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Background

Cholangiocarcinoma (CCA) is one of the most aggressive malignancies, lacking novel diagnostic and prognostic biomarkers. Exosome noncoding RNAs (ncRNA) were previously proposed as a potential source of biomarkers in several cancers. This study aimed to interpret the value of specific bile-derived ncRNA as predictors for early diagnosis and prognosis of CCA.



Methods

We recruited 100 patients who received endoscopic retrograde cholangiopancreatography at our hospital for bile duct obstruction due to CCA (n = 50) and biliary stone (n = 50). They were further divided into training set and validation set (3:2). A panel of CCA-specific ncRNAs including 5 miRNAs (PMID: 30165035) and 2 lncRNAs (PMID: 29050258) were detected in both serum and bile exosomes. The diagnostic accuracy was assessed using the area under the receiver operating characteristic curve. Logistic analysis was used to classify the potential predictors of CCA and further establish the diagnostic model. And the prognostic value of the ncRNAs was also assessed.



Results

Exosomes were successfully collected from bile and serum. Exosomal miR-141-3p, miR-200a-3p, miR-200c-3p in serum and bile, as well as miR-200b-3p and ENST00000588480.1 in bile showed AUCs of >0.70 in the diagnosis of CCA. Bile exosomal miR-200c-3p displayed the best diagnostic value with the AUC of 0.87. The combination of serum CA19-9 into the model could increase the AUC to 0.906. Bile exosomal miR-200a-3p and miR-200c-3p were found to be independent predictors of CCA. Among exosomal ncRNAs in human bile and blood, 3 (serum and bile exosomal miR-200c-3p, bile exosomal miR-200a-3p) showed significant value in predicting cancer recurrence and 1 (serum exosomal miR-200c-3p) had great predictive ability of cancer death. High levels of serum exosomal miR-200c-3p showed unfavorable tumor-free survival and overall survival.



Conclusion

The bile exosomal miR-200 family, particularly miR-200c-3p, was verified to be a potential biomarker for the early detection of CCA. The diagnostic ability of exosomal ncRNAs in human bile is better than that in blood. Moreover, high levels of bile exosomal miR-200a-3p, miR-200c-3p, and serum exosomal miR-200c-3p represented adverse clinical outcomes.
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Introduction

Cholangiocarcinoma (CCA) is the second most common primary hepatic malignancy arising from the epithelium of the bile ducts and can involve any part of the biliary tract (1). It is far more prevalent in Asia, where the incidence is as high as 113 per 100,000 in some regions (2). CCA is an incurable and lethal cancer due to its silent clinical characteristics, difficulty in early diagnosis, with a 5-year survival of < 10% (3). Only approximately 30% patients diagnosed with CCA have the opportunity for curative resection because of the failure of early diagnosis (4). Therefore, new diagnostic and therapeutic approaches for CCA are urgently needed.

Exosomes, named small size vesicles (40–100nm), are secreted by multiple types of cells into body fluids, containing many kinds of ncRNAs and play an important role in human physiological and pathological development (5). In recent years, tumor-derived exosomes are emerging as a new type of cancer biomarker, and increasing evidences demonstrated that it could be a significant regulatory mechanism in the development, progression, and metastasis of cancer (6). Therefore, the signaling molecules (e.g., microRNA, lncRNA, circRNA, mRNA, and protein), carried by exosomes have displayed promising value in cancer early diagnosis, treatment assessment, and prognosis prediction. One of the miRNA families, the miR-200 family, was mainly characterized as a tumor suppressor, and composed of five highly conserved miRNAs, including miR-141, miR-200a/200b/200c and miR-429 (7). A published study showed that the expression of miR-200c was associated with unfavorable survival outcomes in some cancers, specifically in lung cancer and breast cancer (7). Our previous research confirmed that serum exosomal miR-200 family, particularly miR-200c-3p, could be efficient biomarkers for CCA, and the levels of serum exosomal miR-200a/c-3p could represent the rate of CCA progression (8).

CCA is originated from cholangiocytes, therefore, bile is a rich source of biomarkers for CCA potentially. In a previous study, bile was proved to contain exosome vesicles (EVs), to convey specific tumor- derived miRNAs (9). It has been also confirmed that EVs in bile were able to affect cholangiocyte proliferation (10) and high concentrations of EVs in bile were strongly associated with malignant common bile duct (CBD) stenosis (11). Another study demonstrated that exosomal lncRNAs of ENST00000588480.1 and ENST00000517758.1 could be potential diagnostic and therapeutic targets for CCA (12).

Therefore, in this study, we attempted to obtain exosomal 7 ncRNAs including 5 miRNAs and 2 lncRNAs from bile and serum and further identified novel biomarkers for early detection and prognosis of CCA.



Materials and methods


Clinical data and sample preparation

A total of 50 pathologically confirmed CCA patients undergoing endoscopic retrograde cholangiopancreatography (ERCP) in the First People’s Hospital of Fuyang from Jan 2017 to Dec 2019 were enrolled. Meanwhile, another 50 age- and gender-matched patients diagnosed as biliary stone disease on ERCP manipulation were randomly recruited as the control group.

The enrolled patients of each group were further randomly divided into a training set and a validation set according to 3:2 ratio. Patients’ characteristics are shown in Table 1.


Table 1 | Patient characteristics.



In this study, serum and bile samples were obtained from every patient before treatment. 5ml of venous blood samples were collected before ERCP, centrifuged at 3000g for 10 minutes. Serum was obtained and transferred to RNase-free tubes, and stored at -80°C. Approximately 5ml of bile was aspirated after successful ERCP cannulation of the biliary tree before contrast injection, centrifuged at 4000g for 15 minutes. Supernatant was taken and stored in -80°C. After disease assessment, CCA patients with stage I-III underwent hepatectomy or whipple procedure according to the location of the lesion followed by adjuvant systemic chemotherapy based on capecitabine. Patients with unresectable and metastatic cancer were subjected to gemcitabine with cisplatin. If cancer progressed during or after systemic therapy, then FOLFOX was the preferred option. The project protocol was supported and approved by the Ethics Committee of the First People’s Hospital of Fuyang. All patients enrolled in the present research provided written informed consent.



Exosome isolation and identification

Bile and serum exosomes from CCA patients and benign subjects were isolated using the miRCURY Exosome Kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s protocol. 5ml of bile or serum was thawed and diluted with an equal volume of phosphate buffered saline (PBS), and centrifuged at 500g for 10 minutes at 4°C to pellet cells and debris. Then the supernatant was taken and centrifuged at 16500g for 20 minutes; filtered with a 0.22um syringe filter; transferred to a new tube, and placed on ice. Then we added precipitation buffer, mixed by pipetting until the samples were completely mixed. The samples were incubated at room temperature for 1 hour, and centrifuged 10000g for 30 minutes at 4°C. Ultimately, the obtained precipitate was exosomes. A drop of exosomes was pipetted onto a grid for 5 min at room temperature, then negatively stained with 3% (wt/vol) phosphotungstic acid (pH 6.8) for 5 min and analyzed after air drying under an electric incandescent lamp.



RNA extraction and detection

Total RNAs were extracted from exosomes using Exosomal RNA Isolation kit (Norgen, Canada). Then, RNA was reverse transcribed using SuperScript II Reverse Transcriptase kit (Invitrogen, Carlsband, CA, USA). MicroRNA detection was performed using SYBRPrimeScript microRNA RTPCR Kit (TaKaRa, Dalian, China) according to the standard protocol. 5 previously identified CCA-associated miR-200 family members (8) (miR-141-3p, miR-200a-3p, miR-200b-3p, miR-200c-3p, and miR-205-5p) and 2 lncRNAs (ENST00000588480.1 and ENST00000517758.1) (12) were detected. Quantitative real-time polymerase chain reaction was performed using an SYBR kit in an Applied Biosystems 7900 Sequence Detection System (Life Technologies, Carlsbad, CA, USA). The PCR primers were listed in Table 2.


Table 2 | The PCR primers.





Statistical analysis

All data were presented as mean ± standard deviation (SD) and compared using Student t-test. Categorical variables were presented as values (percentages) and compared by Pearson’s χ2 test. Areas under the receiver operating characteristic curve (AUCs) were applied to evaluate the predictive value of selected ncRNAs for CCA. Cutoff value was chosen by considering the diagnostic sensitivity and specificity. Logistic analysis was used to identify the valid biomarkers of CCA and establish the diagnostic model. SPSS version 17.0 (SPSS Inc., Chicago, IL) was used to complete the statistical analyses. A P value <0.05 was considered statistically significant.




Results


Bile exosomal ncRNAs could be used to distinguish CCA from benign biliary diseases

Patient characteristics in the training set are shown in Table 1. Compared with the control group, CCA group showed a significantly higher CA19-9 positive rate (P < 0.001) and lower incidence of acute cholangitis (P = 0.002). Exosomal ncRNAs were successfully obtained from the bile and compared between CCA group and control group (Figure 1A). As shown in the training set (Figures 1A, B), the relative expression levels of bile exosomal miR-141-3p, miR-200a-3p, miR-200b-3p, miR-200c-3p and ENST00000588480.1 were significantly increased in patients with CCA compared with the controls (all P <0.05). No statistical significance was found for the expression of miR-205-5p and ENST00000517758.1 between the two groups. The diagnostic value of the upregulated five ncRNAs was estimated by ROC curve analyses through synthesizing the results of 60 participants (30 CCA and 30 controls). The area under the curve (AUC) of all selected ncRNAs was >0.75 in the diagnosis of CCA (Figure 1C; Table 3). Exosomal miR-200c-3p displayed the best diagnostic value with the AUC of 0.87 (Figure 1C; Table 3).




Figure 1 | Exosomal ncRNAs in human bile and serum. (A) Heatmap showing the expression of exosomal ncRNAs in human bile and serum; (B) Significantly differential expressed exosomal ncRNAs between CCA group and control group; (C) The AUCs of exosomal ncRNAs in the diagnosis of CCA; (D) The correlation between serum and bile exosomal ncRNAs. **: vs. control group.




Table 3 | Comparison of AUCs in the diagnosis of CCA.





The diagnostic value of exosomal ncRNAs in human bile is better than those in blood

To compare the diagnostic capability of exosomal ncRNAs in human bile and blood, the same seven exosomal ncRNAs were also detected in serum from CCA group and control group (Figure 1A). As displayed in Figure 1B, only three ncRNAs (miR-141-3p, miR-200a-3p, and miR-200c-3p) were significantly differently expressed between the two groups. In the diagnosis of CCA, all three serum ncRNAs presented AUCs of > 0.70 (Figure 1C; Table 3). MiR-200c-3p showed the highest AUC of 0.742 (Figure 1C; Table 3). After comparison, it was evident that the AUCs of the detected ncRNAs in the bile samples were higher than those of serum samples. Bile exosomal miR-200c-3p showed the best diagnostic ability (Figure 1C; Table 3). In addition, the same ncRNA from serum and bile were significantly related. Different members of the miR-200 family including miR-200a-3p, miR-200b-3p and miR-200c-3p were also significantly consistent in bile and serum (Figure 1D). Therefore, the bile ncRNAs had a more efficient diagnostic value than that of serum.



Integrated diagnostic model

We next assessed the diagnostic value of conventional biomarkers (CA19-9, CA12-5, and CEA) in both serum and bile. Serum CA19-9 and bile CEA presented AUCs of > 0.70. All serum and bile compounds with AUCs of > 0.70 were considered potential diagnostic biomarkers of CCA and then entered a stepwise logistic analysis (Table 4). Ultimately, bile exosomal miR-200a-3p and miR-200c-3p were found to be independent predictors of CCA. A diagnostic model (model 1) that integrated with bile exosomal miR-200a-3p and miR-200c-3p showed a sensitivity of 83.3%, specificity of 86.7% and AUC of 0.897 in the training set.


Table 4 | Potential biomarkers of CCA.



The combination of serum CA19-9 into the model (model 2) could increase the AUC to 0.906, but did not change the sensitivity and specificity. These two diagnostic models were further verified in the validation group, which enrolled 20 CCA patients and 20 controls (Table 1). Both models showed a sensitivity of 85.0% and specificity of 85.0%. The AUC of model 1 and model 2 were 0.880 and 0.893, respectively.



The clinical prognostic value of exosomal ncRNAs in human bile and blood

We further investigated the prognostic value of exosomal ncRNAs in human bile and blood in all 50 CCA patients. The cumulative tumor-free survival rates were 74.0% and 43.7% at 1- and 2-year. The patient survival rates were 93.1% and 63.6% at 1- and 2-year. Cox hazard regression was performed to identify the risk factors for cancer recurrence and mortality. Among the 7 exosomal ncRNAs both in human bile and blood, 3 (serum and bile exosomal miR-200c-3p, bile exosomal miR-200a-3p) showed significant value in predicting cancer recurrence and 1 (serum exosomal miR-200c-3p) had great predictive ability of cancer death (Table 5). High levels of serum exosomal miR-200c-3p (above average) showed significantly decreased tumor-free survival and overall survival (Figure 2).


Table 5 | Influencing factors of patient survival.






Figure 2 | Comparison of patient survival between patients with high and low levels of serum exosomal miR-200c-3p. (A) Tumor-free survival curves; (B) The overall survival curves.






Discussion

CCA is widely acknowledged as an aggressive type of liver neoplasms hard to discover (13). To find solutions to the problem, a large number of studies have been published in the past decade, regarding the potential role of exosomes in CCA as diagnostic biomarkers (14–16). Exosomes in body fluids are relatively stable (17, 18) and widely involved in cancer cell proliferation, invasion, angiogenesis, and metastasis via endocrine and paracrine mechanisms (19). Among all types of exosomal ncRNAs, miRNAs are considered fundamental regulators of gene expression and play an important role in tumorigenesis, metastasis, and resistance to various therapies (19). In addition, exosomal miRNAs are more stable than circulating blood miRNAs (20). The miR-200 family is one of the best investigated functional miRNAs and is mainly recognized as tumor suppressors (7). In our previous study, we proved serum exosomal miR-200c-3p, a member of miR-200 family, was an ideal biomarker for early diagnosis of CCA and might be associated with CCA progression (8).

Theoretically, exosomes are more concentrated in bile than that in serum because they are secreted by CCA cells before releasing into the blood. In a previous study, bile was proved to contain exosome vesicles (EVs), to convey specific tumor-derived miRNAs (21). It has been also confirmed that EVs in bile were able to affect cholangiocyte proliferation (10) and high concentrations of EVs in bile were strongly associated with malignant CBD stenosis (11). Thereafter, we hypothesized that exosomes in bile, higher in concentration compared with serum, could be predictive biomarkers and are more effective in the early diagnosis of CCA.

To find the answer, the current research was conducted in several steps. Firstly, we successfully obtained the exosomes from bile and then detected targeted ncRNAs (5 exosomal miR-200 family members and 2 lncRNAs) to evaluate the diagnostic value for CCA. This study confirmed that the expression level of 4 exosomal miR-200 family members (miR-141-3p, miR-200a-3p, miR-200b-3p, and miR-200c-3p) in bile was significantly higher in the CCA group than in the control group with UACs of >0.75, indicating the potential diagnostic value of those exosomal miRNAs. Bile exosomal miR-200c-3p displayed the best diagnostic value with the AUC of 0.869. As for lncRNAs, we found ENST00000588480.1 was significantly upregulated in exosomes isolated from bile samples of CCA than biliary stone patients, which was partially consistent with Ge’s results (12). Thus, ENST00000588480.1 could be a marker for CCA diagnosis with the AUC of 0.767. Secondly, these results confirmed the hypothesis that the diagnostic ability of exosomal ncRNAs in human bile is better than those in serum with a maximum AUC of 0.869 for CCA. Another published study showed similar results that exosomes in bile samples could discriminate between patients with malignant vs nonmalignant CBD stenosis with 100% accuracy (11). Thirdly, we combined the diagnostic value of serum CA19-9 with bile exosomal miR-200a-3p and miR-200c-3p, which could increase the AUC to 0.906. In comparison, the sensitivity and specificity of CA19-9 are not ideal, especially in the early stage of the disease. Recent meta-analysis of CA19-9 as a marker for the diagnosis of CCA showed that its sensitivity and specificity were less than 80% (22). In the diagnosis of intrahepatic CCA, the sensitivity and specificity of CA19-9 were only 62% and 63% (23). In addition, CA19-9 is susceptible to biliary tract infection, benign obstructive jaundice, and other factors when used as a diagnostic marker for early screening of CCA (24). In short, these results confirmed our hypothesis that the exosomal miR-200 family in bile displayed stronger ability in the early diagnosis of CCA than those in serum, especially miR-200c-3p. Combining miRNAs with CA19-9 could enhance the reliability of CCA diagnosis.

Moreover, we found that bile exosomal miR-200a-3p, miR-200c-3p, and serum exosomal miR-200c-3p were not only diagnostic biomarkers but also signs representing unfavorable patients’ survival, closely associated with tumor stage and tumor differentiation. Plenty of published articles showed that higher expression of miR-200 family was related to worse survival outcomes for cancer patients (7, 25). It was reported in a meta-analysis that miR-200 expression was negatively associated with survival prognosis in all cancers combined, especially in lung and breast cancer (7). In breast cancer, up-regulated miR-200 represents more prone to liver metastasis (26, 27). The miR-200c/141 cluster upregulated SerpinB2 in the MDA-MB-231 breast cancer cell line, inducing cell metastasis, which partially explains the mechanism (28). In ovarian cancer (29), a previous study indicated that miR-200 family members might affect the β-tubulin III protein and negatively regulate EphA2 expression. Oppositely, miR-200 family members are proved to be tumor suppressors, which are significantly involved in the inhibition of epithelial-to-mesenchymal transition (EMT) (30).

Although bile miRNAs were more effective than serum miRNAs in the early diagnosis of CCA, serum miRNAs were better predictors of overall survival. We hypothesized that the elevation of serum miRNAs could better reflect the overall situation of the patient, just like the tumor stage. While the bile miRNAs only reflected the local situation of the tumor. Therefore, the prediction effects of bile miRNAs and tumor differention were more effective than that of serum miRNAs in predicting tumor-free survival.

In conclusion, our research suggested that the bile exosomal miR-200 family, especially miR-200c-3p, could be an efficient biomarker for the early detection of CCA. The diagnostic capability of exosomal ncRNAs in human bile is better than that in blood. Additionally, higher levels of bile exosomal miR-200a-3p, miR-200c-3p, and serum exosomal miR-200c-3p indicated worse clinical outcomes. However, well-designed, large-scale prospective studies are needed to verify these findings due to the limited cases in this study.
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