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Abstract

Exosomal long noncoding RNA (IncRNA) has been found to be associated with the
development of cancers. However, the expression characteristics and the biologi-
cal roles of exosomal IncRNAs in hepatocellular carcinoma (HCC) remain unknown.
Here, by RNA sequencing, we found 9440 mRNAs and 8572 IncRNAs were differ-
entially expressed (DE-) in plasma exosomes between HCC patients and healthy con-
trols. Exosomal DE-IncRNAs displayed higher expression levels and tissue specificity,
lower expression variability and splicing efficiency than DE-mRNAs. Six candidate
DE-IncRNAs (fold change 6 or more, P < .01) were high in HCC cells and cell ex-
osomes. The knockdown of these candidate DE-IncRNAs significantly affected the
migration, proliferation, and apoptosis in HCC cells. In particular, a novel DE-IncRNA,
RP11-85G21.1 (Inc85), promoted HCC cellular proliferation and migration by targeted
binding and regulating of miR-324-5p. More importantly, the level of serum Inc85 was
highly expressed in both Alpha-fetoprotein (AFP)-positive and AFP-negative HCC pa-
tients and allowed distinguishing AFP-negative HCC from healthy control and liver
cirrhosis (area under the receiver operating characteristic curve, 0.869; sensitivity,
80.0%; specificity, 76.5%) with high accuracy. Our finding offers a new insight into the
association between the dysregulation of exosomal IncRNA and HCC, suggesting that

Inc85 could be a potential biomarker of HCC.
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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading cause of can-
cer-related deaths and one of the most aggressive types of human
cancers worldwide.*™* In China, the incidence of HCC is rela-
tively high with approximately 360 000 new cases and 350 000
deaths each year.® Clinically, due to lack of specific biomarkers
and poor clinical symptoms, most HCC patients are already in
the advanced stage when diagnosed, and over 80% of diagnosed
patients are associated with poor prognosis.® In addition, the
effects of current therapies are generally unsatisfactory due to
recurrence and metastasis, leading to an overall 5-year survival
rate for HCC of only 50%-70% 7 and the 5-year survival rate for
advanced HCC (less than 15%) is even more dismal.® Therefore,
it is urgent to investigate the molecular mechanisms involved in
HCC initiation and progression in order to develop new diagnosis
techniques and therapies. Accumulating evidence indicates that
long noncoding RNA (IncRNA) plays a critical role in human dis-
ease.”’ Long noncoding RNA is a member of non-protein-coding
transcripts composed of more than 200 nucleotides.’'*? Some
studies have indicated that IncRNAs are frequently deregulated
in various cancers and tightly related to tumorigenesis'® by their
involvement in cell migration, proliferation, and apoptosis.“’“'15
Indeed, several IncRNAs have been reported to serve as onco-
genes or tumor suppressors for HCC,**Y highlighting the im-
portance of IncRNAs in HCC pathogenesis. Recently, exosomal
IncRNA has received increasing attention. Exosomes are RNA-
and protein-containing small membrane vesicles (30-150 nm)
that are constantly secreted by cells,?® and deliver macromolec-
ular messages (including IncRNAs) that enable cell to cell com-
munication.?2?® However, whether and how exosomal IncRNAs
are associated with HCC development have not been compre-
hensively delineated.

In this study, we used RNA sequencing and quantitative re-
al-time PCR (qRT-PCR) to screen and validate differentially ex-
pressed (DE-) IncRNA of plasma exosomes between HCC and
healthy controls (HC). We investigated the expressed charac-
teristics of exosomal IncRNAs and mRNAs in HCC, validated
the DE-IncRNAs in HCC cells and cell exosomes, and used
loss-of-function assays to determine the biological functions of
DE-IncRNAs in HCC cells. Finally, we discovered a novel HCC-
specific IncRNA, RP11-85G21.1 (Inc85), might play an important
role in HCC tumorigenesis as a sponge of microRNA (miR)-
324-5p (a tumor inhibitor factor) by binding to miR-324-5p and
inhibiting its function, which has the potential to be a biomarker
of HCC.
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2 | MATERIALS AND METHODS
2.1 | Patients and blood sample collection

This study was approved by ethics committee of Guangxi Medical
University (protocol no. 20170302-1) and all methods were under-
taken in accordance with the guidelines.

Blood samples from were obtained for RNA sequencing from
4 HCC patients at the First Affiliated Hospital of Guangxi Medical
University (FAHGMU) in 2016 (age range, 41-64 years; male/fe-
male = 2/2; Alpha-fetoprotein [AFP]+/AFP- = 3/1), inclusion criteria
were as the follows: (i) diagnosis of HCC by imaging, biochemistry, and
pathology; (ii) no chemotherapy, radiotherapy, or other treatments;
and (iii) patients were volunteered to participate in this study. Healthy
controls (age and sex ratio matched with HCC) were recruited among
healthy adults who took routine health examinations at FAHGMU
and did not have any type of cancers. Blood samples were taken in
the morning using EDTA-containing tubes and centrifuged at 2890 g
at 4°C for 10 minutes, then isolated plasma was stored at -80°C.

Blood samples of 112 HCC patients (age, 40-60 years; male/fe-
male = 103/9; AFP+/AFP- = 30/82) and 43 liver cirrhosis (LC) patients
(age, 40-60 years; male/female = 39/4) were collected for gqRT-PCR
from the FAHGMU in 2016. Fifty-two HC were recruited from individ-
uals who underwent routine health examinations at FAHGMU and did
not have any type of cancer (age and sex ratio were matched with HCC
patients). The inclusion criteria and sample collection were the same

as RNA sequencing. Informed consent was obtained from all subjects.

2.2 | Isolation of exosomes
2.2.1 | Plasma

Exosomes were isolated from HCC plasma (HCC-exos) and HC

plasma (HC-exos) by Ribo Exosome Isolation Reagent.

2.2.2 | Cellular supernatant

The cells (purchased from the Chinese Academy of Sciences) were
seeded in Petri dishes in DMEM (Gibco) with 10% FBS (Gibco, until the
density of cells reached 90%, then the old medium was removed and
replaced with FBS-free medium for 48 hours of culture. Cellular super-
natant was collected and exosomes were isolated using ultracentrifu-
gation. Briefly, cells and debris were cleaned from cellular supernatant

by 3 rounds of centrifugation (300 g, 10 minutes; 2000 g, 10 minutes;
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10 000 xg, 30 minutes). The prcleared supernatant was centrifuged
at 110 000 g for 1.5 hours then discarded the upper liquid. The ex-

osomes were defined as 7702-exos, HepG2-exos, and Huh7-exos.

2.3 | Characterization of exosomes

Exosomes were characterized by transmission electron microscopy
(TEM), NanoSight, and western blot analysis. For NanoSight, ex-
osomes were resuspended in 30 uL PBS (Gibco). The particle size was
measured by the NanoSight NS300 system (Malvern). For western
blot analysis, proteins of cell exosomes and plasma exosomes were
extracted by using RIPA buffer (Cell Signaling Technology) and quanti-
fied by a bicinchoninic acid (BCA) protein quantification kit (Beyotime).
Protein was separated by using 10% SDS-PAGE and electrophoreti-
cally transferred to PVDF membranes (Millipore). Membranes were
incubated overnight at 4°C with a 1:1000 dilution of primary Abs (Alix,
CD9, CD63, and heat shock protein 70 [HSP70]) and GAPDH (Cell
Signaling Technology). After incubation with a 1:1000 dilution of anti-
Ig HRP-linked Ab for 1 hour at room temperature, the immunoreac-
tive bands were visualized by Pierce ECL Western Blotting Substrate
(Bio-Rad). For TEM, exosomes were resuspended with 50 uL PBS
then added to the paper, covered with copper mesh, and incubated at
room temperature for 2 minutes. Then 1% acetic glaze dye was added
for 30 seconds and observed by TEM (H7650; Hitachi).

2.4 | RNA sequencing of plasma exosomes

Total RNA was isolated from plasma exosome by TRIzol (Life
Technologies). The quantity and quality of RNA were assessed by the
NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific).
RNA integrity was determined by RNA integrity number with the
2200 TapeStation analyzer (Agilent Technologies), and samples that
had an RNA integrity number above 7.0 were considered accept-
able. The isolated RNAs were used for preparing cDNA libraries by
NEBNext Ultra RNA Library Prep Kit for lllumina (ENB). Products
were purified with Agencourt AMPure XP beads (Beckman) and di-
luted to 10 pM for cluster generation in situ on a HiSeq 3000 paired-
end flow cell. The clustering of the index-coded samples was carried
out using a HiSeq Rapid PE Cluster Kit V2 (lllumina). After cluster gen-
eration, the libraries were sequenced (2 x 150 bp) on the HiSeq 3000
platform (RiboBio Sequencing Facility, http://www.ribobio.com).

2.5 | Analysis of exosomal sequencing data

The raw read sequences were filtered to remove adapter sequences
and low-quality reads (more than 20% bases with quality less than
20, or reads with more than 10% undefined nucleotides) by using
Skewer and the FastX-Toolkit software. Reads were mapped with
human reference rRNA sequences (GenBank and GENCODE v26);

reads that did not map with rRNA (clean reads) were subjected to

subsequent analysis. Clean reads were aligned to human reference
genome assembly (GRCh38) to define mRNA and IncRNA profiles by
HISAT2 aligner with the default parameters. Clean reads were also
annotated to GENCODE (v26) and the transcript expression level
was quantified by the Expectation-Maximization (RSEM) package.
Expression levels were calculated by reads per kilobase of transcript
per million mapped reads. Tissue specificity was calculated by com-
paring the expression level with publicly available RNA sequence
data from 34 human cell types (ENCODE https://www.encodeproj
ect.org; lllumina Human Body Map http://www.ebi.ac.uk/gxa/exper
iments/E-MTAB-513). Splicing efficiency was calculated by frag-
ments per kilobase million of the exonic and intronic boundaries
of the splice site (discarded exonic less than 0.2) and was defined
ranging from O (intronic greater than or equal to exonic) to 100

(intronic = 0).

2.6 | Quantitative real-time PCR

Total RNA was isolated by the RNeasy Mini Kit (Qiagen). RNA was re-
verse-transcribed to cDNA using a Reverse Transcription Kit (Takara),
and gRT-PCR analysis was carried out by Power SYBR Green (Takara).
The PCR reactions were carried out on the StepOne Real-time PCR
System (Applied Biosystems). GAPDH and Ué were used as endog-
enous controls. The relative fold change in expression was calculated
by the 2724 method. Primer sequences are listed in Table S1.

2.7 | Western blot analysis

Cellular proteins were extracted with RIPA and quantified by a
BCA quantification kit. Protein separation and identification were
the same as described under “Characterization of exosomes”. The
primary Abs were cyclin D1 and cyclin B1 (1:1000 dilution; Cell
Signaling Technology), and GAPDH was the endogenous control.

2.8 | Silencing of candidate IncRNAs and biological
functions detect in HCC cells

Small interfering RNAs (Table S2) were designed for each candi-
date DE-IncRNA. Each siRNA was transfected by Lipofectamine
RNAIMAX (Thermo Fisher Scientific). Annexin V-FITC Apoptosis
Detection Kit (Life Technologies), CCK-8 (Dojindo), and Transwell
assay were used to detect the biological functions (cell apoptosis,
proliferation, and invasion ability) in HCC cells after siRNA transfec-
tion of candidate DE-IncRNAs.

2.9 | Bioinformatics analysis

RegRNA (http://regrna2.mbc.nctu.edu.tw/) was used to predict the

target gene of Inc85.%
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2.10 | Dual-luciferase reporter gene assay

The pmirGLO-Inc85-WT and pmirGLO-Inc85-MUT vectors were
constructed and cotransfected into Huh7 and HepG2 cells with miR-
324-5p mimics (5-CGCAUCCCCU AGGGCAUUGGUG-3') and miR-
negative control by Lipofectamine 3000 Reagent (Thermo Fisher
Scientific), respectively. After 48 hours of transfection, the luciferase
activity was detected by dual-luciferase reporter gene assay kit
(Yeasen Biotech).

2.11 | Statistical analysis
Data were presented as mean + SD. Statistical analysis was
carried out by SPSS 20.0 (IBM). Student’s t test was used to
analyze the difference between 2 groups. One-way ANOVA
was adopted when comparing more than 2 groups. P values
less than or equal to .05 were considered to be statistically
significant.
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3 | RESULTS

3.1 | Identification of exosomes

The isolated exosomes were analyzed by NanoSight, TEM, and west-
ern blot. In general, more than 80% of the particle size was in the
range of 30-150 nm, with the highest peak at 59 nm (Figure 1A). The
TEM scan showed that the particles consisted of bilayer membranes
(~100 nm; Figure 1B). The biomarkers of exosomes, Alix, HSP70, and
CD9, were expressed in cell exosomes, and Alix and CD63 were ex-

pressed in plasma exosomes (Figure 1C).

3.2 | Long noncoding RNAs have higher expression
level and tissue specificity and lower variability and
splicing efficiency than mRNAs in HCC-exos

After comparing the expression characteristics between exosomal
IncRNAs and exosomal mRNAs, no significant difference in median

0 100 200 300 400 S;Oeo [nms)m 700 800 900 1000 100 200 300 400 S;:(nm?m 700 800 200 1000
(B) (C)
1 1 2 2 3 3
GAPDH -.—-|37 KD GAPDH E 37 KD
Alix |- S s— - 05 KD Alix *’ 95 KD
HSP7o/" R g T T 73 KD CD63 j 53 KD
CD9 25 KD

—100 nm——

FIGURE 1

Identification of exosomes. A, NanoSight of cell exosomes. (i) Three fields of view for analysis. (ii) Intensity curve image of

exosome size. B, Transmission electron microscopy images of cell exosomes. Arrowheads indicate the bilayer membrane. C, Western blot
images of exosome proteins (exos). (1) HepG2-exos, (2) HL-7702-exos. (3) Plasma-exos. HSP70, heat shock protein 70
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FIGURE 2 Expression characteristics of exosomal (exos) long noncoding RNAs (IncRNAs) and mRNAs. A, Median expression levels of
IncRNA and mRNA transcripts. B, Specific expression IncRNA and mRNA transcript. C, Median splicing efficiency levels of IncRNA and
mRNA transcripts. D, Interindividual variability of differentially expressed (DE)-IncRNA and DE-mRNA transcripts

expression levels between them (1.47 vs. 1.36, respectively; P = .084)
was found in HC-exos. In HCC-exos, however, the median expression
levels of INncRNAs were almost twice that of mMRNAs (4.13 vs. 2.21, re-
spectively; P < .005) (Figure 2A). We observed that the rate of specific
transcripts of exosomal IncRNAs (15.78%) was significantly higher than
exosomal mMRNAs (13.28%) in HC-exos. This phenomenon was stronger
in HCC-exos (25.48% for IncRNAs vs. 18.99% for mRNAs) (Figure 2B).
In addition, the splicing efficiency of IncRNAs was lower than mRNAs
whether in HCC-exos (0.38 vs. 0.53, respectively; P < .005) or in HC-
exos (0.50 vs. 0.98, respectively; P < .005) (Figure 2C). Moreover, the
expression variability of INcRNAs was significantly lower than mRNAs
in HCC-exos (0.40 vs. 0.68, respectively; P < .005) (Figure 2D).

3.3 | Exosomal IncRNAs and mRNAs are differentially
expressed between HC-exos and HCC-exos

The expression profiles of exosomal IncRNAs and mRNAs in HCC and
HC were examined. According to the criteria of fold change greater

than or equal to 2.0 and false discovery rate less than 0.01, we

identified a total of 8572 DE-IncRNAs (fold change 2 or higher, P < .05),
in which 8447 were upregulated and 125 were downregulated in HCC-
exos (Figure 3Ai). Likewise, there were 9440 DE-mRNAs, 8,963 were
up-regulated and 477 were down-regulated in HCC-exos (Figure 3Aii).
In order to investigate whether these differential exosomal IncRNAs
were able to distinguish HCC from HC, volcano plotting (Figure 3A)
and hierarchical clustering analyses (Figure 3B) were adopted, and the
results consistently showed that these differential exosomal IncRNAs
had the ability to distinguish HCC from HC. Similar to exosomal IncR-
NAs, the expression profiles of exosomal mRNAs in HCC-exos were
also distinct from HC-exos. The raw expression levels, fold change ex-
pression values, and P values of partially differentially expressed genes

as determined by RNA Sequencing are summarized in Table S3.
3.4 | Quantitative real-time PCR validation of DE-
IncRNAs in HCC cells and cell exosomes

To determine whether the results of RNA sequencing on plasma ex-

osomes could be verified in HCC cells, gRT-PCR was used to measure the
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FIGURE 3 Differentially expressed long noncoding RNAs (DE-IncRNAs) and DE-mRNAs between hepatocellular carcinoma (HCC) and
healthy controls (HC). A, Volcano plot showing DE-IncRNAs (i) and DE-mRNAs (ii) between HCC exosomes (exos) and HC-exos. Red and
green points represent higher and lower expression of transcription (MRNA or IncRNA) with statistical significance (fold change > or <2.0,
respectively; P < .05) (X axes, fold change values; Y axes, P values). B, Hierarchical clustering of DE-IncRNA (i) and DE-mRNA (ii) between
HCC-exos and HC-exos (red, high expression; blue, low expression). C, Expression levels of 6 DE-IncRNAs (fold change > 6.0; P < .05)

in HCC-exos. D, Respective expression level of 5 DE-IncRNAs in HCC cells and cell exosomes by quantitative real-time PCR. Data are
expressed as mean + SD of 3 independent experiments. *P < .05, **P < .005 vs. control (7702 and 7702-exo as control, respectively)

expression levels of 6 DE-IncRNAs (Figure 3C, upregulated in HCC-exos
measured by RNA sequencing) in HCC cells and their cell exosomes. The
results showed that, except for Inc380, the expression levels of 5 DE-
INcRNAs (Inc544, Inc239, Inc959, Inc171, and Inc85) were higher in the
2 HCC cell lines (P < .05) than in 7702 cells. Similar to the results in cells,
except for Inc380, the expression levels of the other 5 DE-IncRNAs were
higher in HCC cell exosomes than 7702-exos (P < .05) (Figure 3D).

3.5 | Knockdown of HCC-related DE-IncRNAs
modified phenotypes of HCC cells

To explore whether 5 candidate DE-IncRNAs (upregulated in HCC
cells and cell exosomes) might play a role in cell proliferation, inva-
sion, and apoptosis, we knocked down these DE-IncRNAs in HCC
cells by using their specific siRNAs. As shown in Figures 4A and S1,
5 candidate DE-IncRNAs were significantly reduced in cells when
transfected with their corresponding siRNA. Inhibiting Inc85 re-
sulted in the impairment of cell proliferation; silencing the other 4
DE-IncRNAs had little effect (Figures 4B and S2). In Transwell as-
says, silencing Inc85 resulted in a decreased migration in HCC cells
(P < .05) (Figure 4C,D), knockdown of Inc239 led to decreased mi-
gration in Huh7 cells (P = .016), and inhibiting Inc959 reduced the
migration of HepG2 cells (P = .005). However, silencing Inc544 and

Inc171 had no significant effect on cell migration (Figure S3). In the

apoptosis analysis, downregulating Inc85 could elevate cell apop-
tosis in Huh?7 cells (P = .014) (Figure 4E,F). Inhibiting Inc171 could
significantly increase HepG2 apoptosis (P < .005). Knockdown of
Inc544 could slightly increase the apoptosis in Huh7 cells (Figure S4).

3.6 | Longnoncoding RNA 85 is a sponge of miR-
324-5p

It is known that IncRNAs might function as competing endogenous
RNAs (ceRNA) to modulate the expression and biological function of
miRNA and participate in cellular biological processes.?* To investi-
gate the ceRNA characteristics of DE-IncRNAs, we focused on Inc85,
a novel IncRNA with high upregulation in HCC-exos (Figure 3C). We
found that Inc85 had a higher expression level in both HCC cells and
cell exosomes (Figure 3D). By observing the effects of 5 DE-IncRNAs
on cell proliferation, apoptosis, and invasion activity, and it was found
that Inc85 showed an obvious promoting effect on the proliferation
and invasion ability of HCC cells (Figure 4). Therefore, we decided to
study how Inc85 influences the proliferation and invasion of HCC cells.

The potential targets of Inc85 were predicted by RegRNA, which
showed that the 3'-UTR ends of Inc85 contained a predicted binding
site for miR-324-5p. Therefore, we used a dual-luciferase reporter
gene assay to evaluate whether miR-324-5p could be targeted by
Inc85 in HCC cells (Figure 5A). The results showed that miR-324-5p
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mimic significantly inhibited the luciferase activity of Inc85 WT 3'UTR
in HepG2 and Huh7 cells (Figure 5B), whereas miR-324-5p mimic
had no significant effect on the luciferase activity of mutant 3'UTR.
In addition, gRT-PCR analysis confirmed that the expression of miR-
324-5p was negatively correlated with Inc85 in HCC cells (Figure 5C).
Transfection of si85 suppressed the expression levels of Inc85, but it
also upregulated miR-324-5p expression levels in HCC cells (Figure 5D),
indicating that miR-324-5p might serve as an inhibitory target of Inc85.

3.7 | Long noncoding RNA 85 promotes
proliferation, metastasis, and apoptosis of HCC
cells by regulating the expression of miR-324-5p-
associated target genes

MicroRNA-324-5p, which s generated froma hairpin RNA structure,?®

serves as a tumor inhibitor in many cancers.?¢3! Overexpression of

miR-324-5p significantly reduced the growth and invasive ability of
cancer cells. As we had confirmed that miR-324-5p was targeted
by Inc85, the effect on the expression level of miR-324-5p down-
stream target genes after silencing Inc85 was investigated. The re-
sults showed that silencing Inc85 significantly inhibited the mRNA
expression level of several proliferation proteins (cyclin D1, cyclin B1,
and c-myc), which were downstream of miR-324-5p3'1'35 in HCC cells.
Similar results were also observed for Bcl-2, one of the antiapoptotic
proteins.>¥3* Moreover, inhibiting Inc85 led to the downregulation
of miR-324-5p targets (MMP2 and MMP9) that are involved in pro-
invasion/metastasis?’ (Figure 6A-C). Based on the results above, we
could see that silencing Inc85 affected the mRNA expression level of
proliferation, antiapoptotic, and metastasis genes, which were down-
stream of mir-324-5p, especially the proliferation and invasion genes.
The mechanism of mir-324-5p inhibiting the invasion and migration
of HCC cells by regulating the activities of MMP2 and MMP9 has

been reported in detail.?? Here, we studied the protein expression
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levels of proliferation-related proteins (cyclin D1 and cyclin B1) after
silencing of Inc85 by western blot. As shown in Figure 6D,E, com-
pared to the siNC group, decreased levels of cyclin D1 and cyclin B1
were found in the siRNA group of Huh7 and HepG2 cells. Taken to-
gether, these results show that Inc85 might modify the proliferation,
migration, and apoptosis of these cells by regulating the expression
of miR-324-5p target genes (Figure 6F).

3.8 | Long noncoding RNA 85 is a biomarker
for HCC

Some of the DE-IncRNAs have been confirmed to be biomark-

ers for human disease.®® In RNA sequencing, Inc85 was one of the

DE-IncRNAs that was highly expressed in both AFP+and AFP- HCC-
exos (Figure 7A) and showed potential to be a biomarker of HCC.
To explore whether Inc85 could serve as a biomarker of HCC, qRT-
PCR was used to detect the expression level of Inc85 in sera of 112
HCC, 43 LC, and 52 HC samples. As showed in Figure 7B, Inc85 was
highly expressed in HCC compared to HC and LC (P < .005). More
importantly, the expression level of Inc85 was not only significantly
high in AFP+ HCC, but also highly expressed in AFP- HCC (P < .005).
The results of receiver operating characteristic curve analyses were
used to analyze the diagnostic value of Inc85 (Figure 7C,D). When
HC and LC were combined into 1 group (HC + LC), the area under the
curve (AUC) of Inc85 was 0.873 (P < .005; 95% confidence interval
[Cl], 0.828-0.918) for HCC, and the sensitivity and specificity were
80.0% and 74.5% (cut-off = 1.563). To distinguish between LC and
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HCC, the AUC of Inc85 was 0.888 (P < .005; 95% Cl, 0.800-0.938),
and the sensitivity and specificity of Inc85 were 80.0% and 74.4%
(cut-off = 1.563). As mentioned above, Inc85 was highly expressed
in serum of AFP- HCC. This outcome suggested that Inc85 might
partially compensate for the diagnosis of AFP- HCC. Therefore, the
diagnostic value of Inc85 in AFP+ and AFP- HCC was analyzed. Our
results showed that when HC and LC were combined into 1 group
(HC +LC), the AUC of Inc85 was 0.883 (P <.005; 95% Cl,0.835-0.931)
for AFP+ HCC, and 0.869 (P < .005; 95% Cl, 0.816-0.937) for AFP-
HCC. The sensitivity and specificity of Inc85 in diagnosing AFP+ HCC
were 80.5% and 76.5%, respectively (cut-off = 1.650); in AFP- HCC
the sensitivity and specificity were 80.0% and 76.5%, respectively
(cut-off = 1.645). To distinguish between LC and AFP+ or AFP-
HCC, the AUC of Inc85 was 0.897 (P < .005; 95% Cl, 0.846-0.949)

for AFP+ HCC, and 0.883 (P < .005; 95% Cl, 0.809-0.957) for AFP-
HCC. The sensitivity and specificity of Inc85 in diagnosing AFP+ HCC
were 80.5% and 76.7%, respectively (cut-off = 1.650); in AFP- HCC,
sensitivity and specificity were 80.0% and 76.7%, respectively (cut-
off = 1.645). This meant that Inc85 showed a compelling diagnostic
potential in both AFP+ and AFP- HCC. As a result, Inc85 could be
used as an independent biomarker for HCC diagnosis or in combina-
tion with other biomarkers to improve the diagnostic of AFP- HCC.

4 | DISCUSSION

Recently, several reports have shown that a number of IncRNAs

are aberrantly expressed in tumor tissues of HCC and play critical
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roles in tumor biological processes.®® For example, INcRNA-NNT-
AS1 promotes the cellular proliferation and migration of HCC by
downregulating miR-363.%7 Linc-USP16 suppresses HCC cellular
migration by increasing the expression of phosphatase and PTEN.%®
Cell exosomes are known to carry IncRNAs and transfer RNA cargo
to recipient cells, but the potential roles of exosomal IncRNAs in
HCC have not been systematically examined. In the present study,
we revealed a significant difference in the expression character-
istics between IncRNAs and mRNAs in HCC-exos. To the best of
our knowledge, this is the first study that systematically quanti-
fies the expression features of exosomal InNcRNAs and mRNAs by
using RNA sequencing data in HCC-exos. We observed that exo-
somal IncRNAs had higher expression levels and tissue specificity,
and lower variability and splicing efficiency than exosomal mRNAs.
The features suggested that exosomal IncRNAs could have greater
potential to serve as biomarkers of HCC compared to exosomal
mRNAs.

We found 125 downregulated and 8447 upregulated exosomal
DE-IncRNAs in HCC-exos compared to HC-exos. Although the bi-
ological functions of these IncRNAs were mostly unclear, several
lines of evidence suggested that our findings were biologically plau-
sible. First, several DE-IncRNAs detected in this study had been bi-
ologically characterized in other studies. For instance, LINCO0640
was found as a new nonsyndromic cleft lip with palate risk loci.®?
ZNF571-AS1 was involved in acute myeloid leukemia through the
STAT signaling pathway by regulating KIT and STAT5, and could be
served as prognostic biomarkers.*° CASC9 was upregulated in esoph-
ageal squamous cell carcinoma (ESCC) and considered as a valuable
biomarker for ESCC diagnosis.** The DE-IncRNAs that showed the
largest difference in expression levels (fold change of 6 or higher) in
HCC were also found to be upregulated in both HCC cells and cell

exosomes. Second, loss-of-function experiments found that some of

these DE-IncRNAs contributed to HCC cell proliferation, migration,
and apoptosis, suggesting DE-IncRNAs might play important roles
in HCC pathogenesis. Finally, the regulatory effects of dysregulated
IncRNAs on particular miRNAs and their downstream target genes
indicated that IncRNAs might contribute to carcinogenesis, acting
as oncogenes or tumor suppressor genes.*>*® Further studies are
needed to uncover the details of molecular mechanisms on how
these IncRNAs, individually or cooperatively, contribute to the car-
cinogenesis of HCC.

Upregulated in HCC cells and cell exosomes, as well as in
HCC-exos, Inc85 is a novel IncRNA with unidentified biological
functions. In this study, we found that silencing Inc85 led to the
inhibition of proliferation and migration in HCC cells. Long non-
coding RNA 85 targeted miR-324-5p and regulated its expression
through a ceRNA mechanism,** and subsequently modulated the
expression of mRNAs that were critical for cell proliferation, apop-
tosis, and invasion.****” MicroRNA-324-5p was derived through a
maturation process in which pre-miR-324 was divided by RNase
Il endonuclease DICER, a key enzyme for miRNA biogenesis.?®
Until now, only a few studies have investigated the biological func-
tions of miR-324 in human cancer progression. Gu et al reported
that miR-324-5p was capable of inhibiting proliferation and in-
vasion activities of colorectal cancer cells.?” Sun et al found that
downregulating miR-324-5p caused cytoskeleton remodeling and
tumorigenesis of colorectal epithelium.?® Xu et al indicated that
miR-324-5p inhibited the proliferation of glioma cells through
GLI1 silencing.31 More importantly, miR-324-5p overexpression
could lead to the reduction of migration and invasion by modu-
lating MMP2, MMP9, ETS1, and SP1 gene expression in HCC.?? We
discovered that when Inc85 was inhibited, the expression of miR-
324-5p was upregulated, leading to the downregulation of miR-

324-5p-targeted mRNAs. In summary, our data suggested that
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Inc85 could promote the cell proliferation of HCC by functioning
as a sponge of miR-324-5p, resulting in the dysregulation of miR-
324-5p-targeted genes.

Finally, we discussed the possibility that Inc85 could be used
as a biomarker for HCC. Clinically, AFP is the most widely used
serum biomarker for HCC diagnosis. However, the diagnostic sen-
sitivity of AFP is partially impacted by AFP- HCC.*® Our study
found that Inc85 was significantly increased in both AFP+ and
AFP- HCC, and it distinguished AFP- HCC from HC and LC. All of
these findings suggested that Inc85 is able to serve as a potential
biomarker of HCC, and helps to improve the sensitivity of diagno-
sis in AFP- HCC.

In conclusion, our study systematically characterized the ex-
pression features of exosomal IncRNAs in HCC-exos and, at the
same time, identified specific DE-IncRNAs that play important
roles in the regulation of cell proliferation, migration, and apop-
tosis. Long noncoding RNA 85 could function as an oncogenic
IncRNA for HCC tumorigenesis by regulating miR-324-5p expres-
sion. Finally, Inc85 was found to be elevated in HCC serum and
showed a compelling potential in HCC diagnosis. Our findings sup-
port that exosomal IncRNA plays an important role in HCC and fa-
cilitates the development of exosomal IncRNA-related biomarkers

or therapeutics targets.
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