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Serum exosomal microRNAs as novel biomarkers for
hepatocellular carcinoma

Won Sohn*, Jonghwa Kim!*4, So Hee Kang!, Se Ra Yang!, Ju-Yeon Cho!, Hyun Chin Cho?, Sang Goon Shim?
and Yong-Han Paik!?

Recent studies have shown that circulating microRNAs are a potential biomarker in various types of malignancies. The aim

of this study was to investigate the feasibility of using serum exosomal microRNAs as novel serological biomarkers for
hepatocellular carcinoma (HCC) in patients with chronic hepatitis B (CHB). We measured the serum exosomal microRNAs and
serum circulating microRNAs in patients with CHB (n=20), liver cirrhosis (LC) (n=20) and HCC (n=20). Serum exosomal
microRNA was extracted from 500 ul of serum using an Exosome RNA Isolation kit. The expression levels of microRNAs were
quantified by real-time PCR. The expression levels of selected microRNAs were normalized to Caenorhabditis elegans microRNA
(Cel-miR-39). The serum levels of exosomal miR-18a, miR-221, miR-222 and miR-224 were significantly higher in patients with
HCC than those with CHB or LC (P< 0.05). Further, the serum levels of exosomal miR-101, miR-106b, miR-122 and miR-195
were lower in patients with HCC than in patients with CHB (P=0.014, P<0.001, P<0.001 and P<0.001, respectively). There

was no significant difference in the levels of miR-21 and miR-93 among the three groups. Additionally, the serum levels of
circulating microRNAs showed a smaller difference between HCC and either CHB or LC. This study suggests that serum
exosomal microRNAs may be used as novel serological biomarkers for HCC.
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INTRODUCTION

MicroRNAs or miRs are small, non-coding RNA molecules
that modify posttranscriptional gene regulation.! They can
suppress the protein expression of specific mRNAs through
either degradation or translational inhibition.? Alterations of
microRNAs have been reported in a variety of human diseases,
including malignancies.?

Recently, the role of microRNA has been a major topic in
cancer research. MicroRNAs in human cancer are
associated with cell proliferation, cell metabolism, genomic
instability, tumor invasion, metastasis, angiogenesis,
apoptosis and immune responses.* Clinical applications of
microRNA have been tried in a variety of malignancies,
such as lung cancer, breast cancer, hematologic malignancies,
brain tumor, ovarian cancer and prostate cancer. In
particular, microRNA has been studied as a biomarker for
histological classification, disease prognosis and clinical
response, as well as the diagnosis of cancer.” Because of
the ease and repeatability of sample collection, serum and

plasma microRNA are being actively investigated as non-
invasive biomarkers in human cancers. The role of miRNA
in the diagnosis and therapy of hepatocellular carcinoma
(HCC) and other malignancies has been studied. The
expression of multiple microRNAs was increased or decreased
in HCC tumor tissues. In addition, several circulating
microRNAs have been reported as candidates for biomarkers
associated with HCC.%7

Exosomes are small membranous vesicles that originate
from internal multivesicular bodies. Exosomes have been
found in body fluids such as plasma, urine, saliva, breast milk
and synovial fluid.® Exosomes contain cell-specific protein,
mRNA and microRNA.? Recent studies showed that exosomal
microRNA is stable in blood because exosomes have a
protective function against degradation from enzymes, such as
RNAse.!%!1 Additionally, exosomal microRNA has a potential
role as a diagnostic biomarker in patients with lung and
ovarian cancer.!?13 However, the role of exosomal microRNA
in HCC has not yet been reported.
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The aim of this study was to investigate the feasibility of
using serum exosomal microRNAs as mnovel serological
biomarkers for HCC. We measured the expression levels of
serum exosomal microRNAs in patients with hepatitis B virus
(HBV)-related chronic hepatitis, liver cirrhosis (LC) and HCC.
The expression of serum exosomal microRNAs in HCC
patients were compared with those of patients with chronic
hepatitis B (CHB) or LC.

MATERIALS AND METHODS

Patients

From June 2012 to July 2013, 60 patients at Samsung Medical Center
were enrolled in this study. The patients were all hepatitis B surface
antigen positive and were divided into three groups: CHB (n=20), LC
(n=20), and HCC (n=20). Each group had the same gender ratio
(women; n=6, and men; n=14). Platelet count, prothrombin time,
serum albumin, total bilirubin, aspartate aminotransferase, alanine
aminotransferase, HBV DNA level, hepatitis B envelope antigen,
alpha-fetoprotein and abdominal ultrasonogram were checked in the
enrolled patients. LC was evaluated by an imaging study such as an
ultrasonogram or computed tomography. The presence of cirrhosis
was defined as a coarse change of the hepatic parenchyma and surface
nodularity with or without splenomegaly, ascites and varices. Patients
with HCC were all treated with surgical resection. HCC was diagnosed
based on the histological findings in the resected specimen. The
Barcelona Clinic Liver Cancer staging system was used to evaluate the
tumor stage. Serum exosomal microRNAs were analyzed in all
patients. The serum exosomal microRNAs in patients with HCC were
measured before surgical resection. This study was approved by the
institutional review board of the Samsung Medical Center. Informed
consent was received from all patients.

Isolation of exosomes from serum and purification of
exosomal RNAs

Peripheral blood samples from the subjects were collected and
centrifuged at 1300g for 10min at 4°C. The supernatants were
transferred to fresh tubes and stored at —80°C until analysis.
ExoQuick Exosome Precipitation Solution (System Biosciences,
Mountain View, CA, USA) was used to isolate exosomes from the
serum. The isolation, purification and elution of exosomal RNA were
performed according to the manufacturer’s protocol. First, 500 pl of
serum was mixed with 120 pl ExoQuick solution and then kept at 4 °C
for 30 min. The mixed solution was centrifuged at 13 000 r.p.m. for
2 min. The exosome pellets were obtained after the supernatants were
removed. Three hundred and fifty microliters of phenol-free lysis
buffer was added to the exosome pellets. Twenty-five picomoles of
synthetic Caenorhabditis elegans miRNA (Cel-miR-39, Ambion, Austin,
TX, USA) was added to each sample as the internal control.'* To
purify the exosomal RNA, 200 pl of 100% ethanol was added to the
exosomal preparations. Thereafter, the preparations were transferred
to a spin column and centrifuged at 13000 r.p.m. for 1 min. We
discarded the flow-through and added 200 pl of wash buffer; then the
preparations were centrifuged at 13 000 r.p.m. for 1 min. The addition
of the wash buffer and the centrifugation were repeated once. For the
elution of exosomal RNA, 30 pl of elution buffer was added directly to
the membrane in the spin column. Thereafter, the centrifugation was
performed at 2000 r.p.m. for 2 min and 13 000 r.p.m. for 1 min.
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Western blotting analysis

To identify the isolation of the exosomes from the serum, western
blotting analysis was performed for the cluster of differentiation 63
(CD63) and CD9, which are enriched in exosomes, and for calnexin,
which is an integral protein of the endoplasmic reticulum and is not
expressed in the exosome. The expression of CD63, CD9 and calnexin
in the exosome from the serum of enrolled patients was compared
with that of healthy people and the lysates of Huh-7 cells. Isolated
exosomal pellets from the serum were washed in phosphate-buffered
saline and treated with a lysis buffer containing RIPA lysis buffer.
Serum exosomal preparations and Huh-7 cells were incubated
with rabbit polyclonal anti-human (CD63) immunoglobulin G
(IgG), rabbit polyclonal anti-human CD9 IgG (System Biosciences)
and rabbit polyclonal anti-human calnexin (Cell signaling Technology,
Beverly, MA, USA), followed by goat anti-rabbit horseradish perox-
idase (System Biosciences).

Isolation of serum RNA

The total RNA, including microRNA, was extracted from serum using
the miRNeasy Serum/Plasma Kit (Qiagen, Hilden, Germany).
Two hundred microliters of serum was mixed with denaturing buffer
in the volumes described in the manufacturer’s protocols. The
homogenate was incubated at room temperature for 5min. Then
25fmol of synthetic Cel-miR-39 (Ambion) was spiked into the
mixture. Subsequently, the manufacturer’s protocols were followed
for RNA extraction. Total RNA was eluted into 14 pl of nuclease-free
water. The RNA concentration was measured using a NanoDrop
ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington,
DE, USA).

Measurement of serum exosomal microRNA levels and
serum circulating microRNA levels using real-time
quantitative PCR

Ten nanograms of total RNA was reverse transcribed using the
TagMan microRNA Reverse Transcription Kit (Applied Biosystems,
Carlsbad, CA, USA) and microRNA-specific stem-loop primers (part
of the TagMan microRNA Assay Kit; Applied Biosystems). The above
mixture was incubated at 37 °C for 60 min, 94 °C for 5 min and 4 °C
for 10 min. Among the numerous target miRNAs, we examined 10
miRNAs that were increased or decreased in HCC tissue in previous
studies.)>24 To measure serum exosomal microRNAs, miR-18a, -21,
-93, -106b, -221, -222 and -224 were selected as upregulated
microRNAs, and miR-101, 122 and 195 were selected as
downregulated microRNAs. The measurement of serum circulating
microRNAs was performed for six microRNAs (miR-21, -221, -222,
-224, -101 and -195). The real-time quantitative PCR for microRNAs
was conducted according to the TagMan miRNA assay protocol
(Applied BioSystems). First, 1.5 pl RT product was combined with the
TagMan Universal PCR master mix and 0.5pl probe mix of the
TagMan MicroRNA Assay. The total volume of the mixture product
for PCR was 10 pl. The incubation of the mixture product was carried
out at 95 °C for 10 min, followed by 40 cycles of 94 °C for 15 s and 60 °
C for 1min. Real-time quantitative PCR was performed using the
7900HT Fast Real-Time PCR System (Applied Biosystems), and the
results were analyzed using the RQ manager software (Applied
Biosystems). The amplification plot reflecting the fluorescent signal
at each cycle was determined based on the threshold cycle (Ct) values
for each sample. The average of the Ct value was calculated after the
PCRs were run in duplicate for each sample. The Cel-miR-39 value
from the duplicate was used as the internal control.!*»!* The relative



gene expression values for the target microRNA were normalized to
Cel-miR-39 and calculated using the 2~ 22CT method.?>2¢

Statistical analysis

All results except the microRNA value were described as the median
with a range. The microRNA value is expressed as the mean +s.e.m.
The Mann—Whitney U-test was used to analyze differences between
two groups (CHB vs HCC and LC vs HCC). The Spearman
correlation coefficient (r) was used to evaluate the correlation of
miRNA expression between serum exosomal and circulating miRNAs.
All data were statistically analyzed using SPSS (Statistical Package for
the Social Sciences) for Windows release 18.0 (SPSS Inc., Chicago, IL,
USA). Statistical significance was considered positive when P-value was
<5% in the two-sided #-test.

RESULTS

Clinical characteristics of the subjects

Table 1 shows the clinical characteristics of the subjects in this
study. All patients were hepatitis B surface antigen positive.
Each group (CHB, LC and HCC) consisted of 20 persons,
respectively. The gender ratio was the same in each group
(14 men and 6 women). The HCC group had a lower platelet
count than the CHB group but a higher platelet count
than the LC group. The serum aspartate aminotransferase,
alanine aminotransferase and alpha-fetoprotein levels of the
HCC group were higher than those of the CHB or LC groups.
The median size of the HCC group was 4.7 (1.5-13.0) cm.
The number of tumors in the HCC group was 1 tumor in 15
patients, 2 in 5 patients, and >3 in 3 patients. The Barcelona
Clinic Liver Cancer stage of HCC was very early in 2
patients, early in 14 patients and intermediate in 4 patients.
Microvascular invasion of the tumor was shown in 16
patients (80%).

Table 1 Clinical characteristics of the subjects (N=60)
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Identification of serum exosomes

Western blotting analysis was performed to confirm the
isolation of exosomes from serum (Figure 1). CD63, CD9
and calnexin were used to identify serum exosomes.
We compared the expression of CD63, CD9 and calnexin in
isolated exosomal pellets from the sera of patients with that
of the healthy controls and the lysates from the Huh-7 cells.
The expression of CD63 and CD9 was observed in the sera of
patients and healthy controls, whereas calnexin (a negative
marker of exosomes) was only expressed in the Huh-7 cells,
which indicates that the exosomes had been adequately
purified.

Expression level of serum exosomal miRNAs

The differences in the levels of 10 serum exosomal microRNAs
among the CHB, LC and HCC groups are demonstrated in
Figure 2. The distribution of upregulated or downregulated
exosomal miRNAs in HCC patients is demonstrated in
Figures 3 and 4, respectively. Compared with the CHB group,
the levels of serum exosomal miR-18a, miR-221, miR-222 and
miR-224 were significantly increased in the HCC group
(P=0.004, P=0.001, P=0.001 and P=0.001, respectively;

1 2 3 4
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CDO | - | 53kDa

Calnexin l

Figure 1 Expression of CD63, CD9 and calnexin by western blotting
analysis. Lane 1: isolated exosomal pellets from the serum of
healthy humans (positive control), lane 2: isolated exosomal pellets
from the serum of patients, and lanes 3 and 4: Huh-7 cell lysates.

P-value (CHB P-value (CHB P-value (LC
Variables: median (range) CHB (N =20) LC N=20) HCC (N = 20) vs LC) vs HCC) vs HCC)
Age (years) 47.5 (39-64) 51.0 (30-73) 49.5 (39-65) NS NS NS
Gender (women/men) 6/14 6/14 6/14 NS NS NS
Platelet (x103/mm?2) 194 (94-381) 77 (29-215) 140 (45-226) <0.001 0.008 0.005
Prothrombin time (INR) 1.0 (0.9-1.1) 1.2 (1.0-2.1) 1.1 (1.0-1.5) <0.001 <0.001 NS
Albumin (gdI=1) 4.3 (3.7-5.1) 4.2 (3.1-5.2) 4.1 (2.8-4.8) NS NS NS
Total bilirubin (mgdl~1) 0.8 (0.5-1.9) 1.2 (0.7-24.9) 0.8 (0.4-2.5) 0.003 NS 0.001
AST (UI-D) 26.5 (14-187) 29.0 (16-114) 41.5 (20-87) NS 0.001 0.005
ALT (UI-D) 30.0 (10-357) 29.5 (13-69) 41.0 (20-82) NS 0.055 0.031
AFP (ngmi—1) 3.4 (1.3-275.3) 2.9(1.3-238.0) 14.1(1.4-122235.0) NS <0.001 0.001
Log HBV DNA (IUml-1) 2.3 (0-8.2) 0 (0-5.6) 2.3 (0-6.9) NS NS NS
HBeAg-positive 12/20 (60%) 6/20 (30%) 14/20 (70%) NS NS 0.026
Maximal tumor size (cm) 4.7 (1.5-13.0)
Tumor number (1/2/3 ~) 15/5/3
BCLC stage (0/A/B) 2/14/4
Microvascular invasion (+) 16/20 (80%)
Edmonson stage ~2/3~ 18/2

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; CHB, chronic hepatitis B;
HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; INR, international normalized ratio; LC, liver cirrhosis; NS, not significant.
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Figure 2 Serum exosomal microRNAs from patients with chronic hepatitis B (CHB),

liver cirrhosis (LC) and hepatocellular carcinoma

(HCC). The levels of serum exosomal microRNA were measured by real-time quantitative PCR. The values of the relative gene expression
for target microRNA were normalized to Cel-miR-39 and calculated using the 2~22CT method. *The level of serum exosomal microRNA
was increased in the HCC group compared with the CHB group (P<0.05). **The level of serum exosomal microRNA was decreased in the
HCC group compared with the CHB group (P<0.05). fThe level of serum exosomal microRNA was increased in the HCC group compared
with the LC group (P<0.05). The values are expressed as the mean +s.e.m.

Figures 2 and 3). However, the levels of serum exosomal
miR-101, miR-106b, miR-122 and miR-195 were significantly
lower in the HCC group than in the CHB group (P=0.014,
P<0.001, P<0.001 and P<0.001, respectively; Figures 2
and 4). There was no difference in the levels of serum exosomal
miR-21 and miR-93 between the HCC and CHB groups
(P=0.925 and P=0.355, respectively).

The levels of serum exosomal miR-18a, miR-221, miR-222
and miR-224 were significantly higher in patients with HCC
than in those with LC (P=0.028, P<0.001, P<0.001 and
P<0.001, respectively). Meanwhile, the level of miR-101 was
lower in patients with HCC than in those with LC (P=0.008)
However, there was no difference in the levels of serum
exosomal miR-21, miR-93, miR-106b, miR-122 and miR-195
between the HCC and LC groups (P=0.414, P=0.081,
P=0.602, P=0.883 and P=0.108, respectively).

Expression level of serum circulating microRNAs
The differences in the levels of six serum circulating miRNAs
among the CHB, LC and HCC groups are demonstrated in
Figure 5. Compared with the LC group, the levels of serum
miR-21, miR-221, miR-222 and miR-224 were significantly
increased in the HCC group (P=0.001, P=0.022, P<0.001
and P<0.001, respectively). However, there was no significant
difference in the serum levels of miR-101 and miR-195
between the HCC and LC groups (P=0.725 and P=0.428,
respectively). Although the levels of serum miR-21 and
miR-221 were generally higher in the HCC group compared
with the CHB group, this difference did not reach statistical
significance (P=0.088 and P=0.053, respectively). There was
no difference in serum miR-101, miR-195, miR-222 and
miR-224 between the HCC and CHB groups (P=0.113,
P=0.379, P=0.692 and P=0.218, respectively).

The correlation of miRNA expression (miR-21, miR-101,
miR-195, miR-221, miR-222 and miR-224) between serum
exosomal and circulating miRNAs was investigated in each
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group. A high correlation coefficient was observed in miR-21
in CHB (r=0.636, P=0.048), miR-221 in LC (r=0.770,
P=0.009), miR-222 in HCC (r=0.508, P=0.022) and
miR-224 in HCC (r=0.547, P=0.012) (Figure 5 and Table 2).

DISCUSSION
Recently, there has been a great interest in the roles of
microRNA in the field of cancer research. Alterations of cancer
tissue and circulating microRNAs have been shown in patients
with HCC.?” However, there have been no reports on serum
exosomal microRNAs in HCC. We investigated the levels of
serum exosomal microRNAs in HCC patients and compared
them with the levels observed in CHB or LC patients. The
levels of serum exosomal miR-18a, miR-221, miR-222 and
miR-224 were significantly higher in patients with HCC than in
patients with CHB or LC. Meanwhile, the levels of miR-101,
miR-106b, miR-122 and miR-195 were lower in HCC than
those with CHB. Our data suggest that serum exosomal
microRNA may be used as a novel biomarker for HCC.

MicroRNA is one of the short non-coding RNAs, which also
include PIWI-interacting RNAs and small nucleolar RNAs.?
The first report of microRNA in cancer showed the deletion of
a gene cluster that contained miR-15 and miR-16 in patients
with chronic lymphocytic leukemia.?’ MicroRNAs are involved
in the development of cancer by downregulating tumor-
suppressor genes or upregulating oncogenes. Additionally, the
dysregulation of microRNAs in cancer is associated with cancer
proliferation, tumor invasion, metastasis, sustained angiogen-
esis and inhibition of apoptosis.*°

The studies to identify the actions of microRNAs in the
development or progression of HCC have been reported. The
overexpression of miR-18a induced the proliferation of HCC
cells and reduced the level of estrogen receptor-o.’! MiR-221
contributed to hepatocarcinogenesis by dysregulating DNA
damage-inducible transcript 4 and targeting the Bmf gene
relevant to apoptosis in HCC.3>* The overexpression of
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Figure 3 The distribution of upregulated exosomal microRNAs (miR-18a, -221, -222 and -224) in patients with CHB, LC and HCC. Each
serum exosomal microRNA was compared between two groups (CHB vs HCC, CHB vs LC and HCC vs LC). The levels of serum exosomal
microRNA were measured by real-time quantitative PCR. The values of relative gene expression for target microRNA were normalized to
Cel-miR-39 and calculated using the 2~2ACT method. P<0.05 was considered statistically significant. CHB, chronic hepatitis B; LC, liver

cirrhosis; HCC, hepatocellular carcinoma.

miR-222 was associated with cell migration in HCC through
enhanced AKT signaling.** Downregulated miR-101 inhibited
apoptosis and induced tumorigenicity in HCC.'® MiR-122
acted as a tumor suppressor and regulated the intrahepatic
metastasis of HCC.>> MiR-195 suppressed tumorigenicity and
regulated the G1/S transition of HCC cells.?®

Alterations of numerous microRNAs have been demon-
strated in HCC. Some microRNAs were upregulated in HCC
tumor tissue, whereas others were downregulated in HCC
compared with a healthy liver.>?” In addition, several reports
have shown that circulating microRNA can be a possible
biomarker for the diagnosis of HCC. Qu et al.’ reported that
the serum level of miR-199a level was higher in HCC patients
than in chronic liver disease or healthy controls, whereas the
serum levels of miR-16 and miR-195 were significantly lower
in HCC than in either patients with chronic liver disease or
healthy controls. Xu et al.3® demonstrated that serum miR-21,
miR-122 and miR-223 were significantly increased in patients
with HCC.

Exosomes are membrane vesicles that are sized between 40
and 1000 nm and are released from a variety of cells.’® They
contain microRNA, mRNA and proteins.! Recently, serum
and plasma microRNAs have been studied as valuable biomar-
kers in cancer for the following reasons. First, RNAs inside the

exosome are protected from degradation enzymes in the blood,
whereas naked RNAs are rapidly degraded.*’ Tanaka et al.%!
revealed that serum exosomal miR-21 was significantly
higher in human esophageal squamous cell carcinoma than
in benign diseases and that the level of serum exosomal miRNA
was higher than that of serum non-exosomal microRNA.
Second, exosomes reflect their tissue of origin because they
can be immune-isolated using an antibody to a tissue-specific
protein on the membrane surface.” In fact, serum exosomal
microRNAs have been correlated to tumor-derived microRNAs
and have shown great potential as diagnostic biomarkers for
ovarian and lung cancer.!?#?

In the present study, the serum levels of 10 serum exosomal
microRNAs (miR-18a, -21, -93, -101, -106b, -122, -195, -221,
-222 and -224) were investigated in patients with HCC.
Compared with previous studies, our results are mostly
consistent with those obtained for tissue microRNA in
patients with HBV-related HCC. Connolly et al.'> showed that
miR-18a, miR-21, miR-93 and miR-106b of human HCC
tissue with HBV infection were increased compared with the
non-tumor liver tissue of the controls, whereas miR-122a was
decreased in HCC tissue. Su et al'® reported that miR-18,
miR-93, miR-222 and miR-224 were increased in human HCC
tissue but that miR-101 and miR-195 were decreased in HCC

Experimental & Molecular Medicine
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Figure 4 The distribution of downregulated exosomal microRNAs (miR-101, -106b, -122 and -195) in patients with CHB, LC and HCC.
Each serum exosomal microRNA was compared between two groups (CHB vs HCC, CHB vs LC and HCC vs LC). The levels of serum
exosomal microRNA were measured by real-time quantitative PCR. The values of relative gene expression for target microRNA were
normalized to Cel-miR-39 and calculated using the 2-2ACT method. P<0.05 was considered statistically significant. CHB, chronic

hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma.

tissue compared with normal liver tissue. Wong et al.>* showed

that miR-31, miR-221 and miR-222 were upregulated in HCC
tissue compared with adjacent non-tumoral liver tissue and
that miR-122a, miR-126 and miR-223 were downregulated in
HCC tissue. In our study, serum exosomal miR-106b was
downregulated in HCC, which contrasts with the results of the
study of tissue microRNA by Connolly et al.'”

Although the expression of tissue microRNA differs between
HCC and non-HCC, clinical application is not easy because a
liver tissue biopsy is invasive and because it is difficult to repeat
the procedure. Therefore, serum or plasma circulating micro-
RNA has been studied as a potential biomarker for
malignancies.*> Several circulating microRNAs were investi-
gated as a useful biomarker for HCC. Xu et al.*® showed that
serum circulating miR-21, miR-122 and miR-223 were sig-
nificantly increased in patients with HCC. Qu et al.’” reported
that serum miR-16 and miR-199a were decreased in patients
with HCC compared with CHB or control subjects. Li et al.**
showed that the serum levels of miR-21, miR-221, miR-222
and miR-224 were higher in patients with HCC than in healthy
controls. Moreover, elevated miR-221 was associated with the
stage and the prognosis of HCC. Qi et al.*> demonstrated that
serum miR-122, miR-222 and miR-223 were upregulated in

Experimental & Molecular Medicine

patients with HCC compared with healthy subjects but that
miR-21 was downregulated in HCC patients.

In the present study, we investigated the serum levels of
exosomal microRNAs in patients with HCC compared with
chronic hepatitis or LC. Similar to the results of a previous
study on circulating microRNAs, the serum levels of miR-221,
miR-222 and miR-224 were higher in patients with HCC than
in those with CHB or LC. The level of exosomal miR-122 was
downregulated in HCC, unlike in the study by Qi et al%’
However, this downregulation of serum exosomal miR-122 is
consistent with the results of another microRNA study using
HCC tissue.!>17:20.2123 There was no significant difference in
the level of miR-21 between HCC and non-HCC patients,
unlike other previous reports of circulating miRNA. In this
study, we measured the levels of serum circulating microRNAs
in addition to those of serum exosomal microRNAs. The
expression pattern of serum circulating microRNAs (that is,
miR-221, miR-222 and miR-224) between the HCC and LC
groups was similar to that of serum exosomal microRNAs.
However, the difference of miRNAs levels between the groups
was smaller in the serum itself than in serum exosomes.
Additionally, unlike serum exosomal microRNA, serum circu-
lating microRNAs did not show a difference between the HCC
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Figure 5 Serum circulating microRNAs in chronic hepatitis B
(CHB), liver cirrhosis (LC) and hepatocellular carcinoma (HCC). The
levels of serum circulating microRNA were measured by real-time
quantitative PCR. The values of the relative gene expression for
target microRNA were normalized to Cel-miR-39 and calculated
using the 2-42CT method. *The level of serum microRNA was
increased in the LC group compared with the CHB group
(P<0.05). There was no significant difference in the level of serum
circulating microRNA between the CHB and HCC groups. The value
was expressed as the mean+s.e.m. The correlation of microRNA
expression between serum exosomal and circulating microRNAs was
investigated in each group. TA high correlation coefficient was
observed in miR-21 in CHB (r=0.636, P=0.048), miR-221 in LC
(r=0.770, P=0.009), miR-222 in HCC (r=0.508, P=0.022) and
miR-224 in HCC (r=0.547, P=0.012).

and CHB groups. These findings indicate that the level of
serum exosomal microRNAs is better for distinguishing HCC
from CHB or LC compared with the level of serum circulating
microRNAs.

This study has several limitations. First, the relationship
between serum exosomal microRNA and tissue microRNA was
not investigated. We did not analyze tissue microRNAs because
a liver biopsy was not done. Realistically, it is not easy to
perform a liver biopsy because it may cause potential compli-
cations, such as bleeding. Although further research to compare
the expression of tissue microRNAs and serum exosomal
microRNAs in patients with HCC is required, our study was
able to demonstrate the potential role of serum exosomal
microRNAs as a biomarker for HCC. Second, this study did
not include healthy subjects as controls. HCC is a cancer that
arises in patients with risk factors, such as chronic HBV or
HCV infection, alcohol abuse, LC and aflatoxin exposure.
Chronic HBV infection is the most common etiology of
HCC.#® In Korea, chronic HBV infection is the most common
cause of HCC, and approximately 70-80% of HCC cases are
due to chronic HBV infection. The risk of HCC development is
approximately 100 times greater in patients with chronic
hepatitis B than it is in patients without hepatitis B. Addition-
ally, the risk of HCC is increased in patients with LC. However,
it has been demonstrated that the HCC occurrence in healthy
people without any of these risks is very rare.*’ Therefore, in
this study, we included patients with chronic hepatitis B and
HBV-related LC as control groups for HCC. Third, the levels of
serum exosomal microRNA in patients with HCC did not
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Table 2 Correlation of microRNA expression between serum
exosomal and circulating microRNAs in each group

CHB LC HCC

r P-value r P-value r P-value
miR-21 0.636 0.048 0.176  0.627 -0.205 0.387
miR-101 -0.055 0.881 -0.217 0.726 0.017 0.942
miR-195 0.345 0.328 -0.479 0.162 -0.227 0.336
miR-221 0.309 0.385 0.770 0.009 0.352 0.128
miR-222 0.600 0.067 0.042 0.907 0.508 0.022
miR-224 0.527 0.117 0.248 0.489 0.547 0.012

Abbreviations: CHB, chronic liver disease; HCC, hepatocellular carcinoma;
LC, liver cirrhosis; miR, microRNA.

‘r is the correlation coefficient between serum exosomal and circulating
microRNAs.

A P-value <0.05 is considered statistically significant.

show any correlation with tumor characteristics, such as tumor
stage, the presence of microvascular invasion and tumor
differentiation. These results seem to be due to the relatively
low number of subjects. Further large-scaled studies clarifying
the role of serum exosomal microRNAs in HCC are currently
underway.

In conclusion, there was a significant difference in the levels
of serum exosomal microRNAs in patients with HCC com-
pared with patients with CHB or LC. This study suggests that
serum exosomal microRNAs may be a novel serological
biomarker for HCC.
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