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Abstract: Background: Hepatocellular carcinoma (HCC) is the fifth most frequently diagnosed cancer worldwide
and the second most frequent cause of cancer death. The aim of this study is to investigate the early diagnostic
value of a panel of peripheral blood exosomal micro-RNAs (miRNAs) in patients with HCC compared with patients
with Hepatitis B virus (HBV) and hepatocirrhosis. Patients and methods: Blood samples from 72 patients with HCC,
72 patients with hepatocirrhosis and 72 patients with HBV were obtained at Beijing Friendship Hospital, Capital
Medical University. The miRNA expression levels were detected by real-time polymerase chain reaction (RT-PCR).
Areas under curve (AUCs) were used to compare diagnostic values of plasmic and exosomal miRNAs. Results: We
screened plasmic and exosomal solutions of 3 HCC, 3 cirrhosis and 3 HBV patients to perform miRNA microarray
analysis. Three distinctly differential microRNAs including miRNA-26a, miRNA-29c, and miRNA-21 were selected to
perform further evaluation. First, we found that the expressions of miRNA-26a, miRNA-29c, and miRNA-21 were significantly lower in patients with HCC compared with cirrhotic and HBV group in both exosomes and plasma. Second,
we found miRNA-26a, miRNA-29c, and miRNA-21 were significantly down-regulated in HCC tumor tissues compared
with normal tissues. Thirdly, we found miRNAs in exosomes had better diagnostic value for patients with HCC compared with plasmic miRNAs among different groups. Conclusions: In conclusion, we found that the expression of
miRNA-26a, miRNA-29c, and miRNA-21 were significantly lower in patients with HCC, and we confirmed miRNA-26a,
miRNA-29c, and miRNA-21 could be identified as independent diagnostic biomarkers for patients with HCC.
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Introduction
Hepatocellular carcinoma (HCC) is a frequently
diagnosed malignant tumor and the second
most frequent cause of cancer death worldwide [1], with the highest incidence in Asian
countries and increasing in western countries
[2]. Despite application of surgical resection,
chemotherapy, radiotherapy and molecular targeting therapy, tumor recurrence is common in
patients with HCC. There are several factors
associated with the prognosis of HCC, including
the completeness of tumor resections, alphafetoprotein (AFP) levels, tumor size, number of
tumor lesions and distant metastases [3, 4].
The poor prognosis of patients with HCC is
attributed to the lack of effective modalities of
early diagnosis. Only 30% to 40% of patients
are candidates for a potential radical liver
resection at the time of diagnosis. Patients with

Hepatitis B Virus (HBV) and hepatocirrhosis are
much more frequent in eastern countries, especially in China [5]. Less-invasive diagnostic
methods, such as fecal occult blood testing
(FOBT) and serum AFP screening in blood are of
limited value owning to poor sensitivity and
specificity in distinguishing HCC, hepatocirrhosis, and HBV. Therefore, discovery of an effective and reliable tool distinguishing patients
with HCC, hepatocirrhosis, and HBV would play
a pivotal role in early diagnosis and prognostic
improvement of patients with HCC.
In recent years, interest in the function of exosomes has increased, particularly in cancer
research. Exosomes are small, lipid bilayer
vesicles (30-100 nm) from multiple vesicles
(MVBs), the luminal membrane composed of
the release of the fusion with the cell membrane, provide protection including RNAs and
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protein membranes [6-9]. New evidence suggests that tumor-derived exosomes are involved
in tumor growth, angiogenesis, tumorigenesis,
tumor immune escape, resistance and metastasis [10, 11].
MicroRNAs (miRNAs) are the most stable nucleic acid molecules in the body and only about
19 to 23 nucleotides act as regulating gene
expression at the post-transcriptional level
through complex miRNA-mRNA interactions
[12]. Recently, miRNAs of serological origin
have been reported as novel markers for diagnosing HCC in many studies, which provides a
simple procedure for early diagnosis of HCC
[13, 14]. Many studies have demonstrated
significant differences in miRNAs expression
between HCC and para-carcinoma tissues [1517]. Moreover, emerging evidence shows that
the quantification of tumor-derived exosomes
plays a decisive role in the dialogue between
peripheral blood and exosome-mediated
miRNA transduction of human tumors and their
microenvironment [18]. Taking account to liver
diseases, miRNAs derived from exosomes have
already been used as non-invasive diagnostic
markers for hepatitis rating and classification
[19].
In the npresent study, we aim to investigate the
early diagnostic value of a panel of exosomal
miRNAs in patients with HCC from the peripheral blood, compared with patients with HBV
and hepatocirrhosis.
Materials and methods
Patients
Blood samples from 72 patients with HCC, 72
patients with hepatocirrhosis and 72 patients
with HBV were obtained at Beijing Friendship
Hospital, Capital Medical University. The tissues of HCC were immediately frozen in liquid
nitrogen after surgical removal and stored at
-80°C until use. HCC diagnosis was based on
WHO criteria. Tumor staging was determined
according to the sixth edition of the tumornode-metastasis (TNM) classification of the
International Union against Cancer. The characteristics of patients are shown in Table 1. The
study was approved by the Research Ethics
Committee of Beijing Friendship Hospital,
Capital Medical University. Informed consent
was obtained from all patients.
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Cell lines and culture conditions
Human HCC cell lines (SMMC-7721, Huh-7 and
Hep3B cells) were purchased from the Institute of Cell Biology, Chinese Academy of Sciences (Shanghai, China). SMMC-7721, Huh-7
and Hep3B cell lines were cultured in RPMI1640 Medium (Invitrogen, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin-streptomycin.
RNA extraction
RNA was isolated from 200 μl serum using mirVana Paris Kit (Ambion, Austin, TX, USA) according to the manufacturer’s protocol. To allow for
normalization of sample-to-sample variation in
RNA extraction procedures, synthetic C. elegans miRNA cel-miR-39 (5 nM/L, 5 μl RiboBio,
Guangzhou, China) was spiked into each denatured sample after combining the serum sample with denaturing solution (Ambion, Austin,
TX, USA). Total RNA was extracted from specimens stored in the -80°C refrigerator using the
RNA Micro Kit (Ambion, Austin, TX, USA). RNA
was eluted with 100 μl of RNase-free water and
stored at -80°C for further use. The ultraviolet
spectrophotometer was used to evaluate the
concentration and purity of the total RNA.
Extraction of exosomes from peripheral blood
Whole blood was centrifuged at 3000*g for 15
min to remove cells or cell debris, the supernatant liquid was then placed into a centrifuge
tube, added with 63 μl of ExoQuick reagent per
250 μl of serum and allowed to stand at 4°C for
30 min. In a 4°C environment, the mixture was
centrifuged at 1500*g for 30 min (exosomes
precipitated at the bottom of the centrifuge
tube). Supernatant was aspirated completely
and centrifuged at 1500*g, 4°C for 5 min.
Supernatant was aspirated completely (during
which there should be no shaking of the centrifuge tube), completely dissolved and precipitated with 20 μl of 1 * PBS and stored at -20°C.
Transmission electron microscopy
The isolated exosome fraction was dissolved in
HEPES buffer, and a drop of the suspension
was placed on a sheet. A carbon-coated copper
grid was floated on the drop for 10 s. The grid
was then removed, and excess liquid was
drained from the edge of the grid using a piece
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Table 1. Patient and tumor characteristics (N = 216)
Variable
HBV group Cirrhosis group HCC group P value
Case, n
72
72
72
Age
60.5 ± 5.8
61.0 ± 7.6
61.8 ± 6.1 0.321
Sex
0.854
Female
21
23
20
Male
51
49
52
HBsAg
0.001
Positive
72
46
53
Negative
0
26
19
HBeAg
0.001
Positive
62
34
42
Negative
10
38
30
Liver cirrhosis
Yes
0
72
61
0.001
No
72
0
11
TBL (umol/l)
12.5 ± 8.3
15.1 ± 7.3
16.1 ± 8.2 0.025
ALB (g/dl)
39.4 ± 6.6
38.9 ± 6.5
37.9 ± 4.6 0.016
ALT (U/L)
25.7 ± 14.1 50.4 ± 30.2 79.4 ± 66.5 0.001
Anti-virus therapy
0.762
Yes
16
20
18
No
56
52
54
AFP at diagnosis (ng/ml)
0.001
≤ 400
72
64
52
> 400
0
8
20
Tumor size (cm)
> 5 cm
35
≤ 5 cm
37
Microvascular invasion
Yes
30
No
42
TNM staging
I
20
II
25
III-IV
27
Metastases
Yes
20
No
52

was examined by agarose
gel electrophoresis. miRNA microarray selection:
we used the Affymetrix
miRNA 4.0 array, which
contained 30424 (including rodent) miRNA from
the latest miRBase database.

RNA labeling and hybridization: we used the FlashTag Biotin HSR RNA
Labeling Kit to label the
miRNA, then performed
ELOSA QC assay. RNAs
were eluted through the
Affymetrix GeneChip 450
System, and sequentially
hybridized with the Affymetrix GeneChip 645
System. Then the hybridized sequences were observed using the Affymetrix GeneChip 7G Microarray Scanner, and the
observed images were
input into the Affymetrix
Expression Console Software. Data were expressed using the Robust
Multichip Average (RMA +
DABG) in the Affymetrix
Expression Console Software, and CHP files were
collected after calibration. Transcriptome Analysis Console Software was
used for further analysis
of data. The genes were
divided into six grades,
and different gene expresAbbreviations: TBL: total bilirubin; ALB: albumin; ALT: alanine aminotransferase; AFP,
sion levels were presentalpha-fetoprotein; HBV, Hepatitis B Virus.
ed as Fold Change. Finally, clustering analysis was
of clean filter paper. The grid was touched onto
performed on gene expression of each sama drop of 2% uranyl acetate or phosphotungstic
ple.
acid, pH 7.0, for B5s, and excess liquid was
Quantitative reverse transcription polymerase
removed. The grid was allowed to dry for severchain reaction (qRT-PCR)
al minutes and was then examined using a
JEM1400 microscope [20].
The amplification of miRNA was performed
using the specific primers of reverse transcripmiRNA microarray analysis
tion (RT) and polymerase chain reaction (PCR)
Sample processing: RNAs were quantified with
from Bulge-Loop™ miRNA qRT-PCR Primer
NanoDrop ND-1000, and the integrity of RNAs
Set (RiboBio, Guangzhou, China) as previously
1480
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described [21]. The quantification of PCR product was evaluated by the level of fluorescence
emitted by SYBR Green (SYBR® Premix Ex
Taq™ II, TaKaRa). RT and PCR were performed
as previously described [21, 22]. RT reactions
were carried out at 42°C for 60 min followed
by 70°C for 10 min. The qRT-PCR was run on
a LightCycler® 480 Real-Time PCR System
(Roche Diagnostics, Mannheim, Germany) in
384-well plates at 95°C for 20 sec followed by
40 cycles of 95°C for 10 sec, 60°C for 20 sec
and then 70°C for 10 sec. Melting analysis was
added finally to evaluate the specificity of PCR
products. The expression of miRNAs in tissue
specimens, serum samples, and exosomes
were calculated using the comparative 2-ΔΔCt
method. The let-7a was used as an internal control because it has been reported to be a reliable endogenous control for analysis of miRNA
by RT-PCR in humans [23, 24]. The raw data are
presented as the relative quantity of target
miRNA, normalized with respect to let-7a and
compared with a reference sample.
Western blotting
Cells were harvested and protein was extracted
from cells as previously described [25]. The
protein concentration was determined using a
protein assay kit (Bio-Rad, Hercules, CA, USA)
and samples were separated in SDS polyacrylamide gels, with various concentrations
depending on the molecular weight of the protein under investigation. After probing with a
primary antibody, the membrane was incubated with a secondary antibody labeled with
either IRDye 800CW or IRDye 680. Finally, signal intensity was determined using the Odyssey
Infrared Imaging System (LI-COR Biosciences,
Lincoln, NE, USA).
Diagnosis and treatment
After a detailed history and a complete physical
examination, the hepatitis B and C serology,
liver function test and tumor marker examination which included alpha-fetoprotein (AFP),
carbohydrate antigen 19-9 (CA19-9), and carcinoembryonic antigen (CEA) was routinely performed. Other routine investigations were chest
X-ray, upper gastrointestinal endoscopy, abdominal ultrasound, contrast-enhanced computerized tomography (CT) and/or magnetic
resonance imaging (MRI). A clinical diagnosis of
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HCC was based on the criteria of the American
Association for the Study of Liver Diseases
(AASLD) [26].
The type of partial hepatectomy carried out
was based on the tumor size, number, location,
presence/absence of cirrhosis and estimated
volume of future liver remnant. As far as possible, anatomical liver resection was carried out
basing on Couinaud’s liver segments, sectors
and hemilivers. Histopathologic study of the
resected specimens was carried out independently by three pathologists who came to a
consensus by discussion if there was any
discrepancy.
Statistical analysis
Continuous variables were expressed as mean
± SD (standard deviation) and compared using
a two-tailed unpaired Student’s t test; categorical variables were compared using χ2 or Fisher
analysis. The predictive performances of plasma and exosomal miRNAs were measured
using the area under receiver operating characteristic (ROC) curve (AUC). AUCs were also used
to compare plasmic and exosomal miRNAs
using the Hanley and McNeil method [27].
miRNA panel was further analyzed by logistic regression model for the differentiation
between the HCC and HBV groups. Statistical
analyses were conducted with the SPSS for
Windows version 18.0 release (SPSS, Inc.,
Chicago, IL) and ROC curve analysis were computed using MedCalcV.11.0.3.0 (MedCalc software, Mariakerke, Belgium). A value of P < 0.05
was considered significant in all analyses.
Results
Characterization of exosomes released from
cancer cells
Exosomes can be actively released from a variety of cell types including cancer cells. To determine whether microRNA-carrying exosomes
can be released from hepatocarcinoma cell
lines, we incubated three cell lines: SMMC7721, Huh-7 and Hep3B cells, in exosome-free
medium made from exosome-free FBS. The
exosomes in the conditioned media were isolated by a serial centrifugations and filtration.
The harvested exosomes were then resuspended in PBS or other agents depending upon further use. To determine the relative purity of iso-
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difference among HCC, cirrhotic and control groups in
the distribution of age or gender (P > 0.05).
Profiling of plasmic and
exosomal miRNAs for HCC
detection
In this study, we collected
plasmic and exosomal solutions of 3 patients with HCC,
3 cirrhotic patients and 3
patients with HBV to perform
miRNA microarray analysis.
The results revealed 38 significantly differential miRNAs
expressed among different
exosomal groups, which were
much higher than 26 differential miRNAs in the plasmic
groups. miRNAs showed more
than 1.5 fold altered expression between all 3 pooled
HCC samples and the control
pool samples were selected
as candidates. We next performed qRT-PCR assay to confirm the expression of 24
candidate miRNAs in 30 HCC
patients, 30 cirrhotic patients
and 30 patients with HBV. 3
out of the 24 miRNAs (miRNA26a, miRNA-29c and miRNA21) showed significant differences in both plasma and
exosome levels among patiFigure 1. Comparing expression levels of miRNA-26a (A, B), miRNA-29c (C,
ents with HCC, cirrhosis, and
D) and miRNA-21 (E, F) in both plasma and exosomes among three groups.
HBV groups. The differential
expression of the three miRlated exosomes and their morphology, the
NAs in the 72 samples in both plasma and exosomes levels among HCC, cirrhosis, and
exosome pellets were resuspended in PBS
patients with HBV groups were shown in Figure
and then examined by transmission electron
1.
microscopy (TEM). To further determine the
nature of the isolated exosomes, we used the
Expression of serum miRNAs in tissue samples
exosome-specific marker CD63 which had
been used to provide a quantification of the
The three miRNAs identified in both plasma
exosomes present in cell culture supernaand exosome levels were further detected by
tants.
qRT-PCR in an additional 10 pairs of tissue
samples. Consistent with our previous results
Characteristics of the patients
of plasma and exosomes levels, the expression
of miRNA-26a, miRNA-29c and miRNA-21 were
The characteristics of patients with HCC, cirfound to be significantly down-regulated in HCC
rhotic, and HBV groups enrolled in this study
tumor tissues compared to those in normal tisare shown in Table 1. There was no significant
sues (Figure 2).
1482
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Figure 2. Comparing expression levels of miRNA-26a (A), miRNA-29c (B), and miRNA-21 (C) in HCC tumor tissues
with non-tumor tissues.

Diagnostic values of candidate miRNAs
We generated ROC curves to evaluate the performance of the three miRNAs in discriminating
the HCC patients from patients with HBV. The
AUC for plasmic miRNA-26a was 0.757 (95% CI:
0.679 to 0.825), which was significantly smaller
than the AUC (0.922, 95% CI: 0.865 to 0.960)
of exosomal miRNA-26a (P < 0.001, Figure 3A).
When we compared the HCC group with cirrhotic group, the AUC for plasmic miRNA-26a
(0.728, 95% CI: 0.648 to 0.799) was significantly smaller than the AUC (0.887, 95% CI: 0.824
to 0.934) of exosomal miRNA-26a (P < 0.001,
Figure 3B). We also explored the diagnostic
value of exosomal miRNA-26a in discriminating
the cirrhotic patients from patients with HBV.
The AUC for plasmic miRNA-26a (0.577, 95% CI:
0.492 to 0.659) was significantly smaller than
the AUC (0.722, 95% CI: 0.641 to 0.793) of
exosomal miRNA-26a (P < 0.001, Figure 3C).
Consistent with the results of miRNA-26a, the
other 2 miRNAs (miRNA-29c and miRNA-21)
showed significantly predictive value in discriminating the patients with HCC, cirrhosis, and
HBV. The AUCs for plasmic miRNA-29c and
miRNA-21 were significantly different from
those of exosomal miRNA-29c and miRNA-21,
respectively (Figure 3D-I).
Multivariate logistic regression analysis identified exosomal miRNA-26a, miRNA-29c, and
miRNA-21 as independent diagnostic markers
for HCC
Considering that the exosomal expression of
miRNA-26a, miRNA-29c and miRNA-21 were
much better than the plasmic expression of
1483

these three miRNAs in terms of diagnostic
specificity and sensitivity for HCC, we further
performed multivariate logistic regression analysis including the variables of miRNA-26a, miRNA-29c, and miRNA-21 (Table 2). We found that
these three miRNAs had independent diagnostic values in patients with HCC after multivariable adjustment.
Discussion
Although the prognosis of patients with HCC
has improved in recent years as multiple therapeutic modalities had been applied, the overall
survival is still poor [28, 29]. Novel potential
diagnosis and therapies for HCC are urgently
required. A structured approach and early
diagnosis of HCC are crucial for patients to
prevent tumor progression and improve overall
outcome.
Many studies have shown that exosomes in the
urine, pleural fluid, and ascites fluid have a
variety of biologic functions, including intracellular antigen presentation, communication,
and transmission of signals and RNA and
miRNA transfer [30, 31]. Evidence has indicated that circulating miRNAs were involved in
several pathophysiologic processes and related to cancer [32, 33]. Moreover, miRNAs in
malignant cells play important roles in the regulation of gene expression and could be identified as potential therapy targets [34]. Recent
study showed that miRNAs such as-miR-125b,
miR-15a, miR-122 and-miR-146b-5p might be
novel biomarkers for hepatocellular carcinoma
gene therapy [35].
Int J Clin Exp Pathol 2019;12(4):1478-1487
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Figure 3. Comparison of diagnostic significance of miRNA-26a for all patients. A: Diagnostic value of plasmic and
exosomal miRNA-26a in distinguishing HCC and HBV groups; B: Diagnostic value of plasmic and exosomal miRNA26a in distinguishing HCC and hepatocirrhosis groups; C: Diagnostic value of plasmic and exosomal miRNA-26a in
distinguishing hepatocirrhosis and HBV groups; D: Diagnostic value of plasmic and exosomal miRNA-29c in distinguishing HCC and HBV groups; E: Diagnostic value of plasmic and exosomal miRNA-29c in distinguishing HCC and
hepatocirrhosis groups; F: Diagnostic value of plasmic and exosomal miRNA-29c in distinguishing hepatocirrhosis
and HBV groups; G: Diagnostic value of plasmic and exosomal miRNA-21 in distinguishing HCC and HBV groups; H:
Diagnostic value of plasmic and exosomal miRNA-21 in distinguishing HCC and hepatocirrhosis groups; I: Diagnostic
value of plasmic and exosomal miRNA-21 in distinguishing hepatocirrhosis and HBV groups.

A large number of exosomes can pass out of
tumor cells, which is due to the impact of hypoxia secretion, changes in the internal environment and other factors. These exosomes are
not easily degraded in the intercellular space or
in the peripheral blood due to plasma membrane protection. With respect to patients with
HCC, exosomal miR-21 recently has been
reported as a novel biomarker for HCC diag1484

nosis [36]. In this study, we compared the
expression levels of miRNAs derived from exosomes and plasmas among different groups,
and investigated their sensitivity and specificity
for early diagnosis of patients with HCC.
Many studies have reported that the miR-26
level is dysregulated in various cancers [37-39].
To date, many oncogenes have been identified
Int J Clin Exp Pathol 2019;12(4):1478-1487
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provided increased sensitivity of
detection compared to whole
serum. The potential mechanism
Univariate
Multivariate
MicroRNA group
AUC
was that miR-21 expression is
P value
HR
95% CI
P value
down-regulated by tumor suppresAFP at diagnosis 0.712
0.002
1.152 0.962-1.457 0.743
sor phosphatase and tensin
ALT (U/L)
0.689
0.012
1.021 0.583-1.522 0.552
homolog (PTEN), resulting in the
Liver cirrhosis
0.677
0.023
0.788 0.367-1.263 0.156
production of unsaturated fatty
miRNA-26a
0.922
0.001
0.134 0.024-0.241 0.001
acids in hepatocytes. The value of
miRNA-29c
0.934
0.001
0.104 0.016-0.832 0.004
exosomal miR-21 served as a
miRNA-21
0.935
0.001
0.084 0.027-0.932 0.012
potential bio��������������������
marker for HCC diagAbbreviations: CI, confidence interval; AUC, area under the receiver operating
nosis was rarely reported. In this
characteristic curve; HCC, hepatocellular carcinoma.
study, miR-21 was significantly
downregulated in serum and exoas miR-26a targets, which are involved in a varisomes of HCC patients, in contrast with results
ety of biologic pathways including cell prolifereported previously. The sample size of all
ration, invasion, differentiation, angiogenesis,
these studies including ours was too small and
and energy metabolism [40-42]. miR-26a plays
the results were not validated. Further studies
a dual role in tumorigenesis as a tumor supare needed to confirm the expression levels of
pressor and oncogene [43, 44].
all miRNAs reported in this study.
Table 2. Logistic analysis and diagnostic performance of miRNAs in patients with HCC compared with HBV group

The miRNA-29 family includes miR-29a and
mir-29b-1/2 and miR-29c. This group of miRNAs has been extensively studied and has
been shown to be downregulated in many cancers, such as stomach, peripheral nerve sheath
tumors, esophageal squamous cell carcinoma,
melanoma, and breast cancer [45]. Research
indicates that miR-29 participates in the processes of apoptosis, proliferation and epithelial-mesenchymal transition (EMT) in cancer.

There are several limitations of the present
study: first of all, the sample size is too small in
this study, and further studies with larger sample size are needed to confirm the present
results. Secondly, since patients with HCC, cirrhosis and HBV received various therapies,
whether different therapy modalities influenced
the optimal specificity and sensitivity of these
three miRNAs are also needed future confirmation.

In the present study, we screened plasmas and
exosomes solutions of 3 HCC patients, 3 cirrhotic patients and 3 HBV patients to perform
miRNA microarray analysis. Based on some
preliminary studies and our results from microarray analysis, three distinctly differential miRNAs including miRNA-26a, miRNA-29c, and
miRNA-21 were selected to perform further
evaluation. First, we found expression of miRNA-26a, miRNA-29c, and miRNA-21 were significantly lower in the HCC group compared
with control and cirrhotic group in both exosomes and plasma. Second, we found miRNA26a, miRNA-29c, and miRNA-21 were significantly under-expressed in HCC tumor tissues
compared with adjacent tissues. Third, we
found miRNAs in exosomes had better diagnostic significance for patients with HCC compared
with plasmic miRNAs among different groups.

In conclusion, we found expression of miRNA26a, miRNA-29c, and miRNA-21 was significantly lower in patients with HCC compared
with cirrhotic and HBV group, and we confirmed
miRNA-26a, miRNA-29c and miRNA-21 could
be identified as independent diagnostic biomarkers for patients with HCC.

Recently, Wang et al. [36] demonstrated that
miR-21 was enriched in serum exosomes which
1485
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