
OR I G I N A L R E S E A R C H

Exosomal MicroRNAs as Liquid Biopsy Biomarkers

in Hepatocellular Carcinoma
This article was published in the following Dove Press journal:

OncoTargets and Therapy

Shuo Wang1,*

Yongxiang Yang2,*

Lili Sun3

Guoliang Qiao1

Yunlong Song4

Bing Liu5

1Department of Medical Oncology,

Beijing Shijitan Hospital, Beijing, People’s
Republic of China; 2Outpatient

Department, PLA Rocket Force

Characteristic Medical Center, Beijing,

People’s Republic of China; 3Department

of Stomatology, Beijing Chuiyangliu

Hospital, Beijing, People’s Republic of

China; 4Department of Pharmacy, PLA

Rocket Force Characteristic Medical

Center, Beijing, People’s Republic of

China; 5Department of Disease Control

and Prevention, PLA Rocket Force

Characteristic Medical Center, Beijing,

People’s Republic of China

*These authors contributed equally to

this work

Purpose: Hepatocellular carcinoma (HCC) has a high incidence in China and exploring

effective ways for early diagnosis is an important method to improve the prognosis of

patients with HCC. Additional studies reported that. Some kinds of microRNA (miRNA)

in plasma will change accordingly during HCC progress, and this change can be used to

diagnose HCC, especially with miRNA-122, miRNA-21 and miRNA-96. We were aiming at

investigating the values of the exosomal miRNAs in diagnosis and prognosis for HCC

patients.

Patients and Methods: Blood samples from 50 patients with HCC and 50 patients with

hepatic cirrhosis and 50 healthy volunteers were obtained. The diagnostic accuracy of the

plasma and exosomal miRNAs and the comparisons among different groups were measured

by the area under the curve (AUC) on receiver operating characteristic (ROC) curve analysis.

Results: Expression levels of miRNA-21 and miRNA-96 were significantly higher in patients

with HCC and of miRNA-122 were significantly lower in HCC compared with cirrho-

tic patients in both exosomes and plasma. Among different groups, exosomal miRNA-122,

miRNA-21 and miRNA-96 were significantly more accurate in diagnosing HCC than those

miRNAs in plasma and the alpha-fetoprotein (AFP) level. The miRNA panel had high

accuracy in discriminating HCC from the cirrhosis group (AUC 0.924; 95% CI; sensitivity

82%, specificity 92%) and healthy volunteers’ group. Exosomal miRNA-21 and miRNA-96

with low expression and miRNA-122 with high expression could be associated with a patient’s

survival time. However, the miRNA panel could better predict the HCC patient’s survival time

compared with each miRNA individually.

Conclusion: This study showed that the expression levels of miRNA-122, miRNA-21 and

miRNA-96 in exosomes were more significantly changed than those miRNAs in plasma in

patients with HCC compared with cirrhotic patients, and the exosomal miRNA panel

containing miRNA-122, miRNA-21 and miRNA-96 could be defined as a diagnostic bio-

marker for patients with HCC. We also conclude that different expression of exosomal

miRNAs, especially the miRNA panel, could predict the HCC patient’s prognosis.
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Introduction
Hepatocellular carcinoma (HCC) is a frequently diagnosed cancer and increasingly

occurring worldwide, especially in China.1,2 Several treatment options were admi-

nistered and surgical resection remains the most commonly used curative therapy

modality for HCC.3 Although the prognosis of patients with HCC has been

improved recently, the overall survival is still unsatisfied and several factors are

involved.4,5 The poor prognosis of patients with HCC is attributed to the lack of an

effective means of early diagnosis. Only 30–40% of patients are candidates for
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potentially curative hepatectomy at the time of diagnosis.6

Discovery of an effective and reliable tool for early diag-

nosis of HCC would play a pivotal role in improving the

prognosis of patients with HCC.

Exosomes are lipid bilayer cup-shaped nanovesicles

30–100 nm in diameter and released by almost all cell

types.7,8 MicroRNAs (miRNAs) consist of 19–23 nucleo-

tides which perform a significant function in biological

stability and gene expression at a post-transcriptional

level.9 Recently, miRNAs have been reported as a novel

serum marker for diagnosing HCC, particularly serological

detection, which provides a simple procedure for early

diagnosis of HCC.10–12 Many studies have demonstrated

a significant difference in miRNA, especially miRNA-96,

miRNA-21 and miRNA-122, expression between hepato-

carcinomatous and paracarcinoma tissues, and also affect

tumor growth by regulating mRNA protein translation.13–15

Some studies believed that exosomes can be the best choice

for non-invasive diagnosis. The reason is because the exo-

some is not degradable due to protection by cell mem-

branes, so the large amounts of tumor cell information it

carries, especially the miRNAs with tumor cell character-

istics, are also preserved.16 Studies have shown that periph-

eral blood and exosome-mediated miRNAwere crucial for

human cancers.17 According to liver diseases, miRNAs

derived from exosomes have already been used as a non-

invasive diagnostic marker for hepatitis rating and

classification.18 In the present study, we investigated the

early diagnostic value of the panel of exosomal miRNA-96,

miRNA-21 and miRNA-122 in patients with HCC from the

peripheral blood, which can be easily available with

a minimally invasive procedure. We also studied the influ-

ence of different exosomal miRNA expression on the prog-

nosis of patients by follow-up patients’ survival time.

Patients and Methods
Patients
Blood samples from 50 patients with HCC and 50 patients

with hepatic cirrhosis were obtained from the People’s

Liberation Army (PLA) Rocket Force Characteristic

Medical Center (Beijing, People's Republic of China)

from September 2016 to November 2018, prior to defini-

tive therapy. HCC diagnosis and the cell differentiation

were based on criteria of the World Health Organization

(WHO) and the 7th T(Tumor)N(Node)M(metastasis) sta-

ging classification was applied. Blood samples were also

collected from 50 healthy volunteers with matching ages

and genders to the patients. Clinical outcomes (PFS) were

determined by chart review. Written consents were

obtained from all subjects prior to recruitment. The study

protocol was approved by the Institutional Review Board

of Hospital Ethics Committee. All patients' and healthy

volunteers' consents were written and informed, and this

study was conducted in accordance with the Declaration of

Helsinki. We did not include patients with a combination

of other primary malignancies and conditions of autoim-

mune disease and infection into our clinical studies.

Patients characteristics are shown in Table 1.

Extraction of Exosomes from Peripheral

Blood
Exosomes were extracted from plasma depending on

the manufacturer’s instructions for Exo-Quick exosome

precipitation solution (System Biosciences, Mountain

View, CA, USA). We extracted exosomes from peripheral

whole blood, centrifuged at 3000 g for 15 min to remove

cells or cell debris, placed the supernatant into

a centrifuge tube, added 6 3 μL Exo-Quick per 250 μL,
and stopped at 4 °C. The mixture was centrifuged at

1500 g for 30 min at 4 °C and precipitated at the bottom

of the centrifuge tube. The supernatant was completely

aspirated and centrifuged at 1500 g for 5 min at 4 °C.

The supernatant was completely aspirated (the tube was

not shaken), and the pellet was completely dissolved in

PBS 200 μL and stored at −20 °C.

RNA Extraction from Exosomes
RNA was isolated from 200 µL exosome in PBS mixture

using the RecoverALL Total Nucleic Acid Isolation Kit

(Invitrogen/Life Technologies, USA) as per the recommended

conditions. The mixture was placed in ice for 5 min. Then, an

equal amount of acid-phenol:chloroform was added, the tube

was shaken for 50 seconds, and the mixture was centrifuged at

10,000 g for 5 min. The supernatant was transferred to a fresh

tube, the eluate was preheated, and the supernatant was added

with 1.25 volumes of absolute ethanol. The mixture was

placed in a filter cartridge, centrifuged for 15 seconds, and

the lysate was discarded. We added 700 μL of miRNAwash-

ing solution 1 into the filter element, and after centrifugation at

10,000 g for 15 seconds, the lysate was discarded, 2/3 of the

washing solution was added to 500 μL, centrifuged at

10,000 g for 15 seconds, and the lysate was discarded

(repeated twice). The filter element was placed in a fresh

tube, 35 μL of the 95 °C eluate was added, centrifuged at
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10,000 g for 1 min, and the eluate was collected and stored at

−70 °C. The purity and content of the extracted genomic RNA

were determined by an ultraviolet–visible spectrophotometer.

Western Blot
Total proteins were extracted using RIPA lysis buffer

(Beyotime Biotechnology, Shanghai, People's Republic

of China) and then quantified using the BCA Protein Assay

Kit (ThermoFisher, Shanghai, People's Republic of China).

The protein samples were mixed with 5× loading buffer and

separated by 10% sodium dodecyl sulfate (SDS)-

polyacrylamide gel electrophoresis. Next, the proteins were

transferred to a polyvinylidene fluoride (PVDF) membrane,

and immersed in 5.0% non-fat milk for 45 min at 37 °C. The

membrane was then incubated with CD63 (1:1000,

ab134045; Abcam) at 4 °C overnight. Subsequently, the

membrane was incubated with HRP-conjugated goat anti-

rabbit IgG (1:10,000; Sigma, USA) for 1 h at room

temperature.

RNA Extraction from Plasma
RNA was isolated from 200 µL plasma using the

RecoverALL Total Nucleic Acid Isolation Kit (Invitrogen/

Life Technologies, USA) as per the recommended condi-

tions. The mixture was placed in ice for 5 min. Then, an

equal amount of acid-phenol:chloroform was added, the tube

was shaken for 50 seconds, and the mixture was centrifuged

at 10,000 g for 5 min. The supernatant was transferred to

a fresh tube, the eluate was preheated, and the supernatant

was added with 1.25 volumes of absolute ethanol. The

mixture was placed in a filter cartridge, centrifuged for

15 seconds, and the lysate was discarded. We added

700 μL of miRNAwashing solution 1 into the filter element,

and after centrifugation at 10,000 g for 15 seconds, the lysate

was discarded, 2/3 of the washing solution was added to

500 μL, centrifuged at 10,000 g for 15 seconds, and the

lysate was discarded (repeated twice). The filter element was

placed in a fresh tube, 35 μL of the 95 °C eluate was added,

centrifuged at 10,000 g for 1 min, and the eluate was

collected and stored at −70 °C. The purity and content of

the extracted genomic RNA were determined by an ultra-

violet–visible spectrophotometer.

Quantification of miRNAs (miRNA-96,

miRNA-21 and miRNA-122 Expressions)

in Peripheral Bloods and Exosomes of

Patients in Different Groups
For microRNA expression analysis, complementary DNA

from 10 ng of total RNAwas synthesized by the addition of

a microRNA-specific 5× reverse transcription stem-loop

primer and the TaqMan microRNA Reverse Transcription

Table 1 Patient and Tumor Characteristics (N=150)

Variable Control

Group

Cirrhosis

Group

HCC

Group

Case, n 50 50 50

Age 60.5±7.8 62.0±9.6 62.8±8.1

Sex

Female 19 19 17

Male 31 31 33

HBsAg

Positive 0 36 43

Negative 50 14 7

HBeAg

Positive 0 34 40

Negative 50 16 10

Liver cirrhosis

Yes 0 50 50

No 50 0 0

TBL (µmol/l) 12.5±8.3 15.1±7.3 16.1±8.2

ALB (g/dl) 39.4±6.6 38.9±6.5 37.9±4.6

ALT (U/L) 25.7±14.1 50.4±30.2 79.4±66.5

AFP at diagnosis (ng/mL)

≤400 50 42 32

>400 0 8 18

Tumor size (cm)

>5 cm _ _ 23

≤5 cm _ _ 27

Microvascular invasion

Yes _ _ 20

No _ _ 30

TNM staging

I _ _ 10

II _ _ 7

III–IV _ _ 33

Metastases

Yes _ _ 21

No _ _ 29

Treatment

Target therapy _ _ 30

Chemotherapy _ _ 8

Partial hepatectomy _ _ 6

Anatomical liver

resection

_ _ 6

Abbreviations: TBL, total bilirubin; ALB, albumin; ALT, alanine aminotransferase;

AFP, alpha-fetoprotein; HBV, hepatitis B virus.
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Kit, according to the manufacturer’s instructions. Real-time

PCR was performed by diluting the complementary cDNA

product in 2× TaqMan Universal Master Mix II (with UNG)

and 20× TaqMan microRNA Expression. All four probes

used in this study were synthesized by Life Technology,

which were namely miRNA-122, item No.: 4427975, ID:

002130; miRNA-21, item No.: 4427975, ID: 000397;

miRNA-96, item No.: 4427975, ID: 000186; and control

group U6, item No.: 4427975, ID: 001973. Expression

levels of miRNAs in plasma and exosomes were determined

by the 2–ΔΔCt method, relative to the U6 expression.

Diagnosis and Treatment
HCC was diagnosed by tests in blood, chest X-ray, upper

gastrointestinal endoscopy, abdominal ultrasound, contrast-

enhanced computerized tomography (CT) and/or magnetic

resonance imaging (MRI). A clinical diagnosis of HCC was

based on the criteria of the American Association for the

Study of Liver Diseases (AASLD).19 Most patients with

stage 3 and stage 4 HCC receive sorafenib-targeted therapy

and chemotherapy according to NCCN guidelines.

Statistical Analysis
Continuous variables were expressed as mean±SD (stan-

dard deviation) and compared using a two-tailed unpaired

Student’s t test; categorical variables were compared

using χ2 or Fisher analysis. Histopathological study of

the resected specimens was carried out independently by

three pathologists who came to a consensus by discussion

if there was any discrepancy. The predictive performance

of plasma and exosomal miRNAs was measured using

the area under the ROC curve (AUC). AUCs were also

used to compare plasma and exosomal miRNAs and AFP

level using the Hanley and McNeil method.20

The miRNA panel was based on the logistic regression

model for differentiation between the HCC group and the

control group. Meanwhile, the calculation formula for

the exosome miRNA panel was obtained: logit

(P=HCC)=−2.275–2.258×miR-122–2.109×miR-21−1.796-
×miR-96. SPSS was used and P<0.05 was considered

significant in all of the analyses.

Results
Characteristics of the Patients
The characteristics of patients with HCC, cirrhotic patients

and the control group enrolled in this study are shown in

Table 1.

Western Blot Quantity of Cryopreserved

Exosome Extract
To ensure the quantity of the plasma exosome isolation,

we characterized the western results of CD63 in the exo-

some solution and the supernatant remaining after extrac-

tion. Thisshowed that our extract contains a lot of

exosomes (Figure 1).

Comparing Expression Levels of miRNA-

122, miRNA-21 and miRNA-96 in Both

Plasma and Exosomes Among the Three

Groups
Expression of miRNA-122 was significantly lower in

patients with HCC compared with cirrhotic patients and

the control group in both exosomes and plasma (P<0.001,

Figure 2A and B). Expression of miRNA-21 was signifi-

cantly higher in patients with HCC compared with cirrho-

tic patients and the control group in both exosomes and

plasma (P<0.001, Figure 2C and D). Expression of

miRNA-96 was significantly higher in patients with HCC

compared with cirrhotic patients and the control group in

both exosomes and plasma (P<0.001, Figure 2E and F).

Comparing Diagnostic Significance for

Patients with HCC Among miRNAs in

Exosome, Plasma and AFP Levels

Between Different Groups
Between patients with HCC and normal groups, exosomal

miRNA-122 was significantly more accurate in diagnosing

HCC than plasma miRNA-122 and the AFP level; exosomal

miRNA-21 was significantly more accurate in diagnosing

HCC than plasma miRNA-21 and the AFP level; and exoso-

mal miRNA-96 was significantly more accurate in diagnos-

ing HCC than plasma miRNA-96 and the AFP level

(P<0.001, Figure 3A–C). Between patients with HCC and

the cirrhotic group, exosomal miRNA-122 was significantly

Figure 1 (A) CD63 in the exosome solution and the supernatant remaining after

extraction. (B) Morphological characterization of exosomes isolated from serum

samples by transmission electron microscopy. Bar, 100 nm.
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more accurate in diagnosing HCC than plasma miRNA-122

and the AFP level; exosomal miRNA-21 was significantly

more accurate in diagnosing HCC than plasma miRNA-21

and the AFP level; and exosomal miRNA-96 was signifi-

cantly more accurate in diagnosing HCC than plasma

miRNA-96 and the AFP level (P<0.001, Figure 3D and E,

Figure 2 Comparing expression levels of miRNA-122, miRNA-21 and miRNA-96 in both plasma and exosomes among the three groups. (A, C, E) miRNA levels in plasma

and (B, D, F) exosomal levels.
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P<0.01, Figure 3F). Between the cirrhotic group and the con-

trol group, exosomal miRNA-122 was significantly more

accurate in predicting cirrhosis than plasma miRNA-122

and the AFP level; exosomal miRNA-21 was significantly

more accurate in predicting cirrhosis than plasma miRNA-

21 and the AFP level; and exosomal miRNA-96 was sig-

nificantly more accurate in predicting cirrhosis than plasma

miRNA-96 and the AFP level (P<0.001, Figure 3G–I).

Multivariate Logistic Regression Analysis

of the miRNA Panel Comprising

Exosomal miRNA-122, miRNA-21 and

miRNA-96 as a Diagnostic Marker for

HCC
Considering that the exosomal expressions of miRNA-122,

miRNA-21 and miRNA-96 were much better than the

plasma expressions of the three miRNAs in terms of diag-

nostic specificity and sensitivity for HCC, we performed

multivariate logistic regression analysis on the variables of

miRNA-122, miRNA-21 and miRNA-96 and combining

them as an miRNA panel to diagnose HCC (Table 2). The

performance of the miRNA panel in differentiating the HCC

group from the healthy and cirrhosis groups was also eval-

uated, respectively (Figure 4). The analysis demonstrated

that the miRNA panel had high accuracy in discriminating

the HCC group from the cirrhosis group (AUC 0.924; 95%

CI; sensitivity 82%, specificity 92%) and the control group

(AUC 0.996; 95% CI; sensitivity 96%, specificity 98%).

Difference Expression Levels of Exosomal

miRNA-122, miRNA-21, miRNA-96

Could Influence the Patients’ Survival
Time, and the miRNA Panel Could Better

Predict Patient Prognosis
According to the above result, we had cleared that the

exosomal miRNAs have a good diagnostic value. We further

followed-up patients’ progression-free survival time to iden-

tify whether the miRNA panel could affect the prognosis of

Figure 3 Comparing diagnostic significance for patients with HCC among miRNAs in exosome, plasma and AFP levels between different groups (A, D, G: comparsion of

miR-122; B, E, H: comparsion of miR-21; C, F, I: comparsion of miR-96). The black lines represent exosomal levels and the red lines represent plasma levels.
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patients. First, we distinguish between high and low expres-

sion of miRNA-122, miRNA-21 and miRNA-96 respec-

tively by the median value. Patients with overexpression of

miRNA-21 (P=0.0092) and miRNA-96 (P=0.04) had

a much poorer prognosis, while patients with overexpression

of miRNA-122 (P=0.04) had a better prognosis (Figure 5).

Discussion
Many studies showed that exosomes could be presented in the

urine and pleuroperitoneal fluid, and the exosome has pleio-

tropic biological functions, including antigen-presenting,

intracellular communication and transmission of signals and

transfer of RNAs and miRNAs.21,22,23 Accumulating evi-

dence has indicated that circulating miRNAs were involved

in several pathophysiological processes and related to

cancer.24,25 Numerous reports had illuminated the usefulness

of circulating miRNAs as novel noninvasive biomarkers for

cancers, such as colorectal cancer,26 breast cancer27,28 and

renal cell carcinoma.29 Large amounts of exosomes can be

secreted by tumor cells due to the influence of hypoxia,

internal environmental changes and other factors. These exo-

somes are not easily degradable in either intercellular space or

peripheral blood due to the protection by plasma membranes.

With respect to patients with HCC, exosomal miR-21

has been reported as a biomarker for HCC diagnosis and

with a key role in tumor progression.13 Therefore, this study

aims to compare the expression levels of miRNAs derived

from exosomes and plasmas among different groups and

investigate the sensitivity and specificity of diagnostic and

prognostic value for patients with HCC.

Increasing studies have shown that expression of miR-122

is dysregulated in many tumors and that it has specific func-

tions in various tumors.14,30,31 To date, many oncogenic genes

have been confirmed as targets of miR-122 that are involved

in multiple biological pathways, including proliferation, inva-

sion, differentiation, angiogenesis and energy metabolism.32

miRNA-122 plays a dual role in tumorigenesis, functioning as

both a tumor suppressor and an oncogene. One article

reported that the target genes of miRNA-122 may contribute

to the composition of the nucleus and cytoplasm, and regulate

a variety of biological processes, including cardiac muscle

cell differentiation and glucose metabolic processes via pro-

tein biosynthesis, estrogen and glucagon-associated signaling

pathways. These results revealed that miRNA-122 may be

related to better prognosis of HCC patients.33

miRNA-21 is part of a microRNA family. This group of

microRNAs has been extensively studied and has been

Table 2 Logistic Analysis of Exosomal MicroRNA Profile and

Diagnostic Performance of Patients with HCC Compared with

Control Group

Exosomal

MicroRNA

Group

AUC Univariate Multivariate

P value HR 95% CI P value

miRNA-21 0.912 0.001 0.076 0.024–0.241 0.001

miRNA-96 0.802 0.001 0.108 0.016–0.832 0.038

miRNA-122 0.853 0.001 0.115 0.027–0.903 0.043

Notes: Control group includes healthy participants, patients with cirrhosis. logit

(P=HCC)= −2.275–0.258×miR-122–2.109×miR-21−1.796×miR-96.

Abbreviations: CI, confidence interval; AUC, area under the receiver operating

characteristic curve; HR, hazard risk; HCC, hepatocellular carcinoma.

Figure 4 The performance of the miRNA panel in differentiating the HCC group from the healthy group (A) and the cirrhosis group (B).
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shown to be downregulated in several cancers, such as gas-

tric cancer, peripheral nerve sheath tumors, esophageal squa-

mous cell carcinoma, melanoma, and breast cancer, among

others.13,34 In these diseases, the increased expression of

miR-21 leads to the up-regulation of its downstream targets

that are involved in epigenetic modification, metastasis and

cell proliferation.34

miRNA-96 could repress the cancer cell growth and

migration respectively in a previous study. Furthermore,

miRNA-96 expression was reduced in endometrioid ade-

nocarcinoma, papillary thyroid carcinoma, ovarian cancer

and hepatocellular carcinoma.15

In the present study, we first compared expression levels

of miRNA-122, miRNA-21 and miRNA-96 in both plasma

and exosomes among HCC, cirrhotic and control groups. We

found that expression levels of miRNA-21 and miRNA-96

were significantly higher in patients with HCC and

of miRNA-122 were significantly lower in HCC compared

with cirrhotic patients in both exosomes and plasma.

Secondly, we found that miRNAs in exosomes had better

diagnostic significance for patients compared with plasma

and AFP levels between different groups. We also combined

exosomal miRNA-21, miRNA-122 and miRNA-96 as

an miRNA panel to diagnose HCC. The performance of the

exosomal miRNA panel had much better predictive value in

diagnosingHCC. Finally, we compared the patients’ progres-

sion-free survival times in different expressions of miRNA-

21, miRNA-122 and miRNA-96 respectively, and we found

that varied quantitative miRNAs could influence the patient’s

prognosis. However, this result could provide some help in

assessing the patient’s condition.

At present, an increasing number of studies have been

carried out to examine the role of long noncoding RNA

(lncRNA), which regulates miRNA expression to regulate

tumor invasion and proliferation.35,36 Our study discovers

that miRNA partially affects patient prognosis, but most

importantly, it is related to lncRNA regulation. To sum up,

lncRNA is produced prior to miRNA production and affects

tumor growth, as a result, the effect of miRNA on patient

prognosis is closely correlated with lncRNA regulation. In

the future, we will further investigate the role of lncRNA in

regulating miRNA in the context of liver cancer.

Figure 5 Differences in expression levels of exosomal miRNA-122 (A), miRNA-21 (B), miRNA-96 (C) and miRNA panel (D) could influence the patients’ progression-free

survival time.
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There are limitations of this study: 1) the sample size is

small in this study, and a further, larger sample study is needed

to confirm the present experimental results; and 2) whether the

three miRNAs have the optimal specificity and sensitivity for

liver cancer diagnosis also needs future confirmation.

In conclusion, we found that expression of exosomal

miRNA-122 was significantly lower in patients with HCC

and exosomal miRNA-21 and miRNA-96 were signifi-

cantly higher in patients with HCC compared with the cir-

rhotic and control groups, and we confirmed the exosomal

miRNA panel containing miRNA-122, miRNA-21 and

miRNA-96 could be defined as a diagnostic biomarker

for patients with HCC. We also conclude that different

expression of exosomal miRNAs in HCC patients could

influence prognosis.
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