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It has been established that long-chain coding RNA (lncRNA) SLC25A25-AS1 is associated with cancer progression. However, the roles and mechanisms of SLC25A25-AS1 in prostate cancer (PC) have not been reported in the literature. The present study explored the relationship between SLC25A25-AS1 expression and PC progression via comprehensive analysis. The pan-cancer expression of SLC25A25-AS1 was identified using data from The Cancer Genome Atlas (TCGA) database and tissue specimens from our hospital. The expression levels of SLC25A25-AS1 in various subgroups based on the clinical features were identified. The prognostic value of SLC25A25-AS1 and SLC25A25-AS1 co-expressed lncRNAs in PC patients was assessed by survival analysis and ROC analysis, and prognosis-related risk models of SLC25A25-AS1 were constructed. The relationship between SLC25A25-AS1 and the PC immune microenvironment was investigated using correlation analysis. SLC25A25-AS1 expression in PC was significantly increased and correlated with the T stage, clinical stage, Gleason score (GS), and dismal prognosis. SLC25A25-AS1 overexpression exhibited good performance in evaluating the prognosis of PC patients. The area under the curves (AUCs) of the 1-, 3-, and 5-year overall survival (OS) for SLC25A25-AS1 was 1, 0.876, and 0.749. Moreover, the AUCs for the 1-, 3-, and 5-year progress free interval (PFI) for SLC25A25-AS1 were 0.731, 0.701, and 0.718. SLC25A25-AS1 overexpression correlated with the infiltration of CD8 T cells, interstitial dendritic cells (IDC), macrophages and other cells. AC020558.2, ZNF32-AS2, AP4B1-AS1, AL355488.1, AC109460.3, SNHG1, C3orf35, LMNTD2-AS1, and AL365330.1 were significantly associated with SLC25A25-AS1 expression, and short OS and PFI in PC patients. The risk models of the SLC25A25-AS1-related lncRNAs were associated with a dismal prognosis in PC. Overall, SLC25A25-AS1 expression was increased in PC and related to the prognosis and PC immune microenvironment. The risk model of SLC25A25-AS1 have huge prospect for application as prognostic tools in PC.
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Introduction

Long non-coding RNAs (lncRNAs) are a class of RNAs longer than 200 nucleotides that can participate in the regulation of epigenetics, cell cycle, cell differentiation, and other functions (1–7). For instance, the lncRNA SNHG1 is significantly upregulated in oral cancer, and its inhibition can suppress oral cancer cell proliferation. Current evidence suggests that SNHG1 can regulate oral cancer growth by regulating the miR-421/HMGB2 signaling pathway (1). Moreover, overexpression of lncARSR could increase the resistance of colorectal cancer (CRC) cells to oxaliplatin in vitro and in vivo. Inhibition of lncARSR expression could reduce cell viability and promote cell apoptosis, and its upregulation could induce the tumorigenesis of CRC cells (3). LncRNA AP003469.4 was significantly increased in hepatocellular carcinoma (HCC) tissues. AP003469.4 overexpression was an influencing factor for dismal prognosis in HCC patients and was related to short overall survival (OS) and disease-free survival (DFS). Downregulation of AP003469.4 expression could delay the cell proliferation, cycle transition, invasion, and migration and promote cell apoptosis (6). This finding indicated that inhibiting or promoting the expression of lncRNAs could delay cancer progression.

Prostate cancer (PC) patients reportedly have a dismal prognosis and high mortality (8, 9). It was estimated that there will be more than 1,400,000 new cancer cases and more than 370,000 deaths in 2020 (9). The mainstay of treatment for PC patients is a comprehensive approach based on surgery. However, PC patients often have a dismal prognosis due to drug resistance and metastasis. An increasing body of evidence suggests that targeted therapy could improve the prognosis of cancer patients (10–13) and has gradually become a research hotspot. In recent years, lncRNA SLC25A25-AS1 has been associated with cancer progression (14, 15). The expression of SLC25A25-AS1 was significantly increased in the tissues and cells of non-small cell lung cancer (NSCLC). SLC25A25-AS1 overexpression was associated with shorter OS in patients with NSCLC. Importantly, SLC25A25-AS1 silencing could hinder cell proliferation, enhance the apoptosis rate of cells, and limit cell migration, invasion and tumor growth in NSCLC. Overall, SLC25A25-AS1 could exert a tumor-promoting effect by mediating the miR-195-5p/ITGA2 signaling pathway (14). Moreover, SLC25A25-AS1 has been reported to be significantly decreased in CRC tissues, and SLC25A25-AS1 overexpression could inhibit cell growth in CRC (15). No studies have hitherto reported the roles of SLC25A25-AS1 in PC progression. Therefore, this study sought to investigate the SLC25A25-AS1 expression in PC using a comprehensive analysis and the relationship between the overexpression level of SLC25A25-AS1 and the clinicopathological characteristics, diagnosis and prognosis of PC patients. The prognosis-related risk models of SLC25A25-AS1 were subsequently constructed. Finally, the relationship between SLC25A25-AS1 and the PC immune microenvironment was analyzed through correlation analysis to provide candidate targets for treating PC patients (Figure S1).



Materials and methods


The pan-cancer expression of SLC25A25-AS1

The expression data of TPM and FPKM types in pan-cancer tissues (730 cases of normal tissues and 10,363 cases of tumor tissues) were obtained from The Cancer Genome Atlas (TCGA) (https://portal.gdc.cancer.gov) database, and the expression data of TPM type in pan-cancer tissues (727 cases of normal tissues, and 9,807 cases of tumor tissues) were downloaded from the XENA-TCGA (http://xena.ucsc.edu/) database in March 2022. The mean expression levels of SLC25A25-AS1 in normal and cancer tissues were compared.



Identification of the SLC25A25-AS1 expression in PC tissues

Cancer and normal tissues from patients (N=8) with a pathological diagnosis of PC treated in our hospital were analyzed. These PC patients provided informed consent for using their data. Our study was approved by the Ethics Committee of the Affiliated Hospital of Zunyi Medical University. SLC25A25-AS1 expression in PC patient tissues was detected by Reverse Transcription-Polymerase Chain Reaction (RT-PCR) technique. Total RNAs from PC patient tissues were collected according to standard specifications, and the reverse transcription process was performed after quantification. The PCR procedure was performed after primer addition, and the relative SLC25A25-AS1 expression level in PC tissues was calculated.



Identification of the relationship between SLC25A25-AS1 expression and clinicopathological features and prognosis

The clinicopathological characteristics and prognostic data of PC patients were retrieved from TCGA database. The PC patients were grouped according to the clinicopathological characteristics, and different groups were compared to identify statistically significant differences. The expression data of SLC25A25-AS1 were analyzed, and PC patients were arranged into two groups according to the SLC25A25-AS expression value, and their prognostic values were compared by Kaplan-Meier (K-M) survival analysis. The relationship between the SLC25A25-AS1 expression and prognostic values in each subgroup based on the clinicopathological characteristics of PC patients were compared using K-M survival analysis.



Assessment of the prognostic values of SLC25A25-AS1

Receiver operating characteristic (ROC) analysis is a widely acknowledged method used to assess the diagnostic accuracy of a particular test (16, 17). Over the years, ROC analysis has been used to assess the diagnostic value of molecules in cancer. AUC value’s closer to 1 were associated with higher diagnostic values. In the present study, the diagnostic values of SLC25A25-AS1 and SLC25A25-AS1 related lncRNAs expression levels in PC patients with the OS and progress free interval (PFI) at 1, 3 and 5 years were evaluated using ROC analysis.



The relationship between SLC25A25-AS1 expression and the PC immune microenvironment

Immune cell scores of PC tissues were analyzed by the ssGSEA algorithm (18). The correlation analysis explored the relationship between the SLC25A25-AS1 expression and the PC immune infiltrating cells. The immune cell expression values were arranged from low to high, and the immune cells were divided into two (high- and low-expression) groups by the median values of the immune cells, and the SLC25A25-AS1 expression level in the high- and low-immune cell expression groups were explored.



Identification of prognostic lncRNAs related to SLC25A25-AS1

The lncRNAs of OS and PFI in PC were analyzed by COX regression, and the significant OS- and PFI-related lncRNAs were screened using the criteria: P < 0.05 and P < 0.001. SLC25A25-AS1 co-expressed lncRNAs in PC tissues were acquired based on the screening criteria correlation coefficient r > 0.6 or r < -0.6 and P < 0.001. The intersected lncRNAs between the OS-related lncRNAs, PFI-related lncRNAs, and SLC25A25-AS1 co-expressed lncRNAs were visualized by a Venn plot. The intersected lncRNAs were defined as SLC25A25-AS1-related prognostic lncRNAs.



Identification of the prognostic values of SLC25A25-AS1-related lncRNAs

The expression data of SLC25A25-AS1 related lncRNAs were retrieved from TCGA and matched and merged with the PC patient prognosis data. The expression data of SLC25A25-AS1 related lncRNAs were arranged, and the PC patients were grouped by the median expression value. K-M survival analysis was used to compare the relationship between SLC25A25-AS1-related lncRNAs and the OS and PFI of patients. patients. The value of SLC25A25-AS1-related lncRNAs AC020558.2, ZNF32-AS2, AP4B1-AS1, AL355488.1, AC109460.3, SNHG1, C3orf35, LMNTD2-AS1, and AL365330.1 for evaluating the OS and PFI at 1, 3, and 5 years was assessed by ROC analysis.



Construction of the risk models associated with SLC25A25-AS1

The relationship between SLC25A25-AS1, AC020558.2, ZNF32-AS2, AP4B1-AS1, AL355488.1, AC109460.3, SNHG1, C3orf35, LMNTD2-AS1 and AL365330.1 expression with OS and PFI in PC patients was analyzed by LASSO algorithm. The risk models of SLC25A25-AS1-related lncRNAs were constructed. K-M survival analysis identified the prognosis roles of PC patients in high- and low-risk groups (19).



Statistical analysis

The expression levels of SLC25A25-AS1 in the tissues and clinicopathological features of PC patients were explored using the Student’s t-test. K-M survival and ROC analysis were used to investigate the prognostic values of SLC25A25-AS1 and the co-expressed lncRNAs of SLC25A25-AS1. Correlation analysis was applied to understand the relationship between SLC25A25-AS1 expression and the PC immune microenvironment. A P-value < 0.05 was statistically significant.




Results


The pan-cancer expression of SLC25A25-AS1

We found that SLC25A25-AS1 was significantly overexpressed in CHOL, KICH, LIHC, LUAD, LUSC, PCPG, PC, STAD and UCEC tissues and downregulated in COAD, KIRC, KIRP and THCA tissues using the TPM type data from TCGA and XENA-TCGA database (Figures 1A, 1B). It was found that SLC25A25-AS1 was significantly overexpressed in CHOL, KICH, LIHC, LUAD, LUSC, PCPG, PC, STAD, and UCEC tissues and downregulated in COAD, KIRC, KIRP and THCA tissues based on FPKM data from TCGA database (Figure 1C).




Figure 1 | The expression values of SLC25A25-AS1 in pan-cancer tissues. (A, B) TPM type data of TCGA and XENA-TCGA databases; (C) FPKM type data of TCGA database. ns, not statistically significant; *, P < 0.05; **, P < 0.01;  ***, P < 0.001.





SLC25A25-AS1 overexpression is significantly related to the T stage, clinical stage, GS, and dismal prognosis in PC patients

Analysis of our clinical samples consistently showed that SLC25A25-AS1 expression was significantly up-regulated in most PC patients (Figure S2). SLC25A25-AS1 expression was significantly elevated in T3 stage PC patients than in T2 stage patients (Figure 2A), and was significantly increased in N1 stage PC patients compared with N0 stage PC patients (Figure 2B). SLC25A25-AS1 expression was significantly increased in PC patients with positive surgical margins (R1) compared with PC patients negative for residual tumor (R0) (Figure 2C). SLC25A25-AS1 expression was significantly elevated in partial remission (PR) patients compared with complete remission (CR) patients (Figure 2D). Moreover, SLC25A25-AS1 expression was significantly elevated in PC patients with stable disease compared with the PC patients in CR (Figure 2E), and SLC25A25-AS1 was significantly increased in PC patients with Gleason Scores (GS) of 8 and 9 compared to PC patients with GS of 7 (Figures 2F, G). In terms of OS and PFI, higher SLC25A25-AS1 expression correlated with a poorer prognosis (Figures 2H, I). K-M survival analysis showed a significant correlation between SLC25A25-AS1 overexpression and a short OS and PFI (Figure 3).




Figure 2 | The expression levels of SLC25A25-AS1 in clinicopathological features of PC patients. Differences in OS and PFI between (A) T2 vs. T3; (B) N0 vs. N1; (C) R0 vs. R1; (D) PR vs. CR; (E) SD vs. CR; (F) GS7 vs. GS8; (G) GS7 vs. GS9; (H, I) Alive vs. Dead. GS, Gleason score; OS, overall survival; PFI, progress free interval; *, P < 0.05; **,P < 0.01;  ***, P < 0.001.






Figure 3 | The poor prognosis in PC patients with SLC25A25-AS1 overexpression. (A) OS; (B) PFI. PC, prostate cancer; OS, overall survival; PFI, progress free interval.





SLC25A25-AS1 overexpression has prognostic values in diagnosing PC patients

ROC analysis found that SLC25A25-AS1 overexpression has significant value in evaluating the prognosis of PC patients. The AUC of SLC25A25-AS1 for predicting OS at 1, 2 and 3 years was 1 (Figure 4A), 0.876 (Figure 4B) and 0.749 (Figure 4C), respectively. The AUC of SLC25A25-AS1 for PFI at 1, 2 and 3 years was 0.731 (Figure 4D), 0.701 (Figure 4E) and 0.718 (Figure 4F), respectively.




Figure 4 | SLC25A25-AS1 overexpression had significant value in predicting the prognosis of PC patients. (A–C) OS; (D–F) PFI. PC, prostate cancer; OS, overall survival; PFI, progress free interval.





SLC25A25-AS1 overexpression is associated with a dismal prognosis in subgroups of PC patients

COX regression analysis revealed that SLC25A25-AS1 overexpression was an independent factor for short PFI in PC patients (Tables 1, 2). In addition, SLC25A25-AS1 overexpression was significantly realted to the dismal prognosis in subgroup PC patients using K-M survival. In this respect, T2-3 stage, T3 stage, T3-4 stage, N0 stage, M0 stage, CR, white people, age <=60 years, age >60 years, R0, R1, PSA (<4 ng/ml), and GS, SLC25A25-AS1 overexpression were independent predictors of the PFI in PC patients (Figure 5 and Figure S3).


Table 1 | The OS-related factors in PC patients.




Table 2 | The PFI-related factors in PC patients.






Figure 5 | SLC25A25-AS1 overexpression was associated with the shorter PFI in subgroups of PC patients. (A) T2-3; (B) T3; (C) T3-4; (D) N0; (E) M0; (F) CR; (G) White; (H) <=60 years; (I) >60 years; (J) R0; (K) R1; (L) PSA. PC, prostate cancer; PFI, progress free interval.





SLC25A25-AS1 overexpression was significantly correlated with the PC immune microenvironment

SLC25A25-AS1 overexpression was significantly correlated with the levels of neutrophils, CD8 T cells, macrophages, Tem, pDCs, iDCs, T helper cells, Tcm, TFH, Th17 cells, mast cells, Th2 cells, DCs, eosinophils and Th1 cells using the correlation analysis (Figure 6 and Figure S4). SLC25A25-AS1 expression levels in CD8 T cells, macrophages, NK CD56bright cells, cytotoxic cells, mast cells, pDC, T helper cells, Th17 cells, neutrophils, Tem, TFH, and Th2 cells were found by grouping by the median expression value of immune cells which showed significant differences (Figure 7).




Figure 6 | SLC25A25-AS1 overexpression was associated with immune cell infiltration in PC. (A) CD8 T cells; (B) Macrophages; (C) T helper cells; (D) pDC; (E) TFH; (G) Mast cells; (H) Th17 cells; (I) Tem. PC, prostate cancer.






Figure 7 | The levels of immune cells in the high- and low-expression groups of SLC25A25-AS1 ns, not statistically significant; *, P < 0.05; **,P < 0.01; ***, P < 0.001.





Identification of SLC25A25-AS1 co-expressed lncRNAs

Based on the predefined screening criteria, 143 lncRNAs were co-expressed with SLC25A25-AS1 (Table S1), and 193 lncRNAs were significantly associated with OS in PC (P < 0.05), and 437 lncRNAs were associated with PFI (P < 0.001). The Venn plot showed 9 overlapping lncRNAs for the SLC25A25-AS1 co-expressed lncRNAs and was related to OS and PFI of PC patients, including AC020558.2, ZNF32-AS2, AP4B1-AS1, AL355488.1, AC109460.3, SNHG1, C3orf35, AL365330.1, and LMNTD2-AS1. Figure 8 shows that SLC25A25-AS1 was correlated with AC020558.2, ZNF32-AS2, AP4B1-AS1, AL355488.1, AC109460.3, SNHG1, C3orf35, LMNTD2-AS1, and AL365330.1 expression.




Figure 8 | SLC25A25-AS1 related lncRNAs. (A) AC020558.2; (B) AC109460.3; (C) AL355488.1; (D) AL365330.1; (E) AP4B1-AS1; (F) C3orf35; (G) LMNTD2-AS1; (H) SNHG1; (I) ZNF32-AS2.





The prognostic values of SLC25A25-AS1-related lncRNAs

K-M survival analysis showed that SLC25A25-AS1-related AC020558.2, ZNF32-AS2, AP4B1-AS1, AL355488.1, AC109460.3, SNHG1, C3orf35, LMNTD2-AS1, and AL365330.1 overexpression were significantly correlated with a short OS and PFI in PC patients (Figure S5 and Figure 9). ROC analysis found that overexpression of AC020558.2, ZNF32-AS2, AP4B1-AS1, AL355488.1, AC109460.3, SNHG1, C3orf35, LMNTD2-AS1, and AL365330.1 had significant value for the evaluation of the 1-, 3- and 5-year OS and PFI in PC patients (Figure 10 and Figure S6).




Figure 9 | SLC25A25-AS1-related lncRNAs overexpression was associated with a shorter PFI in subgroups of PC patients. (A) AC020558.2; (B) AC109460.3; (C) AL355488.1; (D) AL365330.1; (E) AP4B1-AS1; (F) C3orf35; (G) LMNTD2-AS1; (H) SNHG1; (I) ZNF32-AS2. PC, prostate cancer; PFI, progress free interval.






Figure 10 | SLC25A25-AS1-related lncRNAs had significant value in predicting the OS of PC patients. (A) AC020558.2; (B) AC109460.3; (C) AL355488.1; (D) AL365330.1; (E) AP4B1-AS1; (F) C3orf35; (G) LMNTD2-AS1; (H) SNHG1; (I) ZNF32-AS2. PC, prostate cancer; OS, overall survival.





Construction of the risk model for SLC25A25-AS1-related lncRNAs

The AC020558.2, ZNF32-AS2, AP4B1-AS1, AL355488.1, AC109460.3, SNHG1, C3orf35, LMNTD2-AS1, AL365330.1 and SLC25A25-AS1 expression data were merged with the prognosis data of PC patients. The risk factors for OS as AC020558.2 and SLC25A25-AS1 were screened by LASSO analysis. In the risk model of AC020558.2 and SLC25A25-AS1, the survival time of high-risk PC patients was significantly lower than low-risk patients (Figure 11A). LASSO analysis revealed that the risk factors for PFI were AC020558.2, AL355488.1, SNHG1, LMNTD2-AS1, and SLC25A25-AS1. In the risk model of AC020558.2, AL355488.1, SNHG1, LMNTD2-AS1, and SLC25A25-AS1, the PFI of high-risk PC patients was significantly lower than low-risk patients (Figure 11B).




Figure 11 | The risk models of lncRNAs in PC. (A) OS; (B) PFI. PC, prostate cancer; OS, overall survival; PFI, progress free interval.






Discussion

There is a rich literature available suggesting that lncRNAs play important biological roles in PC progression (20–23). LncRNA TMPO-AS1 is increased in PC, and is relevant to a dismal prognosis. TMPO-AS1 overexpression could reduce cancer cell apoptosis and promote cell proliferation, cell cycle and migration (20). Interfering with LINC01679 expression could promote cell proliferation, metastasis, and tumor growth and inhibit cell apoptosis. Moreover, LINC01679 regulated PC cell growth and metastasis by regulating the miR-3150a-3p/SLC17A9 signaling pathway. LINC01679 and SLC17A9 expression levels were closely relevant to the dismal prognosis of PC patients (21). LOC440040 expression level was significantly upregulated in PC tissues and cells. LOC440040 overexpression in PC patients was associated with a short OS. LOC440040 overexpression was an independent risk lncRNA for dismal prognosis in PC patients. Inhibition of LOC440040 expression could inhibit cancer cell proliferation, migration and invasion (22). This finding indicated that inhibiting or promoting the expression of lncRNAs could delay cancer progression and improve the prognosis of cancer patients.

At present, overwhelming evidence substantiates that SLC25A25-AS1 plays an important role in the occurrence and development of cancer (14, 15). SLC25A25-AS1 overexpression was relevant to a dismal prognosis in patients with NSCLC. Inhibition of SLC25A25-AS1 expression could reportedly slow cancer cell growth and migration (14), while overexpression of SLC25A25-AS1 could inhibit the growth of CRC cells (15). In our study, bioinformatics and PCR analyses substantiated that SLC25A25-AS1 was overexpressed in PC tissues. TCGA database analysis showed that SLC25A25-AS1 overexpression was significantly relevant to the T stage, pathological stage, and GS in PC patients. Moreover, SLC25A25-AS1 overexpression was associated with a short OS and PFI and could predict a dismal prognosis in PC patients. SLC25A25-AS1 overexpression was significantly relevant to the OS and PFI in PC patients with T2-3 stage, T3 stage, T3-4 stage, N0 stage, M0 stage, CR, R0, R1, PSA (<4 ng/ml), and GS. Our preliminary findings suggest that SLC25A25-AS1 functions as an oncogene in PC progression and is expected to be a future biomarker for this patient population.

The risk models have been used to assess the dismal prognosis of cancer patients (24–28). The expression levels of AC012085.2, UBXN10-AS1 and LINC00261 were significantly downregulated, while the AP004608.1, AC104667.2, and AC008610.1 expression levels were upregulated in PC tissues. The risk model based on AP004608.1, LINC00261, AC012085.2, AC104667.2, UBXN10-AS1, and AC008610.1 was applied to evaluate the dismal prognosis of PC patients. In addition, a lncRNA-miRNA-mRNA regulatory network was established based on 6 autophagy-related AC008610.1, LINC00261, AC012085.2, AP004608.1, UBXN10-AS1, and AC104667.2, 17 miRNAs, and 12 autophagy genes to understand the signaling mechanisms underlying PC progression (25). NOL12 expression is reportedly upregulated in hepatocellular carcinoma (HCC) tissues and cells and correlates with a short OS. Inhibition of NOL12 expression levels could inhibit HCC cell growth and metastasis. The risk model based on the NOL12-related genes was an independent prognostic factor in patients with HCC. The survival of HCC patients in the low-risk group was significantly better than in the high-risk group (28). We found SLC25A25-AS1-related AC020558.2, ZNF32-AS2, AP4B1-AS1, AL355488.1, AC109460.3, SNHG1, C3orf35, LMNTD2-AS1, and AL365330.1 overexpression levels were associated with a short OS, and PFI, and exhibited significant value in diagnosing 1-, 3-, and 5-year suvival time in PC patients. In the risk model constructed, the OS and PFI of high-risk PC patients were significantly lower than low-risk patients, which indicated that our constructed risk model has huge prospects for application in evaluating the prognosis of PC patients.

Immunotherapy has attracted significant interest in recent years for cancer treatment (12, 29–32). Programmed cell death 1/programmed cell death ligand 1 (PD-1/PDL-1) and immune checkpoint inhibitors targeting PD-1/PD-L1 play an important role in the treatment of pan-cancer patients. For example, PD-L1 overexpression was associated with dismal clinical prognosis in PC patients. The downregulation of PD-L1 expression levels in PC yields an anti-tumor effect (31). We found that SLC25A25-AS1 overexpression was significantly relevant to the PC immune microenvironment. Moreover, SLC25A25-AS1 overexpression was significantly relevant to the CD8 T cells, macrophages, Tcm, and other immune cell levels. Overall, we preliminarily demonstrated that the SLC25A25-AS1 expression level was relevant to the PC immune microenvironment.

In this study, the roles of SLC25A25-AS1 in PC progression were comprehensively analyzed, indicating that SLC25A25-AS1 has huge prospects as a prognostic biomarker for PC patients. However, the clinical values of SLC25A25-AS1 and the risk model warrant further validation in clinical samples and analysis of the roles and signaling mechanisms of SLC25A25-AS1 in PC cell growth, migration, and tumorigenicity should be conducted in xenograft models. Future studies should focus on inhibition of the expression of SLC25A25-AS1 in PC cells and establishing xenograft models. In addition, the roles of SLC25A25-AS1 expression in PC immune cell infiltration should be investigated in vitro and in vivo. Taken together, our findings corroborate that the expression of SLC25A25-AS1 is significantly increased in PC tissues and associated with clinicopathological features and dismal prognosis. SLC25A25-AS1 overexpression was significantly relevant to the infiltration of CD8 T cells, iDCs, macrophages, etc. Besides, AC020558.2, ZNF32-AS2, AP4B1-AS1, AL355488.1, AC109460.3, SNHG1, C3orf35, LMNTD2-AS1, and AL365330.1 were significantly associated with the OS and PFI in PC patients. The risk models based on SLC25A25-AS1-related lncRNAs were relevant to a dismal prognosis and are expected to become prognostic tools for this patient population.
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