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Abstract. Exosomes carry functional molecules that can 
regulate cancer progression. Understanding the function 
of exosomal markers may provide invaluable insights into 
the mechanism of metastasis in hepatocellular carcinoma 
(HCC). The aim of the present study was to identify metas‑
tasis‑associated microRNAs (miRNAs/miRs) expressed 
in plasma exosomes. A miRNA microarray and reverse 
transcription‑quantitative PCR were used to analyze the 
plasma exosome miRNA expression profiles of patients with 
metastatic or non‑metastatic HCC. Receiver operating char‑
acteristic (ROC) curve and Kaplan‑Meier analyses were used 
to evaluate the predictive performance and prognostic effi‑
cacy of candidate miRNAs identified in the Gene Expression 
Omnibus database (dataset accession no.  GSE67140). 
Bioinformatics analysis was used to examine the role of 
exosomal miRNAs in HCC metastasis. A total of 32 miRNAs 
were differentially expressed in plasma exosomes of patients 
with metastatic HCC compared with in those of patients with 
non‑metastatic HCC. Additionally, the expression levels of six 
miRNAs were consistent between plasma exosome samples 
and matched tissue samples. ROC analysis demonstrated 
that miR‑18a, miR‑27a and miR‑20b could discriminate 
metastatic HCC from non‑metastatic HCC. Furthermore, 

the prognostic efficacy of the combination of three miRNAs 
(miR‑18a, miR‑20b and miR‑221) was superior to that of 
individual miRNAs. Survival analysis demonstrated that high 
expression levels of the candidate miRNAs were associated 
with poor prognosis. Bioinformatics analysis indicated that 
the potential target genes of these miRNAs were involved 
in biological processes, molecular functions and cellular 
components that were associated with metastasis. The present 
findings suggested that these exosomal miRNAs may serve 
important roles in HCC lung metastasis and could represent 
a complementary clinical tool for the assessment of HCC 
prognosis.

Introduction

Hepatocellular carcinoma (HCC) is one of most prevalent 
malignancies worldwide with a high mortality (1). According 
to the American Epidemiological Survey of Liver Cancer, the 
adjusted incidence of HCC increased at a rate of 4.5% annu‑
ally between 2000 and 2009, making it the fastest‑growing 
cause of cancer‑associated mortality in the United States (2). 
HCC is also a highly invasive tumor with frequent intrahe‑
patic or pulmonary metastasis, both of which account for the 
high disease recurrence and poor survival following liver 
resection (3). HCC diagnosis and metastasis identification 
are usually based on imaging and occasionally verified using 
biopsy results (4). Although advances in MRI and computed 
tomography have improved the imaging of focal hypervas‑
cular masses consistent with HCC, these procedures are costly 
and not suitable for daily practice (5). In addition, pathological 
biopsies are the gold standard for HCC diagnosis, yet biopsy 
results are associated with a high false negative rate (6), and 
the procedure can cause discomfort or pain. The detailed 
molecular mechanisms that contribute to HCC metastasis are 
largely unknown. Furthermore, effective targeted therapeutic 
drugs for HCC remain unavailable. Therefore, the identifica‑
tion of non‑invasive diagnostic and predictive biomarkers of 
HCC metastasis is essential.
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Exosomes are microscopic vesicles that serve important 
roles in cell‑cell communication and signal transduction (7). 
Exosomes transport biologically active molecules (8) to target 
cells, in order to initiate signaling and mediate intercellular 
communication. Furthermore, the potential use of exosomes as 
biomarkers has been demonstrated for other cancer types, such 
as breast cancer and gastric cancer (9), which demonstrates 
that the use of exosomes as a tumor marker for clinical diag‑
nosis and prediction is feasible. Li et al (10) have highlighted 
the significance of exosomes in the development of HCC; 
however, the role of exosomes in tumor growth and metastasis 
remains a matter of debate. Therefore, the aim of the present 
study was to identify exosomal molecules that may be used as 
metastasis‑related biomarkers in patients with HCC.

MicroRNAs (miRNAs/miRs) are a class of non‑coding 
RNAs ~22 nucleotides in length, which can modulate gene 
expression  (11). Tumor cells can secrete miRNAs that 
mediate intracellular signaling cascades, which in turn can 
affect various physiological processes, such as angiogenesis, 
metabolic reprogramming and metastasis  (12). A number 
of studies  (13,14) have indicated that secretory miRNAs, 
particularly exosomal miRNAs, are involved in promoting 
metastasis  (15), highlighting the potential for exosomal 
miRNAs as promising biomarkers. For example, Lin et al (16) 
identified an miRNA classifier containing seven differentially 
expressed miRNAs that allows early detection of HCC. 
However, the role of metastasis‑associated miRNAs in HCC 
has yet to be determined.

The aim of the present study was to identify a compre‑
hensive circulating exosomal miRNA profile in plasma from 
patients with metastatic HCC. Furthermore, bioinformatics 
analysis was used to screen target genes of differentially 
expressed miRNAs and to evaluate their potential role in HCC 
metastasis. Furthermore, the prognostic efficiency of candi‑
date miRNAs, and their association with overall survival (OS) 
were also assessed. The study identified a panel consisting of 
three miRNAs that could be used to discriminate metastatic 
HCC cases from non‑metastatic HCC cases. Overall, the 
present findings may provide insights into the mechanisms 
that lead to metastasis and the role of exosomes in this context. 
The present study also suggested that exosomal miRNAs may 
represent potential biomarkers for HCC.

Materials and methods

Plasma and human tissue sample collection. A total of 
40 patients with HCC diagnosed by clinical pathology at 
Nanfang Hospital (Guangzhou, China) between January 2017 
and April  2018 were recruited. Among them, 20  patients 
with HCC (13 men and 7 women) with lung metastasis and 
20 sex‑matched primary cases were enrolled. The median age 
(age range, 50‑80 years) of the metastatic group was 68 years 
and that of the non‑metastatic group (age range, 50‑81 years) 
was 67.5 years. All patients did not undergo radiotherapy and 
chemotherapy prior to surgery. All patients were referred for 
extensive evaluation, including measurement of α‑fetoprotein 
levels and MRI before surgical resection. The tumor was exam‑
ined by postoperative pathology. A 5‑ml sample of peripheral 
venous blood was collected from all patients into EDTA 
tubes, and then centrifuged at 2,500 x g for 10 min at room 

temperature. The supernatant was transferred into RNase‑free 
Eppendorf tubes and stored at ‑80˚C until use. In 10 of the 
patients with metastatic HCC, lung metastasis biopsies were 
also collected, and stored in the ‑80˚C ultra‑low temperature 
refrigerator until further use. Informed consent was obtained 
from each patient on the day of admission.

Isolation of exosomes. Exosomes were purified from the 
plasma of patients with HCC by ultracentrifugation. The 
plasma was thawed on ice and centrifuged at 500 x g for 
10 min and the supernatant was collected. The following steps 
were completed continuously and without interruption as soon 
as possible. The supernatant was ultracentrifuged using a 
W32Ti rotor (L‑80XP; Beckman Coulter, Inc.) at 16,800 x g 
for 30 min to pellet the exosomes. Subsequently, the pellet was 
washed in PBS to eliminate contaminating proteins, and centri‑
fuged again at 110,000 x g for 70 min. PBS was subsequently 
removed and the exosomes were re‑suspended in 100 µl PBS. 
All centrifugation steps were performed at 4˚C. All samples 
were stored in a ‑80˚C ultra‑low temperature refrigerator until 
use (within 1 month).

NTA. Exosome pellets were resuspended in PBS at a concentration 
of 1x107‑109/ml, and then examined using a NanoSight NS300 
instrument (Malvern Panalytical) to determine the size and 
concentration. Particle movement was analyzed and recorded in 
a real‑time video using the NTA software (version 2.3; Malvern 
Panalytical). Exosome size and concentration were determined 
using NTA v3.2 software (Malvern Panalytical).

Western blotting. Western blotting was performed as previ‑
ously described (17) Exosome lysates were prepared using 
RIPA buffer (Nanjing KeyGen Biotech Co., Ltd.). Protein 
concentrations were determined using a Bradford protein 
assay (Nanjing KeyGen Biotech Co., Ltd.). The samples were 
resolved using SDS‑PAGE, transferred to PVDF membranes 
(EMD Millipore) and incubated with primary antibodies 
overnight at 4˚C, as previously described (17). Primary anti‑
bodies specific for 70 kilodalton heat shock protein (HSP70; 
cat. no. ab194360; 1:1,000), CD63 (cat. no. ab59479; 1:1,000) 
and GAPDH (cat.  no.  ab8245; 1:10,000) were purchased 
from Abcam. Following primary antibody incubation, a 
HRP‑conjugated secondary antibody (cat.  nos.  FDM007 
and FDR007; 1:10,000; Fdbio Science) was added. The 
Fdbio‑Femto ECL western blotting detection reagent (Fdbio 
Science) was used to visualize protein bands.

RNA processing and miRNA profiling. Exosomes from the 
plasma of 4 patients with primary HCC and 4 patients with 
HCC lung metastasis were analyzed using Affymetrix 
miRNA 4.0 arrays (Thermo Fisher Scientific, Inc.). The RNA 
processing and miRNA profiling experiments were performed 
at the laboratory of Gene‑Cloud of Biotechnology Information 
(GCBI; Shanghai, China).

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). The initial miRNA microarray results from the 
plasma exosomes samples were validated using RT‑qPCR. 
Exosome and tissue miRNA purification and RT‑qPCR 
were performed as described previously (18). Briefly, total 
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RNA from stored plasma exosome and tissue samples was 
extracted using TRIzol reagent (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocols. RT‑qPCR was 
performed using SYBR Green and detected using the Applied 
Biosystems Real‑Time PCR system (Thermo Fisher Scientific, 
Inc.). Each sample was analyzed in triplicate. The primers used 
for RT‑qPCR are listed in Table I. The U6 small nuclear RNA 
was used as an internal control. The results were quantified 
using the 2‑ΔΔCq method (19) and normalized to U6 expression.

Gene Expression Omnibus (GEO) miRNA dataset and patient 
information. Datasets that met the following criteria were 
selected for study: i) The patients did not undergo chemora‑
diotherapy before surgery and only datasets containing >20 
samples were included; and ii) HCC with lung‑metastasis and 
without metastasis was confirmed by postoperative pathology 
and the patients had complete follow‑up data. The Cancer 
Genome Atlas (https://www.cancer.gov/about‑nci/organiza‑
tion/ccg/research/structural‑genomics/tcga) and GEO database 
were used to mined the data. A dataset containing 91 human 
HCC tumor samples without vascular invasion/metastasis and 
81 samples with vascular invasion/metastasis was downloaded 
from the GEO (https://www.ncbi.nlm.nih.gov/geo/) database 
[dataset accession no. GSE67140 (20)]. Receiver operating 
characteristic (ROC) analysis was carried out on these data 
using GraphPad Prism 8.0 software (GraphPad Software, Inc.).

Survival data f rom the Kaplan‑Meier plotter data‑
base. The present study used the online Kaplan‑Meier 
plotter database (http://www.kmplot.com/analysis/index.
php?p=service&cancer=liver_mirna) tool to evaluate the 
prognostic values of candidate miRNAs (21). Original data 
were downloaded and Kaplan‑Meier plots were generated to 
analyze potential prognostic values of candidate miRNAs with 
the platform of RNA sequencing. Analysis was performed 
by excluding patients who survived >80  months because 
there might be unrecognized confounding bias. In addition, 
the online plotter was used to perform the survival analysis, 
and hazard ratios with 95% confidence intervals and log rank 
P‑values were calculated. P<0.05 was considered to indicate a 
statistically significant difference.

Bioinformatics analysis of differentially expressed exosomal 
miRNAs. The miRanda  (22) (release miRanda‑aug2010; 
http://www.microrna.org/) and TargetScan (release 7.0; http://www.
targetscan.org/vert_70/) databases were used to predict the target 
genes of candidate exosomal miRNAs. Gene Ontology (GO; 
release 2019‑12; http://geneontology.org/) and Kyoto Encyclopedia 
of Genes and Genomes (KEGG; release 92; https://www.kegg.
jp/) analyses were performed to identify the biological func‑
tions and pathways for which P<0.05 and false discovery rate 
<0.05. R language (version 3.6.0; https://cran.r‑project.org/) and 
ggplot2 (version 3.3.2) were used to generate the image (23,24). 
The miRNA‑mRNA networks were generated using GCBI 
(https://www.gcbi.com.cn/gclib/html/index) and Cytoscape 
(version 3.6; http://www.cytoscape.org/).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism (version 8.0; GraphPad Software, Inc.) or 
SPSS version  24.0 statistical software (SPSS, Inc.). Data 

are presented as the mean ± standard deviation. Differences 
between two groups were analyzed using a two‑tailed unpaired 
Student's t‑test. Pearson correlation and residual analysis were 
used to measure and assess the correlation between candi‑
date plasma exosome miRNA levels, and tissue ROC curves 
were established by plotting sensitivity against 1‑specificity. 
The diagnostic values of candidate miRNAs and the panel were 
evaluated using the area under the curve (AUC). Comparisons 
of AUC values were based on Delong's test in SPSS using R 
plug‑in package pROC (R 4.0.3 package/pROC v1.16.2), and 
P‑values were adjusted using the Bonferroni strategy when 
multiple comparisons were conducted  (25). Graphs were 
generated using GraphPad Prism 5.0. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Identification and characterization of exosomes. Using NTA, 
30‑150‑nm vesicles were identified, consistent with previously 
reported features of exosomes (26), suggesting that the isolated 
particles were likely exosomes (Fig. 1A). Additionally, western 
blot analysis indicated that the particles were positive for 
exosome markers CD63 and HSP70 (Fig. 1B). These results 
demonstrated that the particles isolated from the plasma of 
patients with HCC were exosomes.

Exosomal miRNA profiles are altered between patients with 
metastatic and non‑metastatic HCC. A total of 32 differen‑
tially expressed exosomal miRNAs were detected in 4 patients 
with HCC lung metastasis and 4 sex‑ and age‑matched patients 
with non‑metastatic HCC (Table II). Among these, 18 miRNAs 
(let‑7e, miR‑18a, miR‑27a, miR‑181a, miR‑221, miR‑27b, 
miR‑185, miR‑361, miR‑20b, miR‑652, miR‑140, miR‑1280, 
miR‑151b, miR‑4253, miR‑1268b, miR‑4454, miR‑6798 and 
miR‑1273h) were significantly upregulated and 5 miRNAs 
(miR‑4330, miR‑2277, miR‑4720, miR‑5189 and miR‑8075) 

Table I. Primer sequences for reverse transcription‑quantitative 
PCR used in exosome and tissue miRNA experiments.

Primer of miRNA	 Sequence (5'‑3')

hsa‑let‑7e	 TGAGGTAGGAGGTTGTATAGTT
hsa‑miR‑18a	 CCCATCTAGTGCAGATAGAAA
hsa‑miR‑27a	 TTCACAGTGGCTAAGTTCCGC
hsa‑miR‑221	 CTACATTGTCTGCTGGGTTTC
hsa‑miR‑185	 GAGAGAAAGGCAGTTCCTGA
hsa‑miR‑361	 TTATCAGAATCTCCAGGGGTA
hsa‑miR‑20b	 AGTGCTCATAGTGCAGGTAG
hsa‑miR‑652	 CGCCACTAGGGTTGTGAAAA
hsa‑miR‑4454	 CTGAGCGCTGCCAGTCAAA
hsa‑miR‑4720	 CCCTGGCATATTTGGTATAAC
hsa‑miR‑5189	 CAACCGTCAGAGCCCAGAA
U6‑forward	 GGAACGATACAGAGAAGATTAGC
U6‑reverse	 TGGAACGCTTCACGAATTTGCG

miR, microRNA.
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were significantly downregulated (fold change >1.2; P<0.05). 
Group‑specific signal intensities of the exosomal miRNA 
profile and the volcano plot for the differentially expressed 
miRNAs are shown in Fig.  2. These data indicated that 
exosomal miRNAs were differentially expressed between 
patients with HCC with lung metastasis and patients with 
non‑metastatic HCC.

RT‑qPCR validation of exosomal miRNA expression profiles. 
Using RT‑qPCR, the eight most dysregulated miRNAs from 
the miRNA microarray were validated in plasma exosome 
samples collected from 20 paired patients with HCC with lung 
metastasis and without metastasis. A total of six exosomal 
miRNAs (let‑7e, miR‑27a, miR‑221, miR‑185, miR‑20b and 
miR‑4454) were statistically significantly upregulated in 
exosome samples from patients with HCC with lung metastasis 
(P<0.05). The expression levels of the remaining two miRNAs 
(miR‑4720 and miR‑5189) were significantly downregulated 
in samples from patients with metastatic HCC compared with 
in samples from patients with non‑metastatic HCC (P<0.05; 
Fig.  3). Therefore, the miRNA microarray results were 
consistent with the results of RT‑qPCR.

Correlation analysis of differentially expressed miRNAs in 
exosomes and matched HCC tissue samples from patients 
with lung metastasis. Several significant differentially 
expressed miRNAs were randomly selected to verify the 
association between exocrine expression and corresponding 
tissue expression. The expression levels of the eight highly 
expressed miRNAs (let‑7e, miR‑18a, miR‑27a, miR‑221, 
miR‑185, miR‑361, miR‑20b and miR‑652) in 10 matched 
plasma exosome samples and tissue samples from patients 
with HCC with lung metastasis were analyzed by RT‑qPCR. 
The results demonstrated that the expression levels of let‑7e, 
miR‑18a, miR‑27a, miR‑221, miR‑20b, miR‑361 and miR‑652 
were positively correlated in exosome and tissue samples 
(Fig. 4), indicating consistency between plasma and metastatic 
tissue expression of these miRNAs. However, the levels of 
miR‑185 were not correlated in exosome samples and matched 
tissue samples. Residual analysis was performed when the 
correlation was assessed, and these data are shown in Fig. S1. 
Additionally, a spline curve was used to explore how it may fit 

Figure 1. Identification of exosomes in patients with metastatic and non‑metastatic HCC. (A) Nanoparticle tracking analysis profile of exosomes from the 
plasma of patients with metastatic and non‑metastatic HCC. The number of particles/ml (in millions/ml) is indicated on the y‑axis. The x‑axis indicates the 
diameter of particles (in nm). (B) Presence of typical exosome‑associated proteins (CD63 and HSP70) in exosomes from the plasma of patients with HCC. 
HCC, hepatocellular carcinoma; HSP70, 70 kilodalton heat shock protein.

Table II. Differentially expressed exosomal microRNAs 
(n=32) in plasma from patients with hepatocellular carcinoma 
with metastasis and without metastasis.

MicroRNA	 Fold change	 diffState	 P‑value

hsa‑let‑7e	 2.01425971	 Up	 0.01445168
hsa‑miR‑18a	 1.91615029	 Up	 0.00600160
hsa‑miR‑27a	 2.41141531	 Up	 0.03514587
hsa‑miR‑181a	 1.44064685	 Up	 0.04755760
hsa‑miR‑221	 2.00841888	 Up	 0.04713177
hsa‑miR‑27b	 1.49297559	 Up	 0.04580692
hsa‑miR‑185	 2.92150796	 Up	 0.00614653
hsa‑miR‑361	 2.00636979	 Up	 0.00671691
hsa‑miR‑20b	 1.60817127	 Up	 0.02009393
hsa‑miR‑652	 1.59785688	 Up	 0.02407410
hsa‑miR‑140	 1.38821462	 Up	 0.01697033
hsa‑miR‑1281	 1.54732638	 Up	 0.00569455
hsa‑miR‑1908	 ‑0.98002981	 Down	 0.03410698
hsa‑miR‑151b	 1.27543975	 Up	 0.02927815
hsa‑miR‑4253	 1.50611955	 Up	 0.04447737
hsa‑miR‑4330	 ‑1.47908532	 Down	 0.00890724
hsa‑miR‑2277	 ‑1.93607770	 Down	 0.02324236
hsa‑miR‑3180	 0.93363816	 Up	 0.04959451
hsa‑miR‑1268b	 1.46370203	 Up	 0.03639235
hsa‑miR‑4454	 2.07258859	 Up	 0.02816307
hsa‑miR‑4635	 ‑1.13383056	 Down	 0.04346026
hsa‑miR‑4720	 ‑2.26430974	 Down	 0.00572943
hsa‑miR‑371b	 1.03442024	 Up	 0.04597321
hsa‑miR‑766	 0.81375899	 Up	 0.04659530
hsa‑miR‑619	 ‑0.99689872	 Down	 0.02691538
hsa‑miR‑668	 ‑1.06214814	 Down	 0.02606566
hsa‑miR‑5189	 ‑2.18451380	 Down	 0.00521571
hsa‑miR‑6798	 1.27908232	 Up	 0.02282279
hsa‑miR‑6808	 1.13920150	 Up	 0.04899890
hsa‑miR‑6880	 ‑1.19417658	 Down	 0.03378472
hsa‑miR‑1273h	 1.26636581	 Up	 0.01870905
hsa‑miR‑8075	 ‑1.58600573	 Down	 0.01690265

diffState, difference State; miR, microRNA.
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the data, and this revealed that the model was suitable (Fig. S2). 
Therefore, the seven uniformly expressed miRNAs were 
selected as candidate biomarkers for subsequent experiments.

Candidate exosomal miRNAs and miRNA panels predict 
HCC metastasis. The diagnostic value of each of the six 
plasma miRNAs (let‑7e, miR‑18a, miR‑27a, miR‑221, miR‑20b 

and miR‑652) was evaluated using ROC analysis of a GEO 
dataset. The GEO dataset (accession no. GSE67140) included 
172 patients with HCC with or without vascular invasion/metas‑
tasis. miR‑18a, miR‑27a and miR‑20b had high AUC values 
(0.7722, 0.8282 and 0.8661, respectively; Fig. 5A‑C). However, 
the AUC values for the other three miRNAs (let‑7e, miR‑221 and 
miR‑652) suggested weak classification accuracy (Fig. 5D‑F).

Figure 3. Validation of differential exosomal miRNAs in plasma exosomes by reverse transcription‑quantitative PCR between patients with metastatic and 
non‑metastatic HCC. Relative expression levels of let‑7e, miR‑27a, miR‑221, miR‑185, miR‑20b, miR‑4454, miR‑4720 and miR‑5189 in the plasma of 16 
patients with lung‑metastatic HCC and 16 patients with primary HCC. U6 was used as a reference gene. Data are presented as the mean ± SD of three 
independent experiments. Student's t‑test was used to analyze the data. **P<0.01, ***P<0.001. HCC, hepatocellular carcinoma; miRNA/miR, microRNA.

Figure 2. Microarray analysis of exosomal miRNAs differentially expressed in plasma samples from patients with metastatic and non‑metastatic HCC. 
(A) Heat map of the differential expression of exosomal miRNAs from patients with metastatic and non‑metastatic HCC. Each column represents an individual 
sample and each row represents a single miRNA. The expression levels of each miRNA in a single sample is depicted according to the color scale. Red 
represents high expression levels, whereas green represents low expression levels. (B) Volcano plot of the association between the logarithm of the fold change 
on the x‑axis and log of P‑value between patients with metastatic and non‑metastatic HCC on the y‑axis. Red represents miRNAs with expression changes of 
>1.2 from the remaining miRNAs while blue represents miRNAs with expression changes of <‑1.2 fold from the remaining miRNAs. HCC, hepatocellular 
carcinoma; miRNA/miR, microRNA.

https://www.spandidos-publications.com/10.3892/ol.2021.12429
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Delong's test and Bonferroni correction were performed 
on various combinations of the miRNA biomarkers. This 

analysis demonstrated that the combined expression levels of 
miR‑18a, miR‑20b and miR‑221 exhibited the best diagnostic 

Figure 5. Plasma exosome miRNA score performance. Receiver operating characteristic curves were presented for (A) miR‑18a, (B) miR‑27a, (C) miR‑20b, 
(D) miR‑let‑7e, (E) miR‑221, (F) miR‑652 and (G) for the combination of miR‑18a, miR‑20b and miR‑221. The AUC with 95% CI was used to evaluate the 
levels of discrimination. 95% CI, 95% confidence interval; AUC, area under the curve; miRNA/miR, microRNA.

Figure 4. Correlation and linear regression analysis of the expression levels of selected miRNAs from plasma exosomes and matched tissue samples in patients 
with HCC lung metastasis (n=10). The results revealed the correlation of let‑7e, miR‑18a, miR‑27a, miR‑221, miR‑20b and miR‑652 levels between plasma 
exosomes and lung metastatic tissue samples from 10 cases of HCC lung metastatic patients. The P‑value and Pearson's coefficient were displayed from 
Pearson's test. Linear fit‑line, 95% confidence interval band and r2 are shown to indicate the linear correlation between both variables. HCC, hepatocellular 
carcinoma; miRNA/miR, microRNA.
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performance (Fig. 5G). The combination of these three miRNAs 
increased the AUC to 0.9040 (Tables III and SⅠ). Overall, these 
findings, combined with the consistent expression levels between 
plasma exosome samples and tissue samples, demonstrated that 
the three exosomal miRNAs could be used as a panel for improved 
detection of vascular invasion/metastasis in patients with HCC.

Candidate exosomal miRNAs are associated with poor prog‑
nosis in patients with HCC. Kaplan‑Meier analysis was used 
to determine whether the candidate miRNAs were associated 
with OS or disease‑free survival (DFS) in patients with HCC 
using follow‑up data collected for 80 months. As shown in 
Fig. 6, high expression levels of let‑7e, miR‑18a, miR‑27a, 

Figure 6. Kaplan‑Meier analysis of the prognostic values of the six miRNAs in hepatocellular carcinoma. Kaplan‑Meier curve for OS according to the 
expression levels of (A) let‑7e, (B) miR‑18a, (C) miR‑27a, (D) miR‑221 and (E) miR‑20b. Kaplan‑Meier curve for (F) OS and (G) DFS according to miR‑652 
expression. HR, hazard ratio (95% confidence interval); miRNA/miR, microRNA; OS, overall survival; DFS, disease‑free survival. 

https://www.spandidos-publications.com/10.3892/ol.2021.12429
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miR‑221, miR‑20b and miR‑652 were significantly associ‑
ated with poor OS (Fig. 6A‑F). Furthermore, high expression 
levels of miR‑652 were associated with shorter DFS (Fig. 6G). 
However, the other miRNAs did not exhibit significant 
associations with DFS based on the results of the analysis 
using the Kaplan‑Meier plotter tool (data not shown). These 
results demonstrated that the upregulation of the six exosomal 
miRNAs was significantly associated with poor survival and 
increased risk of metastasis in HCC.

Bioinformatics prediction and functional analysis of exosomal 
miRNAs in HCC metastasis. The target genes and signaling 
pathways associated with the candidate miRNAs were identi‑
fied using bioinformatics tools. The results were summarized 
and shown in Tables SII and III). The GO analysis of target 
gene was mainly classified into three functional groups: 
Cellular component (CC), molecular function (MF) and 
biological process (BP). GO enrichment analysis of upregu‑
lated miRNAs suggested that most significantly predicted 
target genes were involved in ‘transforming growth factor beta 
receptor signaling pathway (BP)’, ‘response to transforming 
growth factor beta (BP)’, ‘AP‑3 adaptor complex (CC)’, ‘PcG 
protein complex (CC)’ and ‘core promoter sequence‑specific 
DNA binding (MF)’, and these were among the top 5 BP, CC 
and MF terms (Fig. 7A; Table SII). 

KEGG pathway analysis of upregulated miRNAs revealed 
that the top 5 enriched signaling pathways were ‘Non‑small cell 
lung cancer’, ‘Glioma’, ‘Renal cell carcinoma’ and ‘colorectal 
cancer’ (Fig. 7C; Table SII).

Furthermore, GO enrichment analysis of downregulated 
miRNAs revealed that most predicted target genes were 
involved in ‘regulation of the Fc receptor mediated stimulatory 
signaling pathway’, ‘endoplasmic reticulum tubular network 
membrane’, ‘RISC complex’, ‘thrombin‑activated receptor 
activity’ and ‘miRNA loading onto RISC involved in gene 
silencing by miRNA' (Fig. 7B; Table SIII).

In addition, KEGG pathway analysis of downregulated 
miRNAs suggested that the top 5 enriched pathways were 
‘Circadian rhythm’, ‘Biosynthesis of unsaturated fatty acids’ 
and ‘Hippo signaling pathway’ (Fig. 7D; Table SIII). To study 
the regulatory association between the miRNAs and target 
genes, a miRNA‑mRNA network was constructed for the 
upregulated miRNAs (Fig. 8). Collectively, these findings 
suggested that the six upregulated exosomal miRNAs were 

involved in regulating physiological processes associated with 
metastasis.

Discussion

In the present study, plasma exosomal miRNA expression was 
evaluated in patients with HCC with and without metastasis. 
A total of 32 exosomal miRNAs were differentially expressed 
between patients with metastatic and non‑metastatic HCC. 
Among the upregulated miRNAs, the expression levels of six 
miRNAs were consistent between plasma exosome samples 
and matched metastatic tissue samples. When comparing 
the diagnostic value of individual and combined biomarkers, 
different combination strategies were considered and the 
combinations were compared with each individual biomarker. 
Comparisons of AUC values were based on Delong's test and 
the P‑value was adjusted using the Bonferroni strategy for 
multiple comparisons. The results demonstrated that miR‑18a, 
miR‑27a and miR‑20b had a high AUC, and the combina‑
tion of miR‑18a, miR‑20b and miR‑221 exhibited improved 
performance compared with single miRNA expression. The 
combined panel had an AUC of 0.9040 in discriminating 
metastatic cases from non‑metastatic cases. Furthermore, 
high expression levels of let‑7e, miR‑18a, miR‑27a, miR‑221, 
miR‑20b and miR‑652 were associated with poor OS in 
patients with HCC.

The aforementioned process was the discovery step. To 
verify the hypothesis with the help of the public databases, two 
databases, namely, The Cancer Genome Atlas and GEO, were 
searched to identify datasets with specific clinical information 
(patients with HCC with lung‑metastasis and without metas‑
tasis who did not undergo chemoradiotherapy before surgery). 
Unfortunately, only the GSE67140 dataset in the GEO 
database met the inclusion criteria. The other datasets were 
either too small or scattered to utilize. In the next step, large 
samples and corresponding follow‑up data will be collected 
to verify the results of OS, DFS and ROC curve results, and 
to assess the possibility of plasma exosomal miRNA markers 
for diagnosis or prognosis of patients with HCC. Additionally, 
clinicopathologic variables, including tumor diameter, number 
of tumor nodules, histopathologic classification, vein invasion 
and clinical TNM classification, are also being collected.

Let‑7e expression has previously been reported to be down‑
regulated in several human cancer types, and acts as a tumor 

Table III. AUC, 95% CI and P‑values of the individual candidate microRNAs and the combined panel.

Exosomal miRNAs	 AUC	 95% CI	 P‑value

let‑7e	 0.6122	 0.5270‑0.6973	 0.0101
miR‑18a	 0.7722	 0.7021‑0.8423	 <0.0001
miR‑27a	 0.8282	 0.7963‑0.8872	 <0.0001
miR‑221	 0.5816	 0.4964‑0.6669	 0.0612
miR‑20b	 0.8661	 0.8142‑0.9179	 <0.0001
miR‑652	 0.6116	 0.5258‑0.6974	 0.0105
miR‑18a + miR‑20b + miR‑221	 0.9040	 0.8612‑0.9473	 <0.0001

95% CI, 95% confidence interval; AUC, area under the curve; miR, microRNA.
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suppressor that promotes apoptosis and inhibits proliferation, 
migration and invasion (27,28). By contrast, in the present study, 
the expression levels of let‑7e were increased in plasma from 

patients with metastatic HCC and high let‑7e levels predicted 
shorter OS. These findings are inconsistent with previous 
studies (29,30) and require further study. The predicted target 

Figure 7. Top 5 enrichment scores in GO enrichment analysis and KEGG pathway enrichment analysis of predicted function of differential exosomal miRNAs. 
GO terms and signaling pathways terms were sorted by enrichment scores of genes in descending order from top to bottom. In GO analysis, green bars 
represent MF terms, blue bars represent CC terms and orange red bars represent BP terms of (A) upregulated and (B) downregulated miRNAs. The KEGG 
analysis was based on potential target genes of (C) upregulated and (D) downregulated miRNAs. miRNA, microRNA; GO, Gene Ontology; KEGG, Kyoto 
Encyclopedia of Genes and Genomes; BP, biological process; CC, cellular component; MF, molecular function.

https://www.spandidos-publications.com/10.3892/ol.2021.12429
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genes of let‑7e were identified using the miRanda database. 
High mobility group AT‑hook 2 (HMGA2) was among the 
identified target genes. According to the literature, HMGA2 
mediates epithelial‑mesenchymal transition (EMT) and regu‑
lates transcription factors linking various signaling pathways, 
such as the TGF‑β and MAPK signaling pathways, to regulators 
of tumor invasiveness and metastasis (31).

miR‑18a regulates metastasis in gastric cancer (32), colon 
cancer  (33), breast cancer  (34), HCC and nasopharyngeal 
carcinoma (35,36). In the present study, miR‑18a demonstrated 
a good diagnostic value in discrimination of metastasis. PTEN 
was among the predicted targets of miR‑18a according to the 
bioinformatics analysis. A previous study has indicated that 
PTEN‑dependent signaling pathways can drive EMT and 
consequently increase migration, invasion and metastasis (37).

miR‑27a influences tumorigenesis, tumor cell proliferation, 
apoptosis, invasion, migration and angiogenesis by regulating 
various target genes and could affect clinical therapy, drug 
sensitivity of patients and patient prognosis (38). Additionally, 
miR‑27a can act as a promising biomarker in serum and is a 
potential therapeutic target in various tumor types (39). In the 
present study, miR‑27a could accurately predict HCC metas‑
tasis. Bioinformatics target prediction demonstrated miR‑27a 

could target SMAD4, a gene involved in the TGF‑β signaling 
pathway. SMAD4/TGF‑β signaling is a pivotal regulator 
of tumor invasion and metastasis following EMT (40). The 
present study demonstrated that miR‑27a served an important 
role in tumor metastasis.

Dysregulated miR‑20b levels are associated with metas‑
tasis of breast cancer, colorectal cancer and gastric cancer (41). 
However, to the best of our knowledge, the potential of 
miR‑20b as an HCC biomarker has not been reported. In the 
present study, miR‑20b could discriminate metastatic HCC 
from non‑metastatic HCC and could be used as a predictive 
biomarker of HCC metastasis. Target prediction analysis iden‑
tified STAT3 as a miR‑20b target. STAT3 signaling is central 
to the regulation of metastasis via EMT (42).

miR‑652 is defined as an oncomir and can promote metas‑
tasis in endometrial cancer, pancreatic cancer, non‑small cell 
lung cancer and prostate cancer cells (43). In the present study, 
ROC analysis of miR‑652 did not demonstrate a high diag‑
nostic accuracy. However, the DFS and OS rates of patients 
with high miR‑652 expression were significantly worse than 
those of patients with low miR‑652 expression.

Finally, bioinformatics tools were used to analyze the 
possible mechanisms involved in HCC metastasis in the 

Figure 8. miRNA‑gene network. The cyan circles represent genes, whereas the squares represent the miRNAs (let‑7e, miR‑18a, miR‑27a, miR‑20b, miR‑221 
and miR‑652). The black‑bold genes are upregulated candidate genes, and the blue‑bold genes are the target genes that are closely associated with metastasis. 
The associations between miRNAs and genes are represented by gray lines. miRNA/miR, microRNA. 
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exosomes. The results suggested that the dysregulated 
miRNAs were involved in various signaling pathways, 
including ‘GTPase activity’ and ‘cell adhesion molecule 
binding’, which constitute a complex regulatory network that is 
relevant to metastasis. An miRNA‑mRNA regulatory network 
was also constructed to examine the associations among the 
targets of the differentially expressed miRNAs. Nevertheless, 
bioinformatics prediction can only provide clues for eluci‑
dating the role of miRNAs in HCC metastasis and the possible 
underlying mechanisms. Further experimental validation is 
still necessary to clarify the detailed regulatory relationship 
between miRNAs and their target genes in the future.

In conclusion, to the best of our knowledge, the present 
study was the first to investigate metastasis‑associated 
miRNA profiles in plasma exosomes from patients with HCC. 
Furthermore, comprehensive analysis of this profile, together 
with target prediction and survival analysis provided novel 
insights into the role of exosomes in HCC lung metastasis. 
A panel consisting of three miRNAs that might serve as an 
accurate and non‑invasive tool for HCC metastasis prediction 
using plasma exosomes was identified. The present findings 
suggested that exosomal miRNAs served important roles in 
HCC metastasis and could represent a complementary clinical 
tool for the assessment of HCC prognosis.
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