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Purpose

We investigated microRNA (miR) 1539 as a potential biomarker for predicting the risk and pathobiological behavior of colorectal cancer (CRC).



Methods

Our strategy consisted of analyzing 100 serum samples from 51 CRC patients, 49 healthy controls (HCs), and another 56 CRC tissue and matched normal adjacent to tumor (NAT) samples. The relative expression levels of miR-1539 in exosomes, serum and tissues were detected and compared in the different groups, using reverse transcription-polymerase chain reaction (RT-qPCR). The diagnostic value and potential function of miR-1539 were investigated using clinicopathological data combined with bioinformatics analysis.



Results

MiR-1539 expression was significantly up-regulated in exosomes (p = 0.003) and cancer tissue (p < 0.001) from CRC patients. MiR-1539 expression levels in serum varied according to different tumor sites (right-sided vs. left-sided, p = 0.047; left-side CRC vs. HCs, p = 0.031). In terms of diagnostic efficacy, miR-1539 expression in exosomes may help distinguish CRC cases from HCs with a sensitivity of 92.2%, and miR-1539 expression in serum may improve the specificity to 96.6% for left-sided CRC diagnosis. When combined with clinicopathological data, serum miR-1539 levels were positively associated with vascular endothelial growth factor (VEGF) expression (p = 0.028), whilst levels in CRC tissue were positively associated with increased Ki-67 levels (p = 0.035). Poorer pathologic differentiation was potentially related to an increased tendency of miR-1539 expression in CRC tissue (p = 0.071). Based on our bioinformatics analysis, miR-1539 may have a significant mechanistic influence on CRC genesis and progression.



Conclusions

Circulating or tissue based miR-1539 may be used as a novel potential biomarker for CRC screening, and a predictor of poor clinicopathological behavior in tumors.
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Introduction

According to Global Cancer Observatory (GLOBOCAN) 2018 estimates, colorectal cancer (CRC) is the fourth most common malignancy, and the second leading cause of cancer-related death worldwide (1). Despite the fact that survival outcomes for CRC have substantially improved in recent decades, the incidence and mortality of CRC is still rapidly rising in developing and middle-income countries (2). Therefore, the early detection and identification of efficient non-invasive biomarkers is crucial for CRC diagnosis, and reducing the burden of CRC mortality.

MicroRNAs (miRNAs) are a series of mature small non-coding RNAs (typically 21–25 nucleotides), first discovered in 1993 (3, 4). The molecules are postulated to assist in the regulation of cancer-related gene expression in both cells and tissues, by directly targeting mRNAs or inhibiting protein biosynthesis (4, 5). As potential biomarkers, miRNAs can be detected in body fluids or tumor tissues. They have been implicated in the diagnosis and prognosis of various solid tumors, thanks to their role in cancer genesis and progression (6–9). Notably, circulating miRNAs are robust and stable (10). They are packed into extracellular vesicles (particularly exosomes) or bind to protein complexes, which makes them early stage non-invasive indicators of disease (10–15). To date, several miRNA detection methods have been proposed; quantitative reverse-transcriptase polymerase chain reaction (RT-qPCR), next generation sequencing, microarrays, in situ hybridization and nanopore technology, etc (16, 17). RT-qPCR is the most common and convenient strategy; it is consistently reliable and has been a gold standard approach for quantifying circulating miRNAs (17). While the diagnostic value of several miRNAs has been previously confirmed (6–9), many miRNAs require exploration in terms of function and potential as biomarkers in various cancers.

MiR-1539 is 21 nucleotides long, to date, a few articles have been published (18–20). He et al. observed that miR-1539 was inhibited by brain-derived neurotrophic factor, which stimulated angiogenesis and promoted endothelial cell survival (18). Ayaz et al. indicated that miR-1539 overexpression was putatively involved in the pathological process of senile macular degeneration, with oxidative stress (19), whereas Veija et al. reported that miR-1539 was associated with polyomavirus-positive Merkel cell carcinoma (20). However, the function of miR-1539 and its relationship with disease, especially cancer, remains unknown. Previously, we discovered that miR-1539 was differentially expressed in CRC cases and healthy controls (HCs), based on serum exosome miRNA microarray screening (unpublished results). These data suggest that miR-1539 may be associated with CRC, therefore the role of miR-1539 in CRC development requires further clarification.

In this study, we focused on the association and diagnostic value of miR-1539 expression levels with CRC risk. This strategy was based on a multidimensional case-control study approach using exosomes, serum, and tissue samples.



Materials and Methods


Study Subjects

In total, 100 serum samples comprising 51 CRC cases and 49 healthy controls (HCs), and another 56 pairs of cancer tissues and matched normal adjacent tissue (NAT) from CRC patients were collected from the First Affiliated Hospital of China Medical University between August 2018 and July 2019. All CRC patients underwent preoperative colonoscopy, and were diagnosed with adenocarcinoma using histopathology, without radiotherapy or chemotherapy. Their clinicopathological data included tumor size, differentiation, TNM stage, angiolymphatic invasion, perineural invasion, and tumor deposits. In addition, information on Ki-67, p53, epidermal growth factor receptor (EGFR), and vascular endothelial growth factor (VEGF) by immunohistochemistry (IHC) were also collected. The HCs group was selected from individuals seeking physical examination without malignancy. The study was approved by the ethics committee of the First Affiliated Hospital of China Medical University and written informed consent as prescribed by the Declaration of Helsinki was collected for each participant.



Sample Collection

Peripheral venous blood (5 ml) from all subjects was collected using BD Vacutainer™ Flashback Blood Collection Needles (BD SST™, ref. 301746, NJ, USA), and golden top BD Vacutainer™ serum blood collection tubes (BD SST™, ref. 367986, NJ, USA), with silica clot activator, polymer gel and silicone-coated interior. Whole blood samples were maintained at room temperature for 30 min to ensure complete coagulation. Then, serum was extracted by centrifugation at 3,000×g for 10 min, and immediately stored at -80°C until required. Tissue samples were obtained immediately after resection and stored at −80°C.



Serum Exosomal RNA Isolation and Exosome Identification

Exosomes were isolated from serum using ExoQuick™ exosome precipitation solution (System Biosciences, Palo Alto, CA), according to manufacturer’s instructions. Exosomal pellets were re-suspended in phosphate buffer saline (PBS) and stored at -80°C. Serum exosomal RNA was extracted using the SeraMir™ Exosome RNA Amplification Kit (System Biosciences, Palo Alto, CA), according to manufacturer’s instructions. Briefly, 120 µl ExoQuick solution was gently mixed with 500 µl serum. After incubation at 4°C for 30 min, samples were centrifuged at 13,000 rpm for 2 min to generate pellets. The supernatant was discarded and 350 µl lysis buffer was immediately added. After purification, the RNA was typically eluted in 30 µl from serum exosomes.

To verify that pellets were exosomes, we performed transmission electron microscopy (TEM), nanoparticle tracking analysis (NTA) and western blotting.



Transmission Electron Microscopy (TEM)

Exosome suspensions were placed on a formvar carbon-containing grid for 1 min, and excess liquid was aspirated with clean filter paper. Then phosphotungstic acidoxalate was added for 1 min, and again, excess liquid was removed. The grid was dried for 10 min at room temperature, followed by exosome visualization on a JEM-2100 Plus TEM (JEOL, Tokyo, Japan) at 100 kV, to capture images (magnification: 50,000×).



Nanoparticle Tracking Analysis (NTA)

For NTA measurements, we used a ZetaView PMX 110 (Particle Metrix, Meerbusch, Germany) instrument to determine exosome size distribution and concentration. The exosomal concentration was determined at 1.8×1011 particles/ml, therefore we diluted this solution 5,000-fold to achieve optimal conditions for NTA measurements.



Western Blotting

Total exosomal proteins were harvested in RIPA buffer (Solarbio, Beijing, China), followed by sonication and centrifugation at 13,000×g for 30 min. Proteins were then prepared for western blotting. Denatured proteins were electrophoretically separated using 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and then transferred to polyvinylidene fluoride (PVDF) membranes. The membranes were blocked in 5% skimmed milk for 1 h at room temperature. Membranes were incubated overnight with primary antibodies at 4°C. The next day, membranes were washed in tris-buffered saline with 0.1% tween 20 (TBST: 20 mM Tris, 150 mM NaCl, 0.1% Tween 20, adjust pH to 7.4–7.6) and followed by incubation with secondary antibodies for 1 h at room temperature. All the aforementioned antibodies were from Abcam (Danvers, MA), including primary antibodies anti-CD9 1:2000 (ab92726), anti-TSG101 1:2000 (ab125011), and secondary antibodies goat anti-rabbit IgG 1:5000 (ab205718). After incubation and washing, the target bands were visualized by enhanced chemiluminescence (ECL) reagent (BeyoECL Moon, Shanghai, China) in accordance with the manufacturer’s instructions.



Serum RNA Isolation

Serum RNA was extracted from 200 μl volume using miRcute Serum/Plasma miRNA Isolation Kit (Tiangen, Beijing, China) in accordance with user manual. Each sample was diluted in 30 μl RNase-free water and stored at -80°C until use. Optical densities at 260/280 nm ranged between 1.45–1.93 (NanoDrop, Thermo Scientific), with RNA yields ranging between 129–393 ng.



Tissue RNA Isolation

Total RNA of 10 mg cancer tissue and NAT samples was isolated using Trizol Universal reagent (Tiangen, Beijing, China) according to the manufacturer’s protocol. Each sample was dissolved in 80 μl RNase-free water and stored at -80°C. Total RNA was quantified by NanoDrop (Thermo Scientific) with optical densities at 260/280 nm ranged between 1.67–1.98.



MiR-1539 Detection by RT-qPCR

MiR-1539 cDNAs from exosomes, serum, and tissue were synthesized by miRcute Plus miRNA First-Strand cDNA Kit (Tiangen, Beijing, China), with reaction conditions as followed: 42°C for 60 min and subsequently 95°C for 3 min. Eight μl RNA derived from exosomes or serum and 2 μg tissue-based RNA were reverse-transcribed to cDNA. RT-qPCR was performed to detect the relative expression levels of miRNAs by using miRcute Plus miRNA qPCR Kit (SYBR Green, Tiangen, Beijing, China) within a 20 μl volume system. Two μl cDNA was added in each reaction. The reaction procedure was as follows: 95°C for 15 min, 45 cycles of 94°C for 20 s and 60°C for 34 s. U6 was performed as endogenous control to calculate miRNA relative expression by 2-△Ct method in serum and tissue. △Ct was calculated as follows: △Ct = Ct (miR-1539)–Ct (U6). Melting curve was used to evaluate the specificity of PCR products. The primer sequence of miR-1539 was 5’-GCG TCC TGC GCG TCC CAG-3’.



Evaluation of Diagnostic Efficacy Using ROC Curves

We conducted receiver operating characteristic (ROC) curves to evaluate the diagnostic efficacy of exosome-based and serum-based miR-1539 expression levels, between CRC and HCs groups. The area under the ROC curve (AUC) was used to assess the diagnostic efficacy in terms of sensitivity and specificity.



Target Genes Prediction of miR-1539 by Bioinformatics Analysis and Validation by RT-qPCR

The target genes of miR-1539 were predicted by synthesis analysis of public bioinformatics algorithms miRWalk (http://mirwalk.umm.uni-heidelberg.de/) and TargetScan (http://www.targetscan.org/) datasets. We took the intersection of two databases, and common shared genes were selected for subsequent analyses. Gene Oncology (GO) analysis was performed to describe gene function in three major items: biological process, cellular component, and molecular function. Hypergeometric distribution algorithm (21) was used to evaluate the significance of differential gene enrichment in each GO item. Related biological pathways were explored by Kyoto Encyclopedia of Genes and Genomes (KEGG). Both GO and KEGG analyses were available in online tool DAVID (https://david.ncifcrf.gov).

To further confirm potential target genes, 32 pairs of CRC tissue with NAT samples were performed by RT-qPCR. Total RNA was converted into cDNA using PrimeScript RT Master Mix (Perfect Real Time, TaKaRa, Japan) with reaction conditions as followed: 37°C for 15 min and 85°C for 5 s. Relative expression levels of target mRNAs were conducted by TB Green Premix EX Taq II (Tli RNaseH Plus, TaKaRa, Japan) with following system: 95°C for 15 min, 45 cycles of 95°C for 10 s, 56°C for 20 s, and 72°C for 30 s. β-actin was regarded as endogenous reference control to evaluate target mRNA relative expression by 2-△Ct method. △Ct was calculated as follows: △Ct = Ct (mRNA candidate)–Ct (β-actin). The primer sequences were tabulated (Supplemental Table 1).



Statistical Analysis

Student t-test and chi-square test were used to estimate the difference of miR-1539 expression levels between groups in serum or tissue. Mann-Whitney U test was adopted when the data did not accord with normal distribution. All analyses were conducted using IBM SPSS Statistics software version 20.0 (USA) and GraphPad Prism 7.0 (USA). All the p values were set as 0.05 for statistical significance (*p < 0.05, ** p < 0.01, *** p < 0.001).




Results


Basic Characteristics of Study Participants

One hundred serum samples were used in this study, comprising 49 HCs and 51 CRC cases. No significant differences were observed in terms of age and sex between the groups (p > 0.05). In addition, we collected another 56 pairs of cancer and NAT tissues from CRC specimens. The demographic characteristics of all subjects are shown (Table 1).


Table 1 | The baseline of the subjects.





Exosomal miR-1539 Expression Levels in CRC and Correlations With Pathological Parameters

We analyzed exosome morphology using TEM. Our TEM images showed particles were cup-shaped, and within the anticipated size range for exosomes (Figure 1A). Particle sizes and concentrations were determined by NTA, and were on average, 102.9 nm in diameter (Figure 1B). The typical exosome markers, CD9 and TSG101 were detected by western blot, thereby authenticating the presence of exosomes (Figure 1C). These findings indicated that exosomal extraction methods were robust. The relative expression levels of exosomal miR-1539 were significantly elevated in CRC patients (p = 0.003) when compared with HCs (Table 2, Figure 2). We also analyzed the pathological parameters of CRC patients, however, no significant differences were observed in terms of tumor size, degree of pathological differentiation, lymphatic and distant metastasis, etc. (Table 3).




Figure 1 | Characterization of serum exosomes (A) The morphology and size of exosomes was described by TEM, (B) The size and distribution of exosomes were determined using NTA, with 102.9 nm in diameter on average, (C) Western blot: analysis for typical exosome markers, CD9 and TSG101, which are enriched in exosomes.




Table 2 | Correlation between circulating miR-1539 expression levels in CRC and HCs.






Figure 2 | Exosome-based miR-1539 expression levels between CRC, LCRC, RCRC and HCs groups. Exosomal miR-1539 was upregulation in CRC (p = 0.003). Y-axis represents miR-1539 relative expression by 2-△Ct method. Mean with 95%CI are performed in the bars. CRC, colorectal cancer; HCs, healthy controls. RCRC, right-sided CRC; LCRC, left-sided CRC. *p<0.05, **p<0.01




Table 3 | Correlation between clinicopathological factors and miR-1539 expression levels in exosome and serum.





Serum miR-1539 Expression Levels in CRC and Correlations With Pathological Parameters

We further explored serum miR-1539 expression to ascertain if levels were similarly upregulated as for exosomes. We observed no significant differences in miR-1539 expression levels between HCs and CRC cases (p = 0.104). However, we observed significant differences using stratified analyses by tumor sites. Serum miR-1539 expression levels were down-regulated in left-sided CRC (LCRC) when compared with HCs (p = 0.031) (Table 2, Figure 3). Similarly, differences in miR-1539 expression were also observed in terms of CRC tumor location. MiR-1539 was overexpressed in right-sided CRC (RCRC) when compared with LCRC (p = 0.047). Furthermore, VEGF expression in CRC samples was positively correlated with serum miR-1539 levels (p = 0.028) (Table 3).




Figure 3 | Serum-based miR-1539 expression levels between CRC, LCRC, RCRC, and HCs groups. The expression of serum miR-1539 decreased in LCRC (p = 0.031). Y-axis represents the miR-1539 relative expression by 2-△Ct method. Mean with 95%CI are indicated in the bars. CRC, colorectal cancer; HCs, healthy controls; RCRC, right-sided colorectal cancer; LCRC, left-sided colorectal cancer. *p < 0.05.





Diagnostic Efficacy of Circulating miR-1539 Using ROC Analysis

The diagnostic effects of circulating miR-1539 were investigated in exosomes and serum. ROC analyses showed that exosomal miR-1539 could distinguish CRC from HCs [AUC = 0.673, 95% confidence interval (CI) = 0.568–0.779, p = 0.003, Figure 4A], with a sensitivity of 92.2%, and specificity of 40.8%. Moreover, serum miR-1539 levels have the capability to differentiate LCRC from HCs (AUC = 0.647, 95%CI = 0.526–0.767, p = 0.031, Figure 4B), with a sensitivity and specificity of 38.8 and 96.6%, respectively.




Figure 4 | Diagnostic values of circulating miR-1539 based on ROC curves. (A) exosomal miR-1539 between CRC and HCs. (B) serum miR-1539 in LCRC and HCs. CRC, colorectal cancer; HCs, healthy controls; LCRC, left-sided colorectal cancer. *p < 0.05.





MiR-1539 Expression Levels in CRC Tissues and Correlations With Pathological Parameters

As circulating miR-1539 levels tended to vary, we investigated miR-1539 expression levels in CRC tissue and matched NAT samples using RT-qPCR. We observed significant miR-1539 up-regulation in CRC tissues when compared with NAT tissues (mean ± SD: 10.57 ± 1.80 vs. 12.55 ± 1.81, p <0.001) (Figure 5). Similarly, we also analyzed correlations between miR-1539 expression and clinicopathological parameters. Up-regulated miR-1539 was significantly associated with-elevated Ki-67 levels (p = 0.035). Additionally, miR-1539 expression had a growing tendency of poor pathologic differentiation (p = 0.071) (Table 4).




Figure 5 | Relative expression of miR-1539 between cancer tissue versus matched normal tissue. miR-1539 was overexpression in cancer tissue. Y-axis represents miR-1539 relative expression by 2-△Ct method. Mean with 95%CI are performed in the bars.




Table 4 | Correlation between clinicopathological factors and miR-1539 expression levels in CRC tissues.





MiR-1539 Target Gene Predictions Using Bioinformatics, and Subsequent Validation by RT-qPCR

We identified potential target genes of miR-1539 using an integrated analysis of miRWalk and TargetScan datasets. In total, 155 potential genes were identified using synthesis analysis of public bioinformatics algorithms (Figure 6A). GO analyses demonstrated that the majority of miR-1539 target genes were enriched for biological processes including, positive regulation of transcription, developmental growth and cell proliferation, and molecular functions such as RNA polymerase II transcription factor activity, and growth factor activity, etc. (Figures 6B, C). KEGG enrichment analyses revealed that miR-1539 was involved in several cancer signaling pathways, including, phosphatidylinositol 3-kinase (PI3K), mitogen activated protein kinase (MAPK), the janus kinase (JAK)-signal transducer and activator of transcription (STAT), Ras, receptor-associated protein-1 (Rap-1), adenosine 5’-monophosphate activated protein kinase (AMPK), hypoxia inducible factor (HIF) and p53 (Figure 6D).




Figure 6 | Bioinformatics analysis of miR-1539. (A) 155 potential genes were discovered by intersection of target genes prediction from miRWalk and TargetScan datasets. (B) GO enrichment: Potential target genes were classified by three functional categories: biological process, molecular functions, and cellular component (p < 0.05). TOP 10 potential target genes of each item were displayed in the bar plot. (C) GO enrichment: bubble plot showed TOP 30 most significant items of potential target genes in all functional categories for miR-1539 (p < 0.05). The top significantly target genes and scores were listed as y-axis and x-axis, respectively. (D) KEGG pathway analysis indicated that miR-1539 was observably enriched in cancer signaling pathway, using the DAVID. The enriched pathways and scores were listed as y-axis and x-axis, respectively.



Further target gene investigations were conducted with CRC tissue and matched NAT, using RT-qPCR. We randomly screened nine candidate target genes based on bioinformatics. Differences in expression were identified (Supplemental Table 2), of which GPIHBP1 and IGF1 were significantly down-regulated in CRC tissues (both p values < 0.001). Differentially up-regulated genes included GJA4 (p = 0.003), ARFGAP (p < 0.001), ZHX3 (p = 0.008), and FLT1 (p = 0.004) in CRC tissue samples (Supplemental Figure 1).




Discussion

In this study, the relationship between miR-1539 expression levels and CRC risk and clinical parameters was confirmed using exosome, serum, and tissue assays. We also evaluated the diagnostic efficacy of miR-1539 towards CRC using ROC curve analysis. Furthermore, target genes of miR-1539 and their functions were analyzed using bioinformatics approaches. To our knowledge, this is the first study that has identified correlations between miR-1539 expression and CRC risk and clinicopathological biological behavior, based on a multidimensional-assay approach.

Liquid biopsy is a novel emerging molecular diagnostic technique, where exosomal dissection is performed in an accessible and timely manner to provide vital information in clinical settings (7, 22). Exosomes are small extracellular, 30–100 nm diameter vesicles, secreted by a variety of cells into body fluids including the blood, urine, cerebrospinal fluid, and exudates (23, 24). Derived from endosomes, exosomes carry unique cargo such as RNA (typically miRNA), proteins, and lipids. Exosomes travel to adjacent and distant target cells, inducing intercellular communications and gene regulation (23, 25, 26). With an inherent ability to actively select and enrich for miRNAs, tumor-derived exosomes transfer specific cell-independent mature miRNAs to recipient cells, to change their biological function, to silence mRNAs and promote oncogenesis (27, 28). Currently, circulating miRNAs are believed to originate from exosomes, and are regarded as potential biomarkers for the diagnosis of various cancers (22, 29, 30). In this study, exosomal miR-1539 from CRC patients was highly expressed, suggesting this miR could predict CRC risk, or participate in CRC pathological processes. ROC curve analyses showed that the sensitivity of exosomal miR-1539 was approximately 92.2%, which indicated it efficiently distinguished CRC from HC samples. Hence, exosomal miR-1539 may be used as a non-invasive and sensitive biomarker in clinical practice to screen high-risk CRC populations.

We also investigated miR-1539 expression levels in serum. Interestingly, we observed no statistically significant differences in serum miR-1539 expression levels between CRC and HCs samples. However, MiR-1539 expression in serum was decreased in LCRC with a specificity of 96.6%, when compared with HCs, suggesting miR-1539 may be an indicator of LCRC. However, this result was not consistent with exosomes. Unlike the active selection of miRNAs in exosomes where miRNA molecules are selectively enriched, numerous cell-free miRNAs are passively released into the circulation during necrosis and apoptosis mechanisms. Their release from interacting with Argonaute (AGO) proteins which were recruited by target RNAs, may not reflect dynamic cancer responses (31, 32). This observation could explain the miR-1539 differential expression we observed in exosomes and serum. Another serum based miR-1539 expression inconsistency was the variation in tumor location. Previous studies have identified distinctions between RCRC and LCRC in terms of epidemiology, molecular mechanisms, prognostics and therapeutic regimens (33–35). Therefore, primary location may be a critical independent prognostic factor, especially for untreated metastatic CRC (33, 36). In our study, serum based miR-1539 was positively correlated with VEGF expression (p = 0.028). As an essential angiogenic regulator, VEGF contributes to cancer genesis and development, but is also a vital therapeutic target (37). It has been suggested that up-regulation of VEGF is associated with advanced cancer stages, particularly lymph node metastasis and angiolymphatic invasion, and it may also predict a poor prognosis for CRC (38, 39).Taken together, serum based miR-1539 may provide clues underpinning molecular mechanisms for discrepant CRC prognoses (RCRC versus LCRC), and targeted anti-VEGF therapy. However, further studies are required to verify these observations.

Tissue biopsy is a gold standard approach used in clinical settings to identify tumor expression profiles. After the integrated analysis of circulating miR-1539, miR-1539 expression levels in cancer tissues were also examined. MiR-1539 had higher expression levels in CRC when compared to NAT tissue. From these observations, we inferred that miR-1539 up-regulation in tissue could be a CRC warning sign, thus exemplifying its role in CRC carcinogenesis. Combined with clinicopathological parameters, miR-1539 overexpression was also associated with elevated Ki-67 expression levels. Ki-67 is a well-accepted marker of tumor cell proliferation; it is detected in almost all proliferative phases of the cell cycle, except for the stationary stage (40). Several studies have confirmed that high Ki-67 levels are associated with a poor CRC prognosis (41–43), suggesting miR-1539 may also be linked to poor CRC outcomes. In terms of other pathological factors, miR-1539 overexpression displayed a correlation tendency with poor pathological differentiation, although we observed no statistical significance for this (p = 0.071). Overall, tissue based miR-1539 may not only predict CRC onset, but also a poor CRC prognosis. However, further studies must be conducted in larger cohorts.

Given miR-1539 overexpression in both exosomes and cancer tissue, we conducted a bioinformatics analysis to explore potential regulatory mechanisms of miR-1539 in CRC. GO annotation analysis showed that miR-1539 may bind to sequences in the proximal region of the RNA polymerase II (Pol II) core, and positively modulate transcription from the Pol II promoter. Such actions could culminate in cancer mechanisms; e.g., dysregulation of transcriptional elongation mediated by Pol II leads to cancer (44). MiR-1539 was also implicated in several cancer signaling pathways, including PI3K-Akt, MAPK, Ras, Jak-STAT, and p53, which have been implicated in CRC initiation (45–49). These findings suggest that miR-1539 may mechanistically influence CRC genesis and progression. Further, we randomly screened nine candidate target genes based on bioinformatics. The results showed that GPIHBP1 and IGF1 were significantly down-regulated in CRC tissues while GJA4, ARFGAP, ZHX3, and FLT1 were significantly up-regulated in CRC tissue. As known, miRNAs suppress or even silence target genes by binding to complementary 3’ untranslated regions (3’UTRs) (5). In our study, miR-1539 was overexpression in cancerous tissue, we considered GPIHBP1, IGF1 were potential target gene, due to the principle of miRNAs negative mediation of target genes.

Our study had several limitations. Based on the existing literature, there is no “gold standard” exosomal miRNA or ideal endogenous molecule for RT-qPCR normalization in body fluids; some studies recommend spiked-in controls, i.e., Caenorhabditis elegans (cel)-miR-39 or cel-miR-54 (50, 51). As a classical internal control, U6 is still used to normalize miRNA expression levels in blood or other fluids (52–54). In our study, we used U6 as an internal control, without spiked-in controls. Thus, in the future, large-scale testing and verification of internal controls is required. Equally, to comprehensively elucidate the role and mechanism of miR-1539 in CRC tumorigenesis and progression, more large-cohort investigations should be conducted.

In conclusion, we investigated miR-1539 expression levels in exosomes, serum, and tissue, and observed that miR-1539 was up-regulated in exosomes and CRC tissue. In terms of diagnostic efficacy, exosome based miR-1539 may help distinguish CRC cases from HCs, and specificity for LCRC may be improved by analyzing serum miR-1539 levels. Additionally, a positive miR-1539 tissue biopsy could be treated as a warning sign for CRC. The combined assessment of serum miR-1539 levels may enhance the diagnostic efficacy for CRC, especially LCRC. In terms of pathological parameters, serum miR-1539 appeared to be positively associated with VEGF expression, and CRC tumor location. In tissue, elevated miR-1539 detection may confer a poor CRC prognosis if increased Ki-67 levels are concomitantly observed. The multidimensional detection of circulating or tissue based miR-1539 could serve as a novel biomarker for CRC early screening. Moreover, miR-1539 could provide insights on CRC pathogenesis owing to its predictive abilities towards tumor sites and poor clinicopathological behavior. Comprehensive, multicenter validation studies are warranted in the future.
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Supplementary Figure 1 | Validation of candidate target gene in CRC patients’ samples by RT-qPCR (A, B) Significant downregulation of GPIHBP1 and IGF1 were observed in cancerous tissue of CRC samples. (C) Four genes overexpressed in CRC tissue. Y-axis interprets the candidate gene relative expression by 2-△Ct method. Mean with SEM are displayed in the bars. (*p < 0.05, **p < 0.01, *p < 0.001).
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