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Background: Biliary tract cancers (BTCs) are aggressive malignancies with difficult early 
diagnosis and poor prognosis. Studies have shown that microRNAs (miRNAs) are expected 
to be biomarkers of the disease, which indicates that we can diagnose cancers according to 
the miRNAs that have significant changes. The aim of this study was to explore miRNA 
biomarkers of BTCs.
Methods: A total of 163 samples were collected and divided into the control group, the 
benign group and the malignant group. High-throughput low-density chips were used to 
screen miRNAs with significant changes. Then, the preliminary screening test and the 
verification test were performed by quantitative real time PCR (qRT-PCR). Finally, the 
level of miRNAs in serum exosomes was measured.
Results: MiR-10a, miR-21, miR-135b, miR-221, and miR-214 were upregulated in the 
BTCs group compared to the control group. The change in the miR-221 level was statisti
cally significant when the malignant group was compared with the benign group (P<0.01). 
Meanwhile, miR-135b and miR-214 were enriched in serum exosomes.
Conclusion: Five miRNAs in the serum were found to be significantly upregulated in 
patients with BTCs. Among them, miR-221 can serve as an early diagnostic marker for 
BTCs patients. MiR-10a, miR-21, miR-135b and miR-214 can be used as biomarkers for the 
diagnosis of biliary diseases.
Keywords: biliary tract cancers, microRNAs, biomarker, noninvasive diagnosis

Introduction
Biliary tract cancers (BTCs) are highly lethal malignant tumors that originate from the 
epithelium of the bile duct and gallbladder, and they encompass cancers of the 
gallbladder (GBC), intrahepatic bile ducts (IHBDC), extrahepatic bile ducts 
(EHBDC), and the ampulla of Vater (AVC).1,2 The regional variations of BTCs 
incidence have been confirmed, with higher rates in Asia than that in the United 
States and some European countries.3–5 In recent years, it has been reported that the 
incidence of EHBDC remains basically unchanged, whereas the incidence and mor
tality of IHBDC are increasing year by year.6 The onset of BTCs is insidious, and the 
symptoms of many patients are similar to those of patients with benign biliary diseases 
(BBD).7 In brief, a large number of patients with BTCs miss the optimal time for 
treatment when diagnosed at advanced stages, due to the inconspicuous early symp
toms, and the lack of specific diagnostic markers.3,8 For most BTCs patients, neither 
surgery nor chemotherapy provides the desired therapeutic effect.9,10 The overall five- 
year survival rate of BTCs is as low as 10%.11 Meanwhile, various studies on BTCs are 
still ongoing.12 Therefore, accurate early diagnosis is particularly important.
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The coelevation of carcinoembryonic antigen (CEA) 
and carbohydrate 19-9 (CA19-9), which are often used as 
auxiliary diagnostic markers, may indicate the occurrence 
of BTCs.13 And circulating tumor DNA is only showing 
some potential in BTCs.14 However, current methods are 
unable to reach the level of significant specificity and 
sensitivity.15 As partially applicable and invasive strate
gies, endoscopic retrograde cholangiopancreatography 
(ERCP) and percutaneous transhepatic cholangiography 
drainage (PTCD) can obtain a relatively accurate patholo
gical diagnosis, but meanwhile may cause some 
complications.16–18 The above facts signify that there is 
a lack of suitable approaches for the early diagnosis and 
differential diagnosis of BTCs, which seriously obstructs 
the treatment of BTCs. In conclusion, it is extremely 
imperative to explore a universal, accurate, and noninva
sive BTCs diagnostic method.

Therefore, microRNAs (miRNAs), a research hotspot that 
has emerged in the field of disease diagnosis over the years, 
has attracted all of our attention. They are a class of small 
noncoding RNAs with a length of 18–25 nucleotides that 
regulate various biological processes by targeting messenger 
RNA (mRNA), and they have a considerable impact on tumor 
development.19 In the last few years, it has been reported that 
miRNAs are emerging as biomarkers for the diagnosis of 
some tumors.20,21 For example, in breast cancer, miRNAs 
that are organ-specific and tractable are stably expressed in 
the blood and are likely to serve as markers in diagnosis and 
treatment monitoring.22 In the present study, we divided 
patients into three groups: patients with BTCs, patients with 
BBD, and healthy people. Then, the miRNAs with significant 
changes were screened by the method of low-density chips 
which has the advantages of high-throughput and multi-index 
analysis.23 We performed a preliminary screening test as well 
as a verification test by qRT-PCR. Five miRNAs in the serum 
samples were found to be obviously upregulated in patients 
with BTCs. Among them, miR-221 can be used as an early 
diagnostic marker of BTCs. MiR-10a, miR-21, miR-135b and 
miR-214 are expected to function as biomarkers for the diag
nosis of biliary diseases. Finally, we verified that miR-135b 
and miR-214 were enriched in the majority of the serum 
exosomes of the patients.

Materials and Methods
Experimental Serum Samples
A total of 163 samples in this study were taken from the 
serum of clinical patients with biliary diseases and healthy 

people with physical examinations which came from 
Tianjin Medical University Cancer Hospital from 
March 2016 to September 2016, including 75 cases of 
BTCs, 20 cases of BBD and 68 cases of healthy people. 
All samples were taken on the day of admission or the 
morning after admission on an empty stomach. All blood 
samples were centrifuged on the day of extraction and 
subjected to laboratory tests, including routine blood, bio
chemical, immunological and tumor markers test and 
stored in the freezer at −80°C.

The samples were divided into three groups: the 
malignant group (n=75), the benign group (n=20) and 
the control group (n=68). The malignant group included 
serum samples from patients with gallbladder carcinoma, 
cholangiocarcinoma and ampullary carcinoma. The 
benign group included serum samples from patients 
with chronic cholecystitis, gallbladder polyps, gallblad
der adenomyomatosis, gallstones, papilloma, etc. All 
patients in the control group had been examined in detail, 
and there was no obvious evidence of tumor history and 
no medical records in the past three months. Clinical 
information and pathological information, including age, 
gender, past history, postoperative pathology, treatment 
and other information, were collected for all patients in 
the malignant and benign groups. Patients with BTCs 
mostly had abdominal pain, yellow staining of skin 
sclera, and space-occupying lesions and were mostly 
diagnosed by histology, liver needle aspiration biopsy, 
and imaging. In this study, all tumor patients achieved 
clinical stages according to the TNM standard (AJCC 8th 
Edition). Case information was summarized and analyzed 
by SPSS 19.0, and detailed information is summarized in 
Table S1.

Low-Density Chip Sequencing
The serum samples of the malignant group, the benign 
group and the control group were mixed into three 2 mL 
EP tubes with 50 μL serum each, and high-throughput 
sequencing was carried out by low-density chip technol
ogy. The specific experimental process is shown in 
Table S2.

First, total RNA was extracted using Mirneasy Mini 
Kit-QIAGEN P/N 217004. Then, the marker reaction sys
tem was prepared. The RNA sample was diluted to 50 ng/ 
μL with RNase-free water. Two microliters of diluted 
RNA was poured into 1.5 mL centrifuge tube, and placed 
on ice for later use. The dephosphorylated mixture was 
prepared according to Table S3.
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Two microliters of phosphorylated mixture was taken 
into sample tube, and blow and mix. The reaction mixture 
was placed in a metal bath at 37°C for 30 minutes, and the 
following reaction was carried out immediately, otherwise 
the reaction sample should be stored at −80°C for later 
use. 2.8 μL 100% DMSO was added to each tube, and 
heated in a metal bath at 100°C for 5–10min. Then, the 
sample tubes were quickly placed in an ice water bath to 
cool down, and next step was performed immediately. The 
10× T4 ligase buffer was incubated at 37°C and vortexed 
until the precipitates were completely dissolved, then 
cooled to room temperature for later use. The connection 
reaction mixture was prepared according to Table S4.

Take 4.5 μL reaction mixture into sample tube, blow and 
mix well, centrifugal slightly. The sample was incubated at 
16°C for 2h. After the reaction was completed, the sample 
was completely drained in a vacuum concentrator for later 
use. The temperature could be set at 45°C-55°C to speed up 
the drying time. 125 μL nuclease-free water was added into 
a lyophilized 10× Ge blocker tube. And swirl slightly, dis
solve completely (incubated at 37°C for 4–5min if neces
sary), centrifuge slightly, set aside. Next, hybrid samples 
were prepared. A metal bath of 100°C was prepared for 
reserve. The drained samples were re-dissolved in 17 μL 
nuclease-free water, and each sample was added with 1.0 
μL Hyb Spike-In solution (three dilutions), 4.5 μL prepared 
10× GE blocker, and 22.5 μL 2× HI-RPM hybrid buffer, and 
mixed slightly. The reaction mixture was heated in a metal 
bath at 100°C for 5min. After the reaction, it was quickly put 
into an ice water bath to cool for 5min. The next step was 
carried out immediately after the reaction solution was col
lected by centrifugation. Then, the hybridization mixture was 
prepared. About 45 μL reaction solution was absorbed 
slowly to cover sheet. The chip point sample face was placed 
down slowly on the cover. The screwed SureHyb Chamber 
was assembled, and it was shook slightly to allow the bubbles 
inside to move freely. SureHyb Chamber was balanced on 
a rack in a crossbreeding oven at 55°C, 20 RPM, and hybri
dized for 20 hours. Finally, chip washing, chip scanning, chip 
data extraction.

Total RNA was extracted and purified using the 
mirVana™ miRNA Isolation Kit without phenol (Cat # 
AM1561, Ambion, Austin, TX, US). Human miRNA 
microarrays from Agilent Technologies (8*60 K), contain
ing probes for 2549 human miRNAs from the miRbase 
V21.0 database, were adopted. Total RNA (100 ng) 
extracted from each serum sample was used as the inputs 
for sample labeling and hybridization preparation in 

accordance with the manufacturer’s protocol (Agilent 
Technologies, Santa Clara, CA). The microarray image 
information was converted into spot intensity values 
using Scanner Control Software Rev. 7.0 (Agilent 
Technologies). Raw data were normalized by Quantile 
algorithm, included in the R package AgiMicroRna. The 
microarray experiments were performed by following the 
protocol of Agilent Technologies Inc., Shanghai 
Biotechnology Corporation.

Then, the differentially expressed miRNAs in the 
serum were identified using the t-test with the cut-off 
criteria of P < 0.01 and fold change >2 or <0.5.

RNA Isolation and Quantitative 
Real-Time PCR
Total RNA from all samples was isolated according to the 
manufacturer’s protocols.

First, 100 μL of sample was added to 300 μL of water, and 
200 μL (pH=4.7–5.5) of acidic phenol was added after full 
mixing. After violent shaking, 200 μL of chloroform was 
added. After full shaking again, centrifugation was performed 
at 16,000 ×g for 20 min at room temperature. Then, the 
supernatant (approximately 400 μL) was carefully removed 
and added to 800 μL of isopropyl alcohol; then, 40 μL of 3 
M sodium acetate (pH=5.2) was added, incubated at −20°C for 
1 hour, and centrifuged at 16,000 ×g for 20 min at 4°C. After 
the supernatant was fully discarded, 1 mL of 75% ethanol was 
added; the mixture was gently inverted several times and 
centrifuged at 16,000 ×g for 15 min at 4°C. After fully dis
carding supernatant, the sample was inverted for 15 min and 
dried at room temperature for 30 min; then, 14 μL of DEPC 
water was added to dissolve and precipitate the RNA. The 
above steps were performed in ultraclean platforms using 
RNase free EP tubes. Next, 2 μL of each RNA samples was 
taken to determine the OD260/OD280 and RNA concentra
tion, and then the samples were stored at −20 °C.

The cDNA was obtained via an avian myeloblastosis 
virus (AMV) reverse transcriptase (TaKaRa) reaction. The 
following ingredients were mixed into a 0.5 mL RNASe- 
free EP tube (operated on ice):

(reverse transcription reaction system 10 μL)
AMV 5×buffer        2 μL
AMV           0.5 μL
dNTPs mixture (10 mmol)   1 μL
RT-PRIMER        1 μL
RNA           0.1 μg
DEPC           5.5μL-VRNA
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Reverse transcription was performed according to the 
following procedure:

Step 1: 16°C 30 minutes
Step 2: 42°C 30 minutes
Step 3: 85°C 5 minutes
Step 4: 4°C forever.

Next, the cDNA was mixed into each well according to 
the following ingredients with two duplicate wells per 
sample (operate on ice)

(the qRT-PCR reaction system was 20μ)
10×buffer (Mg+ + Plus) 2 μL
dNTPs mixture (10 mmol) 0.4 μL
Taq 0.3 μL
TaqMan probe+primer 0.33 μL
DEPC 15.97 μL
cDNA 1 μL

The membrane was sealed and centrifuged for 5min in 
a low temperature centrifuge.

Quantitative real-time PCR (qRT-PCR) was performed 
according to the following procedure:

Step 1: 95°C 5 minutes
Step 2: 95°C 15 seconds
Step 3: 60°C 1 minutes (Fluorescence 

detection stage)
Step 2- Step 3: 40 cycles

After the reactions were completed, the cycle threshold 
(CT) data were determined using fixed threshold settings, and 
the mean CT values were determined from triplicate PCRs.

Extraction and Identification of Exosomes
Exosome extraction was performed using the exosome 
extraction kit. First, 100ul sample was added into the EP 
tube without RNA enzyme, and 1/3 volume of RibotM 
Exosome Isolation Reagent was added. Blend with 
a pipette until the sample was completely mixed (the 
solution would appear cloudy). And the EP tube was 
placed in the refrigerator at 4°C for 30 minutes. Then, it 
was put in a centrifuge for 2 minutes at 4°C, 15000g. The 
supernatant was carefully absorbed with pipette, and the 
precipitate at the bottom of the EP tube was exosomes. 
Finally, 1 mL TRI201 solution was added into the EP tube 
and stored in a refrigerator at −80°C.

An appropriate amount of PBS buffer was absorbed, 
and the extracted exosomes were added, dissolved and 

mixed fully to prepare exosome suspension with a final 
concentration of 0.5 mg/mL. Exosome suspension was 
absorbed, dropped onto copper sheet and placed on filter 
paper. Incandescent light for 10 minutes. An appropriate 
amount of 1% phosphotungstic acid was added to stain 
exosomes for 5 minutes. Incandescent light for 20 minutes. 
The size and morphology of exosomes were observed 
under a microscope and photographed for recording.

Statistical Analyses
According to the CT values, the FC of 13 miRNAs can be 
calculated by the 2−ΔCt formula. GraphPad Prism 5.0 soft
ware was used to draw scatter plots for comparative analysis 
of changes in serum miRNAs in patients with BTCs and 
BBD. An FC histogram of the malignant group was drawn 
separately to analyze whether each miRNA had diagnostic 
significance for BTCs. SPSS 19.0 software was used to 
statistically analyze FC values with the t-test of two indepen
dent samples, and P < 0.01 indicated a significant difference. 
All of the data are representative of at least three independent 
experiments and are expressed as the mean ± SE. A P < 0.05 
was considered to be statistically significant using Student’s 
t tests: *P < 0.05; **P < 0.01; and ***P < 0.001.

Results
Description and Analysis of Clinical Case 
Information
All BTCs samples in our study are shown in Table S1. 
Among the 75 patients with BTCs, GBC was the main 
type, cholangiocarcinoma was the second type, and AVC 
was less common. The pathological grade was mostly 
medium-low differentiation, and the histological grade 
was mainly adenocarcinoma. Based on the TNM standard 
staging of GBC (AJCC 8th Edition), combined with post
operative pathologic returns, we analyzed the 75 BTCs 
samples for clinical stages. Most patients were diagnosed 
at stage III or IV, which conformed to the characteristics of 
late diagnosis of BTCs.

Then, SPSS 19.0 software was used to analyze the 
conditions of all patients by the chi-squared test. It is 
shown in Table S5 that Hb (P<0.01), RBC (P<0.01), 
DBIL (P<0.01), and CA19-9 (P<0.01) were obviously 
different between the benign group and the malignant 
group with statistical significance, suggesting that these 
four clinical laboratory test indicators had clinical signifi
cance in the identification of benign and malignant biliary 
diseases. In the malignant group, HB and RBA were 
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decreased in 26 of 75 samples, as RBC did the same. 
However, in the benign group, HB only decreased in 1 
sample and RBC decreased in 2 samples. We inferred that 
HB and RBC may be more readily decreased in patients 
with BTCs compared with those with BBD. In the 75 
samples in the malignant group, DBIL was increased in 
45 samples, and CA19-9 was increased in 43 samples; in 
the benign group, there was an increase in DBIL in 7 
samples and CA19-9 in 3 samples, which indicated that 
DBIL and CA19-9 were more prone to increase in BTCs 
patients than in BBD patients. The other indicators 
(P>0.05) showed no statistically significant differences 
between the benign and malignant groups.

The Comparative Sequencing of the 
Malignant, Benign, and Control Groups
A total of 163 serum samples from Tianjin Medical 
University Cancer Hospital were divided into three groups, 
including the malignant group (n=75), the benign group 
(n=20) and the control group (n=68), according to the 
BTCs patients, BBD patients, and healthy patients, respec
tively. Then, high-throughput sequencing was performed 
between each group by low-density chips. As is shown in 
Figure 1, the expression of some miRNAs in BTCs was 
upregulated or downregulated in BTCs compared with the 
control group. Compared with the control group, the 
malignant group and the benign group had more 
miRNAs with significant expression changes. When the 
benign group was compared with the malignant group, 
there were fewer miRNAs that displayed significant 
changes in expression. According to the criterion of fold 
change (FC) greater than 2, 13 miRNAs including miR- 

10a, miR-21, miR-23a, miR-106a, miR-130a, miR-135b, 
miR-143, miR-145, miR-200c, miR-214, miR-221, miR- 
483, and miR-627 were selected for preliminary screening 
from these miRNAs with significant expression changes.

The Preliminary Screening Results of the 
Above 13 miRNAs
Next, we randomly selected ten serum samples each from 
the malignant group, the benign group and the control 
group. The serial numbers were recorded, and the RNA 
was extracted for qRT-PCR. We analyzed the relative level 
of the 13 selected miRNAs in each group. In Figure 2, 
according to the mean and standard deviation, in the 
malignant group, the expression of miR-10a, miR-21, 
miR-135b, miR-143, miR-200c, miR-221, miR-214, and 
miR-627 was upregulated, whereas the expression of miR- 
145 was downregulated. The expression of miR-23a, miR- 
130a, and miR-483 were only up-regulated in the benign 
group. Expression changes in miR-106a were not visible.

Then, the FC of the malignant group was calculated 
according to the cycle threshold (CT), and a histogram was 
plotted. As shown in Figure 3A, in the preliminary screening 
test, the changes in miR-21, miR-200c, miR-627, miR-221, 
miR-10a, miR-143, miR-214, miR-135b, and miR-130a 
expression had diagnostic significance. Table S6 showed 
that there were noteworthy differences with statistical sig
nificant in miR-10a in the malignant group vs the control 
group, miR-21, miR-135b, and miR-214 in the malignant 
group vs the control group as well as the benign group vs the 
control group, miR-221 in the malignant group vs the benign 
group and the malignant group vs the control group, miR- 
483 in the malignant group vs the benign group and the 

Figure 1 Low-density sequencing of the benign group vs the control group, the malignant group vs the benign group, and the malignant group vs the control group. The 
benign group and the malignant group displayed more miRNAs with significant expression changes than did that of the control group.
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benign group vs the control group, and miR-627 in the 
malignant group vs the benign group. Based on the above 
results and references,24–26 miR-10a, miR-21, miR-135b, 
miR-221, miR-214, and miR-483, which were upregulated 
and had statistical significance, were finally selected for 
subsequent research.

The Verification Test Results of the 
Selected 6 miRNAs
We expanded the sample size of the 6 miRNAs that were 
selected in the preliminary test for the verification test by qRT- 
PCR. Twenty samples were added to the malignant group and 
the control group, while ten samples were added to the benign 
group due to the limited number of collected samples. Then, 
the verification test data were processed together with that of 
the preliminary screening test, and a histogram was drawn 
according to the FC. As shown in Figure 3B, the expression 
levels of miR-10a, miR-21, miR-135b, miR-221 and miR-214 
were upregulated in the malignant group vs the control group, 
which was consistent with the changing trend in the prelimin
ary screening test. However, the expression of miR-483 was 
remarkably increased in the benign group and not signifi
cantly changed or even slightly downregulated in the malig
nant group (Figure 3C and Table S7).

To further explore the diagnostic value of the above 5 
miRNAs, SPSS 19.0 software was used to draw the receiver 

operating characteristic (ROC) curve for statistical analysis 
(Figure 4A). The area under the curve (AUC) of the 5 
miRNAs was greater than 0.5, indicating their diagnostic 
significance. As shown in Table S8, miR-21 and miR-221 
(AUC ≥ 0.7) have more accuracy and diagnostic signifi
cance. In addition, miR-10a, miR-21, miR-135b, miR-214, 
and miR-221 (P ≤ 0.01) showed distinct differences, which 
were statistically significant in the diagnosis of BTCs.

miR-135b and miR-214 Expression is 
Enriched in Serum Exosomes
To determine whether these miRNAs were derived from 
serum exosomes of patients, we isolated serum exosomes 
with the RiboTM Exosome Isolation Reagent and randomly 
selected miR-135b as well as miR-214 for verification. 
Figure 4B shows a picture of the isolated serum under 
a nanoscale electron microscope, which suggested that the 
serum contained exosomes to ensure the follow-up experi
ments. The abundance of miR-135b and miR-214 in exo
somes was detected, respectively, by qRT-PCR. As shown in 
Figure 5, exosome expression of miR-135b accounted for 
approximately 90.12%, 87.66% and 94.61% of total expres
sion, while exosomes expression of miR-214 accounted for 
approximately 89.02%, 90.19% and 90.17% of total expres
sion, which suggested that the majority of miR-135b and 
miR-214 expression was derived from serum exosomes.

Figure 2 The relative changes of thirteen miRNAs in the preliminary screening test. The expression of miR-10a, miR-21, miR-135b, miR-143, miR-200c, miR-221, miR-214, 
and miR-627 was upregulated in the malignant group, however, the expression of miR-145 was downregulated. **P < 0.01.
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Discussion
BTCs, whose main predisposing factor is chronic inflam
mation, are often accompanied by cholecystitis and gall
stones, and the pathological type is mostly 
adenocarcinoma.6,27 When BTCs are diagnosed at an 
early stage, a significant therapeutic effect can be achieved 
through surgery.28 Unfortunately, the early diagnosis of 
BTCs remains a daunting challenge because the vast 
majority of patients are diagnosed at an advanced stage 
with nonresectable cancer.29 In addition, patients with 

BTCs are predisposed to relapse after operation, leading 
to poor prognosis.30 We should focus on finding more 
sensitive and specific tumor biomarkers to achieve early 
diagnosis of BTCs and provide better treatment options for 
patients. In the present study, it was found that compared 
with BBD, BTCs showed no statistically significant dif
ference (P > 0.05) by many clinical laboratory test indica
tors. RBC, HB, DBIL, and CA19-9 in the benign group 
and the malignant group were significantly different 
(P < 0.01), so these parameters can be combined for the 

Figure 3 (A) FC changes of thirteen miRNAs in BTCs. The changes of miR-21, miR-200c, miR-627, miR-221, miR-10a, miR-143, miR-214, miR-135b, and miR-130a had diagnostic 
significance in the preliminary screening test. (B) The relative changes of six miRNAs in the verification test. The expression levels of miR-10a, miR-21, miR-135b, miR-221 and miR- 
214 in the malignant group were consistent with the change trend in the preliminary screening test. (C) FC changes of six miRNAs in the verification test. The expression of miR- 
483 was remarkably increased in the benign group and slightly downregulated in the malignant group compared to the control group. **P < 0.01; *P < 0.05.
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identification of BTCs and BBD based on the determined 
biliary tract diseases. Currently, CEA and CA19-9 are 
commonly used in clinical postoperative monitoring, but 
lack they organ specificity and early sensitivity in disease 
screening.31 We believe that our research may lead to 
a more accurate early diagnosis of BTCs the future, com
bined with the increasing number of in-depth studies on 
BTCs today.12,32

Since the discovery of the first miRNA over 20 years 
ago, miRNAs have been extensively studied and devel
oped in the field of biology. MiRNAs, which are involved 
in the regulation of genes and the microenvironment that 
control important signaling pathways through three main 
approaches: transcription, biosynthesis, and binding.33 

Dysregulation of miRNAs greatly contributes to tumori
genesis and tumor progression.34 Moreover, miRNAs have 
become popular candidates for the diagnosis of tumors, 
such as breast, pancreatic and prostate cancer, in the last 
decade.35–37 Multiple studies have shown that the expres
sion of various miRNAs in BTCs has different degrees of 
change. For example, miR-128 and miR-409 are signifi
cantly downregulated, while miR-21 and miR-200 are 
obviously overexpressed.38–40 Notably, the overexpression 
trend of miR-21 was consistent with the results in our 
study. We also found that single miR-21 alone could 
distinguish the malignant group from the control group 
and the benign group from the control group but could 
not distinguish the malignant group from the benign 
group. Therefore, combining this marker with classic 

tumor markers, such as CA19-9, in serum could provide 
more specific information to diagnose BTCs. This strategy 
has been reported by other researchers, and this is where 
we plan to focus our efforts.41

In this study, miRNAs with significant changes in 
expression were screened by low-density chips. We per
formed a preliminary screening test and a verification test 
of those miRNAs by qRT-PCR. Finally, it was found that 
miR-10a, miR-21, miR-135b, miR-221, and miR-214 were 
upregulated in BTCs, and they were enriched in the serum 
exosomes of patients. MiR-221 showed significant differ
ences between the malignant group and the benign group 
(P<0.01) and the malignant group and the control group 
(P<0.01), which suggests that miR-221 could be used as 
a biomarker for the early diagnosis of BTCs. MiR-10a, 
miR-21, miR-135b, and miR-214 expression in the malig
nant group and the benign group were compared with that 
in the control group (P<0.01), showing statistically signif
icant differences, suggesting that they can function as 
diagnostic markers for BBD and BTCs. Examining the 
serum exosomes of BTCs patients, which contain 
miRNAs, may also be a method of noninvasive early 
diagnosis. In fact, a single biomarker could not accurately 
reflect the specificity of the disease, and the combined 
detection strategy may improve the sensitivity and speci
ficity of diagnosis and prognosis. We hypothesized that the 
combined detection of miR-221 and CA19-9, which have 
early diagnosis significance in BTCs, can be used to 
achieve more accurate diagnoses, and this may be verified 
in the follow-up studies. In the future clinical diagnosis, 

Figure 4 (A) The receiver operating characteristic (ROC) curve of five miRNAs. (B) Electron-microscope scanning of isolated exosomes from the serum of BTCs patients.
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we will try to use this strategy for further verification to 
obtain more accurate clinical data. Certainly, there are 
some limitations in our study. For example, we did not 
compare the diagnostic effects of the selected miRNAs in 
different BTCs sub-type. This is also the point worth 
paying attention to in our future research.
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