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   The cell cycle plays a vital role in tumorigenesis and progression. Long non-coding RNAs (lncRNAs) are key regulators of cell cycle processes. Therefore, understanding cell cycle–related lncRNAs (CCR-lncRNAs) is crucial for determining the prognosis of papillary thyroid carcinoma (PTC). RNA-seq and clinical data of PTC were acquired from The Cancer Genome Atlas, and CCR-lncRNAs were selected based on Pearson’s correlation coefficients. According to univariate Cox regression, least absolute shrinkage and selection operator (LASSO), and multivariate Cox regression analyses, a five-CCR-lncRNA signature (FOXD2-AS1, LOC100507156, BSG-AS1, EGOT, and TMEM105) was established to predict the progression-free interval (PFI) in PTC. Kaplan–Meier survival, time-dependent receiver operating characteristic curve, and multivariate Cox regression analyses proved that the signature had a reliable prognostic capability. A nomogram consisting of the risk signature and clinical characteristics was constructed that effectively predicted the PFI in PTC. Functional enrichment analyses indicted that the signature was involved in cell cycle– and immune-related pathways. Furthermore, we also analyzed the correlation between the signature and immune cell infiltration. Finally, we verified the differential expression of CCR-lncRNAs in vitro using quantitative real-time polymerase chain reaction. Overall, the newly developed prognostic risk signature based on five CCR-lncRNAs may become a marker for predicting the PFI in PTC.
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   1. Introduction.

 Thyroid cancer (TC) is the most common endocrine system malignancy and accounts for 3.4% of all cancers diagnosed globally each year (1), of which approximately 85% of TC cases are papillary thyroid carcinoma (PTC) (2). Although PTC has a good outcome, with a five-year survival rate of more than 97% (3), approximately 30% of patients exhibit recurrence and metastasis after conventional treatment (4) and have a poor prognosis. Satisfactory tools for accurately assessing prognosis are still lacking. Therefore, it is essential to develop a new reliable biomarker to accurately determine the prognosis of PTC patients.

 Cell cycle dysregulation and genetic alterations in cell cycle–related regulatory proteins lead to the limitless proliferation and growth of tumor cells (5), and research has shown that various genes affect tumor cell progression by regulating the cell cycle. For instance, PTBP3 promotes the proliferation of lung squamous cell carcinoma cells by CDC25A-mediated cell cycle progression (6), and ZNF703 knockdown inhibits triple-negative breast cancer cell progression by inducing G1-phase arrest (7). Hence, targeting cell cycle control is a promising therapeutic strategy (8). In addition, the prognostic value of cell cycle–related genes (CCRGs) has been reported in certain tumors (9–11).

 Long non-coding RNAs (lncRNAs) are defined as RNAs that are longer than 200 nucleotides and do not encode proteins (12). They primarily participate in epigenetic regulation, including chromatin modifications, splicing, and transcriptional and post-transcriptional regulation (13). In addition, lncRNAs are engaged in various cellular processes, including autophagy, differentiation, cell cycle regulation, proliferation, apoptosis, and mesenchymal stem cell differentiation (14). Many lncRNAs that are closely involved in the occurrence and progression of PTC have been reported, including lncRNA H19 (15), lnc-MPEG1-1 (16), and lncRNA MIAT (17). Furthermore, lncRNA signatures have been developed to determine prognosis in PTC (18–20). However, prognostic signatures based on cell cycle–related lncRNAs (CCR-lncRNAs) for PTC have not been developed.

 In this study, we developed a cell cycle–related lncRNA signature (CCRLSig) for the prediction of the progression-free interval (PFI) in PTC using data from The Cancer Genome Atlas (TCGA). We validated the prognostic value of this CCRLSig and established a nomogram. Moreover, functional enrichment analysis and an analysis of immune cell infiltration were performed to explore the mechanism by which the signature contributes to prognosis. Finally, we used quantitative real-time polymerase chain reaction (qRT–PCR) to detect the differential expression of CCR-lncRNAs in PTC. Our results provide the first demonstration that a CCRLSig can effectively determine the prognosis of PTC and provide new perspectives for the development of therapeutic strategies.

 
  2. Materials and methods.

  2.1. Data collection.

 HTseq-FPKM and HTseq-count data of TC samples were obtained from TCGA (https://cancergenome.nih.gov/, accessed January 24, 2022). After removing TC samples of other pathological types, a total of 502 PTC samples and 58 adjacent normal samples as well as the corresponding clinical information were obtained from TCGA.

 
  2.2. Identification of CCR-lncRNAs.

 The CCRG sets were extracted from MsigDB (http://www.gsea-msigdb.org/gsea/index.jsp, accessed January 24, 2022). Differentially expressed genes (DEGs) between PTC and normal tissues were screened using DEseq2 (|log Fold Change (FC)| > 1, p.adjust< 0.05). Next, 266 differentially expressed CCRGs were identified from the intersection of CCRGs and DEGs. CCR-lncRNAs were acquired by Pearson correlation coefficient analysis between the 266 CCRGs and differentially expressed lncRNAs (DElncRNAs) in the PTC samples, and the Benjamini–Hochberg (BH) method was used for p-value correction (|R|> 0.4, BH< 0.05).

 
  2.3. Construction and validation of a CCR-lncRNA prognostic signature.

 Post-operative recurrence and metastasis are the main factors leading to the poor prognosis of PTC; accordingly, the PFI was chosen as the endpoint of this study, instead of overall survival. A total of 498 PTC samples with complete PFI information were included after removing samples with incomplete clinical information and prognosis less than 30 days. The samples were categorized into training (249) and test (249) cohorts at a 1:1 ratio by the “caret” package. Univariate Cox regression analyses were primarily used to screen CCR-lncRNAs that were associated with PFI in the training cohort (p< 0.05). To reduce noise caused by gene interactions and co-expression patterns, we applied LASSO-Cox regression to filter lncRNAs; the formula is as follows:

  

 where the β is the regression coefficient, x is the gene expression level, and π is an adjusted parameter decided by 10-fold cross validation. Parameter optimization was repeated 1000 times for all lncRNAs. These lncRNAs were utilized to construct a Cox proportional hazards model. The Akaike information criterion was adopted to select the appropriate model. The risk score for each patient (PRS) was calculated with the following formula:

  

 Thereafter, the cut-off value for the risk score was determined using the “survminer” package and patients were separated into high- and low-risk groups. The optimal cut-off values for the training, test and entire cohort were 2.026, 1.998 and 2.038, respectively. Kaplan–Meier (K–M) survival curves was plotted using the “survival” package. Time-dependent receiver operating characteristic (ROC) curves was generated using the “timeROC” package to assess the predictive accuracy of the model. In addition, clinicopathological differences between the high- and low-risk groups were analyzed using the Wilcoxon rank sum test.

 
  2.4. Independent prognostic value determination and nomogram construction.

 To validate the CCRLSig as an independent prognostic indicator for PFI in PTC, the signature risk score and clinical parameters (age, gender, tumor size, T stage, N stage, AJCC stage, multifocality, aggressiveness, anatomic site of the tumor, and BRAFV600E mutation status) were subjected to univariate and multivariate Cox regression analyses.

 A nomogram incorporating clinical and pathological factors and the risk score was established using the “survival” and “rms” R packages to predict 1-, 3- and 5-year PFI in the entire cohort. The calibration curves and ROC curves were used to estimate the predictive accuracy of the nomogram.

 
  2.5. Functional enrichment analysis.

 DEGs between the high- and low-risk groups based on the CCRLSig were identified using DEseq2 with a |log FC| > 0.5 and p.adjust< 0.05 as thresholds, after which Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway, and gene set enrichment analysis (GSEA) of these DEGs were conducted using the R “clusterProfiler” package.

 
  2.6. Tumor mutation burden (TMB) and immune cell infiltration.

 The somatic mutation data of PTC patients were acquired from TCGA. The TMB was compared between the high- and low-risk groups using the “maftools” package. The TMB was measured as follows: (total mutations/total covered bases) × 10^6 for each patient with PTC.

 To further explore if the risk signature was associated with immune cell infiltration in PTC, immunity-associated data were extracted from xCell (http://xCell.ucsf.edu/) and parameters were compared between the high- and low-risk groups by the Wilcoxon rank sum test. In addition, correlations between the CCR-lncRNAs and immune cell fractions were evaluated.

 
  2.7. Cell culture.

 The human normal thyroid cell line (Nthy-ori3–1) was provided by Professor Hongmei Shen (Center for Endemic Disease Control, Chinese Center for Disease Control and Prevention, Harbin Medical University, Harbin, China). The human PTC cell line (TPC-1) was obtained from the School of Public Health, Shandong First Medical University & Shandong Academy of Medical Sciences. The cell lines were certified by short tandem repeat (STR) validation. TPC-1 and Nthy-ori3–1 cells were cultured in RPMI 1640 supplemented with 10% fetal bovine serum (Moregate, Bulimba, Australia) and 1% penicillin/streptomycin solution (Beyotime Biotechnology, Shanghai, China) at 37°C and 5% CO2 conditions.

 
  2.8. Quantitative real-time PCR validation.

 Total RNA was extracted from the cell lines using TRIzol reagent (Thermo Fisher Scientific, Waltham, MA, USA), and reverse transcribed into cDNA using the Roche Reverse Transcription Kit (Roche, Basel, Switzerland). QRT-PCR was performed using a real-time PCR instrument (Q5). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) served as a control. The primers for lncRNAs were provided by Sangon Biotech (Shanghai, China) and are listed in Table S1. The relative expression level of each lncRNA was calculated by the 2-△△CT method.

 
  2.9. Statistical analysis.

 The R statistical environment (V4.1.2) and GraphPad Prism 8.0 were used for statistical analyses. Analysis of variance, Wilcoxon rank sum test, and Student’s t-tests were applied to evaluate differences between groups. The K–M analysis and log-rank test were adopted for comparing PFIs between groups. Values of p< 0.05 were considered statistically significant difference for all analyses.

 
 
  3. Results.

  3.1. Identification of CCR-lncRNAs.

 We identified 655 DElncRNAs and 266 CCRGs in a comparison between 502 PTC and 58 adjacent normal samples (|log FC| > 1, p.adjust< 0.05). Based on Pearson correlation coefficients between the CCRGs and lncRNAs (|R| > 0.4, p< 0.05), we obtained 446 CCR-lncRNAs.

 
  3.2. Construction of a CCRLSig predicting PFI in PTC.

 The 498 PTC samples with complete clinical information were divided into training and test cohorts at a ratio of 1:1. In the training cohort, 31 CCR-lncRNAs associated with PFI were selected by univariate Cox analyses. Subsequently, we applied LASSO-Cox regression analysis and established a prognostic signature consisting of five CCR-lncRNAs (FOXD2-AS1, LOC100507156, BSG-AS1, EGOT, and TMEM105;  Figures 1A, B ). The K–M survival curves for the five CCR-lncRNAs relating to the PFI are shown in  Supplementary Figures S1A–E . Next, the risk score for each patient in the training cohort was calculated using the following formula: risk score = [(0.84919) × normalized expression value of FOXD2-AS1] – [(3.86735) × normalized expression value of LOC100507156] – [(0.67474) × normalized expression value of BSG-AS1] – [(0.76288) × normalized expression value of EGOT] – [(0.46501) × normalized expression value of TMEM105]. Next, according to the optimal cut-off value of the risk score, patients were grouped into high- and low-risk groups. As the risk score increased, patients’ prognosis worsened ( Figures 2A, B ). The expression levels of TMEM105, EGOT, FOXD2-AS1, and BSG-AS1 in the CCRLSig increased and the expression level of LOC100507156 decreased as the risk score increased ( Figure 2C ). K–M analysis showed that PTC patients in the high-risk group had a shorter PFI than that of patients in the low-risk group ( Figure 2D ). The area under the ROC curve (AUC) values for the risk score for 1-, 3-, and 5-year PFI were 0.784, 0.722, and 0.681, respectively ( Figure 2E ).

  

 Figure 1 | Identification of CCR-lncRNAs associated with PFI of PTC. (A, B) LASSO coefficient profiles of the PFI-associated CCR-lncRNAs. CCR-lncRNAs, cell cycle–related long non-coding RNAs; PFI, progression-free interval; PTC, papillary thyroid carcinoma; LASSO, least absolute shrinkage and selection operator. 

 

  

 Figure 2 | Construction and validation of a CCR-lncRNA-based prognostic signature. (A, F, K) PTC patients were sorted by risk score in the training, test, and entire cohort (B, G, L) PFI status of PTC patients in the training, test, and entire cohort. (C, H, M) Heatmap of the expression of five CCR-lncRNAs in the training, test, and entire cohort. (D, I, N) Kaplan–Meier curve analysis of the high- and low-risk groups in the training, test, and entire cohort. (E, J, O) Time-dependent ROC curves for 1-, 3-, and 5-year PFI predictions for the signature in the training, test, and entire cohort. CCR-lncRNAs, cell cycle–related long non-coding RNAs; PTC, papillary thyroid carcinoma; PFI, progression-free interval. 

 

 
  3.3. Validation of the CCRLSig.

 To validate the accuracy of the signature, patients in the test cohort and the entire cohort were separated into high- and low-risk groups according to the optimal cut-off value for each dataset. The risk curves, PFI status, and heatmaps of risk lncRNA expression profiles in the test cohort and entire cohort were consistent with those of the training cohort ( Figures 2F–H, K–M ). Similarly, a K–M curve analysis of the test cohort and entire cohort indicated that the high-risk groups had a shorter PFI than the low-risk groups ( Figures 2I, N ). In the test cohort, the AUC values for the risk score for 1-, 3-, and 5-year PFI were 0.723, 0.677, and 0.668, separately ( Figure 2J ). In the entire cohort, the AUC values for the risk score for 1-, 3-, and 5-year PFI were 0.757, 0.693, and 0.673, separately ( Figure 2O ). These results suggest that the five-CCR-lncRNA risk signature has good predictive performance for PFI in PTC.

 
  3.4. Independent prognostic value of the CCRLSig.

 Univariate and multivariate Cox regression analyses were employed to explore whether the risk score based on the CCRLSig predicts PFI in PTC. Univariate Cox analyses showed that the risk score was notably correlated to the PFI in the training, test, and entire cohorts ( Figures 3A–C ). A multivariate Cox analysis proved that the risk score was an independent predictor for the PFI of PTC in the training, test, and entire cohorts ( Figures 3D–F ).

  

 Figure 3 | Univariate and multivariate Cox regression analyses of the signature and clinical characteristics. (A–C) Univariate Cox regression analysis of the signature risk score and clinical characteristics in the training, test, and entire cohort. (D–F) Multivariate Cox regression analysis of the signature risk score and clinical characteristics in the training, test, and entire cohort. 

 

 
  3.5. Correlations between the CCRLSig and clinicopathological characteristics.

 In correlation analyses, the risk scores based on the CCRLSig were higher for patients older than 55 years than for patients younger than 55 years ( Figure 4B ). The risk scores of tumor size >2 cm were higher than those for tumor size ≤ 2 ( Figure 4C ). The risk scores for N1 were higher than those for N0 ( Figure 4D ). We also found that the risk score tended to increase with T stage and AJCC stage ( Figures 4E, F ), implying the critical role of the signature in the progression of PTC. Additionally, the risk score was significantly higher in patients with the BRAFV600E mutation than in those without the mutation ( Figure 4H ). Nevertheless, there were no significant correlations between the risk score and gender or M stage (p > 0.05,  Figures 4A, G ).

  

 Figure 4 | Correlations between the risk score based on the signature and clinical characteristics. (A) Male and female. (B) Age ≤ 55 years and > 55 years. (C) Tumor size ≤2 cm and > 2 cm. (D) N0 and N1 stage. (E) T1, T2, T3, and T4 stage. (F) AJCC stages I and II and stages III and V. (G) M0, MX, and M1stage. (H) Mutant and wild-type BRAFV600E. 

 

 
  3.6. Construction and assessment of a nomogram.

 In the entire cohort, we built a nomogram for the prediction of the 1-, 3-, and 5-year PFI of PTC based on the signature’s risk score and significant clinicopathological features (P< 0.05) identified in univariate Cox regression analyses, including the pathological T stage, N stage, AJCC stage, tumor size, age, and aggressiveness ( Figure 5A ). The calibration curve indicated that the nomogram-predicted PFI at one, three, and five years was highly consistent with the practically observed PFI ( Figures 5B–D ). Furthermore, the AUCs of the nomogram for evaluation of 1-, 3-, and 5-year PFI were 0.796, 0.711, and 0.681, respectively, and the predictive performances were superior to those of other clinical characteristics (age and N stage;  Figures 5E–G ). These results suggest that the nomogram reliably predicts the 1-, 3-, and 5-year PFI in PTC.

  

 Figure 5 | Construction and evaluation of a nomogram in the entire cohort. (A) Nomogram established to predict 1-, 3-, and 5-year PFI of PTC. (B–D) Calibration curves assessed the concordance between predicted and observed 1-, 3-, and 5-year PFI. (E–G) The ROC curves of the nomogram and other clinical characteristics at 1-, 3-, and 5-year time points. PFI, progression-free interval. 

 

 
  3.7. Functional enrichment analysis.

 To investigate the molecular mechanisms and pathways by which the signature is related to the risk of PTC progression, we carried out GO and KEGG enrichment analyses and GSEA of DEGs between the two risk groups. The GO enrichment analysis demonstrated that the DEGs were enriched in multiple biological processes and molecular functions, including cellular calcium ion homeostasis, positive regulation of MAPK cascade, cell-substrate adhesion, positive regulation of cell-cell adhesion, humoral immune response, T cell mediated immunity, and chemokine activity ( Figure 6A ). The KEGG analysis showed that the DEGs were involved in the PI3K-Akt, MAPK signaling pathway, cytokine-cytokine receptor interaction, cell adhesion molecules, antigen processing and presentation, and IL-17 signaling pathway ( Figure 6B ). The GSEA revealed that the DEGs were enriched in the cell cycle pathway and several immune-related biological processes ( Figure 6C ), including the cell cycle, P53 signaling pathway, cell cycle checkpoints, innate immune system, antigen response, and MHC class II antigen presentation.

  

 Figure 6 | Functional enrichment analysis of DEGs between low- and high-risk groups. (A) GO analysis. (B) KEGG pathway analysis. (C) GSEA. 

 

 
  3.8. Analysis of TMB.

 To reveal genetic variation in risk score subtypes, we compared the TMB between the high- and low-risk groups. Compared with the low-risk group, the high-risk group had a markedly higher TMB (p< 0.01,  Supplementary Figure S2A ). The top 20 mutated genes in two risk group are shown in  Supplementary Figures S2B, C . We observed that the mutation rate of BRAF was markedly higher in the high-risk group (84%) than in the low-risk group (56%).  Supplementary Figures S2D, E  show a complete view of the somatic mutations in the high- and low-risk groups.

 
  3.9. Relationship between the signature and immune cell infiltration.

 The functional enrichment analysis displayed that the CCRLSig may be associated with immunity. Hence, we further analyzed the relationships between the signature and immune cell infiltration. The relative frequencies of infiltrating immune cells in all PTC patients are shown in  Figure 7A . The high-risk group exhibited higher immune scores than the low-risk group ( Figure 7B ). The fractions of B-cells, CD4+ memory T cells, class-switched memory B-cells, DC, macrophages, NKT, Th2 cells, and Tregs in the high-risk group were markedly higher than those in the low-risk group (p< 0.05). In contrast, the fractions of CD4+ Tcm, CD8+ T cells, and CD8+ Tcm cells in the high-risk group were lower than those in the low-risk group ( Figure 7C ). Additionally, we explored correlations between the expression levels of the five lncRNAs in the signature and the infiltration of multiple immune cells in PTC ( Figure 7D ). These results implied that the signature is linked to immune cell infiltration and may regulate immune processes in PTC.

  

 Figure 7 | Analysis of immune cell infiltration in two risk groups stratified by the signature. (A) Overview of immune cell infiltration in each patient with PTC in the entire cohort. (B) Comparison of immune scores between two risk groups. (C) Analysis of immune cell infiltration in two risk groups. (D) Correlation analyses between five CCR-lncRNAs and immune cell infiltration. PTC, papillary thyroid carcinoma; CCR-lncRNAs, cell cycle–related long non-coding RNAs. (*P< 0.05, **P< 0.01, ***P< 0.001). 

 

 
  3.10. Validation of the expression levels of five CCR-lncRNAs in cell lines.

 We analyzed the differential expression of the five lncRNAs between normal and PTC tissues in TCGA data, as illustrated in  Figure 8A , and thereafter verified the results in cell lines. The expression levels of FOXD2-AS1, LOC100507156, BSG-AS1, EGOT, and TMEM105 were notably higher in TPC-1 cells than in Nthy-ori3–1 cells ( Figures 8B–F ), which was in line with the results of the bioinformatics analysis, thereby supporting the accuracy of our analysis.

  

 Figure 8 | Expression of selected CCR-lncRNAs in cell lines. (A) Differential expression of five CCR-lncRNAs between normal tissues and tumor tissues of PTC of TCGA. (B–F) Relative expression of five CCR-lncRNAs in a PTC cell line and normal human thyroid cell line. CCR-lncRNAs, cell cycle–related long non-coding RNAs; PTC, papillary thyroid carcinoma (*P< 0.05, **P< 0.01, ***P< 0.001). 

 

 
 
  4. Discussion.

 The cell cycle is closely related to the growth and proliferation of cancer cells (21), and numerous lncRNAs related to the progression of cancers via cell cycle regulation have been identified (22). Understanding the expression levels of these lncRNAs and their combined regulatory patterns is crucial for determining patient outcomes and prognosis. Therefore, we constructed a cell cycle–related lncRNA signature and explored its prognostic capability in PTC patients.

 We screened out CCR-lncRNAs and divided PTC samples into training and test cohorts to establish and validate a prognostic signature. Univariate Cox and LASSO-Cox regression analyses were employed to construct a CCRLSig for predicting the PFI of PTC in the training cohort. The prognostic value of the CCRLSig was supported by K–M curve analysis, ROC curve analyses, and multivariate Cox analysis. Furthermore, a nomogram illustrated that the signature has excellent predictive power. To further understand the clinical application of the CCRLSig, we investigated its association with clinicopathological characteristics and observed that a high risk score was positively correlated with age, tumor size, BRAFV600E mutation, AJCC stage, N stage, and T stage. These results indicated that the CCRLSig effectively predicts outcome and can better guide risk stratification for PTC management.

 To better understand the underlying mechanisms by which this CCRLSig affects the prognosis of PTC, we performed a functional enrichment analysis of DEGs between the two risk groups. GO and KEGG analyses indicated that these DEGs were enriched in the following terms and pathways: cell-substrate adhesion, cell adhesion molecules, PI3K-Akt signaling pathway, MAPK signaling pathway, humoral immune response, T cell mediated immunity, and the IL-17 signaling pathway, all of which are associated with tumor proliferation, migration and immunity. GSEA also demonstrated that these DEGs were primarily engaged in cell cycle– and immune-related signaling pathways. These results imply that CCR-lncRNAs can affect the progression of PTC by regulating cell cycle– and immune-related signaling pathways, providing new directions for the treatment of PTC.

 Recent studies had indicated the key roles of lncRNAs in the regulation of cancer immunity, including lncRNAs involved in immune cell differentiation, proliferation, trafficking, and infiltration (23). For example, the lncRNA HOXA-AS2 promotes Treg proliferation and immune tolerance in glioma (24), and LINC00887 promotes clear cell renal cell carcinoma progression by inhibiting the infiltration of CD8+ T cells (25). CCRG signatures are potential indicators of immune cell infiltration, immune evasion, and immune responses (26–28). Our previous functional enrichment analysis has shown that the CCRLSig was involved in immune processes. Thus, we further analyzed immune cell infiltration in the two risk groups. The high-risk group had infiltrates with higher proportions of B-cells, CD4+ memory T cell, DC, macrophages, NKT, Th2, and Tregs than the low-risk group, and the low-risk group primarily showed the infiltration of CD8+T cells, CD4+ Tcm, and CD8+Tcm cells. Studies have shown that Tregs and DCs play crucial roles in tumor immune escape (29–31) and promote tumor progression. However, CD8+ T cells exert an antitumor effect in PTC (32). Our results demonstrated that low-risk patients had a lower risk of immune evasion and may be more responsive to immunotherapy. Additionally, in PTC, DCs are significantly related to tumor T stage (T3/T4) and lymph node metastasis (33). Tregs show elevated infiltration in the thyroid tissue of PTC patients and were positively correlated with an advanced disease stage (34). CD8+ T cell infiltration is correlated with a lower incidence of lymph node metastasis and favorable prognosis in TC (35, 36). These findings further suggest that the low-risk group has a better prognosis. In summary, our findings suggested that the CCRLSig is associated with tumor immunity and can predict the immune landscape in PTC patients. In addition, these CCR-lncRNAs may be targets for immunotherapy.

 Most of the lncRNAs in our signature have been previously reported to be implicated in cancers. For example, lncRNA FOXD2-AS1 has been discovered to be upregulated in PTC and correlated with a poor prognosis (37), consistent with our results. In addition, lncRNA FOXD2-AS1 promotes the progression of multiple cancers by participating in several biological processes, such as chemo-resistance, proliferation, migration and invasion (38–40). The lncRNA EGOT may play different roles in different types of cancers. It promotes the progression of hepatocellular carcinoma (41), colon cancer (42), and gastric cancer (43). However, another study has shown that the lncRNA EGOT inhibits the progression of breast carcinoma (44) and renal cell carcinoma (45). The lncRNA TMEM105, a ferroptosis and immune-related lncRNA, serves as prognostic and diagnostic biomarker for patients with breast-infiltrating duct and lobular carcinoma (46). The lncRNA BSG-AS1 contributes to the proliferation and metastasis of hepatocellular carcinoma via maintaining BSG mRNA stability (47). However, LOC100507156 has not yet been reported in cancer and requires further investigations. These previous findings indicate that CCR-lncRNAs participate in the progression of multiple types of tumors, further indicating that it is reasonable to develop a risk signature based on CCR-lncRNAs to determine prognosis in PTC. In addition, the expression differences of the five CCR-lncRNAs were verified at the cellular level.

 Although the newly constructed CCRLSig may be applied to predict the outcome of PTC, our study had some deficiencies. First, the dataset used to construct and validate the prognostic signature based on CCR-lncRNAs was obtained only from TCGA. Additional external data from other public databases are needed to evaluate the reliability of the signature. Second, we conducted a preliminary expression study of five CCR-lncRNAs in the signature at the cellular level. However, further functional analyses and mechanistic studies are needed. We will conduct more in-depth studies to verify the performance of our CCRLSig.

 In summary, we developed a new CCRLSig that can reliably predict the PFI of PTC, providing a new direction for the prognostic management and treatment of PTC.

 
  Data availability statement

 The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/ Supplementary Material .

 
  Author contributions

 SL and HQ conceived and designed the study, SL wrote the manuscript, SL and MR collected the data and performed bioinformatics analysis. All authors contributed to the article and approved the submitted version

 
   Funding

 The present study was supported by the National Natural Science Foundation of China (Nos:82073491 and 81872560).

 
  Acknowledgments

 We acknowledge TCGA database and everyone who contributed to this article. And we would like to thank Editage (www.editage.cn) for English language editing.

 
  Conflict of interest

 The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

 
  Supplementary material

 The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1110987/full#supplementary-material 

 

 
  References

  1. Chmielik, E, Rusinek, D, Oczko-Wojciechowska, M, Jarzab, M, Krajewska, J, Czarniecka, A, et al. Heterogeneity of thyroid cancer. Pathobiology (2018) 85(1-2):117–29. doi: 10.1159/000486422 

  2. Fagin, JA, and Wells, SA Jr. Biologic and clinical perspectives on thyroid cancer. N Engl J Med (2016) 375(11):1054–67. doi: 10.1056/NEJMra1501993 

  3. Schneider, DF, and Chen, H. New developments in the diagnosis and treatment of thyroid cancer. CA Cancer J Clin (2013) 63(6):374–94. doi: 10.3322/caac.21195 

  4. Zhang, HM, Li, ZY, Dai, ZT, Wang, J, Li, LW, Zong, QB, et al. Interaction of Mrpl9 and ggct promotes cell proliferation and migration by activating the Mapk/Erk pathway in papillary thyroid cancer. Int J Mol Sci (2022) 23(19):11989. doi: 10.3390/ijms231911989 

  5. Ding, L, Cao, J, Lin, W, Chen, H, Xiong, X, Ao, H, et al. The roles of cyclin-dependent kinases in cell-cycle progression and therapeutic strategies in human breast cancer. Int J Mol Sci (2020) 21(6):1960. doi: 10.3390/ijms21061960 

  6. Chen, Y, Ji, Y, Liu, S, Liu, Y, Feng, W, and Jin, L. Ptbp3 regulates proliferation of lung squamous cell carcinoma cells Via Cdc25a-mediated cell cycle progression. Cancer Cell Int (2022) 22(1):19. doi: 10.1186/s12935-022-02448-7 

  7. Zhang, X, Mu, X, Huang, O, Wang, Z, Chen, J, Chen, D, et al. Znf703 promotes triple-negative breast cancer cells through cell-cycle signaling and associated with poor prognosis. BMC Cancer (2022) 22(1):226. doi: 10.1186/s12885-022-09286-w 

  8. Suski, JM, Braun, M, Strmiska, V, and Sicinski, P. Targeting cell-cycle machinery in cancer. Cancer Cell (2021) 39(6):759–78. doi: 10.1016/j.ccell.2021.03.010 

  9. Jiang, W, Xu, J, Liao, Z, Li, G, Zhang, C, and Feng, Y. Prognostic signature for lung adenocarcinoma patients based on cell-Cycle-Related genes. Front Cell Dev Biol (2021) 9:655950. doi: 10.3389/fcell.2021.655950 

  10. Zhang, LQ, Zhou, SL, Li, JK, Chen, PN, Zhao, XK, Wang, LD, et al. Identification of a seven-cell cycle signature predicting overall survival for gastric cancer. Aging (Albany NY) (2022) 14(9):3989–99. doi: 10.18632/aging.204060 

  11. Zhou, Y, Lei, D, Hu, G, and Luo, F. A cell cycle-related 13-mrna signature to predict prognosis in hepatocellular carcinoma. Front Oncol (2022) 12:760190. doi: 10.3389/fonc.2022.760190 

  12. Gao, N, Li, Y, Li, J, Gao, Z, Yang, Z, Li, Y, et al. Long non-coding rnas: The regulatory mechanisms, research strategies, and future directions in cancers. Front Oncol (2020) 10:598817. doi: 10.3389/fonc.2020.598817 

  13. Statello, L, Guo, CJ, Chen, LL, and Huarte, M. Gene regulation by long non-coding rnas and its biological functions. Nat Rev Mol Cell Biol (2021) 22(2):96–118. doi: 10.1038/s41580-020-00315-9 

  14. Murugan, AK, Munirajan, AK, and Alzahrani, AS. Long noncoding rnas: Emerging players in thyroid cancer pathogenesis. Endocr Relat Cancer (2018) 25(2):R59–82. doi: 10.1530/ERC-17-0188 

  15. Rolla, M, Jawiarczyk-PrzybyLowska, A, KolaCkov, K, and Bolanowski, M. H19 in endocrine system tumours. Anticancer Res (2021) 41(2):557–65. doi: 10.21873/anticanres.14808 

  16. Huang, C, Su, X, Zhou, DL, Xu, BH, Liu, Q, Zhang, X, et al. A diagnostic and predictive lncrna lnc-Mpeg1-1 promotes the proliferation and metastasis of papillary thyroid cancer cells by occupying mir-766-5p. Mol Ther Nucleic Acids (2022) 28:408–22. doi: 10.1016/j.omtn.2022.03.023 

  17. Guo, K, Qian, K, Shi, Y, Sun, T, and Wang, Z. Lncrna-miat promotes thyroid cancer progression and function as cerna to target Ezh2 by sponging mir-150-5p. Cell Death Dis (2021) 12(12):1097. doi: 10.1038/s41419-021-04386-0 

  18. Dong, X, Jin, C, Chen, D, Chen, Y, Ye, ZQ, Zhang, X, et al. Genomic instability-related lncrna signature predicts the prognosis and highlights Linc01614 is a tumor microenvironment-related oncogenic lncrna of papillary thyroid carcinoma. Front Oncol (2021) 11:737867. doi: 10.3389/fonc.2021.737867 

  19. Wang, K, Xu, J, Zhao, L, Liu, S, Liu, C, and Zhang, L. Prognostic lncrna, mirna, and mrna signatures in papillary thyroid carcinoma. Front Genet (2020) 11:805. doi: 10.3389/fgene.2020.00805 

  20. Wang, W, Bai, N, and Li, X. Comprehensive analysis of the prognosis and drug sensitivity of differentiation-related lncrnas in papillary thyroid cancer. Cancers (Basel) (2022) 14(5):1353. doi: 10.3390/cancers14051353 

  21. Liu, J, Mei, J, Li, S, Wu, Z, and Zhang, Y. Establishment of a novel cell cycle-related prognostic signature predicting prognosis in patients with endometrial cancer. Cancer Cell Int (2020) 20:329. doi: 10.1186/s12935-020-01428-z 

  22. Ghafouri-Fard, S, Shoorei, H, Anamag, FT, and Taheri, M. The role of non-coding rnas in controlling cell cycle related proteins in cancer cells. Front Oncol (2020) 10:608975. doi: 10.3389/fonc.2020.608975 

  23. Wu, M, Fu, P, Qu, L, Liu, J, and Lin, A. Long noncoding rnas, new critical regulators in cancer immunity. Front Oncol (2020) 10:550987. doi: 10.3389/fonc.2020.550987 

  24. Zhong, C, Tao, B, Li, X, Xiang, W, Peng, L, Peng, T, et al. Hoxa-As2 contributes to regulatory T cell proliferation and immune tolerance in glioma through the mir-302a/Kdm2a/Jag1 axis. Cell Death Dis (2022) 13(2):160. doi: 10.1038/s41419-021-04471-4 

  25. Wu, J, Lin, R, Zhang, L, Wei, Y, Zhang, R, Cai, W, et al. Linc00887 fosters development of clear cell renal cell carcinoma Via inhibiting Cd8+ T cell immune infiltration. Comput Math Methods Med (2022) 2022:2582474. doi: 10.1155/2022/2582474 

  26. Chen, F, Song, J, Ye, Z, Xu, B, Cheng, H, Zhang, S, et al. Integrated analysis of cell cycle-related and immunity-related biomarker signatures to improve the prognosis prediction of lung adenocarcinoma. Front Oncol (2021) 11:666826. doi: 10.3389/fonc.2021.666826 

  27. Jiang, D, Li, Y, Cao, J, Sheng, L, Zhu, X, and Xu, M. Cell division cycle-associated genes are potential immune regulators in nasopharyngeal carcinoma. Front Oncol (2022) 12:779175. doi: 10.3389/fonc.2022.779175 

  28. Liu, Z, Pan, R, Li, W, and Li, Y. Comprehensive analysis of cell cycle-related genes in patients with prostate cancer. Front Oncol (2021) 11:796795. doi: 10.3389/fonc.2021.796795 

  29. Li, C, Jiang, P, Wei, S, Xu, X, and Wang, J. Regulatory T cells in tumor microenvironment: New mechanisms, potential therapeutic strategies and future prospects. Mol Cancer (2020) 19(1):116. doi: 10.1186/s12943-020-01234-1 

  30. Ling, Z, Shao, L, Liu, X, Cheng, Y, Yan, C, Mei, Y, et al. Regulatory T cells and plasmacytoid dendritic cells within the tumor microenvironment in gastric cancer are correlated with gastric microbiota dysbiosis: A preliminary study. Front Immunol (2019) 10:533. doi: 10.3389/fimmu.2019.00533 

  31. Yu, H, Huang, X, Liu, X, Jin, H, Zhang, G, Zhang, Q, et al. Regulatory T cells and plasmacytoid dendritic cells contribute to the immune escape of papillary thyroid cancer coexisting with multinodular non-toxic goiter. Endocrine (2013) 44(1):172–81. doi: 10.1007/s12020-012-9853-2 

  32. Xie, Z, Li, X, He, Y, Wu, S, Wang, S, Sun, J, et al. Immune cell confrontation in the papillary thyroid carcinoma microenvironment. Front Endocrinol (Lausanne) (2020) 11:570604. doi: 10.3389/fendo.2020.570604 

  33. Bergdorf, K, Ferguson, DC, Mehrad, M, Ely, K, Stricker, T, and Weiss, VL. Papillary thyroid carcinoma behavior: Clues in the tumor microenvironment. Endocr Relat Cancer (2019) 26(6):601–14. doi: 10.1530/ERC-19-0074 

  34. Gogali, F, Paterakis, G, Rassidakis, GZ, Kaltsas, G, Liakou, CI, Gousis, P, et al. Phenotypical analysis of lymphocytes with suppressive and regulatory properties (Tregs) and nk cells in the papillary carcinoma of thyroid. J Clin Endocrinol Metab (2012) 97(5):1474–82. doi: 10.1210/jc.2011-1838 

  35. Aghajani, MJ, Yang, T, McCafferty, CE, Graham, S, Wu, X, and Niles, N. Predictive relevance of programmed cell death protein 1 and tumor-infiltrating lymphocyte expression in papillary thyroid cancer. Surgery (2018) 163(1):130–6. doi: 10.1016/j.surg.2017.04.033 

  36. Cunha, LL, Morari, EC, Guihen, AC, Razolli, D, Gerhard, R, Nonogaki, S, et al. Infiltration of a mixture of immune cells may be related to good prognosis in patients with differentiated thyroid carcinoma. Clin Endocrinol (Oxf) (2012) 77(6):918–25. doi: 10.1111/j.1365-2265.2012.04482.x 

  37. Li, H, Han, Q, Chen, Y, Chen, X, Ma, R, Chang, Q, et al. Upregulation of the long non-coding rna Foxd2-As1 is correlated with tumor progression and metastasis in papillary thyroid cancer. Am J Transl Res (2019) 11(9):5457–71. 

  38. Li, R, Chen, S, Zhan, J, Li, X, Liu, W, Sheng, X, et al. Long noncoding rna Foxd2-As1 enhances chemotherapeutic resistance of laryngeal squamous cell carcinoma Via Stat3 activation. Cell Death Dis (2020) 11(1):41. doi: 10.1038/s41419-020-2232-7 

  39. Liu, H, Zhang, J, Luo, X, Zeng, M, Xu, L, Zhang, Q, et al. Overexpression of the long noncoding rna Foxd2-As1 promotes cisplatin resistance in esophageal squamous cell carcinoma through the mir-195/Akt/Mtor axis. Oncol Res (2020) 28(1):65–73. doi: 10.3727/096504019X15656904013079 

  40. Nong, Q, Yu, S, Hu, H, and Hu, X. Knockdown of lncrna Foxd2-As1 inhibits proliferation, migration, and drug resistance of breast cancer cells. Comput Math Methods Med (2021) 2021:9674761. doi: 10.1155/2021/9674761 

  41. Zhang, Y, Chen, D, Yang, M, Qian, X, Long, C, and Zheng, Z. Comprehensive analysis of competing endogenous rna network focusing on long noncoding rna involved in cirrhotic hepatocellular carcinoma. Anal Cell Pathol (Amst) (2021) 2021:5510111. doi: 10.1155/2021/5510111 

  42. Liu, Y, Zhang, B, Cao, WB, Wang, HY, Niu, L, and Zhang, GZ. Study on clinical significance of lncrna egot expression in colon cancer and its effect on autophagy of colon cancer cells. Cancer Manag Res (2020) 12:13501–12. doi: 10.2147/CMAR.S285254 

  43. Peng, W, Wu, J, Fan, H, Lu, J, and Feng, J. Lncrna egot promotes tumorigenesis Via hedgehog pathway in gastric cancer. Pathol Oncol Res (2019) 25(3):883–7. doi: 10.1007/s12253-017-0367-3 

  44. Qiu, S, Chen, G, Peng, J, Liu, J, Chen, J, Wang, J, et al. Lncrna egot decreases breast cancer cell viability and migration Via inactivation of the hedgehog pathway. FEBS Open Bio (2020) 10(5):817–26. doi: 10.1002/2211-5463.12833 

  45. Jin, L, Quan, J, Pan, X, He, T, Hu, J, Li, Y, et al. Identification of lncrna egot as a tumor suppressor in renal cell carcinoma. Mol Med Rep (2017) 16(5):7072–9. doi: 10.3892/mmr.2017.7470 

  46. Wei, T, Zhu, N, Jiang, W, and Xing, XL. Development and validation of ferroptosis- and immune-related lncrnas signatures for breast infiltrating duct and lobular carcinoma. Front Oncol (2022) 12:844642. doi: 10.3389/fonc.2022.844642 

  47. Ma, Y, Sun, W, Zhang, Q, Gao, B, Cai, W, Liu, Q, et al. Lncrna bsg-As1 is hypoxia-responsive and promotes hepatocellular carcinoma by enhancing bsg mrna stability. Biochem Biophys Res Commun (2021) 566:101–7. doi: 10.1016/j.bbrc.2021.06.002 

 
 Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

 Copyright © 2023 Li, Ran and Qiao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms. 

 
OEBPS/Images/fendo.2023.1110987_cover.jpg
, frontiers | Frontiers in Endocrinology

A cell cycle—related IncRNA
signature predicts the
progression-free interval in
papillary thyroid carcinoma





OEBPS/Images/M2.jpg
Pgs = [0.84919 « normalized expression value of FOXD2-AS1]
(386735

normalized expression value of LOCI00507156] + [0.67474+

normalized expression value of BSG-AS1+[0.76288+

normalized expression value of EGOT}+ [0.46501+

normalized expression value of TMEM10S]





OEBPS/Images/fendo-14-1110987-g005.jpg
Observed risk of progression

ity
0.6

17}
c
[

n

0.85 0.90 0.95 1.00

0.80

1.0

0.8

0.2 0.4

0.0

Predicted risk of progression

=486 d=52 p=7, 150 subjects per group X - resampling optimism added, B=1000
Gray: ideal Based on observed-predicted

o —— Nomogram model AUC: 0.796
4 —— Age model AUC: 0.636
i —— pathologic_N model AUC: 0.662

T
0.4 0.6 0.8 1.0

1-Specificity

Sensitivity

0.2 0.4 0.6 0.8 1.0

0.0

. 0 10 30 40 50 60 70 80 90 100
Points
HighRisk
Group LowRisk
Yes
—
N No
Stagelll&StagelV
AJCCStage —
9 Stagel&Stagell
. >2cm
TumorSize <Zem
>55 years
A
9e <=55 years
Aggresive No
Yes
Y T3&T4
pathologic_T 812
dotal Eoints 0 50 100 150 200 250 300 350
Linear Predictor
-1.5 05 0 05 1 15 2 25 3
Probability of 1-year progression-free surveval 095 ) 08 070605
Probability of 3-year progression-free surveval 095 09 08 07 0605040302
Probability of 5-year progression-free surveval 055 09 08 07 0605040302
C
o TTTT
i T T 24 [T T
P A )
/= H T /i
4 3 o ¥
4 | QoS |
1 g -
Q
] 6
| $°7] T
| g, |
i 2 5 H
| a |
o]
| |
| o | *
- o
T T T T T T T T T T T
0.85 0.90 0.95 1.00 070 075 0.80 085 090 095 1.00

Predicted risk of progression

=486 d=52 p=7, 150 subjects per group X - resampling optimism added, B=1000
Gray: ideal Based on observed-predicted

—— Nomogram model AUC: 0.711
2 —— Age model AUC: 0.637

g —— pathologic_N model AUC: 0.569
T T T T T T
0.0 0.2 04 0.6 0.8 1.0
1-Specificity

Observed risk of progression

Sensitivity

0.6 0.7 0.8 0.9 1.0

0.5

0.6 0.8 1.0

0.4

0.2

0.0

N T T
1 11
T 4
X
. % |
i i
T
4t
%
:
[
101
_I T T T T T T
070 075 0.80 085 090 095 1.00

Predicted risk of progression

=486 d=52 p=7, 150 subjects per group X - resampling optimism added, B=1000
Gray: ideal Based on observed-predicted

4 — Nomogram model AUC: 0.681

2 Age model AUC: 0.657

- — pathologic_N model AUC: 0.614
T T T T T T

0.4 0.6 0.8 1.0

1-Specificity





OEBPS/Images/fendo-14-1110987-g003.jpg
Training cohort

HR(95% Cl)
Age 3,036 (1.355, 6.801)
Gender 1.396 (0.597, 3.267)
TumorSize 5628 (1678, 18.874)
pathologic T 2.141(1.324, 3.462)

N 3.296 (1.306, 8.315)

AJCCStage  3.460 (1.508,7.938)
Multfocality 0576 (0.246, 1.347)
Aggresive 1880 (1.008, 3.505)
AnatomicSite 1108 (0.476, 2.562)
RiskScore 2,546 (1.674, 3.872)
BRAF_V600E 1185 (0.525, 2.671)

D

HR(95% CI)
Age 1574 (0612, 4.832)
Gender 0,830 (0.323, 2135)
TumorSize 3402 (0.853, 13.570)
pathologic T 1,205 (0.507, 2.866)

N 1.434 (0,443, 4.641)

AJCCStage  1.659 (0.463, 5.949)
Multfocality ~ 0.992 (0.369, 2.666)
Aggresive 0.732(0.277, 1.935)
AnatomicSite 0,996 (0.369, 2.685)
RiskScore 1.744 (1,053, 2.889)
BRAF_V60OE  0.900 (0.381, 2.123)

P Value

0.007
0.442
0,005
0.002
0012
0.003
0203
0.047
0812
0.000
0683

P Value

0428
0699
0083
0673
0547
0437
0987
0529
0993
0031
0809

——

—

—

01254567050 10Mi213141516171810

53

T &6 7 5 b

To 3 12 13 4

Age
Gender
TumorSize
pathologic_T
N
AJCCStage
Multitocality
Aggresive
AnatomicSite
RiskScore
BRAF_V600E

E

Age
Gender
TumorSize
pathologic_T
N
AJCCStage
Multitocality
Aggresive
AnatomicSite
RiskScore
BRAF_V600E

Test cohort

HR(95% C)
1233 0.421,3612)
1,643 (0.584, 4.620)
1.132 (0358, 3.578)
1.430 (0.808, 2.533)
1,292 (0.459, 3.640)
1.928 (0695, 5.351)
2018 (0.712, 5.715)
1292 (0581, 2.872)
1707 (0.645, 5.351)
2.242(1.202, 4.181)
1,120 (0.406, 3.091)

HR(95% CI)

0.488 (0105, 2.267)
1828 (0589, 5.672)
0.719 (0,187, 2.769)
1521 (0622, 3.721)
0.776 (0.261, 2.303)
1.463 (0.349, 6.128)
2.374 (0,681, 8.273)
0555 (0.169, 1.625)
1,099 (0.330, 3.664)
2.940(1.290, 6.702)
0,868 (0.301, 2.505)

P Value

0702 e

0347 ———
L R ———
0219 —_—
0627 ————————————
0208
0186
0530 e
038 r————————
0o —_—
0827 F——re——————
G5 1 15 2 25 5 35 4 45 5 85
P Value
0360 Fe—t—ri
0296  F——————————
0632 +——t—it
0388
0647 ——i
0603
0175 —
0332 it
L ——
0010 _—
0793 e

Age

Gender
TumorSize
pathologic_T
N
AJCCstage
Muttfocality
Aggresive
AnatomicSite
RiskScore
BRAF_V600E

F

Age
Gender
TumorSize
pathologic_T
N
AJCCStage
Muttfocality
Aggresive
AnatomicSite
RiskScore
BRAF_V600E

Entire cohort

HR(95% Cl)

2,176 (1.168, 4.090)
1.486 (0.772, 2.859)
2,695 (1.189, 6.111)
1772 (1.234, 2.543)
2477 (1.103, 4.298)
2.718 (1.441,5.127)
0,945 (0.497, 1.797)
1612 (0.995, 2.610)
1279 (0,645, 2.535)
2432 (1.714,3.450)
1.173 (0622, 2.212)

HR(95% CI)

1152 (0476, 2.787)
1.161 (0562, 2.315)
1,807 (0.722, 4.523)
1.246 (0.678, 2.287)
1.220 (0573, 2.599)
1448 (0563, 3.601)
1.271(0595,2.716)
0.745 (0.368, 1.509)
1.163 (0532, 2.544)
1.994 (1.339, 2.969)
0.965 (0.508, 1.833)

P Value

0016
0.236
0018
0.002
0.025
0.002
0864
0.052
0.481
0.000
0621

P Value

0.754
0672
0.206
0479
0606
0.425
0536
0414
0.705
0.001
0913






OEBPS/Images/fendo-14-1110987-g007.jpg
fraction

count

100% Group E&3HighRisk [ LowRisk
p =4.8e-05
1.001
.
75% . &
cell.type
0.75]
g
o " .
(%]
o .
50% S
£ 050
£ .
- .
.
I vacrophages
25% 0.25
0.001
o LowRisk
Group
Cc D
025 ~ s - =
] ’ ‘e 2
0201 "8 < ‘ . 3
] | - >
P b . .- 5 g
P b . ] 3 g § o
0154 ¢ . e ) £ 8 = = K
o ‘.t - ot | group §h e 2 2 g%% 82 o
o . ! B8 HighRisk §58558s55% FEfRBea8 B2, ,,
o . e 2o EEFREFRED §888z0 s 833 3
E3 LowRisk T L EEE E Eox o+ o0 099 S 5 Eph 888
0.10 L 833333888808 88885z288089cz¢
. . 2] % © 000000000 AO==2=2==¢8zaariFE
o8 . s 0. FOXD2-AS1 [ ]
I ‘ . LOC100507156 e ®
008 f s BSG-AST
4 EGOT oo
ll . TMEM105
0.00 -3
¢ NI PR P
&\\ \\/\ \\’\'f;/\&\ /\Q{Qﬁ/\f@& ¥ &09\“ > da\o'&\ Qf'e\ ‘;*-fo‘?}\v"&bdz}\\‘?\w‘?}\&\&
R @ SRS
@o%* & & S 0°0° S S Ve e
F ¥ T
ol
S

cell.type

Tregs





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A cell cycle–related lncRNA signature predicts the progression-free interval in papillary thyroid carcinoma

      

        		

          1.  Introduction.

        



        		

          2.  Materials and methods.

        

          		

            2.1.  Data collection.

          



          		

            2.2.  Identification of CCR-lncRNAs.

          



          		

            2.3.  Construction and validation of a CCR-lncRNA prognostic signature.

          



          		

            2.4.  Independent prognostic value determination and nomogram construction.

          



          		

            2.5.  Functional enrichment analysis.

          



          		

            2.6.  Tumor mutation burden (TMB) and immune cell infiltration.

          



          		

            2.7.  Cell culture.

          



          		

            2.8.  Quantitative real-time PCR validation.

          



          		

            2.9.  Statistical analysis.

          



        



        



        		

          3.  Results.

        

          		

            3.1.  Identification of CCR-lncRNAs.

          



          		

            3.2.  Construction of a CCRLSig predicting PFI in PTC.

          



          		

            3.3.  Validation of the CCRLSig.

          



          		

            3.4.  Independent prognostic value of the CCRLSig.

          



          		

            3.5.  Correlations between the CCRLSig and clinicopathological characteristics.

          



          		

            3.6.  Construction and assessment of a nomogram.

          



          		

            3.7.  Functional enrichment analysis.

          



          		

            3.8.  Analysis of TMB.

          



          		

            3.9.  Relationship between the signature and immune cell infiltration.

          



          		

            3.10.  Validation of the expression levels of five CCR-lncRNAs in cell lines.

          



        



        



        		

          4.  Discussion.

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-14-1110987-g006.jpg
transforming growth factor beta-activated receptor activity
signaling receptor activator actvity

MHC class Il protein complex binding

immune receptor activity

G protein-coupled peptide receptor activity

cytokine receptor binding

cytokine activity

chemokine activity

calcium channel regulator activity

protein complex involved in cell adhesion.
MHC protein complex:

MHC class Il protein complex:
cell-celljunction.

basal plasma membrane-

basal part of cell

adherens junction

Description

T cell mediated immunity.

regulation of ERK1 and ERK2 cascade.
positive regulation of MAPK cascade.

posilive regulation of immune effector process.
positive regulation of cel-cell adhesion.
Iymphocyte chemotaxis

humoral immune response-

cellular calcium ion homeostasis-

cell activation involved in immune response-
cell-substrate adhesion

antigen processing and presentation of exogenous peptide antigen via MHC class Il

C

B Pathway enrichment

Transcriptional misregulation in cancer -

Thyroid hormone synthesis - o
% TGF-beta signaling pathway - .
g PI3K-Akt signaling pathway -

MAPK signaling pathway -

Hippo signaling pathway -

ECM-receptor interaction -

Cytokine-cytokine receptor interaction -

Pathway name

TWeuodwos einie

Cell adhesion molecules -

§. CAMP signaling pathway -
g Calcium signaling pathway -
% Autoimmune thyroid disease - «
Antigen processing and presentation - .
001 002

Running Enrichment Score

Ranked List Metric

0.6

04

02

0.0}

[ |
(RN SN
(R

11wl iy o

| IHL\HIJH‘ ‘I | H

4 insln n“ﬂ

bl

|
il

0

ﬁ‘b i

”m“

imw i

- BENPORATH_PROLIFERATION
GOLDRATH ANTIGEN_RESFONSE
- KEGG CELLC
55 SIGNALING_PATHWAY
= REACTOME ADRPTIVE TUMUNE _SYSTEM
= REACTOME:CELL c c‘t
EACTOME CELL_CYCLE_CHECKPOINTS
 REASTOME-CELL-CYELEW
~RE ACTOME_CYTO'KI slcNALmG IN_IMMUNE_SYSTEM
~ REACTOME_INNATE_IMMUNE
~ REACTOMEMHC CTASS || A'NTIGEN PRESENTATION
~ REACTOME_SIGNALING_BY_MET

4. vt e

|
\lIH I | l‘ HH I‘FI H\”H IHIHHIHH LR AL ‘HII\I

1000

2000 3600 4000
Rank in Ordered Dataset

IL-17 signaling pathway - .

Complement and coagulation cascades - [

-logro(p-adjust)

B
4

L] 2

003 004 005 006  o0d7
GeneRatio





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-14-1110987-g002.jpg
Training conhort

Risk Score

Progression-free Time

C

TMEM105 ‘

Locwoosomsl ‘
£GOT H
FOXD2-AS1 |
B8SG-AS1 ‘ H
D Strata -+~ Group=HighRisk - Group=LowRisk
1.00
]
5 075
£
g
= 0.50-
]
2
¢
4 025
g p < 0.0001
0.0
1 o 1000 2000 3000 4000 5000
g Time
£ Number at risk
8 croup=righrisk] 37 7 2 2 0 0
5 Group=LowRisk{212 93 31 14 8 1
0 1000 2000 3000 4000 5000
Time

m  Progress

1.0

o
=}

— AUC at 1 year: 784
— AUC at 3 year: 0.7.
~— AUC at 5 year: 0681

F lest conort
]
Risk Group S
© Low 2
* High 2
® s 0
E . . .
Status 8 0 : 4
© Progression-ree z -
 Progression 2
g
3
g
Risk Group &
Low
I High H
TMEM105
Expression LOC100507156 " l ‘
l 4 EGOT
2
0
FOXD2-AS1
2
BSG-AS1 ‘ | ‘
1 Strata -+~ Group=HighRisk - Group=LowRisk
1.00 -
E
8 075
£
@
£
T 050
s
2
2
g
025
g p = 0.00025
000
= [J 1000 2000 3000 4000 5000
g Time
E Number at risk
@
& Group=HighRisk | 35 13 5 0 o 0
5 Group=LowRisk{214 91 31 13 6 2
2 [J 1000 2000 3000 4000 5000
8 Time
[
J <

T T
0.4 0.6
1-Specificity

— AUCat 1year: 0. 723
— AUCat3 year.
— AUCat5 year 0! 668

08 10

04 06
1-Specificity

Risk Group
° Low
© High

Status

© Progression-free
o Progression

Risk Group

I Low

High
Expression

K Entire cohort
-}
g
&
2
2
(4
e g i
£ . & e
¥ 4000 . y
]
2 N
s
§
-
2
&
TMEM105 ‘ ‘
LOC100507156I
EGOT H
FOXD2-AS1 ‘
BSG-AS1 ‘ ‘
N Strata = Group=HighRisk -~ Group=LowRisk
1.00
g
8 0.75:
=
?
£
T 050
o
2
H
¢
0.25:
g p <0.0001
0.00
B 0 1000 2000 3000 4000 5000
g Time
= Number at risk
o
2 Group=HighRisk{ 66 18 6 2 0 0
E Group=LowRisk {432 186 63 27 14 3
g 0 1000 2000 3000 4000 5000
2 Time
o

o

Sensitivity

0.4

08 1.0

0.6

0.2

0.0

Risk Group
© Low
* High

Status

« Progression-free
« Progression

Risk Group
I Low

High
Expression

— AUCat 1 ea
— AUC at 3
— AUC a! 5 year 0 673

T T
0.4 0.6

1-Specificity





OEBPS/Images/fendo-14-1110987-g004.jpg
A B (] D
Gender EImale 1 female Age B3 <=55 years (+1>55 years TumorSize B3<=2cm 7>2 cm N EINO N1
. p=0.96 p =0.002 . p =0.00055 . p=2.5e-10 .

4
4 2 o g
Q o o o
3 2 @ & 4
3 k] k] k3
3 4 4 ©

0

male female <=55 years >55 years <=2cm >2 cm NO N1
Gender Age G TumorSize N
E H
pathologic_TE3 14112 =3T3E3T4 AJCCStagesiStagel&Stagell -+ Stagelll&StagelV M E3MO&MX =3 M1 BRAF_VGB00E £ Mutant 1 Wildtype

50 p=1.7e-10 p=1.7e-08 5 p =0.059 p=2.8e-09 .

40
o 1) o o
S 30 S s
2 ¥ k] 2
2 2o 0.00045 e 3 &

2e-06
0.00039
3.1e-08
104 6.2e-07
0.23 _
of e e i -
T T2 T3 T4 Stagel&Stagell Stagelll&StagelV Mutant Wildtype
BRAF_V600E

pathologic T

AJCCStage






OEBPS/Images/fendo-14-1110987-g001.jpg
Coefficients

20

-20

-40

-60

19

22

26

50

100

11 Norm

150

Partial Likelihood Deviance

17

16

15

14

13

12

31 31 30 29 26 26 23 21 17 15 8 1
o..‘.
Pe
c...‘
.
o...
‘..
i)
!
%,
14004
L]
T T T T
-7 -6 -5 -4 -3
Log(A)






OEBPS/Images/M1.jpg
7 501 - Sl subict t0 il < =





OEBPS/Images/fendo-14-1110987-g008.jpg
B3 Tumor
E3 Normal

group

7 o e oo o ccom

.

=

.....+

- -l

— .

=

i
-—
-

oe s ....\.’

-
~

uolssaidxs aus9

w

«OQ\

S,

%, [a]

Mﬁ
v o 9w o © o

TPC-1

Nthy-ori3-1

« M
o < w o [t} o

19A3] GOLINTINL YNHIUT dAnejy

u

19A8] LOOT YNYIUT sAlejey

TPC-1

Nthy-ori3-1

TPC-1

Nthy-ori3-1

19A9] L SY-OSE YNYOUT dAne|ay

u

_w>w_ omﬁomoo 1001 <zxo:;_ m>__m_om

-

19A3] LSV-ZAX04 YNHOUT aAjeloy

TPC-1

Nthy-ori3-1






