympathetic nerve can induce
Horner syndrome. The etiology of THCA is not yet fully
understood, but it is presently believed to result from the
synergistic interaction of several carcinogenic factors, such as
dietary practices, obesity and radiation exposure (7).

Most patients with THCA have a favorable outcome due
to modern comprehensive treatments that include surgery, the
use of radioactive iodine (RAI) thyroid ablation and thyroid
stimulating hormone (TSH) suppression (8). Nevertheless, a
considerable number of patients exhibit insensitivity to RAI
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ablation and TSH suppression (9) and there is still a lack of stan-
dard treatment for highly aggressive and poorly differentiated
tumors, which often progress to advanced tumors (10).

With the advancing comprehension of the tumor microen-
vironment (TME), immunotherapy has attracted increasing
attention and demonstrated remarkable efficacy in combating
several cancers. The programmed cell death protein
1/programmed death-ligand (PD-L)1 inhibitor pembroli-
zumab, known to improve the overall survival of patients
with THCA, especially those with increased PD-L1 receptor
expression, has been approved as a first-line treatment for
THCA (11-13). Moreover, patients with THCA, particularly
those with undifferentiated carcinoma, exhibit a dismal 5-year
survival rate (14). Hence, there exists a pressing necessity to
thoroughly investigate the intricacies of the TME and discover
novel molecular targeted therapies and immunotherapies for
addressing these aggressive tumors.

Several studies have reported gene mutations in THCA,
with BRAF V600E being the most prevalent mutation,
occurring in up to 58.5% of cases (15,16). Mutations in RAS
and P53 genes are also frequently observed in THCA (17).
Furthermore, in recent years, the advancement of next-gener-
ation high-throughput sequencing technologies has led to the
accumulation of extensive genetic data and clinical information
within several public databases, including the Cancer Genome
Atlas (TCGA) (18,19). This sets the groundwork for deepening
the understanding of the molecular mechanisms of cancer
and the biological roles of key genes through bioinformatics
techniques and experimental validation.

Fibronectin 1 (FNI1) encodes a glycoprotein present in
soluble dimeric form in plasma and as dimers or multimers
on the cell surface and extracellular matrix (ECM). FN1
serves a key role in cell adhesion, growth, differentiation and
migration, including in wound healing and embryonic devel-
opment, host defense, blood clotting and metastasis (20).
FN1 is deposited into the ECM of tumor cells and then
forms fibronectin-fibronectin complexes, which have been
reported to promote tumor angiogenesis, proliferation and
metastasis (21). FN1 has also been reported to promote cell
migration in esophageal squamous cell carcinoma, oral squa-
mous cell carcinoma, nasopharyngeal carcinoma, colorectal
cancer, ovarian cancer and renal cell carcinoma (22-26).
Moreover, previous studies have reported that FNI is
involved in natural killer (NK) cell-produced interferon-y
mediated by the NKp46 receptor, thereby controlling tumor
architecture and metastasis (27). However, the relationship
between FNI1 expression and clinical factors and prognosis
in THCA has not been previously reported, to the best of our
knowledge, and so it is necessary to validate and elucidate
the role of FN1 in THCA. Therefore, the present study aimed
to identify potential gene biomarkers, offering new insights
into therapeutic targets for THCA.

Materials and methods

Data acquisition from the TCGA, Genotype-Tissue
Expression (GTEx) and Gene Expression Omnibus (GEO)
databases. Gene expression data, clinical data and survival
information for THCA and normal tissues were retrieved
from the Genomics Data Commons TCGA THCA and

the GTEx databases (https://xenabrowser.net/datapages/).
The retrieved clinical data is presented in Table SI. In
total, 509 samples of THCA and 337 samples of normal
thyroid tissues were obtained from the TCGA and GTEx
databases. The validation cohorts, consisting of complete
expression profile data (GSE33630 and GSE54958), were
obtained from the GEO database (https://www.ncbi.nlm.
nih.gov/gds).

Identification and analysis of differentially expressed genes
(DEGs). Bioinformatics analysis was performed using RStudio
software (Posit Software, PBC; version 1.4.1103) and the
Bioconductor suite of packages (version 3.18; https://biocon-
ductor.org/install/). The gene expression data was normalized
and DEGs were determined using the R limma package
(version 3.58.2) (https://www.bioconductor.org/pack-
ages/release/bioc/html/limma.html) (28,29). Significant DEGs
were selected based on the criteria of P<0.05 and log fold
change (FC)>1 (30,31).

Weighted gene co-expression network analysis (WGCNA).
Theanalysisof geneco-expressionnetworks wasperformedusing
the WGCNA R package (version 1.72.3; https://cran.r-project.
org/web/packages/ WGCNA/index.html) (32). The scale-free
and average connectivity analyses were executed on modules
with diverse power values using the PickSoftThreshold func-
tion, setting the soft threshold power to 8. Following this, the
intramodular connectivity among genes displaying compa-
rable expression profiles was calculated using the topological
overlap dissimilarity measure. Finally, the dynamic hybrid
cutting method was used to construct a hierarchical clustering
tree and to detect co-expressed gene modules.

Construction of protein-protein interaction (PPI) network and
identification of hub genes. The STRING database (http://www.
string-db.org/) was used to construct a PPI network of candi-
date genes (33). Genes meeting the minimum confidence score
of =0.5 for differential expression were selected to construct
a comprehensive network model, which was then visualized
using Cytoscape software (version 3.10; https://cytoscape.
org/). Using the Cytoscape plugin cytoHubba, the top five key
genes were predicted based on the network maximal clique
centrality algorithm.

Functional and pathway enrichment analyses. Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses were performed
on the candidate hub genes of THCA using the R packages
clusterProfiler (version 3.42.2; https://www.bioconductor.
org/packages/release/bioc/html/clusterProfiler.html) (34).
These analyses aimed to assess the biological functions and
key signaling pathways associated with the identified hub
genes. The GO enrichment analysis was comprehensively
performed across three domains: Biological processes (BP),
cellular components (CC) and molecular functions (MF) (35).
Gene set enrichment analysis (GSEA) was performed using
the R package GSEA (version 4.1.2; https://bioconductor.
org/packages/release/bioc/html/GSEABase.html), with
a significance threshold set at a false discovery rate of <0.25
and P<0.05.
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Immunoinfiltration analysis. The analysis of immune cell
infiltration was performed using the single-sample GSEA
algorithm (36). A total of 28 different types of gene sets that
characterize immune cells were compared and the Gene Set
Variation Analysis R package (version 3.42.2; https://www.
bioconductor.org/packages/release/bioc/html/GSVA.html) was
used to transform sample gene expression values into enrich-
ment fractions, thereby deriving the relative abundance of
immune cells (37).

Patient and tissue samples. The study procedures were
approved by the Ethics Committee of the Second Affiliated
Hospital of Zhejiang University School of Medicine
(Hangzhou, China) and the present study adhered to the
ethical principles outlined in The Declaration of Helsinki.
The inclusion criteria of the study consisted of the following:
i) Presence of a primary thyroid tumor; ii) histopathological
diagnosis of THCA; and iii) availability of complete clinical
records. Conversely, the exclusion criteria were as follows:
i) Presence of autoimmune disorders or infectious diseases;
ii) presence of other malignant tumors; and iii) history of
prior immunosuppressive treatments. Patient follow-up started
at August 2020 and continued until November 2023, where
the conclusive determination of survival or death marked
the endpoint for overall survival. A total of 103 patients with
THCA, specifically 32 with papillary carcinoma, 30 with
follicular carcinoma, 35 with medullary carcinoma and 6
with undifferentiated carcinoma, were selected for the present
study. These patients had previously undergone surgical resec-
tion at the Second Affiliated Hospital, School of Medicine,
Zhejiang University. The medullary and undifferentiated
carcinoma samples of THCA and their corresponding medical
information were collected. Furthermore, 103 THCA tissues
and their corresponding adjacent paracancerous tissues were
obtained from the Department of Pathology, Second Affiliated
Hospital, School of Medicine, Zhejiang University. These
tissues were the same as those collected from the 103 patients
enrolled in the present study.

Reverse transcription (RT)-quantitative (q)PCR. Total RNA
was isolated utilizing the TRIzol™ reagent (Invitrogen™;
Thermo Fisher Scientific, Inc.). The synthesis of complemen-
tary DNA (cDNA) was performed using the PrimeScript™ RT
kit (cat. no. RRO55A; Takara Biotechnology, Co.,Ltd.). Reverse
transcription was performed at 37°C for 15 min, followed by
heating at 85°C for 5 sec. Quantitative PCR was performed
using Sybr Green fluorophore (Vazyme; cat. no. Q311-02/03).
The PCR protocol involved initial denaturation at 95°C for
15 sec, followed by 40 cycles of 95°C for 15 sec and 60°C
for 60 sec. Gene expression changes were assessed using the
2-44C4 method. The primers were synthesized by Hangzhou
Qingke Biotechnology Co., Ltd. and their sequences are listed
in Table SII.

Immunohistochemistry. The tissue was fixed overnight in a 4%
paraformaldehyde solution at room temperature. Following
fixation, the sample underwent dehydration through a series
of ethanol solutions, followed by treatment with xylene for
tissue transparency. Subsequently, the tissue was immersed in
paraffin at 65°C and embedded in paraffin wax. Thin sections
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(2.5 um thick) were sliced from the paraffin block and mounted
onto glass slides. Tissue sections mounted on glass micro-
scope slides were deparaffinized in xylene and rehydrated in
graded alcohols. Subsequently, the tissue sections were boiled
for 15 min in 10 mM citric acid buffer (pH 6.0) for antigen
retrieval. After the sections were cooled to room temperature,
they were incubated with 3% H,0, for 15 min at 37°C to
block endogenous peroxidase activity. The sections were then
blocked with 5% goat serum (Scientific Phygene®; Fuzhou
Phygene Biotechnology Co., Ltd.) for 45 min at room tempera-
ture, and incubated with FN1 primary antibodies (1:1,000;
Abcam; cat. no. ab2413) overnight at 4°C. Subsequently, the
sections were incubated with, including goat anti-rabbit IgG
secondary antibodies (1:1,000; Abcam; cat. no. ab150077) for
30 min at room temperature. Finally, the substrate color was
developed using a diaminobenzidine substrate kit (Abcam;
cat. no. ab64238), and the sections were counterstained with
hematoxylin for 30 sec at room temperature. Images were
captured using a light microscope (Nikon Corporation) and
the immunohistochemistry results were quantified using
Imagel] software (version 1.8.0; National Institutes of Health).

Clinical statistical analysis of prognosis and assessment of
FNI expression. The progression-free interval (PFI) of the
prognostic parameters were assessed using patient data from
TCGA within the clinical interpretation module of the Xiantao
platform (https://www.xiantaozi.com/). The median value
served as the threshold to categorize the FNI gene expression
groups into low and high categories.

Statistical analysis. In the analysis of clinical variables, age,
T stage, N stage, M stage, histological type, primary neoplasm
focus type, and FN1 expression were chosen for univariate Cox
regression analysis. Kaplan-Meier methods were employed to
assess the progression-free interval (PFI) of these prognostic
factors. The association between clinical-pathological char-
acteristics and FN1 gene expression was assessed using the
Wilcoxon rank-sum test in conjunction with logistic regression.
Furthermore, a multivariate Cox regression model was used to
evaluate the impact of FN1 gene expression on survival prob-
ability and other clinical variables. The Wilcoxon rank-sum
test was used for comparing two groups and one-way analysis
of variance (ANOVA) was used to compare multiple groups,
followed by Tukey's post hoc test for pairwise comparisons.
Correlation analyses were performed using Spearman's rank
correlation coefficient and distance correlation methodologies.
Fisher's exact test or the y* test were used to assess statistical
significance for categorical variables between two groups.
Statistical P-values were two-sided, with P<0.05 consid-
ered to indicate a statistically significant difference. Data
processing was performed using R software, (version 4.2.0;
https://www.r-project.org/).

Results

Genomic differences between normal thyroid and THCA
tissues. Based on 337 normal samples and 509 tumor samples
from the TCGA and GTEx datasets, systematic clustering
demonstrated the genomic differences between the normal
tissues and THCA tissues (Fig. 1A). Principal component
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Figure 1. Differentially expressed genes in the normal and THCA groups. (A) Heatmap depicting prominently upregulated (red) and downregulated (blue)
genes in normal and THCA groups, based on the cutoff criteria of log2 (fold change) >1 and P<0.05. (B) Principal Component Analysis of the THCA (red) and
matched normal (blue) groups. (C) Volcano plot illustrating prominently upregulated (red) and downregulated (blue) genes in the THCA and normal groups,
using a cut-off threshold of log2 (fold change) >1 and P<0.05. THCA, thyroid cancer.

analysis (PCA) revealed a marked separation between the
control group and the tumor group, but the similarity between
the two groups was small (Fig. 1B). The volcano map of
DEGs included 587 upregulated genes and 354 downregulated
genes in THCA tissues compared with paired normal tissues
(Fig. 1C). 941 genes in THCA samples were revealed to have
significantly different expressions in comparison with normal
samples (P<0.05 and logFC >1) (Fig. 1C).

Identification of THCA-related modules by WGCNA.
Genes within a common functional group exhibit similar
expression patterns and share expression regulation mecha-
nisms (38). Therefore, a weighted gene co-expression network
was created using the RNA-sequencing count data from
the TCGA-THCA and GTEx datasets. The power of =8
was chosen for soft-thresholding (Fig. 2A). Ultimately, 11
modules were selected using average hierarchical clustering
and dynamic tree clipping methods (Fig. 2B). The correla-
tions between the 11 modules is demonstrated in Fig. 2C.
Moreover, modular trait diagrams were created to analyze
the correlation between gene modules and clinical features in
THCA (Fig. 2D). The two modules with the highest correlation
with tumors were MEtan and MEturquoise in TCGA-THCA
(Fig. 2D).

Intersection of DEGs and co-expression module genes
(CEMGs). A total of 426 overlapping genes were identified
between the DEGs and the top two most relevant CEMGs.
These genes have been identified as candidate hub genes
for THCA and were subsequently used in further analyses
(Fig. 3A and Table SIII).

Enrichment analyses of the 426 overlapping genes. The BP
category was enriched with GO terms that predominantly
encompassed synapse organization, wound healing, epidermis
development and skin development (Fig. 3B). Within the
CC category, the enriched terms primarily encompassed
collagen-containing ECM, endoplasmic reticulum lumen, basal
part of the cell and basal plasma membrane. Furthermore, in the
MF category, the enriched terms predominantly consisted of
sulfur compound binding, serine-type endopeptidase activity,
serine-type peptidase activity and serine hydrolase activity.
Additionally, KEGG pathway analysis revealed significant
enrichments in transcriptional misregulation in cancer, cell
adhesion molecules and ECM-receptor interaction (Fig. 3C).

Identifying hub genes in the PPI network. A PPI network
was established to assess the interconnections among the
protein-encoding DEGs associated with THCA. Among these
DEGs, the foremost five genes, namely FN1, mucin-1 (MUC1),
keratin (KRT) 19, intracellular adhesion molecule 1 (ICAM1)
and neural cell adhesion molecule (NCAMI), were identified
as key molecules due to their notable connectivity (Fig. 4).

Validation of protein and gene-expression levels of
THCA-related hub genes. Immunohistochemistry staining
outcomes for five key genes were derived from the Human
Protein Atlas (HPA) database (https://www.proteinatlas.
org/). In comparison with the normal group, the protein
expression levels of FN1, MUCI1, KRT19 and ICAMI1
were markedly augmented in the tumor group. Conversely,
the expression of NCAMI1 was notably downregulated
in the tumor samples (Fig. 5). These findings highlight
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Figure 2. Modules associated with the clinical phenotype of thyroid cancer. (A) Assessment of scale independence and mean connectivity across different soft
threshold powers. (B) Gene clustering using the dynamic tree cut and merged dynamic methods across multiple modules. Each branch corresponds to an indi-
vidual gene, and each color signifies a distinct co-expression module. (C) Visual representation of inter-module correlation using a heatmap. (D) Correlation
between clinical phenotype and weighted gene co-expression network analysis modules. The intensity of the cell color reflects the strength of the correlation.
The value in parentheses denotes the P-value for the test. T, tumor; N, node; M, metastasis.
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Figure 4. Top five significant hub genes identified within the protein-protein interaction networks.

the differences in the expression of selected target genes
between normal and tumor tissues. Furthermore, the expres-
sion of these key molecules within THCA tissues was
significantly increased compared with that in normal tissues
(Fig. 6A and B). Furthermore, Spearman's correlation
analyses revealed significant positive correlations between
these key molecules (Fig. 6C and D). The mRNA expression
levels of the five genes in the external validation datasets
(GSE33630 and GSE54958) also demonstrated similar find-
ings to those in TCGA (Fig. 6E and F). Moreover, to assess
the mRNA expression variations of key molecules between
normal and THCA tissues in patients, FN1, ICAM1, KRT19,
MUCI, and NCAMI levels were assessed using RT-qPCR.
The results revealed that, compared with in normal tissues,
the mRNA expression levels of FN1, ICAMI1, KRT19
and MUCI1 were significantly increased, whilst NCAM1

expression was significantly decreased, in THCA tissues
(Fig. 6G).

Evaluation of TME immune cell infiltration characterization.
To assess of the roles of the identified key molecules in TME
immune cell infiltration, correlation analyses were performed
between key genes, TME-infiltrating cells and immune
checkpoint inhibitors. Using the PCA algorithm, unique
enrichments of immune cell populations were revealed within
the two groups (Fig. 7A). FN1, MUCI, KRT19 and ICAM1
were significantly correlated with an upregulation of immune
checkpoint proteins including, PD-L1, PD-L2 and cytotoxic
T-lymphocyte associated protein 4. These findings indicate
significant upregulation of most immune checkpoint proteins
in the tumor group, suggesting a potential association between
THCA and a suppressive TME (Fig. 7B). Similarly, the results
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Figure 5. Immunohistochemical images of five hub genes in cancer and normal tissues from the Human Protein Atlas database. THCA, thyroid cancer; FNI,
fibronectin 1; ICAMI, intracellular adhesion molecule 1; MUCI, mucin-1; KRT16, keratin 19; NCAMI, neural cell adhesion molecule.

demonstrated a significant correlation with a decrease in FN1,
MUCI, KRT19 and ICAMI1 within immune infiltration in
monocytes, activated B cells and eosinophils, with a notable
increase in other immune cell subtypes too. In contrast,
NCAMI1 demonstrated an inverse pattern (Fig. 7C).

Association of FNI expression with clinical parameters and
the prognostic relevance of FNI expression. A higher tumor
(T) stage, node (N) stage, pathological stage, extrathyroidal
extension and PFI event was significantly associated with
increased levels of FN1 expression (Fig. 8A-E). Similarly,
increased FN1 expression was significantly associated with
an unfavorable (PFI) outcome (Fig. 8F). Comparable results
were obtained using Fisher's exact test or the > test (Table I).
Moreover, the univariate analysis of FN1 expression revealed
a significant association between FN1 expression and clinical
parameters, specifically T stage, N stage, pathological stage
and histological type (Table II). These findings demonstrate a
relationship between FNI1 expression, clinical characteristics
and the prognosis of patients with THCA.

GSEA of the FNI gene expression. Using TCGA gene expres-
sion data, GSEA was performed to determine the biological
and functional pathways between high- and low-FNI1 gene
expression groups. Based on the normalized enrichment
scores, the enrichment signaling pathway that was determined
to be the most relevant for FN1 gene expression was chosen
(Fig. 9). The GSEA analysis revealed that the high FN1 gene
expression phenotype was significantly and predominantly
concentrated in the Jak Stat signaling pathway, autoimmune
thyroid disease, focal adhesion, disease of the immune system,
cell cycle, apoptosis, cell migration and invasion, and ECM
receptor interaction. The findings indicate that FN1 likely
serves a significant role in the progression of THCA.

Experimental assessment of FNI protein expression. FN1
serves a crucial role in cell adhesion and migration processes
across several biological events, including embryo develop-
ment, wound healing, blood clotting, host defense, metastasis

and cell proliferation (39). To assess the variations in the
mRNA and protein expression of FN1 between paracancerous
tissue and THCA tissues, the expression levels of THCA was
evaluated in tissues using immunohistochemistry. A total
of four types of THCA were assessed and the resulted and
demonstrated that FN1 expression levels were significantly
higher in THCA tissues compared with their adjacent counter-
parts (Fig. 10A and B).

FNI prognostic significance. Patients with papillary carci-
noma and follicular carcinoma were excluded due to their
favorable prognosis. The prognostic value of FN1 was evalu-
ated using Kaplan-Meier survival analysis. Patients diagnosed
with THCA with low FN1 expression levels demonstrated a
significant survival advantage compared with those with high
FNI1 expression levels (Fig. 10C). This suggests that FN1 has
potential prognostic significance in THCA, and may serve as
a therapeutic target for THCA treatment.

Discussion

The current standard approach for comprehensive treatment of
THCA involves a multifaceted strategy that combines surgery,
thyroid hormone therapy and internal radiotherapy (40).
However, the poor prognosis of THCA can be attributed to
several factors, such as advanced clinical stage upon diagnosis
and the limited availability of molecular biomarkers. Thus,
there is an urgent need to identify new prognostic biomarkers
and therapeutic targets in the field of cancer research.

The present study demonstrated that FN1 was highly
expressed in THCA, with a logFC value of 4.22 and P<0.001.
Previous studies have highlighted the notable role of epithe-
lial-mesenchymal transition (EMT) in regulating THCA
cell invasion and metastasis (41,42). FN1 is recognized as a
biomarker for EMT and serves a crucial role in cell adhesion
and migration (43). Additionally, research suggests an associa-
tion between immune cell infiltration, immune markers and
FNI expression in THCA, indicating the potential role of FN1
in tumor immunology and its potential usefulness as a cancer
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biomarker (44). In recent years, numerous studies have high-
lighted the role of FN1 in tumor immune regulation (45-47).
However, a comprehensive understanding of its role in the
development of THCA remains elusive. In the present study,
FNI1 was identified as a potent biomarker for predicting the

prognosis of THCA, closely associated with immune cell infil-
tration in solid tumors. These findings offer novel insights into
the potential role of FN1 in THCA for further investigation.
Furthermore, the present study assessed the expression of
FNI1 and its significantly associated gene transcription data
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Table 1. Association between fibronectin 1 expression with clinicopathological characteristics in patients with thyroid cancer.

Characteristic Low FNI1 expression (n=256) High FN1 expression (n=256) P-value
Pathologic T stage <0.001*
T1 81 (15.9) 62 (12.2)
T2 99 (19.4) 70 (13.7)
T3 67 (13.1) 108 (21.2)
T4 8 (1.6) 15(29)
Pathologic N stage <0.001*
NO 146 (31.6) 83 (18.0)
N1 79 (17.1) 154 (33.3)
Pathologic M stage 0.324°
MO 128 (43.4) 158 (53.6)
M1 6 (2.0) 3(1.0)
Pathologic stage <0.001*
I 151 (29.6) 137 (26.9)
I 39 (7.6) 13 (2.5)
I 46 (9.1) 67 (13.1)
v 19 (3.7) 38 (7.5)
OS event 0.611*
Alive 249 (48.6) 247 (48.2)
Dead 7(14) 9(1.8)
Age 0.929¢
<45 years 121 (23.6) 122 (23.8)
>45 years 135 (26.4) 134 (26.2)
Data are presented as n (%). %> test; *Fisher's exact test. FN1, fibronectin 1; T, T stage; N, N stage; M, M stage; OS, overall survival.
Table II. Logistic regression analysis of fibronectin 1 expression.
Characteristic Total (n) OR (95% CI) P-value
Pathological T stage (T3 and T4 vs. T1 and T2) 510 2.236 (1.553-3.220) <0.001
Pathological N stage (N1 vs. NO) 462 3.429 (2.340-5.026) <0.001
Pathological M stage (M1 vs. MO) 295 0.405 (0.099-1.651) 0.208
Pathological stage (Stage III and IV vs. stage I and II) 510 2.046 (1.405-2.981) <0.001
Age (>45 years vs. <45 years) 512 0.984 (0.696-1.393) 0.929
Histological type (Other and tall cell vs. classical and follicular) 512 4.491 (2.116-9.533) <0.001
Primary neoplasm focus type (Unifocal vs. multifocal) 502 1.153 (0.811-1.637) 0.428

T, T stage; N, N stage; M, M stage; OR, odds ratio; CI, confidence interval.

in thyroid tumors. The expression of FNI in both paired and
unpaired THCA samples revealed substantial upregulation.
Furthermore, as proteins serve as the ultimate functional units
in biology, immunohistochemical analysis was performed. In
several types of THCA, FNI1 expression was notably higher
than in normal thyroid tissues, with expression observed in
both the nucleus and cytoplasm. Immunohistochemical results
from the HPA database further corroborated the reliability of
the obtained data.

The present study also evaluated the clinical significance
of FNI1 in a cohort of patients with THCA, assessed the

relationship between FNI1 protein levels and clinicopatho-
logical characteristics, and confirmed the clinical utility of
FNI1. Analysis of clinical data demonstrated a significant
correlation between FNI1 expression levels and the T-stage of
patients with THCA. Patients at advanced T-stages exhibited
progressively elevated FN1 expression, aligning with findings
in gastric cancer progression (48). Patients with medullary and
undifferentiated carcinoma who exhibited low FNI1 expression
had prolonged survival compared with individuals with high
expression levels. Consistent with previous findings in gastric
cancer, breast cancer and skull base chordoma, these results
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Figure 9. Findings of the Gene Set Enrichment Analysis. NES, normalized enrichment score; FDR, false discovery rate; KEGG, Kyoto Encyclopedia of Genes
and Genomes.
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collectively suggest the involvement of FN1 as an oncogene  an independent prognostic indicator for overall survival.
in the progression of malignant tumors, leading to a worse  Therefore, the present study provides valuable insights and
prognosis (45,48,49). This indicates that FN1 can serve as  practical implications by proposing FNI as a promising
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molecular marker for THCA, thus improving the clinical
management of patients with THCA in the future.

Moreover, the present study explored genes that are
significantly associated with FN1 expression in THCA. The
findings revealed abnormal expression of these genes, indi-
cating their direct or indirect involvement in a regulatory
network with FNI, influencing the onset and progression of
THCA. The present study used integrated bioinformatics
methods, specifically WGCNA and DEG analysis, to identify
a comprehensive set of 426 candidate hub genes that exhibited
overlapping characteristics. By constructing a PPI network and
applying rigorous analysis techniques, the top five hub genes
were successfully pinpointed: FN1, MUCI1, KRT19, ICAM1
and NCAMI. The interaction between MUCI1 and adhe-
sion molecules enables cancer cells to exploit advantageous
mechanisms for invasion and metastasis (50,51). Therefore,
MUCI serves a pivotal role in maintaining epithelial cell
homeostasis as well as driving cancer progression. KRTs are
integral components of the cellular framework, engaging in
interactions with several cellular proteins such as kinases,
receptors, adaptors and effectors (52,53). These interac-
tions initiate signaling networks that govern crucial cellular
processes, including cell migration, invasion, metastasis, cell
cycle progression and apoptosis. [ICAMI1 is actively involved
in the immune process and inflammatory response within the
body (54). Additionally, it serves a crucial role in mediating
the adhesion of tumor cells to other cell types and the ECM by
binding with specific ligands. This mechanism allows tumor
cells to evade immune surveillance, facilitating their invasion
and metastasis. Sasca et al (55) reported that the inhibition
of MEK1/2 enhances the susceptibility of acute myeloid
leukemia (AML) blasts to genotoxic agents, suggesting that
NCAMI can serve as a useful biomarker for guiding AML
treatment. These findings indicate that the activation of FN1
may be closely associated with immune evasion, invasion and
metastasis, and collectively endow tumor cells with the ability
to resist harsh environmental conditions.

GSEA was also performed to enhance comprehension
of FN1 function and its associated activation pathways. The
GSEA analysis revealed the involvement of FN1 in regulating
the malignant phenotype of THCA, as well as its participa-
tion in pathways linked with cell adhesion molecules, tight
junctions and ECM-receptor interactions associated with the
migratory and invasive functions of tumor cells. Notably,
FNI1 extensively influences immune-related pathways,
suggesting its role as an oncogene in modulating the immune
microenvironment of tumors. Based on these pivotal find-
ings, the correlation between FN1 and immune-infiltrating
cells was subsequently assessed. FN1 was demonstrated to
significantly impact immune cell infiltration within solid
tumors, with the high-expression group of FN1 showing
marked increases in NK, CD4T and CDS8T cells compared
with the low-expression group. NK cells, being innate
immune cells, possess the ability to directly recognize
tissues expressing major histocompatibility complex class
I molecules and eliminate foreign or stressed target cells,
including those affected by viral infections, aging or cancer
transformations (56). These findings suggest that FN1 plays a
pivotal regulatory role in malignant solid tumors, promoting
tumor progression. Additionally, FN1 shows widespread

expression in immune cells within the tumor microenviron-
ment (TME).

However, whilst the present study has identified FN1
as a promising therapeutic target for THCA, involved in
immune microenvironment regulation and closely linked with
prognosis, it is not without limitations. Firstly, the precise
mechanism through which FN1 modulates immune cells in
the TME necessitates validation through a series of meticu-
lously designed experiments. Moreover, the use of FN1 as a
prognostic marker for THCA requires confirmation in clinical
applications from bench to bedside. Nevertheless, the findings
of the present study emphasize future research directions
aimed at providing potential insights into the development of
new treatment modalities for THCA.

In conclusion, FNI is upregulated in advanced THCA,
which may affect THCA progression via key molecular func-
tions and pathways. The acquired data suggest that FNI is
a powerful and promising biomarker for predicting THCA
prognosis.
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