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Wang et al.: Prognostic Significance of Necroptosis-Related Genes

Thyroid cancer is the most frequent endocrine malignancy, with over 80 % being its subtype of papillary thyroid 
cancer. Necroptosis contributes to the regulation of oncogenesis and cancer immunity. However, the prognostic 
significance of necroptosis-related genes in papillary thyroid cancer patients remains a topic requiring further 
exploration. Data from The Cancer Genome Atlas and the Gene Expression Omnibus databases were utilized 
for the identification of prognostically relevant genes through univariate cytochrome C oxidase analysis and 
least absolute shrinkage and selection operator regularization. Gene set enrichment analysis was performed 
for each prognostic-related gene and an analysis of the immune characteristics of patients stratified by their 
risk scores was undertaken. Subsequently, the potential therapeutic drugs of papillary thyroid cancer were 
predicted. Finally, real-time quantitative reverse transcription-polymerase chain reaction and Western blot 
analyses were performed in papillary thyroid cancer samples to detect the expression of prognostic-related 
genes at the messenger ribonucleic acid and protein levels. Our research has established a necroptosis-related 
prognostic signature comprising C-X-C motif chemokine ligand 5, tyrosine-protein kinase receptor 3, and 
fibronectin type III domain containing 4 in papillary thyroid cancer. This signature is intricately linked to the 
tumor microenvironment of papillary thyroid cancer and holds potential in enhancing the management and 
prognostic prediction of thyroid cancer.
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Thyroid Cancer (THCA), a malignant tumor, 
originates from the thyroid follicular epithelium or 
perifollicular epithelium cells. It has now emerged 
as the 3rd most common cancer among females in 
2022, with 823 800 reported cases according to 
American cancer statistics[1]. The National Cancer 
Center (NCC) of China has shown that the Age-
Standardized Incidence Rate by World standard 
population (ASIRW) of THCA was 10.37/105 in 
2016[2]. In women, the ASIRW for THCA ranked 3rd 
among all malignancies, and it continues to increase 
at a rate of 20 % per year. Meanwhile, there has been 
an upward trend in mortality rates of THCA[2]. The 
most ordinary kind of THCA is Papillary Thyroid 
Cancer (PTC), comprising 80 % of all cases[3]. PTC 
generally carries a favorable prognosis; however, 
the 5 y survival rate of PTC patients in China 
(84 %) is still far lower than that of developed 

countries (98 %)[4]. Although current treatments for 
PTC are becoming increasingly standardized and 
continuously enhanced, a subset of PTC patient’s still 
experience challenges such as local invasion, iodine 
refractoriness, metastases or recurrence, leading 
to a poor prognosis. This difficulty arises because 
some PTC cases exhibit heterogeneity characterized 
by distinct clinical, pathological, and molecular 
features[5]. Owing to insufficient perception of the 
natural history of these more aggressive variants, 
treatment for these patients is often insufficient or 
suboptimal. As such, there is an urgent need for 
the construction of a high-quality risk signature to 
forecast the prognosis, and to enable the tailoring of 
optimal treatments for patients with changing degrees 
of risk. The prognosis of THCA patients is associated 
with a lot of elements such as clinical elements and 
genes. Past research has shown that age, Tumor, 
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Node and Metastasis (TNM) phase, extra thyroidal 
extension, and lymph node metastasis were separate 
risk elements for the prognosis of THCA patients[6]. 
Genetic alterations including BRAF and TERT 
mutations can also impact the survival rate of THCA 
patients[7]. While Thyroglobulin (TG) serves as a 
crucial prognostic marker for PTC, its reliability can 
be compromised by the presence of TG Antibodies 
(TGAb)[8]. Therefore, new prognostic markers that 
can enhance the accuracy of diagnosis, treatment, 
and prognosis assessment for PTC patients shall be 
explored and identified urgently.
Apoptosis is a programmed cell death mechanism, 
and the avoidance and/or resistance to apoptosis are 
regarded indisputable features of cancer[9]. Until the 
discovery of necroptosis as a new programmed form 
of necrotic cell death, it was traditionally believed 
that necrosis represented a contrasting mode of cell 
demise in comparison to apoptosis[10]. Necroptosis, 
however, exhibits mechanistic similarities to 
apoptosis and shares morphological characteristics 
with necrosis[11]. Different from the classical apoptotic 
pathway relying on caspase activation, in case of 
absent or inhibited caspases, necroptosis is activated 
as the alternative[12]. Necroptosis can be induced by 
multiple innate immune signaling pathways including 
Tumor Necrosis Factor (TNF) receptor 1, Toll-like 
receptor and more[11]. These signaling pathways 
result in the phosphorylation and activation of the 
receptor-interacting protein kinase 1 and receptor-
interacting protein kinase 3, which activates the 
pseudo kinase Mixed Lineage Kinase domain Like 
(MLKL) through phosphorylation. MLKL then 
induces membrane permeability while mediating the 
release launch of intracellular materials, which leads 
to the implementation of the necroptosis program[13]. 
Necroptosis is a significant factor in cancer biology 
regulation, such as oncogenesis, cancer immunity, 
cancer metastasis, and cancer subtypes. As a fusion 
of apoptosis and necrosis, necroptosis has been 
shown to exert dual effects on cancer. On one 
hand, it serves as a protective mechanism against 
tumor development in situations where apoptosis 
is impaired[14]. Nonetheless, the primary mediating 
agents of the necroptosis path, whether individually 
or in combination, have been proposed to potentially 
facilitate cancer metastasis and the progression of 
cancer[15]. 
Further, inducing and/or manipulating necroptosis in 
anti-cancer therapies stand for a potential therapeutic 
method for bypassing obtained or intrinsic apoptosis-

resistance, acting as an alternative method to remove 
apoptosis-resistant cancer cells. At present, there is a 
scarcity of research on necroptosis-related genes in 
PTC, and the role of necroptosis-related genes in the 
development and progression of PTC remains to be 
further explored.
Therefore, a bioinformatics approach was adopted in 
the current research to identify necroptosis-related 
genes connected with the prognosis of PTC patients 
and to dig the influence of prognostic-related genes 
on the PTC immune microenvironment. At the same 
time, potential therapeutic agents were predicted 
on basis of prognostic-related genes, providing 
a theoretical basis for diagnosing and clinically 
treating PTC.

MATERIALS AND METHODS  
Data source:

We obtained transcriptome data comprising 510 
PTC samples and 58 normal samples from The 
Cancer Genome Atlas (TCGA) database (https://
portal.gdc.cancer.gov/). Subsequently, based on the 
createDataPartition function in the caret package 
(version 6.0.93), 509 PTC samples with complete 
survival data were segregated into a training set 
randomly (255 samples) and a testing set (254 
samples) in a 1:1 ratio. Additionally, the GSE29265 
dataset from the Gene Expression Omnibus (GEO) 
database (http://www.ncbi.nlm.nih.gov/geo/) was 
included, consisting of 20 normal and 20 samples. 
We also sourced a list of 636 necroptosis-related 
genes (Differentially Expressed Necroptosis Related 
Genes (DENRGs)) with a correlation score above 1.0 
from the GeneCards database (http://www.genecards.
org/).

Acquisition and enrichment analysis of DENRGs:

For the TCGA-PTC dataset, we employed the limma 
(version 3.46.0) to identify differentially expressed 
DENRGs between PTC and normal samples[16]. 
The criteria for differential expression were set at 
|log2FC|p>0.5 and adjust p<0.05. Visual representations 
were created using grammar of graphics plot (ggplot2) 
(version 3.3.6) for volcano plots and pheatmap 
(version 1.0.12)[17] for heat maps. Additionally, the 
clusterProfiler package (version 3.18.1) facilitated 
the Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) enrichment analyses of 
the identified DENRGs, with the results presented as 
bubble charts, again utilizing ggplot2 (version 3.3.6). 
All data processing was executed using R software 
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this, a nomogram incorporating these independent 
prognostic factors was constructed using the 
regression modeling strategies (rms) (version 6.5-0), 
and its accuracy was gauged using calibration curves.

Gene Set Enrichment Analysis (GSEA) of prognostic 
genes:

Within the TCGA-PTC dataset, we performed GSEA 
for GO and KEGG pathways on samples exhibiting 
high and low expression of prognostic genes. The 
criteria for enrichment included |NES|>1 and p<0.05. 

Analysis of somatic mutation and immune 
microenvironment in PTC:

To evaluate immune infiltration in the training set, 
we employed the cell algorithm, and differences 
between high- and low-risk groups were determined 
applying the Wilcoxon test. Somatic mutations in 
PTC patients were analyzed using maftools (mutation 
annotation format)[21] (version 2.6.05). F-test was 
then applied to investigate the co-occurrence and 
exclusivity of mutations. Survival probabilities 
in high and low Tumor Mutation Burden (TMB) 
groups were compared using K-M survival curves, 
generated by survminer (version 0.4.9). Furthermore, 
the infiltration degrees of 28 immune cell kinds in 
PTC samples were quantified applying single sample  
GSEA  (ssGSEA).

Assessment of immunotherapy sensitivity:

To discern expression disparities of prevalent 
immune checkpoints, we analyzed samples in the 
training set. Additionally, Immunophenoscores (IPS) 
for PTC were procured from The Cancer Imaging 
Archive (TCIA) (https://tcia.at/). We then evaluated 
the differential responses to treatments targeting 
Programmed Cell Death Protein 1 (PD1) and CTLA4 
in both risk groups. The distribution of immune 
subtypes within these groups was further examined 
using the ImmuneSubtypeClassifier.

Identification of potential therapeutic drugs for 
PTC:

Exploring potential pharmacological interventions, 
we identified prospective drugs for PTC in the 
Genomics of Drug Sensitivity in Cancer (GDSC) 
(https://www.cancerrxgene.org/) and the Drug-Gene 
Interaction database (DGIdb) (http://www.dgidb.
org), focusing on prognosis-related genes. The half 
maximum Inhibition Concentration (IC50) values for 
various drugs were calculated for patients in both 
risk groups using the oncoPredict tool (version 0.2).

packages.

Establishment and validation of PTC prognostic 
risk model:

In the initial phase, univariate Cytochrome C Oxidase 
(COX) regression analysis was employed to the 
training set to select survival-associated genes among 
the DENRGs. Next, the Least Absolute Shrinkage 
and Selection Operator (LASSO) technique was 
adopted, utilizing the glmnet (version 4.1-4)[18], to 
refine the gene selection and mitigate the inclusion 
of false-positive genes, thus constructing a more 
robust prognostic model. The risk score for every 
PTC patient was computed by integrating the gene 
expression levels with their respective coefficients 
derived from the LASSO analysis. Patients were then 
stratified into high- and low-risk groups on basis of 
the median risk score. The differences in survival rates 
between these two groups were illustrated applying 
Kaplan-Meier (K-M) survival curves, produced with 
the survminer[19] (version 0.4.9). The prognostic 
model’s predictive performance was further assessed 
by constructing Receiver Operating Characteristic 
(ROC) curves applying the survivalROC (version 
1.0.3). This assessment was conducted both in 
the training and the testing sets to ensure model 
robustness. Moreover, the diagnostic accuracy of 
the prognostic model for PTC was assessed using 
the GSE29625 and TCGA-PTC datasets. This was 
achieved by generating ROC curves with the pROC 
(version 2.3.0). Lastly, the expression of prognostic-
related genes in PTC vs. normal samples within the 
GSE29625 and TCGA-PTC datasets were analyzed. 
The results were visually represented through box 
plots, crafted using the ggplot2 package (version 
3.3.6)[20]. In addition, in the GSE29625 and TCGA-
PTC datasets, the ROC curve was drawn with the 
pROC to explore the diagnostic precision of the 
prognostic model for PTC. Finally, in the GSE29625 
and TCGA-PTC datasets, the expression of 
prognostic-related genes in PTC and normal samples 
were detected by the nonparametric test. 

Evaluation of independent prognostic factors in 
PTC patients:

For our study, we incorporated variables such as risk 
score, gender, stage, and TNM classifications into a 
cohort of 137 training set samples with comprehensive 
clinical data. COX regression analyses were made to 
discern independent prognostic elements for PTC, 
with significance determined at p<0.05. Following 
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Receptor 3 (TYRO3) (1:1000, CST, #5585), and 
FINDC4 (1:1000, NOVUS, NBP1-59690).

RESULTS AND DISCUSSION
Utilizing the TCGA-PTC dataset, differential 
analysis yielded 32 distinct DENRGs contrasting 
PTC with normal samples. Among these, 15 were 
found to be up-regulated and 17 down-regulated, 
meeting the criteria of |log2FC|>5 and p<0.05 (fig. 
1A and fig. 1B). GO analysis of these 32 DENRGs 
identified 437 associated pathways. The analysis 
also highlighted pathways related to TNF-mediated 
signaling, control thereof, cellular responses to tumor 
necrosis element, and reaction to tumor necrosis 
element, including the extrinsic apoptotic signaling 
pathway (fig. 1C). Concurrently, KEGG analysis 
linked the 32 DENRGs to 58 pathways, primarily 
those associated with immune and inflammatory 
responses, cell death, and disease development. 
Notable pathways include necroptosis, lipid and 
Nuclear Factor-Kappa B (NF-κB) signaling pathway, 
TNF signaling pathway, along with pathways 
associated with human immunodeficiency virus 1 
infection, apoptosis, alcoholic liver disease, human 
cytomegalovirus infection, and hepatitis C, etc., (fig. 
1D).
In our training set, an initial univariate COX 
regression analysis of 32 DENRGs identified three 
genes CXCL5, TYRO3, and Fibronectin Type III 
Domain Containing 4 (FNDC4) as significantly 
associated with PTC patient survival (p<0.05) (fig. 
2A). Subsequent analysis using LASSO regression 
led to the establishment of a prognostic model for 
PTC, incorporating these three genes (fig. 2B). Risk 
scores for PTC patients in the training set were 
calculated on basis of these genes. Patients were fallen 
into high-risk and low-risk groups (risk score=-7.06) 
(fig. 2C). The risk curve indicated shorter survival 
times for patients in the high-risk group. Moreover, 
K-M survival analyses displayed that the probability 
of survival was greatly lower in the high-risk group 
compared to low-risk group (fig. 2D). The prognostic 
model’s predictive accuracy was further proved 
by the ROC curve, with the Area Under the Curve 
(AUC) for 1 y, 3 y, and 5 y survival exceeding 0.7, 
underscoring the model’s efficacy (fig. 2E).
The risk curve mirrored findings from the training 
set, showing reduced survival times for high-risk 
group patients (fig. 3A). K-M analysis confirmed 
significantly lower survival probabilities for the 
high-risk group by comparing with the low-risk 

Validation through quantitative Reverse 
Transcription-Polymerase Chain Reaction (qRT-
PCR) and Western Blot (WB):

For validation, tissue samples from PTC and adjacent 
normal regions were collected from 10 patients. Total 
Ribonucleic Acid (RNA) extraction from Peripheral 
Blood Mononuclear Cells (PBMCs) was performed 
applying TRIzol reagent (Ambion), in accordance 
with the manufacturer’s protocols, complementary 
Deoxyribonucleic Acid (cDNA) synthesis from the 
extracted RNA was conducted with the SureScript™ 

First Strand cDNA Synthesis Kit (Servicebio). 
Tsingke Biotechnology Co., Ltd., synthesized 
primers, listed in Table 1. qRT-PCR was executed 
using the Bio-Rad system, with Glyceraldehyde 
3-Phosphate Dehydrogenase (GAPDH) serving as the 
normalization reference, and ∆CT method for result 
calculation. All experimental procedures adhered 
to relevant guidelines and regulations, receiving 
approval from the ethics committee. 
TABLE 1: PRIMERS USED FOR THE qRT-PCR 
ANALYSIS

Primers Sequences (5'-3')

CXCL5 Forward: TGCGTTGCGTTTGTTTACAG

CXCL5 Reverse: TCTTCAGGGAGGCTACCACTT

TYRO3 Forward: CCATCCGCACAGATTCAGGC

TYRO3 Reverse: TCCAGGGTCCACAGCCAACT

FNDC4 Forward: CTGACCGGCTACCTTCAAACA

FNDC4 Reverse: GCCTTCCCTGAGGACTCTGTT

GAPDH Forward: GAAGGTCGGAGTCAACGGATTT

GAPDH Reverse: ATGGGTGGAATCATATTGGAAC

For protein analysis, the extraction of total protein 
was made with Radioimmunoprecipitation Assay 
(RIPA) lysis and extraction buffer (Solarbio, China), 
followed by separation via 10 % Sodium Dodecyl-
Sulfate Polyacrylamide Gel Electrophoresis (SDS-
PAGE). The transfer of proteins to a Polyvinylidene 
Fluoride (PVDF) membrane was made (Millpore, 
United States of America (USA)). Detection 
involved Goat anti-Mouse IgG-HRP (Servicebio, 
GB23301, China) and Goat anti-Rabbit IgG-HRP 
(Invitrogen, AB_228338). The antibodies used 
included β-actin (1:25 000, Proteintech, 66009-1-Ig, 
China), C-X-C Motif Chemokine Ligand 5 (CXCL5) 
(1:1000, Abcam, ab126763), Tyrosine-protein kinase 
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accuracy was determined by ROC curve, indicating 
robust prognostic capability (AUC>7) (fig. 3F). 
Additionally, in both the GSE29625 and TCGA-PTC 
datasets, the prognostic model demonstrated strong 
diagnostic precision with AUC values exceeding 0.7 
on the ROC curve (fig. 3G-fig. 3H). Further analysis 
displayed greatly higher expression degrees of the 
three prognostic genes in PTC samples by comparing 
with normal samples within these datasets (fig. 3I 
and fig. 3J).

group (fig. 3B). The ROC curve analysis for 1 y, 3 
y, and 5 y survival displayed AUC values exceeding 
0.66 (fig. 3C), demonstrates the reliability of the 
prognostic model.
The prognostic model’s effectiveness was further 
validated applying the TCGA-PTC dataset. Analysis 
revealed that patients classified as high-risk 
exhibited markedly shorter survival times (fig. 3D). 
Survival analysis displayed a greatly lower survival 
possibility in the high-risk group by comparing with 
the low-risk group (fig. 3E). The model’s predictive 

Fig. 1: Identification and enrichment analyses of DENRGs, (A): Volcano plot of DENRGs; (B): The heatmap showed the expression 
levels of 32 DENRGs in normal and PTC samples; (C): Top 10 GO terms of the DENRGs and (D): Top 10 KEGG pathways of the 
DENRGs
Note: (A) ( ): Down-regulated; ( ): NA; ( ): Up-regulated and (B) ( ): Normal and ( ): Disease
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Fig. 2: Construction of the prognostic models, (A): Univariate COX regression analysis of OS for each necroptosis-related genes; 
(B) (a): LASSO regression of the 3 OS-related genes and (b): Cross-validation for tuning the parameter selection in the LASSO re-
gression; (C) (a): Distribution of patients based on the risk score; (b): Low-risk population and (c): High-risk population; (D): K-M 
curves for comparison of the OS between low- and high-risk groups and (E): Time-dependent ROC curves
Note: (C) (a) ( ): High risk group, ( ): Low risk group; (b) ( ): Death, ( ): Alive and (D) ( ): High risk group and ( ): Low risk 
group
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model’s precision in forecasting survival rates at 1 
y, 3 y, and 5 y for individuals with PTC (fig. 4D-fig. 
4F).
Analysis within the TCGA-PTC dataset indicated that 
prognostic-related genes significantly took part in 
processes of cell division and the immune response, 
mediated via cytokines and chemokines. GO showed 
CXCL5’s association with key cellular processes 
such as cell cycle checkpoint, G1/S transition of the 
mitotic cell cycle, activation of Mitogen-Activated 
Protein Kinase (MAPK) activity, ossification, and 
virus receptor activity (p<0.05, q<25) (fig. 5A). KEGG 

In the initial dataset, an extensive analysis that 
included both the risk score and key clinical 
characteristics (including gender, stage of the tumor, 
and TMN stages) of patients with PTC was performed 
using COX regression methods. The results suggest 
that the risk score can be recognized as a separate 
prognostic index, evidenced by a significant 
(p<0.001) (fig. 4A and fig. 4B).
Subsequently, a nomogram incorporating the risk 
score was devised (fig. 4C), and the effectiveness of 
this nomogram in predicting outcomes was assessed 
through calibration plots. These plots confirmed the 

Fig. 3: Validation of the prognostic model, (A) (a): Risk score distribution, (b): Survival overview and (c): Heatmap of three  
prognostic genes in the test set; (B): K-M survival curves for the high-risk and low-risk groups in the test set; (C): Time-depen-
dent ROC curves at 1 y, 3 y and 5 y for patients in the TCGA-PTC; (D) (a): Risk score distribution, (b): Survival overview and 
(c): Heatmap of three prognostic genes in the validation set; (E): K-M survival curves for the high-risk and low-risk groups in the 
validation set; (F): Time-dependent ROC curves at 1 y, 3 y and 5 y for patients in the GSE29625; (G and H): Time-dependent ROC 
curves to assess prognostic models; (I): Expression levels of PTC samples of three prognostic-related genes in the GSE29625 and 
(J): TCGA-PTC data set
Note: *p<0.01, (A and D) (a) ( ): High, ( ): Low; (b) ( ): Death, ( ): Alive; (B and E) ( ): High risk group and ( ): Low risk 
group; (I and J) ( ): Disease and ( ): Normal
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G1/S and G2/M transitions of the mitotic cell cycle, 
and ubiquitin ligase complex (p<0.05, q<25) (fig. 
5C). KEGG enrichment for TYRO3 demonstrated 
its association with lysosome, endocytosis, axon 
guidance, tight junction, and shigellosis (p<0.05, 
q<25) (fig. 5D).

enrichment analysis indicated CXCL5’s involvement 
in pathways such as oxidative phosphorylation, 
cytokine-cytokine receptor interaction, etc., (p<0.05, 
q<25) (fig. 5B).
Further, GSEA for TYRO3 in the GO domain revealed 
its relation to crucial cellular mechanisms including 
cell cycle checkpoint, DNA damage checkpoint, 

Fig. 4: (A): Univariate; (B): Multivariate COX analyses of prognosis; (C): The nomogram predicts prognosis based on the risk score 
and other clinical features; (D): Calibration plot for 1 y survival; (E): Calibration plot for 2 y survival and (F): Calibration plot for 
3 y survival

Fig. 5: Gene set enrichment analysis of the three prognostic-related genes, (A): GO; (B): KEGG enrichment analysis by GSEA 
showed the significantly enriched hallmarks of CXCL5 in TCGA; (C): GO; (D): KEGG analysis of TYRO3; (E): GO and (F): 
KEGG analysis of FNDC4
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In our analysis involving a training set, we examined 
123 samples of PTC, finding that 99 of these 
samples (representing 80.49 %) contained somatic 
mutations (fig. 6B), a waterfall plot, illustrates the 
top 20 mutated genes in these samples, prominently 
featuring genes linked to cancer like BRAF (68 %), 
TTN (8 %), NRAS (5 %), and CACNA1B (3 %), with 
missense mutations being the predominant variant 
type observed. In the subset categorized as low-
risk, out of 121 PTC samples analyzed for somatic 
mutations, 87 (71.9 %) were mutation-positive. The 
corresponding waterfall plot for this group (fig. 6C) 
and included famous cancer-related genes including 
BRAF (47 %), NRAS (9 %), MUC16 (7 %), HRAS 
(6 %) and TTN (6 %). Missense mutations were the 
most ordinary variant classification. 

Similarly, GO analysis for FNDC4 indicated its 
involvement in cellular processes such as cell cycle 
checkpoint, G1/S transition of the mitotic cell cycle, 
and nuclear-transcribed mRNA catabolic processes 
including nonsense-mediated decay (p<0.05, q<25) 
(fig. 5E). Through KEGG analysis, FNDC4 was 
found to be associated with ribosome, viral protein 
interaction with cytokine and cytokine receptor, 
cytokine-cytokine receptor interaction, chemokine 
signaling pathway, and lysosome (p<0.05, q<25) (fig. 
5F). In the training set, through analyzing immune 
cell infiltration, significantly higher immune score 
and significantly lower stroma score were observed 
in the high-risk group samples by comparing with the 
low-risk group, while there was no great diversities 
in microenvironment score between the two risk 
groups (fig. 6A).

Fig. 6: Tumor mutation burden and immunoassay between high- and low-risk groups, (A): The immune microenvironment and 
stroma scores of high and low risk groups; (B and C): The 20 genes with the highest mutation rates in high and low risk groups; (D 
and E): Co-occurrence and exclusiveness between mutated genes in high and low risk groups; (F): TMB distribution between the 
high and low risk groups; (G): K-M analysis of patients in the high and low TMB groups; (H): Comparison of ssGSEA scores for 
the levels of immune cell infiltration between high- and low-risk groups and (I): Correlation of immune cells and 3 signature genes
Note: ns: not significant and *p<0.01; **p<0.001; ***p<0.05 and ****p<0.005, (A and H) ( ): High risk group and ( ): Low risk 
group; (F) ( ): High and ( ): Low
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high-risk group. This increase was particularly 
evident in multiple cell types including activated 
dendritic cells, activated CD4+ T cells, and central 
memory CD4/CD8 T cells, showing great diversities 
in infiltration degrees between the two groups 
(p<0.05) (fig. 6H). Furthermore, the prognostic-
relevant genes CXCL5 and FNDC4 were found to 
have substantial correlations with the majority of 
these immune cells. Conversely, TYRO3 was not 
greatly related to the immune cells (|Cor|>3 and 
p<0.05) (fig. 6I).
Analysis within the training set indicated significant 
elevation in the expression degrees of immune 
checkpoints, including BTLA, CD274, CD70, 
CTLA4, HAVCR2, ICOS, IDO1, PDCD1LG2, 
TIGIT, TNFRSF18, and TNFRSF9 (p<0.05) (fig. 
7A). Additionally, the IPS differences in response to 
PD1 and CTLA4 treatments were notably significant 
(p<0.05). However, no significant IPS variation was 
observed between these groups under the conditions 
of no treatment, PD1 alone, or CTLA4 alone (fig. 
7B). Immunophenotype analysis identified the 
predominant Immune Subtype (IS) in both risk 
groups as C3-inflammatory IS, with the presence of 
C2-IFN-γ dominant IS and C4-lymphocyte depleted 
ISs (fig. 7C).

Highlights the most frequently mutated genes in 
these patients, including notable cancer genes 
such as BRAF (47 %), NRAS (9 %), MUC16 (7 
%), HRAS (6 %), and TTN (6 %). Moreover, our 
correlation assessment within the high-risk category 
revealed a pronounced co-occurrence of mutations 
in STXBP3 with ABCD3 and ANKAR, as well as 
between CLASP1 with ABCD3 and ANKAR (fig. 
6D). Analysis of the TCGA-PTC dataset revealed 
significant exclusivity between BRAF and NRAS, 
as well as between HMCN1 and TAF1B (fig. 6D). 
In the low-risk group, genes including BDP1, 
INTS2, MACF1, KIAA1109, LRRK2, ADAM22, 
CCDC150, DPYD, POLQ, and SMC3 demonstrated 
strong co-occurrence. Conversely, BRAF exhibited 
notable exclusivity with NRAS and HRAS (fig. 6E). 
Furthermore, analysis in the training set revealed 
no great diversity in TMB between high and low-
risk groups. However, patients with high TMB had a 
significantly lower possibility of survival than those 
with low TMB (fig. 6F and fig. 6G).
In the training set, the infiltration levels of eosinophils 
did not present a statistically significant difference 
when comparing high- and low-risk categories. 
In contrast, a notable elevation in infiltration was 
observed in 27 other immune cell types within the 

Fig. 7: (A): Comparison of immune checkpoint expression; (B): Comparison of IPS and (C): Immunophenotype distribution in the 
high- and low-risk groups
Note: ns: not significant, *p<0.01; **p<0.001; ***p<0.05 and ****p<0.005, ( ): High risk group and ( ):  Low risk group
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FNDC4 were identified (fig. 8F and Table 2).
qRT-PCR (fig. 9A-fig. 9C) and WB (fig. 9D-fig. 9F) 
analyses revealed that mRNA expression degrees 
of prognostic-related genes CXCL5, TYRO3, and 
FNDC4 were significantly higher in PTC samples by 
comparing with adjacent normal samples (p<0.05). 
The raw data for WB are shown in fig. 10. These 
findings align with earlier predictions made using the 
GSE29625 and TCGA-PTC datasets.

In the training set, analysis of the GDSC database 
predicted 198 potential drugs for PTC. Drugs such 
as AZD5991_1720 and IAP_5620_1428 exhibited 
significantly higher IC50 values in the high-risk group 
by comparing with the low-risk group (p<0.05) (fig. 
8A-fig. 8E). Additionally, based on prognostic-
related genes, 18 TYRO3-associated drugs were 
identified in the DGIdb database, including AST-487, 
JNJ-7706621, dovitinib, and CHEMBL1997335. 
However, no drugs associated with CXCL5 and 

Fig. 8: Sensitivity and correlation analysis to drugs in high- and low-risk groups; IC50 of drugs, (A): AZD5991_1720; (B): 
AZD3759_1915; (C): Axitinib_1021; (D): Alisertib_1051; (E): IAP_5620_1428 in the high and low risk groups and (F): Interaction 
of drugs with the biomarker TYRO3
Note: (A and E) ( ): High risk group and ( ):  Low risk group

Gene Drug Source

TYRO3 DEZAPELISIB TTD

TYRO3 TOZASERTIB DTC

TYRO3 AST-487 DTC

TYRO3 SNS-314 DTC

TYRO3 PD-0166285 DTC

TYRO3 CHEMBL202721 DTC

TYRO3 ILORASERTIB DTC

TYRO3 JNJ-7706621 DTC

TABLE 2: DRUG PREDICTION BASED ON THE PROGNOSTIC-RELATED GENES
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TYRO3 VANDETANIB DTC

TYRO3 ITACITINIB TTD

TYRO3 MLN-8054 DTC

TYRO3 DOVITINIB DTC

TYRO3 CHEMBL1997335 DTC

TYRO3 CHEMBL379975 DTC

TYRO3 DORAMAPIMOD DTC

TYRO3 SP-600125 DTC

TYRO3 ADAVOSERTIB DTC

TYRO3 CHEMBL546797 DTC

Fig. 9: The expression levels of CXCL5, TYRO3, and FNDC4 quantified by using RT-PCR, (A-C): WB and (D-F): Analysis in 20 
paired (RT-PCR: 10 paired; WB: 10 paired), PTC tissues (PTCt) and Adjacent normal tissue (ADt) samples
Note: (A): *p=0.0156, (B): *p=0.0477, (C): **p=0.0022, (E): ***p=0.0002 and (D and F): ****p<0.0001

Fig. 10: Expression of CXCL5, TYRO3, FNDC4 and β-actin protein were detected by WB
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univariate COX regression and multivariate COX 
regression analyses also confirm that the risk score 
could be regarded as a separate prognostic risk, 
which was greatly demonstrated in isolated external 
cohorts GSE29625 and TCGA-PTC datasets. 
CXCL5, a member of the CXC-type chemokine 
family, has been observed to be a significant factor 
in tumorigenesis and cancer progression[26]. Existing 
research has revealed that CXCL5 is overexpressed 
in nasopharyngeal carcinoma, breast cancer, non-
small cell lung cancer, hepatocellular carcinoma and 
pancreatic adenocarcinoma, while grown expression 
of CXCL5 is related to advanced tumor stages, 
local invasion, neutrophil infiltration and metastatic 
potential[27-32]. Research regarding the role of CXCL5 
in PTC is currently ongoing. The activated CXCL5-
CXCR2 axis exerts a significant effect on driving the 
migration, invasion, and epithelial-to-mesenchymal 
transition of PTC cells, and it achieves this by 
modulating the β-catenin pathway. Chang et al.[33] 
verified that down-regulating CXCL5 inhibited the 
malignant behavior of THCA cells. Members of the 
TAM (TYRO3, AXL, and MER) family of receptor 
tyrosine kinases are famous for their anti-apoptotic, 
oncogenic, and anti-inflammatory effects. While the 
functions of AXL and MER in these contexts have been 
extensively documented, the precise roles of TYRO3 
remain largely unknown[34]. Expression of TYRO3 
has been noted in a variety of malignancies and 
recent studies have shown that a positive and negative 
association between the expression of TYRO3 and 
cancer growth and prognosis, respectively[35,36]. As 
such, TYRO3 has been put forward as a promising 
objective for cancer treatment. It has been displayed 
TYRO3 activates ordinary oncogenic signaling 
pathways including MAPK/Extracellular-Regulated 
Kinase (ERK) and Phosphatidylinositol 3-Kinase 
(PI3K)/Akt. In tumor cells, it has been reported that 
down-regulating TYRO3 via RNAi in breast, colon, 
head and neck and pancreatic cancers regulates 
the cellular signaling path by decreasing the 
phosphorylation of Signal Transducer and Activator 
of Transcription 3 (STAT3), Akt, and ERK[37-40]. 
FNDC4 is a member of the fibronectin type III 
domain family. At present, there are relatively few 
research reports on FNDC4 in tumors. Wang et al.[41] 
reported that elevated levels of FNDC4 expression 
were related to reduced survival rates and were 
found to promote increased migration and invasion 
in in vitro experiments. Li et al.[42] declared that 
FNDC4 expression is elevated in glioblastoma and 

THCA represents the most prevalent form of endocrine 
malignancy, with PTC occupying over 80 % of all 
cases. Further, the incidence of PTC is steadily on 
the rise[1,2]. The development of a novel prognostic 
signature is imperative to enhance the capacity 
of forecasting the prognosis of PTC patients more 
effectively. Necroptosis, which constitutes a newly 
observed programmed form of necrotic cell death, has 
garnered significant attention due to numerous studies 
demonstrating its association with the dysregulation 
of necroptosis and its close relationship with 
various human diseases. Dual roles of necroptosis 
in cancer have been illustrated; necroptotic is 
suggested to promote cancer progression[15], while 
protecting against tumor development if apoptosis 
is compromised[14]. Nevertheless, the promising 
significance of the necroptosis-related genes in PTC 
remains unclear and limited studies have reported 
its role in PTC diagnosis, prognosis and treatment. 
Therefore, the use of necroptosis-related signatures 
as a novel biomarker for the prognosis of PTC was 
explored in the current research. 
In the current research, firstly, 32 DENRGs with 
PTC were obtained through differential analysis. The 
outcomes of GO and KEGG analyses reveals that these 
DENRGs were mostly associated with necroptosis, 
apoptosis, immune and inflammatory response-
mediated cell death, as well as the TNF-mediated 
signaling pathway, NF-κB signaling pathway, and 
TNF signaling pathway. Notably, previous research 
has shown that these pathways may take part in the 
progression of PTC[22]. Wen et al.[23] reported that Meis 
Homeobox 2 (MEIS2) stops proliferation and drives 
apoptosis of THCA cells through the NF-κB signaling 
pathway. Luo et al.[24] indicated that FOXP4-AS1 
acts as an inhibitor of proliferation and migration 
in papillary thyroid carcinoma by modulating the 
protein kinase B (Akt) signaling pathway. Another 
study revealed the novel role of galectin-3 and Tg in 
THCA and elucidation of the potential contribution 
of TNF-α[25]. Thus, a hypothesis could be made that 
these DENRGs might play a critical role in THCA 
by regulating necroptosis. In the current research, a 
novel prognostic model made up of CXCL5, TYRO3 
and FNDC4 was constructed to forecast the survival 
of the TCGA-PTC cohort. On basis of the risk score, 
the survival analysis results show that the low-risk 
group acquired a greatly better Overall Survival 
(OS). Besides, the AUC analysis results suggest that 
the prognostic model shows an excellent predictive 
value for PTC patient’s prognoses. The outcomes of 
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three DENRGs in PTC is unclear, and further studies 
are required to elucidate the mechanisms of the three 
DENRGs in PTC. 
The three DENRGs were also identified as being 
notably related to various immune-related pathways 
in the present study. It could be assumed that 
necroptosis may be related to the immunological 
microenvironment of PTC. Findings were made that 
the immune scores and the infiltration levels of the 27 
immune cells were greatly higher in high-risk groups. 
A possible reason for this result may be that immune 
inflammatory cells employed by necroptosis can drive 
tumor growth by driving angiogenesis, accelerating 
cancer cell propagation, and promoting cancer 
metastasis[9,11]. Moreover, high-risk patients showed 
greater infiltration of different immunosuppressive 
cells, including gamma delta T cells, macrophages, 
immature dendritic cells, monocyte, plasmacytoid 
dendritic cells, Myeloid Derived Suppressor 
Cells (MDSCs), regulatory T cells (Treg), and T 
follicular helper cells. This suggests that there is an 
immunosuppressive microenvironment in high-risk 
patients. The immunosuppressive microenvironment 
serves as a critical mechanism allowing tumor 
cells to evade immune responses and facilitate the 
progression of the disease[46]. Cancer immunotherapy 
has emerged as a potential therapeutic method, 
demonstrating significant advancements in the 
field of treatment[47]. Significant differences were 
discovered in the expression of immune checkpoints. 
Most of the immune checkpoints, including BTLA, 
CD274, CD70, CTLA4, HAVCR2, ICOS, IDO1, 
PDCD1LG2, TIGIT, TNFRSF18, and TNFRSF9 
were upregulated in the high-risk group, potentially 
indicating that PTC in the high-risk group controls 
the immune reaction by hijacking the immune 
checkpoint pathway to achieve immune escape. 
Meanwhile, no obvious difference in TMB between 
the high- and low-risk groups was identified. 
However, patients with high TMB was greatly 
lower survival probability than patients with low 
TMB. TMB has considerably significant prognostic 
value in immunotherapy as a biomarker of immune 
checkpoint blockade reaction, with a higher TMB 
standing for a greater likelihood of immunotherapy 
effectiveness[48]. Considering all the aforementioned 
results, it could be hypothesized that immunotherapy 
may be more effective for high-risk patients. In the 
present study, great diversities in IPS between high- 
and low-risk groups in PD1 and CTLA4 treatment 
were found, suggesting that PD1 and CTLA4 may be 

closely associated with poor prognosis. Similarly, 
in the present study, findings were made that the 
mRNA and protein expression degrees of CXCL5, 
TYRO3 and FNDC4 were greatly increased in the 
PTC samples by comparing with the adjacent normal 
samples, which is generally consistent with the 
aforementioned predictions for the GSE29625 and 
TCGA-PTC datasets. Among the three prognostic-
related genes included in the TCGA-PTC datasets, 
the upregulation of CXCL5 was made in the high-
risk group, while the upregulation of TYOR3 and 
FNDC4 was made in the low-risk group. Currently, 
researchers are actively investigating the mechanism 
of necroptosis in tumor development. Ando et al.[43] 
observed that in pancreatic cancer, necroptosis 
drives cancer cell migration and invasion through the 
release of CXCL5. Najafov et al.[34] identified that 
TYRO3 drives necroptosis through controlling the 
oligomerization of MLKL. Wang et al.[44] created a 
risk signature of seven necroptosis-related genes to 
forecast the prognosis of PTC patients. The results 
indicated that the overexpression of gene IPMK, 
KLF9, SPATA2 could greatly stop the propagation, 
invasion and migration of PTC cells. However, there 
is still a shortage of mechanistic studies examining 
the effect of necroptosis on the development of 
PTC. Through GO and KEGG enrichment analyses 
by GSEA, it could be hypothesized that CXCL5 
may facilitate the invasion and migration of PTC 
cells through the activation of signaling pathways 
including c-Jun N-terminal kinase, ERK, and 
MAPK. Additionally, CXCL5 may contribute to the 
proliferation and colonization of PTC cells within the 
bone, potentially leading to bone metastasis, possibly 
via involvement in the chemokine signaling pathway 
and nuclear NF-κB signaling pathway. Presently, 
only Ren et al.[45] have shown that TYRO3 played a 
protective role in PTC patients, which is consistent 
with the present findings. Combined with its role in 
other cancers and the present bioinformatics analysis 
results, it could be hypothesized that TYRO3 is 
involved in the development of PTC through the 
activation of the Janus kinase-signal transducer and 
activator of transcription and PI3K/Akt signaling 
pathways. Notably, activated signaling pathways 
including MAPK, NF-κB, PI3K/Akt, and STAT 
were reported to affect the growth, invasion, and 
metastasis of THCA[22]. The present findings show, 
for the first time, the high expression of FNDC4 in 
PTCt and are associated with the prognosis of PTC 
patients. At present, the relevant mechanism of the 
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