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Background: Stemness-related marker expression in hepatocellular carcinomas (HCC) has been associated
with aggressive behavior. The association between miRNA expression and HCC stemness remains unclear.
Aims: To identify miRNAs associated with stemness marker expression in HCC and their clinical signifi-
cance.

Keywords: Methods: MicroRNA microarray analysis was performed to identify microRNAs that were differentially
Hepatocellular carcinoma expressed between EpCAM-positive and EpCAM-negative HCCs. The subcellular localization and expres-
Stemness sion level of miR-3920 was evaluated by locked nucleic acid-in situ hybridization analysis on surgically
MicroRNA resected HCCs and paired non-tumor liver (NT).

miR-3920 Results: There was significant upregulation of miR-3920 in EpCAM-positive HCCs compared to EpCAM-

negative cases (p = 0.025). Nuclear miR-3920 expression (p < 0.001) and the nuclear-to-total miR-3920
signal ratio (p < 0.001) were significantly higher in HCCs compared with NT. High nuclear-to-total miR-
3920 signal ratio was positively correlated with stemness marker expression (EpCAM, p = 0.002; K19,
p < 0.001), the presence of microvascular invasion (p = 0.004), major vessel invasion (p = 0.001) and
mitosis (p < 0.001). Higher nuclear-to-total miR-3920 signal ratio was associated with significantly de-

creased overall survival (p = 0.010) and disease-free survival (p = 0.016).
Conclusion: Increased expression of miR-3920 in the nuclei of HCC tumor cells was associated with
stemness-related marker expression and aggressive clinicopathological features of HCC, suggesting a pos-

sible role for miR-3920 in HCC stemness and progression.

© 2025 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Despite recent developments in treatment, hepatocellular carci-
noma (HCC) is currently the sixth most common cause of cancer-
related death, with a 5-year overall survival (OS) rate of less than
20%. [1-3] HCC is a heterogeneous neoplasm, in both morphology
and morphological profile, and several morphomolecular subtypes
of HCC have been proposed over the past several years [4,5]. HCC
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expressing markers associated with “stemness”, such as epithelial
cell adhesion molecule (EpCAM), keratin 19 (K19) and SALL4, is one
of the proposed subtypes and is defined as an HCC that is com-
patible with a diagnosis of HCC morphologically but express these
markers [5,6]. This subgroup of HCCs has received increasing atten-
tion during the past decades, as these tumors have been associated
with aggressive biological behavior, decreased patient survival, and
resistance to locoregional and systemic treatment [6].

At least 60% of human genes are estimated to be regulated
by microRNAs (miRNAs), and miRNAs may have oncogenic or tu-
mor suppressive roles in tumorigenesis [7]. Although there are nu-
merous studies demonstrating the miRNA expression profiles in
HCCs [8-12], only a few studies have examined the miRNA profiles
of HCCs expressing stemness-related markers. Guo et al. demon-
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strated that miR-448 inhibits stemness maintenance in HCCs by
controlling the AMP-activated protein kinase signaling pathway
[13]. Another study demonstrated a role for miR-497 in sup-
pressing stemness properties of HCC by directly targeting SALL4
[14]. Upregulation of several miRNAs, including the miR-181 fam-
ily, miR-155, and miR-200b miRNA expression, have been demon-
strated in EpCAM-positive HCCs by miRNA expression profiling
studies [15]. However, as miRNA expression profiling is performed
on total RNA obtained from bulk tissue, it is not possible to iden-
tify the source of the elevated miRNAs at the subcellular level.
In this study, we performed miRNA expression profiling follow-
ing by locked nucleic acid fluorescent in-situ hybridization (LNA-
FISH). We identified miR-3920 to be differentially expressed in
EpCAM-positive HCCs, and that increased nuclear miR-3920 tran-
scripts was associated with EpCAM and K19 expression, clinico-
pathological features associated with aggressive behavior and poor
survival.

2. Methods
2.1. miRNA microarray

Formalin-fixed paraffin-embedded (FFPE) tissue from 9 cases of
HCCs that were surgically resected at Seoul National University
Bundang Hospital, from 2011 to 2012, were selected for miRNA
microarray screening. This study was approved by the Institu-
tional Review Board of Seoul National University Bundang Hospi-
tal (B-2406-904-303). This microarray cohort comprised 4 EpCAM-
positive and 5 EpCAM-negative cases; the cohort was balanced
according to EpCAM expression status. Ten unstained sections of
10pm-thickness were obtained from each of the FFPE tissue blocks
and the tumor components were carefully macrodissected by a
pathologist (HK). Total RNA extraction was performed using Qiagen
miRNeasy FFPE Kit (Qiagen, Valencia, CA, USA), according to the
manufacturer’s instructions, and the extracted total RNA was evalu-
ated using NanoDrop spectrophotometer (ND-1000). Hybridization
was performed on the total RNA samples labeled with alkaline
phosphatase, using 7" generation miRCURY LNA™ microRNA Ar-
ray (Exiqon, Vedbaek, Denmark), according to the manufacturer’s
instructions. Signal data and images were scanned by Agilent C
scanner and scanned images were analyzed with Feature Extrac-
tion v10.7.3.1 software. The quantile normalization was used for
the analysis of DNA chip results using signal intensity data. Dif-
ferentially expressed genes according to EpCAM expression status
were identified using GeneSpring GX 13.0 software, and a >1.5 fold
change in miRNA expression was interpreted as significant.

2.2. Tissue microarray construction

Tissue microarrays were constructed from 275 consecutive
cases of HCC that were surgically resected at Seoul National
University Bundang Hospital between 2003 and 2013. The tis-
sue microarrays consisted of 2mm-diameter cores from HCCs and
matched non-neoplastic liver tissues (NT), and one to three cores
were sampled from HCCs depending on the amount of histologi-
cal heterogeneity present. The clinicopathological information was
obtained by reviewing electronic medical records, including pa-
tient age at the time of diagnosis, sex, etiology, preoperative serum
alpha-fetoprotein (AFP) level, tumor size, multiplicity, histologic
grade, vascular invasion status, and mitotic index. Multiplicity in-
cluded intrahepatic metastases and multiple occurrences. Major
vascular invasion was defined as invasion of the main portal vein,
or the right, middle and left hepatic veins. OS was defined as the
interval between surgical intervention to the date of death due to
HCC, and disease-free survival (DFS) as the interval from surgical
intervention to local or distant recurrence.
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2.3. Immunohistochemistry and LNA-FISH

Four pum-thick sections were obtained from the tissue mi-
croarray blocks and subjected to immunohistochemical staining for
EpCAM (mouse monoclonal, VU-1D9, 1:1,500, Millipore, Temec-
ula, United States), K19 (mouse monoclonal, BA17, 1:200, Dako,
Glostrup, Denmark), and Ki-67 (mouse monoclonal, MIB-1, 1:100,
Dako, Glostrup, Denmark) using the Ventana BenchMark GX au-
tomated platform (Ventana Medical Systems). Membranous and/or
cytoplasmic staining in >5% of the tumor cells were counted as
positive for EpCAM and K19. Ki-67 labeling indices were assessed
at 400x magnification from the hotspots of each core, as the num-
ber of Ki-67-labeled tumor cell nuclei/total number of tumor cell
nuclei x 100%.

LNA-FISH was performed on 4um-thick sections obtained from
the tissue microarray blocks, as previously described [16]. Briefly,
unstained sections were deparaffinized and rehydrated sequentially
with graded ethanol. Prehybridization was performed for 20 min
at room temperature, followed by hybridization with the hsa-
miR-3920 probe (miRCURY LNA™ microRNA Detection probe, Ex-
iqon, Vedbaek, Denmark). Tissue sections were the incubated with
blocking buffer, followed by FITC/HRP solution, tyramide amplifi-
cation solution, and DAPI staining solution. The LNA-FISH slides
were observed under a fluorescent microscope (BX51, Olympus Op-
tical, Tokyo, Japan) at 1,000x magnification, and the numbers of
fluorescent signals (spots) were assessed using the QuPath soft-
ware (https://qupath.github.io/). Two 1,000x fields with the highest
number of signals were selected after screening each 2 mm tissue
microarray core, and images were captured using a digital micro-
scope camera (DP70, Olympus Optical, Tokyo, Japan). The signals
in the nuclei and cytoplasm were counted separately for each cell,
yielding nuclear counts, cytoplasmic counts, and total counts (sum
of nuclear and cytoplasmic counts). The average counts/cell were
calculated for each case.

2.4. Cell lines and culture

Four human hepatocellular carcinoma (HCC) cell lines, SNU423,
SNU475, Hep3B, and Huh7 were obtained from the Korean Cell
Line Bank (Seoul, Korea) and cultured in DMEM (Biowest, Nu-
aillé, France) with 10% heat-inactivated FBS (Biowest) and peni-
cillin/streptomycin (100 U/mL penicillin, 100 pg/mL streptomycin;
Gibco, Grand Island, NY, USA) at 37°C in 5% CO,.

2.5. Real-time quantitative PCR (RT-qPCR)

miRNA isolation was performed using the mirVana™ miRNA
Isolation Kit with phenol (Invitrogen™, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions. The transcription into cDNA
was synthesized using the TagMan™ Advanced miRNA cDNA Syn-
thesis Kit (Applied Biosystems™, Foster City, CA, USA) and qPCR
was performed using TagMan™ Universal PCR Master Mix (Ap-
plied Biosystems™) and TagMan™ Advanced miRNA assay (Ap-
plied Biosystems™) for hsa-miR-3920 (Assay ID: 479741_mir; ma-
ture miRNA sequence: 5’-ACUGAUUAUCUUAACUCUCUGA-3’). PCR
reactions were performed using a QuantStudio™ 3 Real-Time
PCR System (Applied Biosystems™) at 50°C for 2 minutes and
95°C for 15 seconds, followed by 40 cycles of 15 seconds at
95°C and 1 minute at 60°C. As an endogenous control, hsa-
miR-16-5p (Assay ID: 477860_mir; mature miRNA sequence: 5’-
UAGCAGCACGUAAAUAUUGGCG-3’) was used for normalization.
Each reaction was performed in triplicate. A non-template con-
trol was included in all experiments as a negative control. Relative
miR-3920 expression levels were calculated using the comparative
Ct (2-A ACt) method.
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2.6. Transfection and western blot

Cells were transfected using Lipofectamine™ RNAiMAX Trans-
fection Reagent (Invitrogen™) according to the manufacturer’s in-
structions. Hep3B and Huh7 cells (at 50-60% confluency) were
transfected with 20 uM and 40 uM of target miRNA, respec-
tively. Target miRNAs were as follows: AccuTarget miRNA Nega-
tive Control, mimic #1 (Bioneer, Daejeon, Korea) and AccuTarget
Human miR-3920 Mimic (Bioneer). At 72 hours post-transfection,
cell lysates were prepared from RIPA Lysis and Extraction buffer
(Thermo Scientific™, Waltham, MA, USA) containing a mixture of
protease and phosphatase inhibitors. After separation by SDS-PAGE
(Bolt™ Bis-Tris Plus Mini Protein Gels 8%, 1.0 mm, WedgeWell™
format 10-well (Invitrogen™)), proteins were transferred to a PVDF
membrane via the iBlot™ 2 Dry Blotting System. The membrane
was then incubated in blocking buffer made of 5% (w/v) nonfat
dried milk, 0.01% (v/v) Tween 20 in Tris-buffered saline (TBST)
at RT for 45 minutes. Subsequently, the membranes were incu-
bated with primary antibody anti-EpCAM (VU-1D9, Sigma-Aldrich,
St. Louis, MO, USA) or anti-vinculin (7F9, Santa Cruz Biotechnology,
Dallas, TX, USA) diluted in TBST (1:1,000, v/v) at 4°C overnight, fol-
lowed by HRP-conjugated secondary antibodies (Goat Anti-Mouse
IgG H&L, 1:1,000, Abcam, Cambridge, UK). The protein bands were
visualized using SuperSignal™ West Pico PLUS Chemiluminescent
Substrate (Thermo Scientific™) and an Amersham Imager 680 (GE
Healthcare Life Sciences, Chicago, IL, USA) and quantified using
National Institutes of Health (NIH) Image] software. Vinculin was
used as a normalization control.

2.7. Statistical analysis

All statistical analyses were conducted using IBM SPSS Statistics
version 19 (IBM Corp., Armonk, NY, USA). Chi-square and t-tests
were performed as deemed appropriate. Univariate analyses for OS
and DFS were performed using the Cox proportional hazards model
regression analysis, Kaplan-Meier method and log-rank tests. Sta-
tistical significance was defined as p <0.05. Statistically significant
variables from the univariate analysis and those that met the pro-
portional hazard assumptions were further analyzed by the Cox
proportional hazard method.

3. Results
3.1. MiR-3920 is differentially expressed in EpCAM-positive HCCs

The clinicopathological characteristics of the miRNA microar-
ray cohort are summarized in Supplementary table 1. The mean
age of the patients was 52.4 years (range: 38-72 years), and 77.8%
patients were male. All cases had either hepatitis B virus (HBV,
88.9%) or hepatitis C virus (HCV, 11.1%)-related chronic liver disease
in the background liver. Analysis for differentially expressed genes
according to EpCAM expression status identified 122 upregulated
and 30 downregulated miRNAs in EpCAM-positive HCCs compared
with EpCAM-negative HCCs. Of these, miR-3920 was significantly
upregulated in EpCAM-positive HCCs (p = 0.025) (Supplementary
Fig. 1).

3.2. In situ analysis for miR-3920 expression in HCCs and
non-neoplastic liver tissues

The clinicopathological characteristics of the HCC tissue mi-
croarray cohort are summarized in Table 1. A total of 267 cases
were finally analyzed, as a result of tissue loss during the LNA-
FISH experiment. In summary, the mean age of the patients was
58.5 years, and 76.7% were male. The most common etiology was
hepatitis B virus (HBV, 71.3%), followed by hepatitis C virus (8.4%)
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and alcohol (5.8%). There were 35 (12.7%) cases with non-alcoholic
fatty liver disease (NAFLD). The mean size of the HCCs was 4.0 cm
and 18.9% were multiple. The majority of HCCs were Edmondson-
Steiner grade III (60.0%). Microvascular invasion and major vascular
invasion were present in 38.9% and 7.3%, respectively.

On comparison between HCC tumor cells and paired NT, the to-
tal miR-3920 signal counts were significantly higher in NT com-
pared with HCC (NT: 63.97 + 72.43/cell, range: 6.88-1099.47 vs.
HCC: 39.79 + 23.41/cell, range: 9.89-140.59; p < 0.001). In addi-
tion, the total miR-3920 signal counts were significantly higher in
EpCAM-negative cases (positive: 41.03 + 2.20/cell, negative: 48.72
+ 1.88/cell, p = 0.014). However, there were significantly higher
numbers of nuclear miR-3920 spots in HCC compared with NT
(HCC: 6.43 + 3.35/cell, range: 1.35-30.50 vs. NT: 4.69 + 2.84/cell,
range: 0.58-17.96; p < 0.001), and the ratio of nuclear-to-total miR-
3920 signals was higher in HCC (0.155 + 0.076/cell, range: 0.035-
0.559) compared with NT (0.077 4 0.040/cell, range: 0.006-0.278;
p < 0.001) (Fig. 1).

Further analysis was performed by grouping the HCCs based on
the median nuclear-to-total miR-3920 ratio (0.141), as miR-3920Mi
(n=134) and miR-3920"° HCCs (n=133). The miR-3920" HCCs were
more frequently associated with EpCAM (p = 0.002) and K19
(p < 0.001) expression, HBV-related etiology (p = 0.012), microvas-
cular invasion (p = 0.004), major vessel invasion (p = 0.001), and
higher mitotic indices (p < 0.001), and showed a negative corre-
lation with age at diagnosis (p < 0.001) and NAFLD (p = 0.009)
(Fig. 2).

3.3. Survival analysis

The median follow-up period was 70 months (range, 0 to 166
months). Kaplan-Meier analysis revealed significantly decreased OS
for patients with miR-3920" HCCs (p = 0.010), multiple HCCs
(p = 0.007), HCCs with large tumor size (>5 cm, p = 0.020),
microvascular invasion (p 0.048) and major vessel invasion
(p = 0.019) (Fig. 3A). DFS was significantly lower for patients with
miR-3920M HCCs (p = 0.016), multiple HCCs (p = 0.001), and HCCs
with microvascular invasion (p = 0.048) (Fig. 3B).

Table 2 summarizes the analysis results for factors predictive of
0OS and DFS. Significant predictive factors for OS on multivariable
analysis were large (=5 cm) tumor size [hazard ratio (HR), 2.082;
95% confidence interval (CI), 1.058-4.098; p = 0.034], multiplicity
(HR, 2.074; 95% CI, 1.021-4.213; p = 0.044), and miR-3920M status
(HR, 2.318; 95% CI, 1.167-4.603; p = 0.016). MiR-3920M status was
also a significant predictive factor for DFS on multivariable analysis
(HR, 1.439; 95% (I, 1.041-1.987; p = 0.027), in addition to tumor
multiplicity (HR, 1.812; 95% CI, 1.234-2.661; p = 0.002).

3.4. EpCAM expression in HCC cell lines with ectopic miR-3920
expression

To investigate whether miR-3920 plays a role in the regula-
tion of EpCAM expression, EpCAM-positive (Hep3B and Huh7) and
EpCAM-negative HCC cell lines (SNU423, SNU475) were transfected
with miR-3920 mimic. After transfection, there was no evidence of
EpCAM expression in SNU423 and SNU475 cells, suggesting that
EpCAM is not induced in EpCAM-negative cells by miR-3920 trans-
fection. In the EpCAM-positive Hep3B and Huh7 cells, ectopic miR-
3920 expression resulted in a slight decrease in EpCAM expression,
although not significant (Supplementary Fig. 2).

4. Discussion
In this study, we demonstrate that miR-3920 was differentially

expressed in HCCs expressing stemness-related markers. In addi-
tion, high nuclear miR-3920 expression in HCCs was correlated
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Table 1
Clinicopathological and immunohistochemical characteristics of hepatocellular carcinomas according to miR-3920 expression status.
Parameters Number (%)? miR-3920M miR-3920"° p-value
(n=134) (n=133)
Age (year) 585+ 11.3 55.8 + 10.9 60.6 + 11.2 <0.001
Sex
Male 211 (76.7) 99 (73.9) 104 (78.2) 0.409
Female 64 (23.3) 35 (26.1) 29 (21.8)
Etiology 0.051
Hepatitis B 196 (71.3) 106 (79.1) 86 (64.7)
Hepatitis C 23 (8.4) 9 (6.7) 14 (10.5)
Hepatitis B and C 1(0.4) 0 (0) 1(0.8)
Alcohol 16 (5.8) 6 (4.5) 7 (5.3)
NAFLD 35 (12.7) 10 (7.5) 24 (18.0)
Unknown 4 (1.5) 3(2.2) 1(0.8)
Serum AFP (IU/mL) 1359.3 £+ 5325.9 1633.5 £ 5300.0 1146.7 + 5497.0 0.467
Tumor size (cm)® 4.0 £+ 2.7 4.0 £+ 2.7 3.9+27 0.855
Multiplicity (present) 52 (18.9) 29 (21.6) 21 (15.8) 0.220
Edmondson-Steiner grade 0.367
I 3(1.1) 0(0) 3(2.3)
11 75 (27.3) 36 (26.9) 37 (27.8)
1 165 (60.0) 82 (61.2) 77 (57.9)
v 32 (11.6) 16 (11.9) 16 (12.0)
Microvascular invasion 107 (38.9) 63 (47.0) 40 (30.1) 0.004
(present)
Major vessel invasion® 20 (7.3) 17 (12.7) 3(2.3) 0.001
(present)
Mitosis 11.0+£13.9 15.0+16.5 7.5+£9.9 <0.001
(/10 high-power fields)
Immunohistochemistry?
EpCAM (positive) 89 (32.5) 55 (41.4) 31(23.3) 0.002
K19 (positive) 34 (12.4) 26 (19.5) 7 (5.3) <0.001
Ki-67 LI (%) 6.8 £95 7.8 £10.2 59 +838 0.110
Follow-up
Recurrence® 153 (55.6) 83 (63.4) 67 (51.1)
Deaths due to HCC 40 (14.5) 26 (19.4) 13 (9.8)

@ Values are presented as mean =+ standard deviation or number (%).
b Size of largest tumor in case of multiple tumors

¢ Main or first order branches of portal vein and/or one or more of right, middle or left hepatic veins

d n=274

¢ Local recurrence or distant metastasisAFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; NAFLD, non-alcoholic fatty liver disease; LI, labeling index

p<0.001

60~ !
0.155 +0.076

IS
S
T

0.077 £0.040

The ratio of nuclear to total mir-3920 signals
i
5

T
HCC

Fig. 1. LNA-FISH results demonstrating the expression of miR-3920 in HCC (boxed area shown at higher magnification in inset) (A) and non-neoplastic hepatocytes (B). The
nuclear:total miR-3920 ratio was higher in HCC than in hepatocytes (C). (LNA-FISH, Locked nucleic acid fluorescence in situ hybridization; HCC, hepatocellular carcinomas;

NT, non-neoplastic hepatocytes).

with stemness-related marker (EpCAM, K19) expression, aggressive
clinicopathological features (e.g. microvascular invasion, major ves-
sel invasion, and increased mitotic activity) and unfavorable prog-
nosis.

MiR-3920, an 86-nucleotide miRNA located on the long arm
of chromosome 11 (11q22.1), remains elusive in terms of its bi-
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ological function or target genes. While a few studies have doc-
umented miR-3920 expression in tumors, its role in tumor de-
velopment and progression remains uncertain. Hu et al. reported
significant downregulation of miR-3920 in squamous cell carcino-
mas of the lung [17]. Conversely, Liu et al. identified miR-3920
as one of the significantly upregulated miRNAs in gastric car-
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Fig. 2. Comparison of clinicopathological features between miR-3920" and miR-3920" hepatocellular carcinomas. MiR-3920" HCCs were more frequently associated with
(A) hepatitis B viral etiology, (B) microvascular invasion, (C) major vascular invasion, (D) EpCAM and (E) K19 expression, and (F) higher mitotic indices.
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Fig. 3. Kaplan-Meier survival curves demonstrating decreased OS (A) and DFS (B) in miR-3920" and miR-3920' hepatocellular carcinomas. (OS, overall survival; DFS, disease-

free survival).

cinoma [18]. Recent findings have suggested downregulation of
miR-3920 as part of an m7G methylation-related miRNA signa-
ture that was predictive of poor prognosis in patients with en-
dometrial cancer [19]. Abdolvand et al. identified miR-3920 as a
miRNA that showed high binding scores with the long noncod-
ing RNA KCNQ10T1, which was increased in colorectal cancer tis-
sues [20]. To our knowledge, the expression status of miR-3920
in HCCs and its clinicopathological implications have not yet been
evaluated.
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MiRNA maturation is controlled by nuclear and cytoplasmic
regulation, and the maturation process predominantly occurs in
the cytoplasm [21]. Although mature miRNAs were originally
known to exist and function in the cytoplasm, more recent studies
have demonstrated the existence of mature miRNAs in the nucleus.
For example, miR-29b has been shown to contain a hexanucleotide
element that facilitates nuclear import, resulting in its predomi-
nant localization within the nucleus [22]. Co-localization of ma-
ture miRNAs with Argonaute and TNRC6A proteins in the nucleus
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Table 2
Survival analysis results.
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Variable Overall survival Disease-free survival
Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis
HR p-value HR p-value HR p-value HR p-value
(95% CI) (95% CI) (95% CI) (95% CI)

Age (>60) 0.733 0.363 0.869 0.394
(0.376-1.431) (0.628-1.201)

Sex (male) 1.349 0.473 1.403 0.097
(0.595-3.059) (0.941-2.093)

Etiology 0.606 0.231 1.129 0.515

(HBV) (0.267-1.376) (0.784-1.625)

Serum AFP 1.342 0.443 1.067 0.761

(>400 1U/mL) (0.634-2.841) (0.703-1.620)

Tumor size 2171 0.023 2.082 0.034 1.319 0.151

(=5 cm) (1.113-4.235) (1.058-4.098) (0.904-1.925)

Multiplicity 2.484 0.009 2.074 0.044 1.902 0.001 1.812 0.002
(1.255-4.915) (1.021-4.213) (1.302-2.777) (1.234-2.661)

Edmondson-Steiner 0.919 0.807 1.033 0.857

grade (0.465-1.814) (0.726-1.470)

(11/1v)

Microvascular invasion 1.872 0.052 1.380 0.051
(0.994-3.526) (0.999-1.905)

Major vessel invasion  2.937 0.025 2.134 0.114 1.413 0.292
(1.143-7.548) (0.815-5.589) (0.743-2.687)

miR-3920M 2.381 0.013 2318 0.016 1.479 0.017 1.439 0.027
(1.199-4.727) (1.167-4.603) (1.071-2.041) (1.041-1.987)

EpCAM 1.705 0.099 0.963 0.827
(0.905-3.212) (0.684-1.355)

K19 1.852 0.140 1.308 0.253
(0.817-4.201) (0.825-2.074)

Mitosis 1.621 0.150 0.966 0.844

(>10/HPF) (0.840-3.129) (0.685-1.362)

Ki-67 LI 0.588 0.601 0.977 0.952

(>30%) (0.080-4.298) (0.457-2.091)

AFP, alpha-fetoprotein; Cl, confidence interval; HBV, hepatitis B virus; HPF, high-power field; HR, hazard ratio; LI, labeling index

and cytoplasm has been demonstrated, in addition to cytoplasmic-
to-nuclear transportation of these proteins via Importin 8 and Im-
portin «/B, respectively [21,23]. The identification of mature nu-
clear miRNAs suggests the potential for miRNAs to act as gene
regulators within this cellular compartment, beyond their classical
role in post-transcriptional repression [21].

In contrast to the more commonly used methods such as real-
time polymerase chain reaction for analysis of miRNA expression
levels, in situ hybridization (ISH) techniques allow for a direct vi-
sualization of the subcellular localization of miRNAs. A few stud-
ies have demonstrated miRNAs that are predominantly located in
the nuclei or nucleoli, suggesting that the subcellular localization
of miRNAs may have functional implications [24-26]. For example,
Li et al. identified 11 miRNAs with a nucleolar distribution in HeLa
cells by ISH [25], and Khudayberdiev et al. demonstrated miRNAs
with a nuclear distribution in dissociated hippocampal neurons us-
ing FISH methods [24]. Politz et al. used LNA in situ hybridization
to demonstrate nucleolar miRNAs in rat myoblasts [26].

In our study, we used the LNA-ISH method on FFPE tissue sec-
tions in order to visually assess miRNA expression levels in specific
cells (e.g., HCC tumor cell, non-neoplastic hepatocytes), in addi-
tion to the subcellular localization of the miRNA spots. The miRNA
microarray analysis demonstrated higher miR-3920 expression in
EpCAM-positive HCCs compared with EpCAM-negative HCCs. In
contrast, the LNA-FISH analysis showed lower total miR-3920 sig-
nal counts in EpCAM-positive HCC cells. In addition, the total num-
ber of miR-3920 spots per cell were higher in the non-neoplastic
hepatocytes than in the HCC tumor cells, contrary to our ex-
pectation. However, HCC is characterized by increased nuclear-to-
cytoplasmic ratio compared to NT, resulting in a relatively smaller
cytoplasmic area compared to non-neoplastic hepatocytes. Thus,
we evaluated the nuclear miR-3920 signal counts and the nu-
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clear/cytoplasmic ratio of miR-3920 signal counts per cell in our
analysis. As a result, we found higher nuclear miR-3920 expres-
sion in HCCs compared with NT. Moreover, HCCs with higher nu-
clear miR-3920 expression were associated with stemness marker
expression and aggressive behavior of HCC, such as higher prolif-
erative activity (mitotic and Ki-67 labeling indices), and microvas-
cular or major vascular invasion. Furthermore, OS and DFS were
significantly lower for miR-3920" HCCs, and miR-3920 status was
also an independent predictive factor of OS and DFS on multivari-
able analysis. Thus, the nuclear localization of miR-3920 might be
linked to the aggressive behavior of HCC.

We were not able to find a functional relationship between
miR-3920 expression and EpCAM expression in HCC cell lines, al-
though there was a slight decrease in EpCAM expression levels
after transfection with miR-3920 mimic. Thus, these findings are
inconclusive for demonstrating a functional relationship between
miR-3920 and EpCAM and do not establish a potential role for
nuclear localization of miR-3920 in HCC stemness. However, it is
an interesting possibility that transient ectopic expression of miR-
3920 may not be sufficient to alter EpCAM expression in HCC cell
lines, and that the nuclear localization of miR-3920 may play a
more critical role in enhancing the stemness properties of HCC.
Further in vitro analysis on stable transfected cell lines would be
necessary to examine the potential functional relationship in more
detail.

Another limitation of this study is that the majority of cases in
our HCC cohorts were HBV-related. However, this reflects the re-
gional characteristic of South Korea, where HBV is the predominant
cause [27]. Our results would need to be validated in larger inde-
pendent cohorts of HCC, including those where other etiologies are
more predominant (i.e., non-HBV-related cohorts). Nevertheless, by
using LNA-ISH, we demonstrate for the first time the clinicopatho-
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logical significance of miR-3920 expression in HCCs, and also the
importance of the subcellular localization of miR-3920 for predict-
ing the behavior and prognosis of HCC.
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