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Purpose: Papillary thyroid carcinoma (PTC) is the most common subtype of thyroid cancer. Recurrence makes the prognosis for 
some patients with PTC worse. Increasing evidence have suggested that N6-methyladenosine (m6A) RNA methylation plays an 
important role in tumorigenesis. However, the significance of m6A-related lncRNAs in the malignant progression of PTC remains 
unknown. In this study, we explored the significance of M6A-related lncrnas in the malignant progression of PTC.
Patients and Methods: Transcriptome and clinical data of PTC were achieved and integrated from The Cancer Genome Atlas 
(TCGA). Firstly, a Spearman correlation analysis was performed to obtain m6A RNA methylation-associated lncRNAs. Next, We 
constructed a prognostic signature and assessed the accuracy of the signature by receiver operating characteristic (ROC) curve and 
Kaplan Meier survival analyses. Furthermore, functional enrichment analysis was performed on the high- and low-risk groups. Finally, 
we determined prognostic gene expression in clinical samples using quantitative reverse transcription polymerase chain reaction (RT- 
qPCR).
Results: We identified 56 differentially expressed lncRNAs associated with m6A RNA methylation. Univariate Cox and Least 
Absolute Shrinkage and Selection Operator (LASSO) regression analyses showed that the survival-related lncRNAs associated 
with m6A RNA methylation were detected, which showed superior calibration and discrimination. Moreover, the biological processes 
related to energy metabolism were significantly activated in the high-risk group. Finally, the co-expressed genes of lncRNAs in the risk 
model were significantly enriched in biological processes related to copper ion response. Finally, we validated the expression levels of 
three prognostic genes in clinical samples using RT-qPCR.
Conclusion: Our study revealed m6A RNA methylation-associated lncRNAs were significantly associated with disease-free survival 
in patients with papillary thyroid cancer, which would improve our understanding of the relationship between m6A RNA methylation- 
associated lncRNAs and PTC.
Keywords: Papillary thyroid carcinoma, m6a RNA methylation, lncrna, PROGNOSIS, disease-free survival

Introduction
Thyroid carcinoma (TC), with increasing incidence in recent years, is one of the most frequent endocrine neoplasia.1 

According to statistics in 2018, the global incidence of TC in women reached 10.2 per 100,000 people, accounting for 
5.12% of all female malignancies.2 TC can be divided into four types: papillary thyroid carcinoma (PTC), follicular 
thyroid carcinoma, medullary thyroid carcinoma, and anaplastic thyroid carcinoma.3 PTC is the most common patho-
logical type of thyroid cancer, accounting for about 70–90% of all thyroid cancers.4,5 Although most PTC patients have 
a good prognosis, there are still more than 10% of patients who encounter tumor recurrence or metastasis in long-term 
follow-up.6 These patients with metastases or relapses have a significantly higher mortality rate, and the difficulty of 
retreatment is increased. Therefore, it is necessary to find new potential recurrence-related markers.7,8
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N-6 methyladenosine (m6A) modification, the most dominant modification form of RNA in eukaryotic cells,9 is a dynamic 
and reversible process regulated by a “writer” (methyltransferase), an “eraser” (demethylase) and a “reader” (binding 
protein).10 The “writer” catalyzes the formation of m6A methylation, which is mainly composed of METTL3, METTL14, 
WTAP, KIAA1429, METTL16, RBM15, and ZC3H13; The “eraser” mediates the removal of M6A methylation, which 
consists of FTO and ALKBH5; The “reader” affects the biological function of mRNA by specifically recognizing methylated 
adenosine on mRNA, which is mainly composed of YTHDF1/2/3, YTHDC1/2, HNRNPA2B1, HNRNPC11, and 
HNRNPG.11 Previous studies have shown that m6A methylation plays an important role in the occurrence and development 
of a variety of malignant tumors.12,13 The mechanisms may involve many stages of gene expression, such as RNA splicing, 
maturation, translation, and degradation, and ultimately affect homeostasis, regulating the occurrence and progression of 
a variety of tumors.14 Many studies have proved that there is a close relationship between m6A methylation and PTC, 
and m6A-RNA methylation has a significant impact on the prognosis of PTC patients.15,16

LncRNA is a nucleotide with a length of more than 200nt, which does not has protein-coding ability.17 In recent years, 
many studies have shown that lncRNA played an important role in the occurrence and development of a variety of 
malignant tumors.18,19 Meanwhile, many lncRNAs are closely related to the prognosis of patients with PTC, such as 
CASC2, FAM95B1, and UCA1.20,21 The relationship between m6A and lncRNA has also been mentioned more and 
more. m6A is reported to modify a variety of lncRNAs, which may affect lncRNAs by changing the structure of lncRNA, 
inhibiting mediated gene transcription, changing subcellular distribution, and regulating stability.22 Previous research has 
already reported on the role of m6A methylation-related lncRNAs in PTC.23 However, it is still necessary to conduct a more 
systematic analysis of the impact of m6A methylation-related lncRNAs on PTC. This is to discover 
additional m6A methylation-related lncRNAs potentially associated with PTC and to further enhance their predictive value.

In this study, we identified the lncRNAs related to the regulatory factors of m6A methylation by bioinformatics 
method and constructed a prognostic model for predicting PTC patients, which enriched the study on the lncRNAs 
related to m6A methylation in PTC and laid a theoretical foundation for clinical work and patient prognosis evaluation.

Materials and Methods
Data Collections
The RNA-seq transcription data including PTC tissues (381) and normal tissues (58) was collected from The Cancer Genome 
Atlas (TCGA, https://portal.gdc.cancer.gov/). And the clinical information was downloaded from cBioPortal (https://www. 
cbioportal.org/) database. Based on previously published literature, a total of 21 regulatory factors of m6A RNA methylation 
were obtained including 8 writers (METTL3, METTL14, METTL16, WTAP, VIRMA, RBM15, RBM15B, and ZC3H13), 
two erasers (FTO and ALKBH5), and 14 readers (YTHDC1, YTHDC2, IGF2BP1, IGF2BP2, IGF2BP3, YTHDF1, YTHDF2, 
YTHDF3, HNRNPC, HNRNPA2B1,RBMX, RBM15, RBM15B, and ZC3H13).

Identification of m6A RNA Methylation Related Differentially Expressed lncRNAs
Differentially expressed lncRNAs between tumor and normal samples, 381 PTC tissues and 58 normal tissues were 
served to perform differential analysis using the “limma”24 package in R. P values less than 0.05 and the absolute of 
log2-fold-change (FC) more than 1 were set to the threshold. Meanwhile, the R package “pheatmap”25 and “ggplot2”26 

were used to draw the volcano plot and heatmap. Moreover, Spearman correlation analysis was performed between 
differentially expressed lncRNAs and 21 m6A RNA methylation regulators to obtain m6A RNA methylation-associated 
lncRNAs.

Construction of a Prognostic Signature of m6A RNA Methylation-Associated lncRNAs
TCGA papillary thyroid cancer samples were randomly divided into a training set and a validation set (7:3), and the 
training set was used to construct a prognostic gene signature. Univariate Cox regression analysis was carried out to 
identify prognosis related genes with P values < 0.05 using the R package “survival”.27 Subsequently, Least Absolute 
Shrinkage and Selection Operator (LASSO) regression analysis was performed to construct a prognostic gene signature 
via the R package “glmnet”.28
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Evaluation and Validation of Prognostic Signature of m6A RNA Methylation-Associated 
lncRNAs
We first calculated the risk score for each PTC patient based on the risk coefficient obtained by LASSO regression 
analysis, and divided patients into high- and low-risk groups according to the median risk score. Then, the risk curve and 
its corresponding scatter plot, and gene expression heatmap was drawn in the R package. Kaplan-Meier (K-M) survival 
analysis was performed to compare the prognostic differences between high and low-risk patients using the R package 
“survival”. And the R package “surminer”29 was used to draw the K-M survival curves. Then, the R package 
“survivalROC”30 was used to draw the receiver operating characteristic (ROC) curves and the area under the curve 
(AUC) values were calculated to assess the accuracy and sensitivity of survival predictions. Moreover, we performed the 
same methods in the validation set to verify the generalizability and spreadability of the prognostic signature.

Univariate and Multivariate Cox Regression Analysis
Univariate and multivariate Cox regression analyses were used to evaluate the effects of risk score, age, pathologic_stage, 
and pathologic T, N, M on prognosis. Factors with a P value < 0.05 were considered independent prognostic factors.

Nomogram Predicting Survival in PTC Patients
The risk score and clinical characteristics were used to construct a nomogram predicting 1-, 3-, and 5-year survival in 
PTC patients using the ‘rms’31 package in R. Then, Calibration curves were drawn to evaluate the accuracy of the 
prediction. And closer the slope of the curve is to 1, the more accurate the prediction is. Furthermore, Decision Curve 
Analysis (DCA) was used to evaluate the prediction efficiency of the nomogram.

Gene Set Variation Analysis (GSVA)
Gene set variation analysis (GSVA) was conducted between high- and low-risk groups using the R package “gsva”.32 

Then, the differentially expressed pathways were identified using the R package “limma”.

lncRNA-mRNA Coexpression Network
The differentially expressed genes (DEGs) were identified between high- and low-risk groups with |Log2FC| > 1 and P < 
0.05. The resulting DEGs were used for Spearman correlation analysis with prognostic signature lncRNAs. In addition, 
Cytoscape was used to construct a lncRNA-mRNA coexpression network.

Functional Prediction of Coexpressed Genes
To further explore the function of lncRNA coexpressed genes, the Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analyses were performed via “clusterProfiler”33 package in R.

Samples and Quantitative Real-Time Polymerase Chain Reaction (qRT -PCR)
Specimens were obtained from ten patients who had undergone surgical procedures at our institution, encompassing both 
their PTC tissues and adjacent normal tissues, and subsequently stored at −80°C. Ethical approval for this study was 
granted by our hospital’s institutional ethics committee, and sample collection and utilization adhered to approved 
protocols. Informed consent was duly obtained from all participating patients.

Total RNA was extracted from the obtained tissues using TRIzol reagent, followed by reverse transcription using 
PrimeScript RT Master Mix. The expression of target genes was analyzed using the SYBR Premix Ex Taq II PCR 
detection system, with GAPDH serving as the internal control reference. Normalized expression levels were calculated 
using the 2^-ΔΔCT method to determine the relative fold change. The primer sequences are provided in Table 1.
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Statistical Analysis
In the present study, all statistical analyses were performed in R (version 4.0.3) and P-values less than 0.05 were 
considered to be biometrically significant. The chi-square test was used to test for variation in clinicopathological 
characteristics.

Results
Fifty-Six Differentially Expressed lncRNAs Associated with m6A RNA Methylation 
Were Identified
First of all, a total of 81 DELs between PTC tissues and normal tissues were identified including 42 up-regulated DELs 
and 39 down-regulated DELs with adjusted P value < 0.05 and |Log2FC| > 0.5 (Supplementary Table S1). Volcano plot 
was used to show the distribution of DELs (Figure 1A). In addition, the heatmap gives us a general idea of the trend of 
DELs between PTC and normal groups (Figure 1B). Furthermore, to identify lncRNAs associated with m6A methylation, 
we performed Spearman correlation analysis of 81 DELs with 21 m6A methylation regulators, and 56 m6A RNA 
methylation related lncRNAs were identified with Cor > 0.6 and P < 0.05 (Supplementary Table S2, Figure 1C).

A Prognostic Signature of Three m6A RNA Methylation-Associated lncRNAs
To assess whether these lncRNAs were associated with disease-free survival in patients with papillary thyroid cancer, we 
performed a univariate Cox regression analysis of 56 m6A RNA methylation-associated DELs. And only three lncRNAs 
(RP11-423H2.3, RP11-20J15.3, RP11-221N13.3) turned out to be significantly associated with disease-free survival of 
PTC patients (P < 0.05) (Figure 2A). Then, the LASSO regression analysis was used to screen the survival strongly 
related characteristics to construct a risk model. Finally, RP11-423H2.3 (Coef = 0.147574023), RP11-20J15.3 (Coef = 
−0.383260143), and RP11-221N13.3 (Coef = 0.395678413) were used to construct a prognostic signature with lambda. 
min was 0.0139 (Figure 2B and C). Next, the risk score was calculated based on the expression of lncRNAs per sample 
and risk coefficient as follow:

Meanwhile, the PTC patients were divided into high- and low-risk groups based on the median risk score. Then, the risk 
curve and its corresponding scatter plot were shown in Figure 2D. Clearly, the high-risk group was richer in patients with 

Table 1 Consists of a Collection of Primer Sequences Utilized in 
This Study

Gene Sequences

RP11-423H2.3 F CAGTCTTCCCACACAGGTTGA

RP11-423H2.3 R TGGATCGACACTCAGAGGTACA

RP11-20J 15.3 F ATCCATGCTGCCATCCATAC
RP11-20J 15.3 R AGCTTCCTAAGGCCACTCA

RP11-221N13.3 F AAACGCTCGATCCCTGACTC

RP11-221N13.3 R TCTCCATGCACAGCCACTTC
GAPDH F CATGAGAAGTATGACAACAGCCT

GAPDH R AGTCCTTCCACGATACCAAAGT

Abbreviations: PTC, Papillary thyroid carcinoma; m6A, N6-methyladenosine; 
TCGA, The Cancer Genome Atlas; ROC, receiver operating characteristic; 
K-M survival, Kaplan Meier survival; LASSO, Least Absolute Shrinkage and 
Selection Operator; AUC, area under the curve; DCA, Decision Curve Analysis; 
GSVA, Gene set variation analysis; DEGs, differentially expressed genes; DELs, 
differentially expressed lncRNAs; KEGG, Kyoto Encyclopedia of Genes and 
Genomes; GO, Gene Ontology.
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recurrence. And the expression heatmap showed that RP11-423H2.3 and RP11-221N13.3 were up-regulated in the high-risk 
group while RP11-20J15.3 was down-regulated (Figure 2D). In addition, the Kaplan-Meier survival curves showed that the 
higher the risk score, the lower the disease-free survival rate of the patient (P = 0.002) (Figure 2E). Furthermore, the ROC 
curve suggested that this prognostic signature has a strong sensitivity and accuracy in predicting disease-free survival while 
the AUCs for predicting 1, 3, and 5-year disease-free survival were 0.752, 0.792, and 0.733, respectively (Figure 2F).

Validation of the Prognostic Signature
We further validated the replicability of the prognostic signature in the validation set. Likewise, the risk curve and its 
corresponding scatter plot showed that the higher the risk score, the greater the probability that the patient will relapse 

Figure 1 Identifying of differentially expressed lncRNAs (DELs) between normal tissues and PTC. (A) Volcano plot of DELs in normal tissues and PTC (|Log2FC| > 1 and adj. 
P value < 0.05), with red dots representing up-regulation, blue dots representing down-regulation and grey dots representing genes that are not significantly different. (B) 
Heatmap of lncRNAs differentially expressed between normal tissues and PTC. (C) Heat map of the correlation between m6A methylation regulators and DELs.
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(Figure 3A). RP11-423H2.3 and RP11-221N13.3 were up-regulated, and RP11-20J15.3 was down-regulated in the high- 
risk group, which were consistent with the training set (Figure 3A). In addition, Kaplan-Meier survival curves showed 
that patients with higher risk scores had lower disease-free survival than those with lower risk scores (P = 0.005) 
(Figure 3B). The AUCs of ROC curves for predicting 1-, 3- and 5-year disease-free survival of Papillary thyroid 
carcinoma patients in the validation set were 0.689, 0.757, and 0.637 (Figure 3C). In conclusion, these results suggested 
the stability in predicting disease-free survival of PTC patients of this prognostic signature.

Association Between the Risk Signature and Clinical Characteristics
To further explore the correlation between risk scores and other clinicopathological characteristics, we divided the PTC 
patients into different clinical subgroups and compared the differences in risk scores. As it turned out, risk scores differed 
significantly only between T1 and T3 stages, which showed a significant association with the T stage (P > 0.05) 
(Figure 4A). However, there was no significant correlation between risk score and age, stage, M stage, and N stage (P > 
0.05) (Figure 4B–E). Besides, we analyzed the expression of risk model genes according to risk score and different 
clinical characteristics, such as age, gender, stage, T stage, M stage, and N stage (Figure 4F). These results suggested that 
risk score might be a factor independent of other clinical characteristics that affected patients’ disease-free survival.

Figure 2 Prognostic value of m6A methylation-related lncRNAs in PTC patients in the training cohort. (A) Forest map of univariate Cox regression analysis on relationship 
between differential expression of lncRNAs associated with methylation of m6A RNA and prognosis of PTC. (B) Three m6A RNA methylation-associated DELs were 
selected by the least absolute shrinkage and selection operator (LASSO) Cox models. (C) Cross-validation for tuning parameter selection in the LASSO model. (D) 
Heatmap and scatter plot of risk scores constructed from lncRNAs in the training cohort. (E) Kaplan-Meier survival curves of the high and low risk groups in the training 
cohort. (F) Receiver operating characteristic (ROC) curves for predicting 1, 3, and 5-year disease-free survival of PTC patients in the training cohort.
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Figure 3 Prognostic value of m6A methylation-related lncRNAs in PTC patients in the validation cohort. (A) Heatmap and scatter plot of risk scores constructed from 
lncRNAs in the validation cohort. (B) Kaplan-Meier survival curves of the high and low risk groups in the validation cohort. (C) ROC curves for predicting 1, 3, and 5-year 
disease-free survival in PTC patients in the validation cohort.
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Figure 4 Relationship between the risk score and clinicopathological features. (A) Relationship between risk score and tumor size or scope of invasion in PTC. (B) 
Relationship between risk score and lymph node metastasis of PTC. (C) Relationship between risk score and distant metastasis of PTC. (D) Relationship between risk score 
and tumor stage of PTC. (E) Relationship between risk score and patient age of PTC. (F) Heatmap of correlation between m6A methylation-related lncRNAs and different 
clinicopathological features of PTC.
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Independent Prognostic Value of the Prognostic Signature
Based on the above analyses, univariate and multivariate Cox regression analyses were further used to evaluate the 
independent prognostic capability of risk scores. Then, univariate Cox regression analysis preliminarily confirmed the 
independent ability of pathologic_stage (HR = 1.435, P = 0.007), pathologic_T stage (HR = 1.707, P = 0.003) and risk 
score (HR = 2.584, P < 0.001) (Figure 5A). Ultimately, only the risk score showed independent prognostic capability for 
disease-free survival in patients with papillary thyroid cancer (HR = 2.391, P < 0.001) (Figure 5B).

Construction and Validation of a Nomogram Predicting Disease-Free Survival in 
Patients with Papillary Thyroid Cancer
According to the nomogram, each clinical characteristic was given its own score, and based on the sum of so scores, the 
patient’s disease-free survival could be predicted. Therefore, we incorporated pathologic_stage, age, pathologic_T stage, 
pathologic_N stage, pathologic_M stage and risk scores into the R package “rms” to construct a nomogram predicting 
disease-free survival at 1, 3 and 5 years for papillary thyroid cancer (Figure 6A). Subsequently, the calibration curves 
showed the high accuracy of the nomogram in predicting disease-free survival (Figure 6B). And the DCA showed that 
the nomogram had a stronger predictive capability than the simple prognostic signature (Figure 6C).

Functional Differences Between High- and Low- Risk Groups
We further explored the mechanisms underlying the differences in disease-free survival between high- and low-risk 
groups. GSVA results for GO showed that some biological processes related to energy metabolism were significantly 
activated, such as“GO_TRICARBOXYLIC_ACID_CYCLE”(P < 0.001), “GO_2_OXOGLUTARATE_METAB 
OLIC_PROCESS”(P < 0.001), and “GO_AEROBIC_RESPIRATION”(P < 0.001). Meanwhile, cell composition of 

Figure 5 Analysis of independent prognostic factors for PTC. (A) Univariate Cox regression analysis of prognosis in PTC patients. (B) Multivariate Cox regression analysis 
of prognosis in PTC patients.
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“GO_INNER_MITOCHONDRIAL_MEMBRANE_ORGANIZATION”(p = 8.89E-09) was also significantly activated 
(Supplementary Table S3, Figure 7A). In addition, KEGG pathways associated with energy metabolism were also 
significantly activated including “KEGG_GLYOXYLATE_AND_DICARBOXYLATE_METABOLISM”(P < 0.001), 
“KEGG_CITRATE_CYCLE_TCA_CYCLE”(P < 0.001), “KEGG_PROPANOATE_METABOLISM”(P < 0.001), and 

Figure 6 Prediction of 1-, 3-, and 5 year disease-free survival in PTC patients. (A) Nomogram for predicting 1, 3, and 5 year survival in PTC patients. (B) Nomogram 
calibration curves for predicting 1, 3, and 5 year survival in PTC patients. (C) Decision Curve Analysis (DCA) curves of nomogram.
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“KEGG_OXIDATIVE_PHOSPHORYLATION”(P < 0.001) (Supplementary Table S4, Figure 7B). In conclusion, these 
results suggested that papillary thyroid cancer consumed a lot of energy when it relapsed.

Analysis of Coexpressed Genes of Prognostic Signature lncRNAs and Their Functional 
Enrichment
A total of 922 DEGs (524 up-regulated and 398 down-regulated) between the normal (n=58) and papillary thyroid cancer 
(n = 381) groups were screened by differential expression analysis (Supplementary Table S5, Figure 8A and B). After 
Spearman correlation analysis, 263 genes coexpressed with risk model lncRNAs were identified with Cor > 0.6 and 
P < 0.05 (Supplementary Table S6, Figure 8C). Furthermore, the GO enrichment analysis showed that these coexpression 
genes were significantly enriched in biological processes related to copper ion response including “response to copper 
ion”(P < 0.001), “cellular response to copper ion”(P < 0.001), “detoxification of copper ion”(P < 0.001), “stress response 
to copper ion”(P < 0.001), and so on (Supplementary Table S7, Figure 8D). These results indicated that the co-expressed 
genes of risk model lncRNAs were significantly correlated with the occurrence and development of papillary thyroid 
carcinoma.

Validation of the Expression Levels of Three of the m6A-Related lncRNA in Thyroid 
Samples
To assess differences in the expression of the three prognostic genes between normal thyroid tissues and PTC tissues, we 
conducted qRT-PCR analysis on ten PTC tissues and their adjacent normal tissues. The results demonstrated significant 
variations in the expression of these three prognostic genes between normal thyroid tissues and PTC tissues (Figure 9).

Figure 7 Differences in pathways between high and low risk groups. (A) Gene Ontology (GO) heatmap of differences between high and low risk groups. (B) Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway heatmap of differences between high and low risk groups.
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Discussion
In recent years, with more and more in-depth studies on m6A and lncRNAs, m6A-related lncRNAs have also been proved 
to play an important role in the occurrence and development of a variety of malignant tumors.34–36 However, 
a comprehensive analysis of the effect of m6 A RNA methylation related lncRNAs on PTC patients is still lacking. In 

Figure 8 Expression of differentially expressed genes (DEGs) between normal tissues and PTC and construction of lncRNA-mRNA co-expression network. (A) Volcano 
plot of DEGs in normal tissue and PTC. (B) Heatmap of all genes differentially expressed between normal tissues and PTC. (C) PTC-related lncRNA-mRNA co-expression 
network signal network. (D) LncRNAs co-expressing genes enrichment to TOP10 GO map.
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this study, we screened out 3 m6A-related lncRNAs (RP11-423H2.3, RP11-20J15.3, RP11-221N13.3) related to the 
prognosis of PTC, and built an m6A-related lncRNAs prognostic model that had a better predictive power and accuracy 
for PTC patients.

In this study, we found that 3 m6A-related lncRNAs, RP11-423H2.3, RP11-20J15.3, and RP11-221N13.3, were associated 
with prognosis in PTC patients, and could be used to predict disease-free survival in PTC patients. Subsequently, we constructed 
a model to predict disease-free survival in PTC patients and demonstrated its effectiveness. Many members of the RP11 family 
have been linked to the development of malignancies, including nasopharyngeal cancer, prostate cancer and breast cancer.37–40 

Among them, RP11-423H2.3 was proved to be related to the occurrence of prostate cancer. By knocking out RP11-423H2.3 in 
prostate cancer cells, Li et al concluded that the expressions of miR-24-3p, miR-30a, miR-30d, and miR-30e in prostate cancer 
cells were reduced after knocking out. The expression of miR-7-1-3p was increased. The mechanism may be that lncRNAs act as 
molecular bait or sponges for miRNAs, and at the same time, lncRNAs can also be processed to generate miRNAs or activate 
miRNA expression.38 We suspect its effect on PTC because of the similar mechanism. Up to now, the other 2 lncRNAs have not 
been reported in the occurrence and development of tumors. In conclusion, our study for the first time illustrated the relationship 
between these m6A-related lncRNAs and the prognosis of PTC, and its mechanism needs to be further studied.

In the lncRNA-mRNA co-expression network, SYT12, SDC4, and CAMK2N1 were discovered to have the most 
significant relationship with the 3 prognostic lncRNAs, suggesting that these genes are closely related to the occurrence and 
development of PTC. SYT12 is a member of the Synaptotagmins family of genes that encode proteins that regulate the 
release of neurotransmitters.41 A previous study demonstrated that SYT12 expression is induced by thyroid hormones.42 

Recently, some scholars have taken the expression of SYT12 as an important indicator for detecting the prognosis of PTC 
patients.43 CAMK2N1 plays an important role in the occurrence and development of tumors through regulating the cell 
cycle by mediating the inhibition of CaMKII activity.44,45 According to the results obtained by Eizuka et al’s gene knockout 
technology, CAMK2N1 was overexpressed after the knockout of SYT12 in OSCC-derived cells, indicating that SYT12 was 
involved in the occurrence and development of tumors by affecting the expression of CAMK2N1.46 The protein encoded by 
SDC4 gene is a transmembrane (type I) heparan sulfate proteoglycan, which acts as a receptor in intracellular signal 
transduction.47 Chen et al’s study manifested that SDC4 promotes the occurrence and development of PTC by enhancing 
the Wnt/β-catenin signaling pathway.48 In addition, GO enrichment analysis indicated that prognostic lncRNAs regulated 
the occurrence and development of (PTC) by regulating copper ion reaction. Previous studies have shown that copper ions 
bind and activate MEMO proteins, which subsequently play a role in tumor development and metastasis.49 At the same 
time, other studies have pointed out that copper ions are closely related to the signal pathway of BRAF protein mutation.50 

Therefore, in the future research on the pathogenesis, development and treatment of PTC, copper ion is a key point worthy 
of our attention. The discovery of these genes helps us better understand the mechanism of the occurrence and development 
of PTC and also provides a new idea for the treatment of PTC.

Finally, we performed qRT-PCR validation for the three lncRNAs associated with the prognosis of PTC patients. 
These results affirmed the accuracy of our initial differential analysis, enhancing the credibility of subsequent studies and 
further validating the predictive capabilities of the prognostic model we established.

Figure 9 Validation of lncRNAs expression in normal thyroid tissue and PTC. (A) RP11-423H2.3 (B) RP11-20J15.3 (C) RP11-221N13.3. *p < 0.05; ***p < 0.001.
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There are some limitations in the present study. Firstly, our research results are primarily based on bioinformatics 
analysis, and further in vivo and in vitro experiments are necessary to elucidate the underlying mechanisms. Secondly, 
our study did not encompass the subtypes of PTC.

Conclusion
In conclusion, we screened out 3 m6A methylation-related lncRNAs that were used to establish an effective prognostic 
model to accurately predict the prognosis of PTC patients. These m6A methylation-related lncRNAs may become 
potential clinical biomarkers and therapeutic targets, guiding future basic research and clinical work.
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