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This study investigated the diagnostic potential of serum small extracellular

vesicle-derived long noncoding RNAs (EV-lncRNAs) for hepatocellular carci-

noma (HCC). Driver oncogenic lncRNA candidates were selected by a com-

parative analysis of lncRNA expression profiles from two whole transcriptome

human HCC datasets (Catholic_LIHC and TCGA_LIHC). Expression of

selected lncRNAs in serum and small EVs was evaluated using quantitative

reverse transcription PCR. Diagnostic power of serum EV-lncRNAs for HCC

was determined in the test (n = 44) and validation (n = 139) cohorts. Of the

six promising driver onco-lncRNAs, DLEU2, HOTTIP, MALAT1, and

SNHG1 exhibited favorable performance in the test cohort. In the validation

cohort, serum EV-MALAT1 displayed excellent discriminant ability, while

EV-DLEU2, EV-HOTTIP, and EV-SNHG1 showed good discriminant ability

between HCC and non-HCC. Furthermore, a panel combining EV-MALAT1

and EV-SNHG1 achieved the best area under the curve (AUC; 0.899, 95%

CI = 0.816–0.982) for very early HCC, whereas a panel with EV-DLEU2 and

alpha-fetoprotein exhibited the best positivity (96%) in very early HCC. Serum

small EV-MALAT1, EV-DLEU2, EV-HOTTIP, and EV-SNHG1 may repre-

sent promising diagnostic markers for very early-stage HCC.

1. Introduction

Primary liver cancer is one of the most commonly

diagnosed cancers globally, with relatively high

morbidity and mortality [1]. Hepatocellular carcinoma

(HCC) is the most prevalent primary liver cancer

accounting for approximately 75% of all liver cancer

cases [2]. Despite surveillance with abdominal
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ultrasonography among the at-risk populations, only

20% of HCC patients can afford the curative treat-

ment through surgical resection, ablation treatment, or

liver transplantation [3,4]. Moreover, recently, the sen-

sitivity and specificity of clinical screening and diag-

nostic techniques have been questioned, particularly

for very early-stage HCC. Hence, pressing need exists

for the development of HCC diagnostic biomarkers

with improved sensitivity and specificity to increase the

opportunity for curative treatment and improve

patient prognosis.

Tumor-secreted extracellular vesicles (EVs) serve as

critical intercellular communicator between tumor cells

and stromal cells in local and distant tumor environ-

ments. EVs, detectable in all body fluids, are resistant

to biological degradation and, thus, have been reported

as promising biomarkers for monitoring cancer develop-

ment, particularly in liquid biopsy approaches [5,6].

Long noncoding RNAs (lncRNAs), a group of non-

coding RNA more than 200 nucleotides in length, func-

tion as important players in chromatin modification,

transcriptional inhibition, RNA processing, and gene

activation by acting as decoys or signals [7,8]. Recent

studies indicated that HCC-related lncRNAs such as

HOTAIR, HULC, H19, and MALAT1 have decisive

regulatory roles in the development and progression of

HCC, while their dysregulation is related to various

biological processes, including differentiation, prolifera-

tion, apoptosis, invasion, and metastasis [9,10].

Although lncRNAs have been primarily examined in

the context of tissues, it is likely that they also exist in

various body fluids, either free, bound to proteins, or

coated by EVs, suggesting their usefulness as liquid-

based noninvasive markers for clinical use as a diagnos-

tic and therapeutic target. However, the potential of

dysregulated lncRNAs, particularly those in circulating

tumor-derived EVs, has not been fully explored to

assess their potential as liquid biopsy biomarkers.

The current study, therefore, sought to investigate

potential lncRNA biomarkers using HCC whole tran-

scriptome sequencing datasets from The Cancer Gen-

ome Atlas liver hepatocellular carcinoma project

(TCGA_LIHC) and the Catholic University of Korea’s

liver hepatocellular carcinoma project (Catholic_LIHC)

and to subsequently validate their applicability as HCC

diagnostic biomarkers. The significantly differently

expressed lncRNAs between HCC tissues and nontu-

mor liver tissues were analyzed, and six lncRNAs—
DLEU2, HOTTIP, MALAT1, NEAT1, SNHG1, and

TUG1—were identified as candidate biomarkers for

HCC. Furthermore, serum small EV-derived DLEU2,

HOTTIP, MALAT1, and SNHG1, which showed good

to excellent discriminating ability to diagnose very

early HCC with or without alpha-fetoprotein (AFP),

were identified as potential liquid biopsy biomarkers.

Overall, small EV-derived lncRNAs could help diagnose

very early-stage HCC even in patients without AFP

elevation.

2. Methods

2.1. LncRNA expression analyses

Next-generation RNA-sequencing datasets were

acquired from the Catholic_LIHC and TCGA_LIHC.

Public microarray datasets (GSE77314, GSE94660,

and GSE124535) were obtained from the National

Center for Biotechnology Information Gene Expres-

sion Omnibus (GEO). Two independent whole tran-

scriptome data (Catholic_LIHC and TCGA_LIHC)

were analyzed to identify overexpressed lncRNA can-

didates in HCC. Other datasets were then used to vali-

date the expression of candidate lncRNAs. All dataset

sequencing reads were quality-controlled using FASTQC

(https://www.bioinformatics.babraham.ac.uk/projects/

fastqc/), followed by mapping to human Gencode

release version 22 using STAR software (https://code.

google.com/archive/p/rna-star/). The Lnc2Cancer 2.0

database was used to select the lncRNAs with the

most significant functional roles in cancer. Hence, only

lncRNAs registered in Lnc2Cancer2.0 were selected as

final candidates.

2.2. Study population and definitions

Sera and the clinical information were collected from

the Biobank of Ajou University Hospital, a member of

Korea Biobank Network, between January 2014 and

December 2018. The study population was divided

into groups of healthy controls (NL), subjects with

chronic hepatitis (CH), subjects with liver cirrhosis

(LC), and subjects with HCC. Healthy controls were

defined as 18- to 50-year-old subjects with no past

medical history who attended regular medical check-

up in the Ajou Health Promotion Center and had nor-

mal health status. CH was diagnosed by hepatitis C

virus RNA or serum hepatitis B surface antigen detec-

tion for more than six consecutive months, as well as

elevated aminotransferase or alanine aminotransferase.

LC was diagnosed based on clinical data, radiologic

findings, and/or histological confirmations. HCC was

diagnosed according to the American Association for

the Study of Liver Diseases practice guideline [11].

Very early-stage HCC was used to denote a single

tumor of < 2 cm in diameter, equivalent to modified

2716 Molecular Oncology 15 (2021) 2715–2731 ª 2021 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies

Circulating EV-derived lncRNAs for HCC diagnosis S. S. Kim et al.

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE77314
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE94660
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE124535
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://code.google.com/archive/p/rna-star/
https://code.google.com/archive/p/rna-star/


Union for International Cancer Control (mUICC)

stage I. Overall survival was calculated based on time

interval from HCC diagnosis to death from any cause.

This study was approved by the Institutional Review

Board of Ajou University Hospital, Suwon, South

Korea (AJRIB-BMR-KSP-18-397 and AJIRB-BMR-

KSP-18-299). Anonymous sera and clinical informa-

tion were supplied by the Ajou Human Bio-Resource

Bank, and the requirement for informed consent was

waived.

2.3. Cell culture

The human HCC cell lines (Huh-7 and SNU449) were

obtained from KCLB (Korean Cell Line Bank, Seoul,

Korea). Immortalized normal hepatocytes (MIHA)

were provided by Dr. Roy-Chowdhury (Albert Ein-

stein College of Medicine, Bronx, NY, USA). HCC

and MIHA cells were maintained in Dulbecco’s modi-

fied Eagle’s medium (DMEM; GenDEPOT, Barker,

TX, USA) or RPMI 1640 (GenDEPOT), supple-

mented with 10% fetal bovine serum (Invitrogen, Wal-

tham, MA, USA) and 100 units�mL−1 penicillin–
streptomycin (GenDEPOT) at 37 °C in a humidified

incubator with 5% CO2.

2.4. Serum isolation and small EV extraction

from patients

To compare lncRNA expression between serum and

serum EV, blood samples were collected from patients,

from which serum was isolated in 1.5 mL tubes and

stored at −80 °C until use. Serum EV was extracted

using ExoQuick (System Biosciences, Mountain View,

CA, USA). The details of the modified protocol were

described in our previous study [12].

2.5. Characterization of serum small EVs

The presence, and size, of small EVs was visualized by

transmission electron microscopy (TEM) and nanopar-

ticle tracking analysis (NTA). Next, protein markers

for EVs and endoplasmic reticulum (ER) were detected

and quantified in serum EVs and Huh-7 cell lysate by

western blotting. Briefly, cells were lysed with RIPA

(radioimmunoprecipitation assay) buffer (100 µL;
Thermo Scientific, Waltham, MA, USA) and sonicated

briefly. Cell lysates were boiled in sample buffer, and

10 μg of each protein was subjected to sodium dodecyl

sulfate/polyacrylamide gel electrophoresis. The protein

concentration was measured by bicinchoninic acid pro-

tein assay (Thermo Scientific). Primary antibodies used

in this study were rabbit anti-CD9 (1:2000; ab92726;

Abcam, Cambridge, UK), anti-CD63 (1 : 1000,

ab134045; Abcam), anti-CD81 (1 : 250; 10630D; Invit-

rogen), and anti-BiP/GRP78 (1 : 1000; 610979; BD

Biosciences, San Jose, CA, USA).

2.6. RNA extraction and quantitative reverse

transcription PCR

Serum RNA was extracted using the TRIzol-LS

reagent (Invitrogen), while RNA from small EVs was

isolated from serum using the SeraMir™ Exosome

RNA Amplification kit (System Biosciences), accord-

ing to the manufacturer’s instructions [12]. Next,

serum RNA (500 ng) was reverse-transcribed into

cDNA using the PrimeScript™ RT Master mix

(TaKaRa Bio, Otsu, Japan), whereas small EV-derived

RNA (50 ng) was reverse-transcribed using the miS-

cript II RT kit (QIAGEN, Hilden, Germany). cDNA

was then used as templates for quantitative reverse

transcription PCR (qRT-PCR) with the amfiSure

qGreen Q-PCR Master Mix (GenDEPOT), which was

performed on the ABI 7300 Real Time PCR System

(Applied Biosystems™, Foster City, CA, USA). Primer

information is summarized in Table S1. The 2�ΔΔCt

method was used to determine the expression of each

lncRNA relative to the internal control gene, HMBS.

The detailed analysis methodology was described in a

previous study [12].

2.7. EV uptake to recipient cells

The cell culture media were collected and centrifuged

at 3000 g for 15 min to remove cells and cell debris.

The supernatant was then mixed with the appropriate

volume of ExoQuick and incubated at 4 °C overnight.

The mixture was centrifuged at 1500 g for 30 min, and

the supernatants were removed by aspiration. EV pel-

lets were resuspended with 50 µL of PBS. The size of

small EVs was visualized by NTA. To examine the

uptake of EVs into recipient MIHA cells, MIHA cells

were incubated with PBS or SNU449-derived EVs

(10 µg�mL−1) for 4 h at 37 °C. The cells were then

washed with PBS, fixed in 4% paraformaldehyde, per-

meabilized in 0.25% Triton X-100, and incubated with

primary and secondary antibodies. Primary antibodies

were anti-CD81 (1 : 20, MA5-13548; Invitrogen) and

anti-EEA1 (1 : 50, #3288, Cell Signaling Technology,

Danvers, MA, USA). Secondary antibodies were Alexa

Fluor 488 donkey anti-mouse IgG and Alexa Fluor

Texas Red donkey anti-rabbit IgG (Invitrogen). EV

uptake was observed by fluorescence microscopy

(IX71; Olympus, Tokyo, Japan). To inhibit endocyto-

sis of EVs, MIHA cells were pretreated with 30 μM
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pitstop 2 (Sigma, St. Louis, MO, USA) or DMSO

(0.1%) for 30 min at 37 °C prior to the addition of

SNU449-EVs. After incubation, total RNA from the

cells was isolated followed by cDNA synthesis. qRT-

PCR was performed to investigate the expression levels

of lncRNAs as described above.

2.8. Statistical analysis

All statistical analyses were conducted with IBM SPSS

software version 22.0 (SPSS Inc., Chicago, IL, USA)

and GRAPHPAD PRISM version 7.01 (GraphPad Software,

San Diego, CA, USA). P value < 0.05 was considered

statistically significant. A chi-square test (two-sided)

was performed for intergroup comparisons of categori-

cal parameters, independent sample t-test or Welch’s t-

test was applied for continuous variables. ROC curves

were constructed to define area under the curves

(AUCs) with 95% confidence interval (CI) in each

comparison group. The Kaplan–Meier survival curves

with the log-rank test were performed to assess signifi-

cant prognostic power between two patient groups.

3. Results

3.1. Identification of candidate lncRNAs for HCC

using integrative analysis of tissue-based RNA-

sequencing datasets

Analysis of the Catholic_LIHC and TCGA_LIHC

RNA-sequencing datasets (Fig. 1A) identified 10 402

and 14 269 lncRNAs, respectively, by gene biotype

(Fig. 1B,C). Subsequently, the Catholic_LIHC was

divided into chronic hepatitis B (CHB), LC, early

HCC (eHCC), and advanced HCC (avHCC), with

395 lncRNAs identified as expressed only in eHCC or

avHCC (Fig. 1D). From the TCGA_LIHC dataset,

1027 lncRNAs were significantly differentially

expressed between the HCC and nontumor samples

(P < 0.05; Log2 fold change > 0.28, Fig. 1E). Of

these lncRNAs, the heatmaps for 177 common

lncRNAs clearly distinguished between the HCC and

non-HCC specimens (Fig. 1F). With ROC analysis

for differentiation of HCC, we identified 105

lncRNAs with AUC ≥ 0.7 in both Catholic_LIHC

and TCGA_LIHC datasets (Fig. 1G). Finally, six

lncRNAs (DLEU2, HOTTIP, MALAT1, NEAT1,

SNHG1, and TUG1), registered in Lnc2Cancer 2.0, a

database offering comprehensive experimentally sup-

ported associations between lncRNA and human can-

cer, were selected as candidate lncRNAs for the

diagnosis of HCC (Fig. 1H).

Next, we analyzed the gene expression of these six

candidate lncRNAs based on liver disease status in the

Catholic_LIHC dataset. All six lncRNAs were differ-

entially expressed in the five stages of liver disease

(Fig. 2A). In addition, the expression of these six can-

didate lncRNAs in HCC and nontumor tissues in

other GEO RNA-sequencing datasets (GSE77314,

GSE94660, and GSE124535) confirmed the higher

expression of most candidate lncRNAs in tumor tis-

sues, save for DLEU2 and NEAT1 in GSE77314 and

NEAT1 in GSE94660 (Fig. 2B).

3.2. Measurement of candidate lncRNA

expression in serum and serum-derived EVs in

the test cohort

To confirm the usefulness of the candidate lncRNAs

as liquid biopsy biomarkers for HCC, we quantified

their concentration in the serum and serum-derived

EVs of seven NL and nine HCC subjects. EV charac-

terization was confirmed by TEM (Fig. 3A), NTA,

and immunoblotting for EV markers and ER markers

(Fig. 3B and Fig. S1A). qRT-PCR analysis revealed

no significant differences in the level of serum-derived

lncRNAs of the two groups (Fig. 3C), whereas the

levels of serum EV-derived lncRNAs (except for

TUG1) were significantly higher in subjects with HCC

than in NL (Fig. 3D). Further evaluation of the six

serum EV-derived lncRNAs in the test cohort (n = 44)

consisting of NL (n = 8), CH (n = 7), LC (n = 10),

mUICC I/II HCC (n = 9), and mUICC III/IV HCC

(n = 10) identified four lncRNAs—serum EV-derived

DLEU2 (EV-DLEU2), HOTTIP (EV-HOTTIP),

MALAT1 (EV-MALAT1), and SNHG1 (EV-SNHG1)

—as significantly discriminatory for the HCC and

non-HCC samples.

To confirm that the four lncRNAs originated from

HCC, we investigated whether normal liver cells are

capable of taking up HCC-derived EVs. First, we com-

pared four lncRNA expression in MIHA-EV and

SNU449-EV. All lncRNA expressions in SNU449-EV

were higher than in MIHA-EV (Fig. S1B). After

SNU449-EV was treated to MIHA, resulting images

clearly showed overlapping of green (CD8; EV mar-

ker), red (EEA1; endosome marker), and blue (DAPI)

fluorescence indicating successful delivery of EV to

MIHA (Fig. S1C). Moreover, the relative expression

levels of DLEU2, HOTTIP, MALAT1, and SNHG1 in

EV-treated MIHA were significantly increased com-

pared to those in PBS-treated MIHA, but also signifi-

cantly decreased by endocytosis inhibitor (Fig. S1D).

These results suggest that the four candidate lncRNAs

originated from EVs and may participate in crosstalk
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Fig. 1. Integrative analysis of tissue-based RNA-sequencing datasets from two independent cohorts to identify novel serum EV-derived

lncRNAs of HCC. (A) Strategy to identify novel serum EV-derived lncRNAs for diagnosing HCC. (B) The stacked bar chart shows the

frequency of gene biotype in Catholic_LIHC and TCGA_LIHC datasets. (C) Pie chart distribution for lncRNAs identified in Catholic_LIHC and

TCGA_LIHC datasets, respectively. (D) Venn diagram analysis of significantly overexpressed lncRNAs in each disease status compared with

normal subjects in the Catholic_LIHC cohort. (E) Venn diagram showing overlapping outlier lncRNAs between two different RNA-Seq

datasets (Catholic_LIHC and TCGA_LIHC). (F) Heatmaps of 177 HCC-associated lncRNA signatures in Catholic_LIHC and TCGA_LIHC

datasets (G) Receiver operating curves of 177 common lncRNAs with AUC ≥ 0.7 in the two RNA-sequencing datasets. (H) Selection of

lncRNAs (6) registered in Lnc2Cancer from 105 lncRNAs with AUC ≥ 0.7 in both datasets.
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between HCC and normal liver cells. Hence, these

were the four candidates ultimately selected for further

validation (Fig. 3E).

3.3. Validation of the four serum EV-lncRNAs for

HCC diagnosis

We then analyzed the diagnostic performance of EV-

DLEU2, EV-HOTTIP, EV-MALAT1, and EV-SNHG1

for HCC in the validation cohort, comprising 72 sub-

jects with HCC and 67 subjects without HCC. Table 1

summarizes the clinical baseline characteristics of the

validation cohort. The proportions of subjects with

mUICC stage I, II, III, IVA, and IVB HCC were

39%, 13%, 28%, 14%, and 7%, respectively. The

expression levels of the four EV-derived lncRNAs were

significantly higher in patients with all mUICC stages

compared with NL, CH, and LC subjects (Fig. 4A).

Meanwhile, their expression levels did not differ signif-

icantly between the mUICC and BCLC stages or

based on vascular invasion (Fig. 4A and Fig. S2).

ROC curve analysis further showed the high dis-

criminatory abilities of the four EV-derived lncRNAs

for the diagnosis of HCC, with EV-MALAT1 emerg-

ing as the best (AUC = 0.908, 95% CI = 0.86–0.96;
Fig. 4B). With the optimal cutoff values—5.5318-fold

for EV-DLEU2, 9.2165-fold for EV-HOTTIP, 7.3752-

fold for EV-MALAT1, and 7.7427-fold for EV-

SNHG1—EV-MALAT1 also exhibited the highest sen-

sitivity (92.1%) and negative predictive value (92.5%),

while EV-SNHG1 showed the best specificity (85.2%)

and positive predictive value (87.5%; Table 2).

Considering the uneven age distribution between the

groups, we also assessed whether EV-lncRNA expres-

sion varied depending on patient age. However, results

show that EV-lncRNA levels were comparable

between different age groups, thereby confirming that

the observed differences in EV-lncRNA levels were

based on HCC (Fig. S3).

3.4. Performance of EV-DLEU2, EV-HOTTIP, EV-

MALAT1, and EV-SNHG1 in the diagnosis of very

early HCC

To assess EV-DLEU2, EV-HOTTIP, EV-MALAT1,

and EV-SNHG1 as diagnostic biomarkers for very

early HCC, we compared the diagnostic abilities of

EV-derived lncRNAs for mUICC stage I, with that of

AFP. EV-DLEU2, EV-HOTTIP, EV-MALAT1, and

EV-SNHG1 had significantly better performance than

AFP for detection of very early HCC (Fig. 5A,B).

Specifically, AUCs for mUICC stage I HCC (vs. NL,

CH, and LC) were 0.508, 0.885, 0.878, 0.92, and 0.904

for AFP, EV-DLEU2, EV-HOTTIP, EV-MALAT1,

and EV-SNHG1, respectively (Table 2). Additionally,

EV-derived lncRNAs showed a higher negative rate in

CH and LC groups and a higher positive rate in the

HCC group than AFP (Fig. 5C). Furthermore, EV-

DLEU2, EV-HOTTIP, EV-MALAT1, and EV-SNHG1

showed comparable positivity in AFP-positive HCC

(> 20 ng�mL−1) as well as AFP-negative HCC

(≤ 20 ng�mL−1) with the optimal cutoff values—
5.5318-fold for EV-DLEU2, 9.2165-fold for EV-HOT-

TIP, 7.3752-fold for EV-MALAT1, and 7.7427-fold

for EV-SNHG1. In the subgroup analysis of mUICC

stage I or II, EV-derived lncRNAs had a higher posi-

tive rate in AFP-negative HCC than in AFP-positive

HCC (Fig. 5D).

3.5. Performance of biomarker panels

comprising different combinations of serum AFP,

EV-DLEU2, EV-HOTTIP, EV-MALAT1, and EV-

SNHG1 for the diagnosis of HCC and very early

HCC

Next, we examined several combinations of AFP and

EV-lncRNAs to identify the optimal biomarker panel

for diagnosing HCC (Fig. 6A,B; Table S2). In terms

of all-stage HCC diagnosis, the combination of AFP

and EV-MALAT1 showed the best AUC (0.911, 95%

CI 0.864–0.958) in a model of HCC vs. nontumor,

while the EV-MALAT1 and EV-SNHG1 combination

showed the best AUC (0.887, 95% CI 0.828–0.945) in
a model of HCC vs. CH/LC. Moreover, for very early

HCC (mUICC stage I), the combinations of EV-

DLEU2 and EV-MALAT1, and EV-HOTTIP and EV-

MALAT1 exhibited the best AUCs (0.921, 95% CI

0.854–0.987, and 0.921, 95% CI 0.856–0.986, respec-

tively) in a model of HCC vs. nontumor, whereas the

combination of EV-MALAT1 and EV-SNHG1 had the

best AUC (0.899, 95% CI 0.816–0.982) in a model of

HCC vs. CH/LC.

Still further, the AFP and EV-DLEU2 combination

exhibited the highest positivity for all-stage (92%) and

mUICC stage I HCC (96%), whereas EV-DLEU2 and

AFP or EV-HOTTIP or EV-SNHG1 showed the

Fig. 2. Differential gene expression of six lncRNA candidates in HCC (A) according to liver disease status in Catholic_LIHC cohort and (B) in

the three independent RNA-seq datasets. (Welch’s t-test; *P < 0.05, **P < 0.01, and ***P < 0.001).
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Fig. 3. Expression of the six lncRNAs in sera and serum-derived extracellular vesicles (EVs). (A) Transmission electron microscopy analysis

showing EV morphology in the serum of HCC patients (scale bar indicated 100 nm). (B) Representative NTA and immunoblots of EV and ER

markers from serum EV and Huh-7 cell lysate. (C) Scatter plots for the expression of six lncRNAs in the (C) serum and (D) serum-derived

EVs of healthy controls (n = 7) and subjects with HCC (n = 9), and (E) differential gene expression of six serum EV-lncRNAs according to

liver disease status in the test cohort (n = 44). Black horizontal lines indicate sample means. Target gene expression was calculated relative

to that of HMBS (Welch’s t-test; *P < 0.05, **P < 0.01, and ***P < 0.001).
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highest positivity (95% for each combination) for

mUICC stage I or II HCC. In fact, even in very early

HCCs with low AFP levels (≤ 20 ng�mL−1), panels

with EV-lncRNAs showed high positivity (88–96%;

Fig. 6C).

3.6. Prognostic implication of EV-lncRNA

expression

Finally, we examined the prognostic impact of EV-

lncRNA in the validation cohort. None of the candi-

date EV-lncRNAs were significantly related to any of

the 72 HCC patients’ overall survival (Fig. S4).

Meanwhile, in patients with mUICC stage I/II HCC,

the high expression of EV-MALAT1 (≥ 27.732-fold)

was significantly associated with poor overall survival

(log-rank P = 0.009; Fig. 7). However, in patients with

mUICC stage III/IV HCC, no single EV-lncRNA was

related to overall survival.

4. Discussion

This study compared the lncRNA expression between

HCC and non-HCC tissues using two RNA-

sequencing datasets, resulting in the identification of

six lncRNAs (DLEU2, HOTTIP, MALAT1, NEAT1,

Table 1. Baseline characteristics of patients selected for the validation cohort. CH, chronic hepatitis; AST, aspartate transaminase; ALT,

alanine transaminase; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio; RFA, radiofrequency ablation; TACE,

transarterial chemoembolization; BSC, best supportive care.

Variables

Validation cohort (n = 139)

NL (n = 21) CH (n = 21) LC (n = 25) HCC (n = 72)

Age (years), mean � SD 34.0 � 7.3 49.8 � 1.3 48.3 � 7.7 54.8 � 8.9

Male sex, n (%) 2 (9.52) 12 (57.14) 17 (68.00) 58 (80.5)

AST, IU�mL−1 17.1 � 4.1 75.3 � 53.0 51.8 � 22.6 73.9 � 93.5

ALT, IU�mL−1 13.9 � 8.4 118.8 � 128.6 71.5 � 49.7 48.9 � 63.5

Platelet, ×109 L−1 284.8 � 43.5 187.7 � 51.4 133.9 � 71.8 166.3 � 83.9

AFP (ng�mL−1), mean � SD 1.6 � 0.6 21.8 � 26.9 85.5 � 148.4 3539.7 � 13 921.6

Etiology, n

HBV 64 (88.9)

HCV 4 (5.5)

Alcohol 3 (4.2)

Others 1 (1.4)

Albumin (g�L−1), mean � SD 4.29 � 0.58

Bilirubin (mg�dL−1), mean � SD 1.58 � 3.96

INR, mean � SD 1.18 � 0.19

BCLC stage, n (%)

0 26 (36.1)

A 9 (12.5)

B 9 (12.5)

C 27 (37.5)

D 1 (1.4)

Modified UICC stage, n (%)

I 28 (38.9)

II 9 (12.5)

III 20 (27.8)

IVA 10 (13.9)

IVB 5 (6.9)

Vascular invasion, n (%) 22 (30.6)

HCC treatment, n (%)

Resection 43 (59.7)

Liver transplantation 4 (5.6)

RFA 3 (4.2)

TACE 4 (5.6)

RFA + TACE 2 (2.8)

TACE + Resection 1 (1.4)

Sorafenib 8 (11.1)

BSC or unknown 7 (9.7)

2723Molecular Oncology 15 (2021) 2715–2731 ª 2021 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies

S. S. Kim et al. Circulating EV-derived lncRNAs for HCC diagnosis



SNHG1, and TUG1) as candidate biomarkers for

HCC diagnosis. Among them, DLEU2, HOTTIP,

MALAT1, and SNHG1 were significantly elevated in

small EV of serum from patients with HCC compared

to those without HCC. Serum small EV-derived

MALAT1 displayed excellent discriminant capacity,

whereas small EV-derived DLEU2, HOTTIP, and

SNHG1 showed good discriminant ability between

HCC and non-HCC. Additionally, a combination

panel of EV-MALAT1 and EV-SNHG1 achieved the

best AUC for very early HCC. In fact, even in very

early HCC with low AFP levels (≤ 20 ng�mL−1), pan-

els combining EV-lncRNAs showed high positivity

(88–96%), suggesting the utility of EV-lncRNAs as

Fig. 4. Diagnostic performance of the final four serum EV-lncRNAs for HCC in the validation cohort. (A) Box plot showing the expression of

four serum EV-lncRNAs according to liver disease status in the validation cohort. Black horizontal lines indicate means, while error bars

represent standard error of the mean (Welch’s t-test; compared to NL, ***P < 0.001; compared to CH, #P < 0.05, ##P < 0.01; compared to

LC; §§§P < 0.001). (B) ROC curves for the four serum EV-lncRNAs in the validation cohort.
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diagnostic liquid biopsy biomarkers for AFP-negative

HCC.

MALAT1 is a representative onco-lncRNA that is

upregulated in many solid carcinomas [13]. It stimu-

lates tumor growth, metastasis, and chromosomal

instability through multiple mechanisms in different

tissues, including modulating alternative splicing of

oncogenic mRNAs, attaching to active regions of the

chromosome, and recruiting serine/arginine-rich fam-

ily proteins [14–16]. Although several studies have

implicated it in the prognosis and development of

HCC [17–19], few studies have actually reported the

diagnostic value of circulating MALAT1 for HCC

diagnosis. A recent study evaluating eight serum

lncRNAs including serum MALAT1 reported an

acceptable AUC (0.733, 95% CI = 0.676–0.790) with

59.7% sensitivity and 75.7% specificity in a model of

HCC vs. LC, CHB, and healthy controls; however,

this was lower than the AUC for AFP (0.811) [20].

Similarly, another study measuring plasma MALAT1

reported an AUC of 0.66 with 51.1% sensitivity and

89.3% specificity, which was also lower than that of

AFP (sensitivity 73.3%, specificity 75%, and AUC

0.7) [21]. Meanwhile, Yuan et al. [22] quantified the

level of 10 lncRNAs including MALAT1, in the

plasma of 100 subjects with HCC, 100 subjects with

CH, and 100 healthy controls, and reported no signif-

icant difference in plasma MALAT1 levels among the

Table 2. Comparative analysis between diagnosing HCC using serum EV markers and AFP. PPV, positive predictive value; NPV, negative

predictive value.

P vs. AFP AUC 95% CI Sensitivity (%) Specificity (%) PPV (%) NPV (%)

HCC vs. NL/CH/LC

AFP (20 ng�mL−1) 1.0000 0.647 0.549–0.738 48.936 46.739 31.944 64.179

DLEU2 (5.5318-fold) < 0.0001 0.882 0.827–0.937 80.263 82.54 84.722 77.612

HOTTIP (9.2165-fold) < 0.0001 0.879 0.823–0.935 82.253 77.465 79.856 48.921

MALAT1 (7.3752-fold) < 0.0001 0.908 0.860–0.956 92.063 81.579 80.556 92.537

SNHG1 (7.7427-fold) < 0.0001 0.898 0.848–0.948 80.769 85.246 87.500 77.612

HCC vs. CH/LC

AFP (20 ng�mL−1) 1.0000 0.506 0.391–0.611 48.936 46.739 31.944 64.179

DLEU2 (5.5318-fold) < 0.0001 0.844 0.773–0.916 82.432 83.077 84.722 80.597

HOTTIP (9.2165-fold) < 0.0001 0.844 0.776–0.913 82.090 77.465 77.465 82.090

MALAT1 (7.3752-fold) < 0.0001 0.886 0.827–0.945 92.063 81.579 80.556 92.537

SNHG1 (7.7427-fold) < 0.0001 0.868 0.804–0.933 82.895 85.714 87.500 80.597

mUICC I/II vs. NL/CH/LC

AFP (20 ng�mL−1) 1.0000 0.531 0.413–0.638 11.111 55.844 8.108 64.179

DLEU2 (5.5318-fold) < 0.0001 0.896 0.833–0.958 69.388 94.545 91.892 77.612

HOTTIP (9.2165-fold) < 0.0001 0.882 0.813–0.952 71.429 88.710 81.081 82.090

MALAT1 (7.3752-fold) < 0.0001 0.917 0.858–0.975 85.714 89.855 81.081 92.537

SNHG1 (7.7427-fold) < 0.0001 0.902 0.845–0.959 68.750 92.857 89.189 77.612

mUICC I/II vs. CH/LC

AFP (20 ng�mL−1) 1 0.351 0.229–0.473 11.111 39.286 8.108 47.826

DLEU2 (5.5318-fold) 0.0032 0.862 0.781–0.943 72.340 91.667 91.892 71.739

HOTTIP (9.2165-fold) 0.0073 0.848 0.764–0.931 71.429 82.927 81.081 73.913

MALAT1 (7.3752-fold) 0.0016 0.894 0.820–0.967 85.714 85.417 81.081 89.130

SNHG1 (7.7427-fold) 0.0035 0.873 0.798–0.947 71.739 89.189 89.189 71.739

mUICC I vs. NL/CH/LC

AFP (20 ng�mL−1) 1.0000 0.508 0.384–0.620 7.692 62.319 7.143 64.179

DLEU2 (5.5318-fold) < 0.0001 0.885 0.812–0.958 63.415 96.296 92.857 77.612

HOTTIP (9.2165-fold) < 0.0001 0.878 0.796–0.960 65.714 91.667 82.143 82.090

MALAT1 (7.3752-fold) < 0.0001 0.920 0.854–0.986 82.143 92.537 82.143 92.537

SNHG1 (7.7427-fold) < 0.0001 0.904 0.842–0.965 62.500 94.545 81.053 42.105

mUICC I vs. CH/LC

AFP (20 ng�mL−1) 1.0000 0.328 0.205–0.452 7.692 45.833 7.143 47.826

DLEU2 (5.5318-fold) 0.0181 0.848 0.753–0.943 66.667 94.286 92.857 71.739

HOTTIP (9.2165-fold) 0.0237 0.844 0.748–0.940 65.714 87.179 82.143 79.913

MALAT1 (7.3752-fold) 0.0050 0.898 0.816–0.981 82.143 89.130 82.143 89.130

SNHG1 (7.7427-fold) 0.0089 0.874 0.795–0.954 65.789 91.667 89.286 71.739
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three groups. Therefore, to the best of our knowl-

edge, the current study is the first to report the excel-

lent diagnostic value of EV-derived MALAT1 in

HCC with an AUC of 0.908, sensitivity of 92.1%,

and specificity of 81.6% in an HCC vs. NL/CH/LC

model.

DLEU2 was also overexpressed in HCC tissues, par-

ticularly in large tumors with vascular invasion, and

advanced-stage [23]. Recently, HBx was reported to

bind the promoter region of the DLEU2 lncRNA,

thereby enhancing DLEU2 transcription and inducing

the accumulation of DLEU2 RNA. Moreover, the

interaction of DLEU2 with HBx and the enhancer of

zeste homolog 2/polycomb repressor complex 2 com-

plex leads to sustained covalently closed circular DNA

and host HCC-related gene transcription [24]. How-

ever, reports on circulating DLEU2 as a biomarker of

HCC are limited. Here, we report its discriminant

capacity highlighting its potential for use as a biomar-

ker of very early-stage HCC.

Increased expression of HOTTIP in HCC tissue

compared to nontumor counterparts is reportedly

associated with HCC progression and disease out-

comes [25]. Additionally, HOTTIP may promote HCC

carcinogenesis through targeting the miR-125b [26],

whereas miR-192 and miR-204 were suggested as

upstream regulators for the suppression of HOTTIP

expression in HCC [27]. Recently, a study showed sig-

nificantly higher expression of HOTTIP in patients

with advanced-stage HCC, old age, male gender, white

race, and no cirrhosis. Moreover, HOTTIP was

expressed with genes related to the PPAR signaling

pathway [28], which plays a critical role in the patho-

genesis of HCC. Studies have also reported HOTTIP

as a diagnostic or prognostic biomarker in gastric and

colorectal cancers [29,30]; however, to date, only one

study has reported the discriminatory role of circulat-

ing HOTTIP in liver diseases. This study showed an

increased expression of HOTTIP in resolved HBV

patients compared to healthy controls [31].

SNHG1 is also upregulated in HCC [32] and con-

tributes to the development and progression of HCC

via direct inhibition of miR-195 expression [33].

SNHG1 also has important roles in HCC cell cycle,

migration, and epithelial–mesenchymal transition by

epigenetic silencing of cyclin-dependent kinase inhi-

bitor (CKI) 1A and CKI2B [34]. Upregulated

SNHG1 reduces sorafenib-induced apoptosis and

autophagy in sorafenib-resistant HCC cells by trig-

gering the Akt pathway through the solute carrier

family 3 member 2 [35]. It has also been reported

that plasma SNHG1 is elevated in HCC subjects and

correlates with tissue SNHG1 expression. The AUC

was 0.86 (95% CI = 0.78–0.91) for HCC discrimina-

tion (HCC vs. CHB and LC) in combination with

AFP [32].

Collectively, this is the first study to show the diag-

nostic role of circulating small EV-derived MALAT1,

DLEU2, HOTTIP, and SNHG1, which are reported

onco-lncRNAs in HCC. Interestingly, serum lncRNA

levels did not differ significantly between subjects with

HCC and those without, whereas serum EV-derived

lncRNA levels were significantly higher in subjects

with HCC.

The proportion of EV-encapsulated vs. free noncod-

ing RNAs found in liquid biopsies is currently a con-

troversial issue as researchers have shown that most

microRNAs are integrated into ribonucleoprotein

complexes, while only a small proportion are enclosed

in EVs [36]. Meanwhile, others have demonstrated

consistently higher concentrations of microRNAs in

exosomes compared to that in free form within serum

and saliva [37]. Our previous study also reported a

higher level of small EV-derived lncRNA than free

serum lncRNA [12]. Therefore, both free and EV-

enclosed lncRNAs should be considered in an onco-

genic liquid biopsy-based biomarker study.

Certain limitations were noted in this study. First,

the detected EV-derived lncRNAs may have originated

from cancer cells or from other cells, such as platelets

or leukocytes. Indeed, the selective detection of tumor-

derived EVs from blood using specific surface markers

prior to the analysis of lncRNAs has been a challenging

issue in the research community. Second, the number of

enrolled patients was relatively small, while the major

etiology of HCC was limited to HBV (88.9%). There-

fore, our results should be confirmed with a large num-

ber of external cohorts based on various etiologies.

Fig. 5. Diagnostic outcomes of four serum EV-lncRNAs for all-stage HCC and very early-stage HCC. AUCs for diagnosing HCC at all stages

(left panel), HCC with mUICC stage I or II (middle panel), and HCC with mUICC stage I (right panel) from (A) nontumor subjects, and (B)

patients at high risk of developing HCC (CH and LC) (two-tailed t-test; compared to AUC of AFP, ***P < 0.001). Bar chart showing a

positive rate for AFP, DLEU2, HOTTIP, MALAT1, and SNHG1 in (C) patients with various liver disease status, and (D) patients with HCC,

mUICC I/II, and mUICC I. The cutoff for positivity was defined as 5.5318-fold for EV-DLEU2, 9.2165-fold for EV-HOTTIP, 7.3752-fold for EV-

MALAT1, 7.7427-fold for EV-SNHG1, and 20 ng�mL−1 for AFP level.
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5. Conclusions

Serum small EV-derived MALAT1, DLEU2, HOTTIP,

and SNHG1 were significantly highly expressed in

patients with HCC and showed good to excellent dis-

criminating capacity that was significantly higher than

that of the traditional tumor marker AFP. Further-

more, even in very early HCC with low AFP levels

(≤ 20 ng�mL−1), EV-derived MALAT1, DLEU2, HOT-

TIP, and SNHG1 showed high positivity, suggesting

the utility of EV-lncRNAs as a diagnostic liquid

biopsy biomarker for very early HCC, particularly in

patients without AFP elevation.
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Fig. S1. Communication between HCC and normal

liver cells through EVs.

Fig. S2. Differential gene expression of final four

serum EV-lncRNAs.

Fig. S3. Age-related EV-derived lncRNA expression in

the validation cohort in all patients.

Fig. S4. Prognostic power of four serum EV-lncRNA

expression in the validation cohort.

Table S1. Primer sequences in this study.

Table S2. AUROCs of combination of two markers

for diagnosing HCC.

2731Molecular Oncology 15 (2021) 2715–2731 ª 2021 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies

S. S. Kim et al. Circulating EV-derived lncRNAs for HCC diagnosis


	Outline placeholder
	mol213049-aff-0001
	mol213049-aff-0002
	mol213049-aff-0003
	mol213049-aff-0004
	mol213049-aff-0005
	mol213049-fig-0001
	mol213049-fig-0002
	mol213049-fig-0003
	mol213049-tbl-0001
	mol213049-fig-0004
	mol213049-tbl-0002
	mol213049-fig-0005
	mol213049-bib-0001
	mol213049-bib-0002
	mol213049-bib-0003
	mol213049-bib-0004
	mol213049-fig-0007
	mol213049-fig-0006
	mol213049-bib-0005
	mol213049-bib-0006
	mol213049-bib-0007
	mol213049-bib-0008
	mol213049-bib-0009
	mol213049-bib-0010
	mol213049-bib-0011
	mol213049-bib-0012
	mol213049-bib-0013
	mol213049-bib-0014
	mol213049-bib-0015
	mol213049-bib-0016
	mol213049-bib-0017
	mol213049-bib-0018
	mol213049-bib-0019
	mol213049-bib-0020
	mol213049-bib-0021
	mol213049-bib-0022
	mol213049-bib-0023
	mol213049-bib-0024
	mol213049-bib-0025
	mol213049-bib-0026
	mol213049-bib-0027
	mol213049-bib-0028
	mol213049-bib-0029
	mol213049-bib-0030
	mol213049-bib-0031
	mol213049-bib-0032
	mol213049-bib-0033
	mol213049-bib-0034
	mol213049-bib-0035
	mol213049-bib-0036
	mol213049-bib-0037


