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Background

Gastric cancer (GC) is one of the most common malignant tumors globally and the third leading cause of cancer-related death. Currently, the sensitivity and specificity of diagnostic markers for GC are low, so it is urgent to find new biomarkers with higher sensitivity and specificity. tRNA-derived small RNAs are a kind of small non-coding RNAs derived from tRNAs. It is abundant in cancer cells and body fluids. Our goal is to find the differentially expressed tRNA-derived small RNAs in GC to explore their potential as a GC biomarker.



Methods

Quantitative real-time PCR was used to detect the expression level of hsa_tsr016141. The molecular characteristics of hsa_tsr016141 were verified by agarose gel electrophoresis, Sanger sequencing, Actinomycin D Assay, and Nuclear and Cytoplasmic RNA Separation Assay. The diagnostic efficiency of hsa_tsr016141 was analyzed through receiver operating characteristic.



Results

The expression level of hsa_tsr016141 in GC tissues and serum was significantly increased. The serum expression level showed a gradient change between GC patients, gastritis patients, and healthy donors and was positively correlated with the degree of lymph node metastasis and tumor grade. ROC analysis showed that the serum expression level of hsa_tsr016141 could significantly distinguish GC patients from healthy donors or gastritis patients. Besides, the expression level of hsa_tsr016141 in GC patients decreased significantly after the operation (P<0.0001).



Conclusions

Serum hsa_tsr016141 has good stability and specificity and can be used for dynamic monitoring of GC patients, suggesting that serum hsa_tsr016141 can be a novel biomarker for GC diagnosis and postoperative monitoring.
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Introduction

Gastric cancer (GC) is one of the most common malignancies globally, and more than 1 million people are newly diagnosed with GC worldwide every year (1). GC can occur in any part of the stomach. The vast majority of GC is adenocarcinoma, originating from the most superficial glands or mucous membrane of the stomach (2). Although the morbidity and mortality of GC have declined worldwide in the past 50 years, it is still the third leading cause of cancer-related death (2, 3). The early symptoms of GC are not obvious, and the symptoms of benign gastric diseases such as gastritis and gastric ulcers are easy to be ignored. Due to the lack of specific early diagnostic markers, patients often miss the best opportunity for treatment (4). Therefore, there is an urgent need to find accurate biomarkers and therapeutic targets. Some studies have shown that non-coding RNAs can be used as a biomarker of tumor diagnosis and prognosis. For example, the expression level of miR-425-5p was upregulated in cervical cancer and could be used as a promising prognostic biomarker for cervical cancer (5). In addition, HIF1A-AS2 was a dependable predictor of malignancy and prognosis in GC, and circEHBP1 could act as a promising biomarker for lymphatic metastasis in bladder cancer (6, 7). However, the sensitivity and specificity of the existing diagnostic markers for GC are low, so it is of high clinical significance to search for new biomarkers with high sensitivity and specificity. In recent years, novel small non-coding RNAs called tRNA-derived small RNAs (tsRNAs) have gradually attracted attention, and we have a strong interest in whether they can be used as a promising biomarker.

The discovery of tsRNAs can be traced back to the late 1970s. It was initially considered to be the product of random degradation of tRNAs and did not attract widespread attention (8, 9). However, with the rapid development of high-throughput sequencing technology and the exploration of the role of small RNAs in gene regulation, the research related to small RNAs is increasing (10, 11). In recent years, a large number of experiments and studies have proved that tsRNAs are a derivative fragment produced by specific cleavage of pre-tRNAs or mature tRNAs in a specific environment (12), which can be divided into two types: tRNA-derived fragments (tRFs) and tRNA halves (tiRNAs) according to the cutting position on the pre-tRNAs or mature tRNAs (13, 14). tsRNAs can mainly inhibit the activity of peptidyl transferase by binding to small ribosomal subunits, thus affecting the occurrence and development of tumors. It can also inhibit protein translation through the mechanism of protein sponge (15). Previous studies showed that 5′-tiRNAVal could inhibit the FZD3/Wnt/β-Catenin signaling pathway to suppress the proliferation, migration, invasion, and other functions of tumor cells (16). Zhang found that tRF-3019a could serve as a promising biomarker for GC and target FBXO47 to promote the proliferation, migration, and invasion of GC cells (17). Tong found that the expression of tRF-3017A was increased in GC tissues and cell lines, and it could regulate the migration and invasion of GC cells by targeting NELL2 (18). The research on tsRNAs is mainly on the mechanism presently, but there are few studies on whether they can be good biomarkers in serum. tRFs and tiRNAs have the characteristics of high expression and high stability in a variety of body fluids and are related to a variety of pathological conditions. They have strong discrimination between cancer patients and normal controls, which makes them have the potential to become a new biomarker. Besides, tRFs are usually about 14-30 nucleotides (nt) in length, which was similar to that of microRNAs. According to the different digesting positions of Angiogenin, Dicer, or other RNases on the mature tRNA or pre-tRNA, they can be divided into five types, 5’tRF, 3’tRF, i-tRF, tRF-2 and tRF-1 (15). Among them, 5’tRF has 5′- phosphate, while 3’tRF has 3′-hydroxyl groups, these tRFs can suppress the translation of mRNA by combining the 5’ or 3’ ends with the conservative region of 3’-UTRs in mRNAs (19). They have attracted more and more attention over the past few years (20). Overall, a growing body of evidence suggests that abnormal expression of tRFs is associated with human tumor disease and may become new diagnostic biomarkers (21). Therefore, we focused on 5’tRF and 3’tRF in all kinds of tsRNAs for the exploration of new GC biomarkers.

In this study, we focused on the potential of hsa_tsr016141 as a tumor marker of GC and analyzed its value in clinical application. We found that hsa_tsr016141 can be used as a useful tumor marker. Compared with normal controls, the expression level of hsa_tsr016141 in tissue and serum of patients with GC was upregulated. Its expression level increased with the increase of lymph node metastasis and tumor grade, showing good diagnostic efficacy for GC patients. It has good stability and specificity in clinical application, and the diagnostic efficiency was the highest after combined diagnosis. At the same time, hsa_tsr016141 can effectively track the postoperative condition of GC, play a dynamic monitoring role in patients with GC. Therefore, hsa_tsr016141 provides a potential possibility for early diagnosis and postoperative monitoring of GC.



Materials and Methods


Human Serum Samples and Tissue Specimens

All the serum samples in this study included 130 cases of GC patients, 110 cases of healthy donors, 50 cases of gastritis patients, 63 postoperative samples from patients with GC after the operation, and 20 cases of breast cancer (BC), colorectal cancer (CRC), lung cancer (LC), and thyroid cancer (TC) patients were collected in the Clinical Laboratory, Affiliated Hospital of Nantong University. In this study, all patients with GC, BC, CRC, LC, TC and gastritis were clinically diagnosed and did not receive radiotherapy or chemotherapy before. 20 pairs of GC specimens were collected in the Department of Pathology of Affiliated Hospital of Nantong University. All tissue specimens were diagnosed by pathologists as GC and placed immediately into an RNA fixator Bioteke (Nantong, China), after resection and stored at −80°C refrigerator. All participants had obtained informed consent prior to the clinical trial and consented to publication. All of the above samples were collected in accordance with the Code Ethics of the World Medical Association from September 2016 to January 2021. This study was approved by the ethics committee of the local hospital (ethical review report number: 2018-L055).



Cell Culture

Human GC cell lines (MKN-45, AGS, BGC-823, and HGC-27) and human gastric epithelial cells (GES-1) were purchased from the Chinese Academy of Sciences (Shanghai, China). All of the cells were cultured in RPMI-1640 medium (Corning, USA) with 10% Fetal bovine serum (FBS) (Gibco, USA) and 1% penicillin and streptomycin were added. All cells were culture at 37°C, 5%CO2.



Total RNA Extraction and cDNA Synthesis

Total RNA in serum of GC patients was extracted using Total RNA Pure and Isolation Kit with Spin Column (BioTeke, Beijing, China), and total RNA in tissues and cells was extracted by TRIzol Reagent (Invitrogen, Germany). Then 20µL cDNA was generated by Revert Aid RT Reverse Transcription Kit (Thermo Fisher Scientific) from 10µL total RNA solution, which was incubated at 42°C for 60 min and 70°C for 5 min.



Real-Time Fluorescent Quantitative PCR

Roche Light Cycler 480 (Roche, Switzerland) was used for the qRT-PCR reaction. The reaction system included 10μL of SYBR Green I Mix (Roche), 1μL of primer, 5μL of cDNA, and 3μL of enzyme-free Water. U6 was used to standardize the relative expression of hsa_tsr016141, and the expression level was calculated through the 2−ΔΔCT method. All primers used in this study were synthesized by RiboBio (Guangzhou, China).



Actinomycin D Assay

Actinomycin D at a concentration of 1000μg/mL was diluted to 2.5μg/mL by Complete Medium. The complete medium in the six-well plate was replaced with the above-diluted medium containing actinomycin D and cultured 24 hours. TRIzol was added successively at 0, 2, 4, 8, 12, and 24 hours to extract RNA.



Nuclear and Cytoplasmic RNA Separation Assay

5×106 cells were digested by trypsin and placed in a small centrifuge tube after digestion. Then, according to the procedure of the PARIS™ Kit (Thermo Fisher Scientific), the cells were isolated and extracted into 60 μL Nuclear RNA and Cytoplasmic RNA and stored in the refrigerator at -80°C.



Statistical Analysis

Statistical analysis was conducted by SPSS Statistics Version 20.0 (IBM SPSS Statistics, Chicago, USA) and GraphPad Prism v8.0 (GraphPad Software, San Diego, CA). The expression level of hsa_tsr016141 in different groups was expressed by mean ± SD. Two-sided Test was used to compare two independent groups, while one-way analysis of variance was used when compared multiple independent groups. ROC curve area under the curve (AUC) was established and calculated to evaluate the diagnostic performance. P<0.05 was considered to have statistical significance.




Results


Database and Tissues Screening of hsa_tsr016141

To explore whether tsRNAs can be used as a good biomarker for GC, we carried out screening in the OncotRF database (http://bioinformatics.zju.edu.cn/OncotRF/). We sorted by the standard of log2 fold change and selected the top three 3’tRF and 5’tRF with log2 fold change, and their P values were all less than 0.05. The specific information can be found in Figure 1A. Subsequently, the qRT-PCR analysis was performed to verify the differences in the expression levels of these six tRFs between 20 GC tissues and their matching adjacent non-tumor tissues. We found that the expression of 5’-M-tRNA-Gln-TTG-4-1_L29 increased significantly in GC. However, the expression level of 3’-M-tRNA-Asp-ATC-chr6-103_L16, 3’-mito-tRNA-Asp-GTC_L23, 3’-M-tRNA-Ala-TGC-3-2_L25, 5’-M-tRNA-Gly-GCC-1-5_L28, and 5’-tRNA-Arg-TCT-4-1_L20 did not differ significantly between GC tissues and their adjacent non-tumor tissues (Figure 1B). Subsequently, we followed up an in-depth study of it and named it as hsa_tsr016141 according to its naming rules in tsRBase (http://tsrbase.org/).




Figure 1 | Screening of hsa_tsr016141. (A) Three 3’tRF and 5’tRF were sorted by the standard of the most significant log2 fold change, and their P values were all less than 0.05. (B) Expression levels of 6 tRFs in GC tissues. **P < 0.01, ns P > 0.805.





hsa_tsr016141 Is a Kind of tRFs

Using the UCSC Genome Browser database, we found that hsa_tsr016141 was mapped to chromosome 6q24.2 with coordinates of 145,503,859–145,503,887 (Figure 2A). According to the basic information of hsa_tsr016141 in OncotRF Database and MINTbase v2.0 (http://cm.jefferson.edu/MINTbase/.). We determined that it is a tRNA-derived fragment with a length of 29nt (5’-GGTCCCATGGTGTAATGGTTAGCACTCTG-3’). Hsa_tsr016141 was a 5’tRF of tRNA-Gln-TTG, which was processed from tRNA-Gln-TTG-1-1, tRNA-Gln-TTG-2-1 and tRNA-Gln-TTG-4-1 (Figure 2B). The cleavage sites are all located above the anticodon loop (Figure 2C). Then, the product of qRT-PCR was detected by agarose gel electrophoresis (AGE), showing a single electrophoresis band of about 80bp (Figure 2D), and confirmed by sequencing that the product contained the full-length sequence of hsa_tsr016141 (Figure 2E).




Figure 2 | Hsa_tsr016141 is a kind of tRFs. (A) hsa_tsr016141 was mapped to chromosome 6q24.2 with coordinates of 145,503,859–145,503,887. (B) hsa_tsr016141 was a 5’tRF of tRNA-Gln-TTG, which was processed from tRNA-Gln-TTG-1-1, tRNA-Gln-TTG-2-1, and tRNA-Gln-TTG-4-1. (C) Taking tRNA-Gln-TTG-4-1 as an example, the cleavage site of hsa_tsr016141 was located above the anticodon loop. (D) The product of qRT-PCR was run on 2% agarose gel, showing a single electrophoresis band. (E) The product of qRT-PCR was confirmed by Sanger sequencing that contained the full-length sequence of hsa_tsr016141.





Characterization of hsa_tsr016141 and Its Advantage as a Biomarker for GC

To investigate the stability of hsa_tsr016141, we conducted an actinomycin D experiment, due to actinomycin D can inhibit RNA production by inhibiting the activity of RNA polymerase. We cultured MKN-45 cells and AGS cells in a medium containing actinomycin D for 24 hours. Through qRT-PCR, we found that the expression level of hsa_tsr016141 was not significantly decreased, which confirmed the good stability of hsa_tsr016141 (Figure 3A). Subsequently, to investigate the origin of hsa_tsr016141 in serum from GC cells, three GC cells AGS, BGC-823, HGC-27, and gastric epithelial cell GES-1 were cultured for 7 days, and supernatants were collected regularly. The result showed that the expression level of hsa_tsr016141 in AGS, BGC-823, and HGC-27 supernatants increased with the extension of culture time, especially in AGS and BGC-823 cells. However, the expression of hsa_tsr016141 in GES-1 supernatant did not change significantly. It is suggested that hsa_tsr016141 may be released into the blood by GC cells and has the potential to be used as a biomarker (Figure 3B). Besides, we selected MKN-45 and HGC-27 cells for Nuclear and Cytoplasmic RNA Separation Assay and found that most hsa_tsr016141 in the two kinds of cells was located in the nucleus (Figure 3C). Then, we collected 20 cases of BC, CRC, LC, TC, and 20 cases of healthy donors serum samples, respectively, to detect the expression level of hsa_tsr016141 in these four other cancers. Through the qRT-PCR, we found that there was no statistically significant difference between serum of these four kinds of cancer patients and healthy donors (P-values were 0.4689, 0.0573, 0.1440, and 0.1073) (Figure 3D), but we previously found that the expression level of hsa_tsr016141 was significantly increased in GC. In conclusion, the above evidence proves that hsa_tsr016141 has good characteristics as a biomarker for GC.




Figure 3 | Characterization and advantage of hsa_tsr016141 as a GC biomarker. (A) The good stability of hsa_tsr016141 was confirmed by actinomycin D assay. (B) The expression level of hsa_tsr016141 in culture supernatants of AGS and BGC-823 increased with time compared to GES-1. (C) The location of hsa_tsr016141 in HGC-27 and MKN-45 cells was detected by Nuclear and Cytoplasmic RNA Separation Assay. (D) The expression level of hsa_tsr016141 had no significant difference in other tumors. *P < 0.05, ****P < 0.0001, NS P > 0.05.





Methodological Evaluation and Biomarker Potential of hsa_tsr016141 Detection in Serum Samples

To explore whether the detection of hsa_tsr016141 can be used in clinical analysis, we first made an evaluation of its detection methods comprehensively. We used the mixed serum to determine the detection accuracy of hsa_tsr016141 and found that the intra-assay coefficient of variation (CV) and the inter-assay CV performed well (Table 1). Subsequently, the mixed serum samples were placed at room temperature for 0, 6, 12, 18, and 24 hours and freeze-thawed repeatedly for 0, 1, 3, 5, and 10 times, and then the relative expression level of hsa_tsr016141 was detected. The results showed no significant difference in its expression level, which revealed that the detection method of hsa_tsr016141 would not be affected by these factors and had good stability and repeatability (Figures 4A, B). Besides, the smooth and unimodal specific melting curve also shows the accuracy and specificity of this method (Figure 4C). In conclusion, the detection method of hsa_tsr016141 is suitable for clinical analysis.


Table 1 | The Intra-Assay CV and the Inter- Assay CV of hsa_tsr016141.






Figure 4 | Methodological evaluation and biomarker potential of hsa_tsr016141. (A, B) The detection method of hsa_tsr016141 would not be easily affected and had good stability and repeatability. (C) The melting curve of hsa_tsr016141. (D) The expression level of hsa_tsr016141 in GC patients (n=130), gastritis patients (n=50), and healthy donors (n=110). (E) The expression levels of hsa_tsr016141 in serum samples of GC at different stages of lymph node metastasis. (F) The expression levels of hsa_tsr016141 in serum samples of GC at different stages of tumor grade. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, NS P > 0.05.



In order to explore the diagnostic significance of hsa_tsr016141 in the serum of GC, we collected serum samples from 130 patients with GC, 50 patients with gastritis, and 110 healthy controls to explore the difference in their expression levels. We found that the expression level of hsa_tsr016141 in the serum of patients with GC was significantly higher than that of healthy donors (P<0.0001). In addition, the expression level of hsa_tsr016141 in the serum of patients with gastritis was higher than that of healthy donors (P=0.0467) but significantly lower than that of patients with GC (P<0.0001) (Figure 4D). In order to further explore whether the expression level of hsa_tsr016141 in the serum is related to tumor metastasis or tumor progression, we classified the expression level of hsa_tsr016141 in serum of patients with GC according to lymph node metastasis and TNM stage. The results showed that the expression level of hsa_tsr016141 increased with the increase of lymph node metastasis. Also, the expression level increased as the tumor grade increased (P=0.0001). These results indicated that the serum expression level of hsa_tsr016141 was elevated in patients with GC and positively correlated with lymph node metastasis and tumor grade (Figures 4E, F).



Comparison and Combination of Serum hsa_tsr016141 and Other Tumor Markers in the Diagnosis of GC

Firstly, we further discussed the diagnostic characteristics and efficacy of hsa_tsr016141 as a potential biomarker for GC. It is well known that carcinoembryonic antigen (CEA) and Carbohydrate antigen199 (CA199) are commonly used clinical tumor markers. We used 130 GC patients and 110 healthy donors to perform ROC analysis on hsa_tsr016141, CEA, and CA199 to determine the diagnostic efficacy of hsa_tsr016141 in GC serum. The ROC curve showed that the AUC of hsa_tsr016141 was 0.814 (95% confidence interval (CI): 0.760-0.867), which was higher than 0.705 (95% CI: 0.637-0.774) of CEA and 0.607 (95% CI: 0.535-0.678) of CA199 (Figure 5A). Meanwhile, the sensitivity (75%), specificity (78%), accuracy (76%), positive predictive value (80%), and negative predictive value (72%) of hsa_tsr016141 were also higher than those of CEA and CA199. Subsequently, we analyzed the efficacy of joint diagnosis and found that AUC increased to 0.830 after the combination of hsa_tsr016141 and CEA, and 0.854 after combining of hsa_tsr016141 and CA199. The AUC of the combination of the three was the highest, reaching 0.864 (Figure 5B). Simultaneously, the sensitivity of joint diagnosis was also increasing, and the sensitivity of the combination of the three is up to 90%, which was higher than that of each tumor marker (Table 2). The above analysis results indicate that hsa_tsr016141 may have the potential to become a biomarker of GC and, combined with other tumor markers, can improve the diagnostic efficiency of a single tumor marker. Next, we analyzed whether the expression level of hsa_tsr016141 could distinguish patients with GC from those with gastritis. ROC analysis was performed in 130 patients with GC and 50 patients with gastritis. The ROC curve showed that the AUC of hsa_tsr016141 was 0.692 (95% CI: 0.599-0.785), which was higher than 0.654 of CEA (95% CI: 0.567-0.741) and 0.621 of CA199 (95% CI: 0.522-0.720) (Figure 5C). The AUC of hsa_tsr016141 combined with CEA was 0.703, and that of CA199 was 0.683. The highest AUC was the combination of the three of 0.718, and the sensitivity was 81%, indicating that hsa_tsr016141 can also be used as a biomarker to distinguish GC from gastritis (Figure 5D and Table 3).




Figure 5 | Comparison and combination of serum hsa_tsr016141 and other tumor markers in the diagnosis of GC. (A) ROC curve analysis of hsa_tsr016141, CEA, and CA199 in independent diagnosis of GC patients and healthy donors. (B) ROC curve analysis of hsa_tsr016141, CEA, and CA199 in joint diagnosis of GC patients and healthy donors. (C) ROC curve analysis of hsa_tsr016141, CEA, and CA199 in independent diagnosis of GC patients and gastritis patients. (D) ROC curve analysis of hsa_tsr016141, CEA, and CA199 in joint diagnosis of GC patients and gastritis patients. (E) ROC curve analysis of hsa_tsr016141 and CA724 in independent diagnosis of GC patients and healthy donors. (F) ROC curve analysis of hsa_tsr016141 and CA724 in joint diagnosis of GC patients and healthy donors. (G) ROC curve analysis of hsa_tsr016141 and CA724 in independent diagnosis of GC patients and gastritis patients. (H) ROC curve analysis of hsa_tsr016141 and CA724 in joint diagnosis of GC patients and gastritis patients.




Table 2 | Use the expression levels of hsa_tsr016141, CEA, and CA199 to distinguish GC patients from healthy donors.




Table 3 | Use the expression levels of hsa_tsr016141, CEA, and CA199 to distinguish GC patients from gastritis patients.



Secondly, in patients with GC at different stages, the levels of serum CEA, CA199, and Carbohydrate antigen724 (CA724) may be increased (22), but the positive rate of CA724 is generally higher than that of CEA and CA199 (22–24). Therefore, we further studied and analyzed the difference in diagnostic efficacy between hsa_tsr016141 and CA724. CA724 was detected in 96 of 130 GC patients and 74 of 110 healthy donors. Therefore, we performed a ROC analysis on these 96 GC patients and 74 healthy donors. The results showed that the AUC of hsa_tsr016141 was 0.820 (95% CI: 0.759-0.881), which was slightly higher than 0.780 of CA724 (95% CI: 0.712-0.848) (Figure 5E). The sensitivity (66%) and specificity (89%) of hsa_tsr016141 were also slightly higher than that of CA724. Subsequently, we combined the two and found that the AUC increased significantly, reaching 0.893 (Figure 5F), and the sensitivity was also higher than the single index reached 82%, indicating that both hsa_tsr016141 and CA724 have high diagnostic efficiency, and after the combination of the two, the diagnostic efficiency would be significantly improved (Table 4). CA724 was detected in 35 of 50 gastritis patients, and then we performed a ROC analysis on these 96 GC patients and 35 gastritis patients. It was found that the AUC of hsa_tsr016141 was 0.754 (95% CI: 0.656-0.851), which was slightly higher than 0.716 of CA724 (95% CI: 0.622-0.810) (Figure 5G). The AUC increased to 0.802, and the sensitivity significantly increased to 88% after the combination of the two (Figure 5H). In conclusion, hsa_tsr016141 has higher diagnostic efficiency than CA724, and the combination of the two would further improve the diagnostic efficiency (Table 5).


Table 4 | Use the expression levels of hsa_tsr016141 and CA724 to distinguish GC patients from healthy donors.




Table 5 | Use the expression levels of hsa_tsr016141 and CA724 to distinguish GC patients from gastritis patients.





Correlation Between Serum hsa_tsr016141 Expression and Clinicopathological Parameters in Patients With GC

In order to investigate the clinical application value of serum hsa_tsr016141, we collected the clinicopathological data of 130 patients with GC. We divided them into two groups according to the median: higher expression group (expression>1.725, n=65) and lower expression group (expression<1.725, n=65). As shown in Table 6, the expression level of hsa_tsr016141 was positively correlated with tumor differentiation grade, T stage, lymph node status, and TNM stage, but not with sex, age, tumor size, and nerve/vascular invasion. The occurrence of GC is caused by many factors, including helicobacter pylori infection, precancerous lesions, diet, or genetic factors. Among them, helicobacter pylori chronic infection is a major cause of stomach cancer, accounting for about 89% of the cases of distal GC in the world (25–27). In order to explore whether the expression level of hsa_tsr016141 is related to Helicobacter pylori infection, we conducted induction analysis in 130 GC patients and found that 83 of 130 GC patients were tested for Helicobacter pylori, of which 52 were positive, with a positive rate of 64.6%. Then, we statistically analyzed the expression level of hsa_tsr016141 in the Helicobacter pylori-positive group and Helicobacter pylori-negative group and found no significant difference in hsa_tsr016141 expression level between the Helicobacter pylori-positive group and Helicobacter pylori-negative group. Similarly, we conducted the same analysis on 50 patients with gastritis. Among the 50 patients with gastritis, 33 cases were tested for Helicobacter pylori, 18 were positive, the positive rate was 54.5%. There was no significant difference in the expression level of hsa_tsr016141 between the Helicobacter pylori-positive and Helicobacter pylori-negative groups in patients with gastritis which indicated that there was no significant correlation between Helicobacter pylori-positive group and hsa_tsr016141 expression level (Figures 6A, B).


Table 6 | Clinicopathological analysis of hsa_tsr016141.






Figure 6 | The corresponding relationship with Helicobacter pylori infection and prognostic value of hsa_tsr016141 in GC. (A) The expression level of hsa_tsr016141 between the Helicobacter pylori-positive and Helicobacter pylori-negative groups in GC patients. (B) The expression level of hsa_tsr016141 between the Helicobacter pylori-positive and Helicobacter pylori-negative groups in gastritis patients. (C) The expression levels of the serum hsa_tsr016141 in the 63 GC patients before and after the operation. (D) Survival curve verifies the prognostic value of hsa_tsr016141. ****P < 0.0001, NS P > 0.05.





The Role of Serum hsa_tsr016141 in Dynamic Monitoring of Tumor in Patients With GC

In order to verify the dynamic relationship between serum hsa_tsr016141 expression level and tumor progression, we compared the difference of hsa_tsr016141 expression level before and after surgery in 63 patients with GC. It was found that the serum hsa_tsr016141 expression decreased significantly in the same patient after GC surgery (Figure 6C). In addition, the survival curve showed that the survival rate of the low expression group was higher than that of the high expression group, indicating that hsa_tsr016141 can effectively track the postoperative condition of GC and dynamically monitor the patients with GC (Figure 6D).




Discussion

GC is one of the most serve malignant tumors in the world, with the highest mortality rate. However, nowadays, tumor markers that can be applied to GC have low sensitivity and specificity, and most patients have reached an advanced stage when GC is found (28). Therefore, it is urgent to find biomarkers with high sensitivity and specificity suitable for the early screening of GC.

tsRNAs are a new member of the family of small non-coding RNAs. Their stable structure and high abundance in body fluids show their potential to be used in liquid biopsy and become a new generation of tumor biomarkers. At present, most of the studies on tsRNAs have described the effects of tsRNAs on tumor cell proliferation, invasion, and migration, as well as their internal pathways and mechanisms. However, there are still few studies on whether tsRNAs can be applied as biomarkers (17, 29, 30). Therefore, in this study, we explored the potential of hsa_tsr016141 as a tumor marker for GC.

We screened out three 5’tRF and 3’tRF with the condition of biggest log2 fold change and P<0.05 through the OncotRF database. By comparing the expression of 5’tRF and 3’tRF in 20 pairs of GC tissues and their matching adjacent non-tumor tissues, we selected the most differentially expressed 5’tRF and named it hsa_tsr016141 according to the naming rule of tsRBase. Then we studied its molecular characteristics, confirmed its chromosome location, and verified the PCR amplification products by AGE and Sanger sequencing. Then, through experiments, we found that its stability and specificity were good, and it was mainly located in the nucleus. Subsequently, we found that it was secreted continuously from tumor cells over time, showing its potential as a biomarker. Then, we verified that the detection method of hsa_tsr016141 could be applied to clinical analysis. By analyzing a large sample of hsa_tsr016141, we found that the expression level of hsa_tsr016141 was gradient change in GC patients, gastritis patients, and healthy donors. By classifying the expression levels of these 130 GC patients by N stage and TNM stage, we found that with the increasing of lymph node metastasis and the increasing tumor grade, the expression level of hsa_tsr016141 also increased. After ROC analysis, it was found that hsa_tsr016141 could significantly distinguish GC patients from healthy donors as well as GC patients from gastritis patients. The sensitivity of hsa_tsr016141, CEA, and CA199 in the joint diagnosis of GC is 90%, while the sensitivity of hsa_tsr016141 and CA724 in the joint diagnosis of GC is 82%. After the analysis of clinicopathological data, it was found that the expression level of hsa_tsr016141 was correlated with differentiation grade, T stage, lymph node status, and TNM stage. By comparing the expression level of hsa_tsr016141 in Helicobacter pylori-positive and Helicobacter pylori-negative GC patients and gastritis patients, we found that there was no significant correlation between Helicobacter pylori infection and the expression level of hsa_tsr016141. In addition, through the analysis of the survival curve and the expression level of hsa_tsr016141 in patients with GC patients after operation, we found that hsa_tsr016141 could dynamically monitor the patients with GC after the operation.

Several previous studies have highlighted the potential use of tRFs as biomarkers for diagnosing different types of cancer (16, 31, 32). For example, Mo found that the serum expression level of 5’-tiRNA Val was significantly decreased in 60 breast cancer patients compared with normal controls, suggesting that it may inhibit the progression of breast cancer (16). Shen detected the expression level of tRF-33-P4R8YP9LON4VDP in 89 gastric cancer patients and 98 healthy plasma samples. The expression level of tRF-33-P4R8YP9LON4VDP in plasma of gastric cancer patients was significantly lower than that of normal people (32). They have verified the potential of tRFs as tumor biomarkers, but they all have limitations and lack of validation of molecular properties and detection methods. In our research, we conducted a comprehensive analysis of the potential of hsa_tsr016141 as a biomarker for GC, the elevated serum hsa_tsr016141 has good stability and specificity, which makes it have the potential to be used as a good biomarker for GC. Meanwhile, the elevated serum hsa_tsr016141 can effectively track the postoperative situation of GC, dynamically monitor GC patients. Besides, the increased expression level of hsa_tsr016141 is positively correlated with lymph node metastasis and tumor grade, which has high diagnostic efficacy for GC. Its detection method also has good clinical application value. In conclusion, we found that hsa_tsr016141 could be used for the diagnosis and postoperative monitoring of GC patients. In future studies, larger samples are needed to verify the value of the clinical application.

tsRNAs are divided into tRFs and tiRNAs, and tRFs were divided into 5’tRF and 3’tRF according to the different digesting positions. Previous research has shown that 5’tRF is mainly present in the nucleus (33), while 3’tRF is mainly present in the cytoplasm (34). In this study, we found that hsa_tsr016141 belongs to 5’tRF and is mainly located in the nucleus as previous studies had concluded. Some studies have found that tsRNAs can inhibit the translation process (35, 36). For instance, 3’tRF from tRNALeu-CAG of non-small cell lung cancer (NSCLC) cells has a similar effect to miRNA and can attenuate protein translation (35). Another study found that 5‘tiRNAAla and 5’ tiRNACys could inhibit translation by forming intermolecular RNA G quadruplexes (RG4) to replace the translation initiation complex eIF4G/eIF4E which located on mRNA cap (36). Simultaneously, some tsRNAs can influence the occurrence and progression of diseases through the protein sponge mechanism (37, 38). For example, a series of tRFs generated by Glu/Asp/Gly/Tyr tRNAs in the low metastatic breast cancer cell line MDA under hypoxia conditions competitively bind with oncogene YBX1 protein, which reduces the stability of oncogene transcripts and thus inhibits cancer metastasis (37). When it comes to 5’tRF, some researchers believe that both 5’tRF and 3’tRF are involved in RNA silencing, while others believe that 5’tRF can inhibit the protein translation process and is considered a novel gene regulation mechanism (39, 40). Therefore, we predict that the regulation of hsa_tsr016141 on GC might affect protein translation or RNA silencing by binding to downstream mRNA. To our knowledge, this is the first report to elucidate that hsa_tsr016141 could be used in the diagnosis and postoperative monitoring of GC, and there are still no reports on the functional role of hsa_tsr016141 in other types of cancer also. However, the specific mechanism of hsa_tsr016141 is still unclear, which needs to be further studied and verified in the future.
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