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Abstract: A better understanding of tumor metastasis is urgently required for the treatment and prognosis of hepa-
tocarcinoma patients. Current work contributes a novel ceRNA feedback regulation pathway composed of epiregulin
(EREG), microRNA-330-3p (miR-330-3p) and long non-coding RNA 021545 (IncRNA021545) in regulating hepato-
carcinoma malignancy via epithelial-mesenchymal transition (EMT) process. Closely correlated, the deficiencies of
EREG and IncRNA021545 and the overexpression of miR-330-3p were involved in the clinical progression of hepa-
tocarcinoma. In vitro results showed that 1) INcRNA021545 downregulation promoted, 2) miR-330-3p dysexpres-
sion positively correlated, and 3) EREG dysexpression reversely correlated with the migratory and invasive proper-
ties of hepatocarcinoma HCCLM3 and Huh7 cell lines. By directly binding to EREG and IncRNA021545, miR-330-3p
expression change reversely correlated with their expressions in HCCLM3 and Huh7 cells, which was also confirmed
in primary tumors from HCCLM3-xenograft mice in responding to miR-330-3p change. LncRNA021545 and EREG
positively regulated each other, and InNcRNA021545 negatively regulated miR-330-3p, while, EREG dysregulation
unchanged miR-330-3p expression in hepatocarcinoma cells. Furthermore, systemic in vitro cellular characteriza-
tions showed that the malfunctions of the three molecules mediated the invasiveness of hepatocarcinoma cells
via EMT process through affecting the expressions of E-cadherin, N-cadherin, vimentin, snail and slug, which was
further confirmed by in vivo miR-330-3p promotion on the tumorigenicity and metastasis of HCCLM3 bearing nude
mice and by in vitro miR-330-3p promotion on the migration and invasion of hepatocarcinoma cells to be antago-
nized by EREG overexpression through acting on EMT process. Our work indicates, that by forming a circuit signaling
feedback pathway, the homeostatic expressions of INcRNA021545, miR-330-3p and EREG are important in liver
health. Its collapse resulted from the downregulations of INcRNA021545 and EREG together with miR-330-3p over-
expression promote hepatocarcinoma progression by enhancing the invasiveness of tumor cells through EMT activa-
tion. These discoveries suggest that miR-330-3p/IncRNA021545/EREG axis plays a critical role in hepatocarcinoma
progression and as a candidate for its treatment.
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Introduction vival rates of HCC patients, which is also the
main obstacle to a full recovery treatment of
HCC [2, 3]. New clues to a better understanding

of the clinical carcinogenesis and progression,

Primary liver cancer is the sixth most commonly
diagnosed cancer and the third leading cause

of cancer mortality worldwide in 2020 [1]. He-
patocarcinoma (HCC) is the major histological
subtype of liver cancer. HCC can be effectively
treated with hepatectomy and liver transplanta-
tion, however, the frequent postoperative me-
tastasis leads to high recurrence and poor sur-

especially the metastasis, are urgently required
for improving the diagnosi’s, treatment and
prognosis of HCC patients.

The epithelial-mesenchymal transition (EMT)
refers to the process polarized epithelial cells
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lose their characteristics via adhesin, acquire
the migratory and invasive properties of mes-
enchymal cells and enhance their spread and
invasion in organs and tissues [4, 5]. EMT plays
a vital role in normal organ development and
homeostasis [4-8]. It closely involves in the
progression and metastasis (especially the
migration and invasion) and leads to the harder
treatment and worse prognosis of cancers [5,
7-10]. EMT plays a key role in initializing the
invasion and metastasis in HCC [5, 6, 11-13].
In HCC carcinogenesis, the overexpressions
of the transcription factors including Snail
(snail/slug), ZEB (ZEB1/ZEB2) and Twist1 [5, 6,
11] are tightly related with the suppressed
expression of E-cadherin, a well-known epithe-
lial marker, with the acquired or increased
expressions of N-cadherin and vimentin, the
mesenchymal markers [11-13]. However, the
metastasis in HCC malignancy is still poorly
understood. Accordingly, the study on the new
molecular regulation mechanism, especially
the upstream triggering event in EMT process,
is of particular importance in the carcinogene-
sis, diagnosis and treatment of HCC. Based on
this aim, current work first demonstrated the
individual associations of the dysexpressions,
with the difference correlations between each
two molecules, of epiregulin (EREG), microRNA-
330-3p (MiR-330-3p) and long non-coding
RNA 021545 (IncRNA021545) in cancerous
liver tissues with the clinic progression of HCC
patients. Further, our cell and molecular biolo-
gy characterizations showed that the three
molecules formed a novel ceRNA regulation
mechanism to regulate the migration and inva-
sion properties of hepatocarcinoma cells with-
out affecting their proliferations. The collap-
se of miR-330-3p/IncRNA021545/EREG feed-
back regulation due to their expression im-
balances enhanced HCC metastasis via acti-
vating EMT in hepatocarcinoma malignant pro-
gression.

MicroRNAs (miRNAs) are small single strand
non-coding RNAs composed of 18~24 nucleo-
tides. The deregulation of miRNAs has been
reported in almost all types of human cancers
[14-29]. Acting as post transcriptional control-
lers, miRNAs can inhibit protein translation or
damage the mRNAs of targeting genes into
fragments. Having been mostly reported so far
through binding to the 3’-untranslated regions
(UTRs) of target mRNAs, miRNAs exert impor-
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tant roles by degrading or inhibiting the transla-
tions of the lattersin cancer development and
progression [14, 20, 29]. MiR-330-3p is locat-
ed on chromosome 19q12.32 [15]. Its dy-
sexpression is closely linked to the pathogene-
sis, proliferation, migration, invasion, prognosis
and drug resistance of cancer [16-29]. MiR-
330-3p acts as an oncogene in glioma [16],
lung cancer [17], esophageal squamous cell
carcinoma [18], breast cancer [19] and pancre-
atic cancer [21]. While, it acts as an anti-onco-
gene in osteosarcoma [23], gastric [24], ovari-
an [22] and colorectal [26] cancers. In liver
cancer, interestingly and controversially, miR-
330-3p was reported to enhance the migration
and invasion of HCCLM3 cells via targeting
BTG1 [20] and to suppress the migration of
HepG2 cells via targeting MAP2K1 [29]. Con-
sidering the facts that only one HCC cell line
was separately utilized in the above two stud-
ies, it is unclear whether this difference arises
from the subtype of cancer cell line or not. In
current work, miR-330-3p was measured high-
er expressed in HCC patients’ specimens and
predicted to promote the progression and poor
prognosis of patients. Consistently, the resul-
ts by using two HCC cell lines, HCCLM3 and
Huh7, showed miR-330-3p overexpression and
knockdown reversely regulated their migration
and invasion properties. Moreover, for the first
time, current work further showed, negatively
correlated with IncRNA021545 and EREG dys-
expressions in HCC patients, miR-330-3p func-
tioned in HCC malignancy through negatively
mediated the latter two’s expression levels in
both cancer cell lines and miR-330-3p bearing
nude mice through affecting the EMT process.

Long non-coding RNAs (IncRNAs) are sequenc-
es with the size over 200 nucleotides with-
out the function of encoding proteins [30].
LncRNAs function as scaffolds or guides to reg-
ulate interactions between proteins and genes,
as decoys to bind proteins or miRNAs, and
as enhancers to modulate the transcription
of their targets after being transcribed from
enhancer regions or their neighboring loci [31-
33]. LncRNAs play an important role in cell
differentiation [34], invasion [35], metabolism
[36] and the immune response [37]. LncRNA-
021545 is a 3149-bp gene on human chromo-
some 11 (NONCODE ID: NONHSAT021545.2).
Up to now, except for the report of upregulation
expression of IncRNA021545 in peripheral
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blood of schizophrenic patients [38], the role
of INncRNA021545 is still a blank. Herein, we
showed, inversely and negatively correlated
with miR-330-3p upregulation and EREG defi-
ciency in HCC by forming a ceRNA regulation,
IncRNA021545 deficiency promoted HCC pro-
gression through enhancing the migratory and
invasive behaviours of tumor cells via promot-
ing EMT process.

Locating on human chromosome 4q13.3, epi-
regulin (EREG) is a member of the epidermal
growth factor (EGF) family [39, 40]. It plays a
crucial role in drug resistance [41], immune
response [42], acute pain [43], angiogenesis
[44] and metastasis [45]. EREG has been link-
ed to a variety of cancers [39, 45-50]. The over-
expression of EREG favors a better prognosis
of patients with rectal [47] and metastatic
colorectal cancer [48]. While, it promotes the
progression of oral squamous cell carcinoma
[45], head and neck squamous cell carcinoma
[39] and colon cancer [50]. In the field of liver
cancer, EREG-deficient C57BI/6 mice showed
reduced malignancy in DEN plus CCl,-mediated
hepatocarcinogenesis [46] and dual knock-
downs of EREG and N-ras affected the growths
of HepG2 and Bel7402 cells [49]. Nevertheless,
the exact role of EREG in the clinical hepatocar-
cinogenesis and metastasis remains uncertain.
In this work, we first showed EREG was down-
regulated in hepatocarcinoma cancerous spec-
imens. EREG level changes were further deter-
mined to both reversely correlated with the
migration and invasion abilities of two HCC cell
lines, HCCLM3 and HuH7. Negatively correlated
with miR-330-3p and positively correlated with
IncRNA02154 expression level changes in ma-
lignant tumors, EREG own expression change,
as well as with its level change reversely regu-
lated by miR-330-3p and positively regulated
by IncRNA021545 expression, which negative-
ly mediates the migration and invasion of
HCC cells via EMT process. Moreover, exoge-
nous EREG expression antagonized miR-330-
3p enhanced malignant behaviours of HCC
cells via affecting EMT process. Again, linked
and regulated by miR-330-3p and IncRNA-
021545, EREG deficiency contributed to the
collapse of miR-330-3p/IncRNA021545/EREG
feedback regulation to promote hepatocarci-
noma malignancy.

Collectively, our current study revealed a no-
vel ceRNA circuit signaling regulatory pathway
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composed of EREG, miR-330-3p and IncRNA-
021545 in hepatocarcinogenesis and metas-
tasis. The deficiencies of EREG and IncRNA-
021545 correlated with miR-330-3p overex-
pression contributes to the clinical progression
of hepatocarcinoma patients by enhancing
the migratory and invasive capacities of can-
cer cells through activating EMT behaviour.
Specifically, the collapse of this regulation path-
way due to the dysregulation of miR-330-3p,
EREG and IncRNA021545 effects the expres-
sions of E-cadherin, N-cadherin, vimentin, snail
and slug in hepatocarcinoma cell aggressive-
ness. It provides a new view in tumor metasta-
sis and a potential clue to the therapeutical
treatment of liver cancer.

Materials and methods

Human participants, tissue collection and eth-
ics statement

The paired fresh primary HCC tumor tissues
with their respective paracancerous non-tumor
liver tissues (> 2.5 cm away from tumorous tis-
sue) from 27 patients were provided by the
Second Affiliated Hospital, Dalian Medical Uni-
versity, Dalian, China. There were 21 men and
6 women; 13 patients of age > 60 years and
14 patients of age < 60 years; 10, 11, 5and 1
patients are in T1, T2, T3 and T4 stages. All
participants received no chemo/radiotherapy
before surgery. Following surgical resection,
the tissue samples were immediately snap fro-
zen in liquid nitrogen and stored at -80°C in
prior to use. Informed consent was obtained
from each patient. The involvement of human
participants and the use of human specimens
were evaluated by the Committee of Medical
Ethics of Dalian Medical University, ethical
number 2019-016. The experiments were rig-
orously performed according to the permitted
guidelines.

Western blotting (WB) assay

Total protein was extracted from tissue or
cells using RIPA lysis buffer (Beyotime, China).
Protein concentrations were measured by
Bradford assay [51] according to the manufac-
turer’s instructions. Equal amounts (30-50 ug)
of each protein sample was heated in boiling
water for 5 min, separated by 10% SDS-PAGE
and transferred onto nitrocellulose (NC) mem-
brane (Millipore, Merck). The NC membrane
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Table 1. Synthesized primers for targeting mol-
ecules

Molecule Sequence

EREG F: 5-GGACAGTGCATCTATCTGGTGGA-3’
R: 5-AGTGTTCACATCGGACACCAGTA-3’

INcRNA021545 F: 5-CAGATGGTTCAAAAGTGCAAT-3’

R: 5’-TAAAGCCAGATACTCCCAAGGAC-3’

ue F: 5-CTCGCTTCGGCAGCACA-3’
R: 5-AACGCTTCACGAATTTGCGT-3’
ACTB F: 5-AGGCCAACCGCGAGAAG-3’

R: 5-ACAGCCTGGATAGCAACGTACA-3’

EREG, epiregulin; INcRNA021545, long non-coding RNA
021545; ACTB, B-actin; F, Forward; R, Reverse.

was then blocked with 5% skim milk (BD, USA)
in TBST buffer for 2 h at room temperature
(RT) and then incubated with primary antibod-
ies at 4°C overnight. The primary antibodies
were EREG (1:800, ab233512, Abcam, USA),
snail (1:800, 13099-1-AP, ProteinTech, China),
slug (1:1000, 12129-1-AP, ProteinTech, China),
E-cadherin (1:800, 20874-1-AP, ProteinTech,
China), N-cadherin (1:1000, 22018-1-AP, Pro-
teinTech, China), vimentin (1:1500, 10366-1-
AP, ProteinTech, China), GAPDH (1:5000,
10494-1-AP, ProteinTech, China). The NC mem-
brane was washed with TBST for 3 x 10 min,
incubated with the anti-rabbit 1gG (1:5000,
SA00001-2, ProteinTech, China) for 1 h at RT
and washed with TBST for 3 x 10 min. Protein
bands were visualized by electrochemilumines-
cence (ECL, Advansta, USA) and analyzed using
a ChemiDoc™ MP system (Bio-Rad, USA). The
t-test method was used to compare differential
expression level of proteins.

Cell culture

Human hepatocarcinoma HuH7 and HCCLM3
cell lines were obtained from Shanghai Institu-
te of Biochemistry and Cell Biology, Chinese
Academy of Sciences, China and maintained in
our laboratory. Genotyping analyses using an
ABI 3730xI genetic analyzer showed no multi-
ple alleles and mutations found in the two cell
lines in prior to the designed experiments.
Huh7 and HCCLM3 cells were incubated in
10% fetal bovine serum (FBS) (ExCell Bio,
China) supplemented with 100 U/mL of penicil-
lin and 100 U/mL streptomycin (Gibco, USA)
in Dulbecco’s modified Eagle’s medium (DM-
EM, Gibco, USA) in a humidified incubator
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(HERAcell 150i, ThermoFisher, USA) with 5%
CO, at 37°C.

RNA isolation and quantitative real-time PCR
(QRT-PCR) assay

The total RNA was either extracted from ex-
perimental cells or tissues by Trizol™ reagent
(TransGen, China) and reversely transcribed
into cDNA using EasyScript One-Step gDNA
Removal and cDNA Synthesis SuperMix kits
(TransGen, China). qRT-PCR was performed
using a TransStart Tip Green gPCR SuperMix
kit (TransGen, China) with a StepOnePlus™
Real-Time PCR system (ThermoFisher, USA).
snRNA U6 was used as internal reference for
miR-330-3p and B-actin (ACTB) was used as
the internal reference for EREG and IncRNA-
021545, respectively. The primers for IncRNA-
021545, EREG, U6 and B-actin were synthe-
sized as in Table 1. MiR-330-3p primer se-
quences were designed by company with the
production number of MQPS0001068-1-200
(RiboBio, China). The relative expression differ-
ences of targeting molecules were quantified
and compared using the 222°T method [52].

miR-330-3p overexpression by mimic transfec-
tion and downregulation by inhibitor transfec-
tion

2 x 10° HuH7 and HCCLM3 cells in 2 mL DMEM
with 10% FBS without antibiotic were seeded
into a 6-well plate and cultured at 37°C with
5% CO, for 24 h. 4 L of each of miR-330-3p
mimic (50 nM), inhibitor (50 nM) or negative
control miRNA (miR-NC, 50 nM) was mixed
well with 46 yL DMEM as solution 1 and put
at RT for 5 min. 4 pL lipofectamine™ 2000
(ThermoFisher, USA) was mixed well with 46 L
DMEM as solution 2 and put at RT for 5 min.
Then, solution 1 was mixed with solution 2
and placed still at RT for 20 min. The corre-
sponding transfection reagent was added into
each group cells drop by drop. The cells were
first preserved at 37°C with 5% CO, for 6-8 h
and then were continuously cultured for 48 h
following the culture medium with 10% FBS in
DMEM. The cells transiently transfected with
miR-NC, miR-330-3p mimic, miR-330-3p in-
hibitor were named as HuH7-miR-NC, HuH7-
mMiR-330-3p-mimic, HuH7-miR-330-3p-inhibi-
tor, HCCLM3-miR-NC, HCCLM3-miR-330-3p-
mimic and HCCLM3-miR-330-3p-inhibitor, res-
pectively.
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Table 2. Sequences of siRNA used for EREG and In-
cRNA021545 knockdown

Molecule siRNA duplex oligoribonucleotide sequence
SiEREG-1 F: 5’-GCUCAAGUGUCAAUAACAATT-3’

R: 5’-UUGUUAUUGACACUUGAGCTT-3’
SiEREG-2 F: 5’-CCACCAACCUUUAAGCAAATT-3’

R: 5’-UUUGCUUAAAGGUUGGUGGTT-3’
SiEREG-3 F: 5’-GUACAGAAAUCGAAAAAGUTT-3’

silncRNA021545-1

silncRNA021545-2

siNC

R: 5-ACUUUUUCGAUUUCUGUACTT-3’
F: 5-GCACCAAUCAACUACUUAUTT-3’
R: 5-AUAAGUAGUUGAUUGGUGCTT-3’
F: 5-GCACAAACAUAGAGCCAAATT-3’

R: 5-UUUGGCUCUAUGUUUGUGCTT-3’
F: 5-UUCUCCGAACGUGUCACGUTT-3’
R: 5’-ACGUGACACGUUCGGAGAATT-3’

Lentivirus production and HCCLMS3 cell
infection were performed according to
the manufacturer’s instruction. 1 x 10°
293 T cells in 2 mL DMEM with 10%
FBS without antibiotic were seeded
into a 6-well plate and incubated at
37°C with 5% CO2 for 24 h. Then, 1.5
pug PCDH-EREG or PCDH combined with
1.5 pg packaging plasmids including
psPAX2 and pMD2G were separately
mixed with DMEM with a final volume
of 50 pL and placed at RT for 5 min.
Meanwhile, 3 uL lipofectamine™ 2000
(ThermoFisher, USA) was mixed well
with 47 yL DMEM and placed still at RT
for 5 min. The rest steps were the same

EREG knockdown by siRNA interference and
overexpression by lentivirus transfection

EREG knockdown: As shown in Table 2, three
small interfering RNAs to EREG (Genbank:
NM_001432) were designed using Invitrogen,
siDirect and Whitehead softwares to knock-
down EREG in cells by transfection with lipo-
fectamine™ 2000. Briefly, 2 x 10° HuH7 and
HCCLM3 cells in 2 mL DMEM with 10% FBS
without antibiotic were seeded into a 6-well
plate and incubated at 37°C with 5% CO, for
24 h.Then, 2.5 yL of each of SiEREG-1 (20 uM),
SiEREG-2 (20 uM) and siEREG-3 (20 uM) or
7.5 pL small interfering RNA-negative control
(siNC, 20 uM) was mixed well with 42.5 uL
DMEM and placed at RT for 5 min. At the
same time, 6 uL lipofectamine™ 2000 (Ther-
moFisher, USA) was mixed well with 44 L
DMEM and placed still at RT for 5 min. The rest
steps were the same as described above.

EREG overexpression: To overexpress EREG in
HCCLM3 cells, the full-length coding sequence
of EREG was first amplificated by PCR using
its forward primer 5-GCTCTAGAGCCACCTCA-
GAGGGACACAGCCAAC-3’ and reverse primer
5-CCGGAATTCGACCTAACACTTGACCCAACA-3,,
then cloned into the Xba | and EcoR | sites of
PCDH-EF1-MCS-T2A-Puro vector (PCDH). The
recombinant PCDH-EF1-MCS-T2A-Puro-EREG
(PCDH-EREG) expression vector was used for
overexpressing EREG in HCCLM3 cells. The
empty vector PCDH was also transfected into
HCCLM3 as the control cells.
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as described above. At the transfection

time intervals of 24 and 48 h, the virus
particle supernatants were first centrifugating
at 5000 rpm for 10 min followed by filtering
through 0.22 uym microporous membrane (Mi-
llipore, USA). 1 x 10° HCCLM3 cells from each
group in a well of 6-well plates were infected
with 1 mL lentivirus and 1 mL 10% FBS in DM-
EM containing 8 pg/mL polybrene (Solarbio,
China) at 37°C with 5% CO, for 48 h. The cells
stably transfected with PCDH-EREG or the
PCDH vector were screened against with the
concentration gradients of 0.1, 0.2 and 0.4
pg/mL puromycin (Coolaber Science & Techi-
nology, China) at 37°C with 5% CO, with a dura-
tion for about 6 months to obtain the HCCLM3-
PCDH-EREG and HCCLM3-PCDH cells.

LncRNA021545 knockdown by siRNA interfer-
ence

To knockdown IncRNA021545 in cells, as
shown in Table 2, two small interfering RNAs
to IncRNA021545 (NONCODE ID: NONHSA-
T021545.2) were synthesized. 2 x 10° HUH7 or
HCCLM3 cells in 2 mL 10% FBS in DMEM were
seeded into a 6-well plate and incubated at
37°C with 5% CO, for 24 h. Then, 3.5 pL siln-
cRNA021545-1 (20 pM) and 3.5 L siln-
cRNA021545-2 (20 uM) or 7 uL siNC (20 pM)
was mixed well with 43 yL DMEM and placed at
RT for 5 min, meanwhile, 6 uL lipofectamine™
2000 (ThermoFisher, USA) was mixed well with
44 pL DMEM and also placed at RT for 5
min. The remaining steps were carried out as
described previously.
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Luciferase reporter gene assay

The luciferase reporter gene assay measured
the binding sites between miR-330-3p and
EREG as well as between IncRNA021545 and
EREG. The pmirGIO expression vector was
used to provide the constitutive expression of
firefly luciferase as an internal reference. 1 x
10° HCCLM3 cells/well were seeded into a
24-well plate in 1 mL 10% FBS in DMEM
and incubated at 37°C with 5% CO, for 24 h.
1.5 pg of each of the constructed plas-
mids for both wild type and mutated EREG
and IncRNA021545, pmirGIO-EREG-3’-UTR-WT,
pmirGIO-EREG-3’-UTR-MUT, pmirGIO-IncRNAO-
21545-WT and pmirGIO-IncRNA021545-MUT
were co-transfected along with miR-330-3p
mimic (1 pL of 50 nM) into HCCLM3 cells using
lipofectamine™ 2000 (ThermoFisher, USA). In
24 h following transfection, the cells were
washed well with PBS buffer, lysed in 100 yL
passive lysis buffer (PLB) with shaking for 15
min at RT. The lysate was transferred into a
luminometer tube, mixed well with 50 uyL of
luciferase assay reagent Il (LAR Il) first for Firefly
luciferase activity assay, then mixed with 100
uL of stop reagent for Renilla luciferase activity
assay. Luciferase activity was determined using
a GloMax fluorescence reader (Promega, CA,
USA).

Cell proliferation by MTT assay

The influences of the dysexpressions of miR-
330-3p, EREG and IncRNA021545 on the in
vitro proliferations of HuH7 and HCCLM3 cells
were measured using the microculture tetra-
zolium test (MTT) assay. Briefly, 1000 of each
HuH7 and HCCLM3 group cells in 200 yL DM-
EM supplemented with 10% FBS were seeded
into a well of 96-well plate and incubated at
37°C with 5% CO,. At the incubation time inter-
vals of 24, 48, 72, 96 and 120 h, 100 puL of
MTT solution (5 mg/mL) was separately added
into each well by replacing culture medium
and incubated further in the dark at 37°C
with 5% CO, for 4 h. Following the careful
removal of the supernatant, 150 pL of dimeth-
ylsulfoxide (DMSO, Sigma, USA) was pipetted
into each well to dissolve the formazan crys-
tals. The absorbance at 492 nm was measured
using a microplate reader (ThermoFisher, USA).
The results from triplicate experiments were
then quantitatively analyzed.
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Boyden transwell chamber assays of cell mi-
gration and invasion

24-well-plate transwell chamber assays were
performed to investigate the deregulations of
miR-330-3p, EREG and IncRNA0O21545 on
the in vitro migration and invasion abilities of
HuH7 and HCCLM3 cells. 2 x 10* cells in 200
uL serum free DMEM were seeded onto the
upper chamber of polycarbonate filter unit with
8 um pore size in 24 well plate (Corning, USA).
The chamber was transferred into each well
containing 600 yL DMEM with 15% FBS and
incubated at 37°C with 5% CO, for 24 h. For
invasion assay, each filter in the upper chamb-
er was first coated with 50 uL extracellular
matrix gel (ECM, Sigma, USA) that was 1:39
diluted with DMEM by incubating at 37°C for 1
h. The non-migrated or non-invaded cells on
the upper surface of the insert were removed
by swabbing. The migrated or invaded cells to
the lower membrane surface were fixed with
methanol (Sinopharm Chemical Reagent Co,
China) for 30 min, stained with 0.1% crystal vio-
let for 30 min, and washed with PBS twice. Five
field views were randomly selected to calculate
an average cell count using an upright light
microscope (BX63, Olympus, Japan) with 200

X.

miR-330-3p affects in vivo tumorigenicity and
lymph node metastasis of HCCLM3 in nude
mice

Nude mouse xenograft was performed to in-
vestigate the dysexpression of EREG on the in
vivo tumorigenicity and lymph node metastasis
(LNM) of HCCLM3 cells. 21 male BALB/c-nude
mice (4-6 w) were randomly divided into 3
groups with 7 mice per group. 2 x 10° of each
HCCLM3-miR-NC, HCCLM3-miR-330-3p-mimic
and HCCLM3-miR-330-3p-inhibitor group cells
in 200 uL DMEM with 15% FBS were subcuta-
neously injected into the left abdomen of a
mouse. The length and width of the tumor xeno-
grafts were preciously measured using a cali-
per in mm once every third days. The tumor
volume (V) was calculated according toV = 1/
2 x length x width2. On the 20™ day after im-
plantation, the primary tumorous xenografts,
inguinal and pararenal LNs were immediately
dissected from euthanized mice, weighed,
appropriately stored in prior to use. About 1/3
of each tumorous tissue was cut and frozen in
liquid nitrogen for RNA extraction. The remain-
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ing tumorous tissues and LNs were fixed in
10% neutral formalin at RT for 24 h, and em
bedded in paraffin, sectioned into 3-5 uym slic-
es, either for IHC or HE assay or for both as-
says. Nude BALB/c mice were supplied by the
SPF Animal Model Center of Dalian Medical
University. The study was performed following
the ethical standards of the national and inter-
national guidelines with the approval of the
Experiment Animal Ethical Committee of Dalian
Medical University.

Hematoxylin eosin (HE) staining assay

The paraffin sections were dewaxed with xylene
for 2 x 5 min, rehydrated with a gradient (100%,
5 min; 95%, 2 min; 85%, 2 min; 75%, 2 min) of
ethanol and distilled water for 2 min. The sec-
tions were stained in hematoxylin dyeing solu-
tion (Sangon Biotechnology Co, China) for 10
min and washed with running tap water for 5
min, differentiated in differentiation solution
for 30 s, soaked in water for 15 min, subse-
quently stained in eosin staining solution
(Sangon Biotechnology Co, China) for 30 s,
rinsed with running water and immersed in dis-
tilled water for 5 min. Then, the sections were
dehydrated with ethanol gradient (75%, 2 min;
85%, 2 min; 95%, 2 min, 100%, 5 min), cleared
with xylene, sealed with neutral gum (Sinop-
harm Chemical Reagent Co, China). Slides were
examined and imaged under BX63 optical
microscope (Olympus, Japan) at 100 x and 400
x, respectively.

Immunohistochemistry (IHC) assay

IHC assay was performed using an immunohis-
tochemistry kit (ZSGB-BIO, China) to analyze
the expression levels of EREG, snail, slug,
E-cadherin, N-cadherin, vimentin and Ki-67 in
tumorous tissues from HCCLM3-miR-NC, -miR-
330-3p-mimic and -miR-330-3p-inhibitor cells
transplanted nude mice. Having been dewaxed
and rehydrated as above, the slices were fur-
ther merged in 3% H,0, for 10 min, blocked in
10% non-immune goat serum for 10 min and
incubated with the primary antibodies includ-
ing EREG (1:100, PA5-46969, ThermoFisher,
USA), snail (1:300, ABP0121, Abbkine, USA),
slug (1:800, 12129-1-AP, ProteinTech, China),
E-cadherin (1:1000, 20874-1-AP, ProteinTech,
China), N-cadherin (1:2000, 22018-1-AP, Pro-
teinTech, China), vimentin (1:3000, 10366-1-
AP, ProteinTech, China), Ki-67 (1:400, 27309-1-
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AP, ProteinTech, China) at 4°C overnight. The
slides were then washed with PBS, incubated
with peroxidase-conjugated streptavidin at
37°C for 15 min, washed with PBS for 3 times
in prior to color development by diaminobenzi-
dine (DAB) at RT. The slides were counter-
stained with hematoxylin, dehydrated by gradi-
ent ethanol (75%, 2 min; 85%, 2 min; 95%, 2
min, 100%, 5 min), clarified by xylene and
sealed with neutral gum. The stained slides
were then loaded into an Aperio GT450 (Leica,
Germany) system for image scan. An Aperio
eSlide Manager software automatically reads
the images with dark brown for strong positive,
brown for moderate positive, light yellow for
weak positive and blue nuclei for negative
immunoactivities, as well as analyzed the per-
centage of each stained area and calculated
the Histoscore (H-score).

Data processing and statistical analysis

The results were presented as mean = SD.
Data analysis was performed by utilizing
GraphPad Prism 6.0 software (La Jolla, USA).
Comparisons between the groups were ana-
lyzed by Student's ttest. The correlation
among the expression of EREG, miR-330-3p
and IncRNA021545 were analyzed using the
Spearman’s rank correlation coefficient. *, **,
**% and **** refer to the P values of the dif-
ferences were below 0.05, 0.01, 0.001 and
0.0001, respectively. ns refers to no statistical
significance.

Results

The expression changes with their correlations
of EREG, miR-330-3p and IncRNA021545 in
HCC patients’ tumors

The expression level changes of EREG, miR-
330-3p and IncRNA021545 were measured in
tumorous tissues compared with their paired
paracancerous non-tumor tissues from HCC
patients. WB results showed, although compa-
rable and upregulated EREG expressions were
detected in 4/27 of patients’ tumorous tissues
compared with their non-tumor liver tissues,
EREG was detected in the majority (18/27) of
patients’ tumorous tissues with an overall
decrease of ~40.8% with statistical signifi-
cance (P < 0.0001, Figure 1A). As shown in
Figure 1B, miR-330-3p expression was mea-
sured increased by 70.8% (P = 0.0359) in
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Figure 1. The expression changes with their correlations of EREG, miR-330-3p and IncRNA021545 in HCC tumor-
ous tissues. (A) WB assay showed the overall EREG expression was downregulated in tumorous tissues from HCC
patients compared with the paired paracancerous non-tumor liver tissues. gRT-PCR showed miR-330-3p (B) was up-
regulated and IncRNA021545 (C) was downregulated in patients’ tumorous tissues. EREG (D) and LncRNA021545
(E) decreases were negatively correlated with miR-330-3p increase and (F) EREG and IncRNA021545 reductions

were positively correlated in HCC tissues.

patients’ tumorous tissues. LncRNA021545
was measured downregulated by 68.7% (P <
0.0001, Figure 1C) in patients’ tumorous tis-
sues. These results implicated the clinical in-
volvement of the deficiencies of EREG and
INcRNA021545 and the overexpression of miR-
330-3p in HCC progression. At the same time
deserving more attention was the inter-correla-
tions of EREG, miR-330-3p and IncRNA021545
expression changes in HCC tumorous tissues.
The overexpression of miR-330-3p in tumorous
tissues was both inversely correlated with the
reductions of EREG (R? = 0.2292, P = 0.018,
Figure 1D) and IncRNA021545 (R? = 0.3489,
P = 0.0024, Figure 1E). The deficiencies of
EREG and IncRNA021545 were revealed posi-
tively correlated in tumors (R?2 = 0.4675, P =
0.003, Figure 1F). The above results showed
that EREG, miR-330-3p and IncRNA021545,
with mutual regulatory relationship among
them, were related to hepatocarcinoma ma-
lignancy.

miR-330-3p directly targets and negatively reg-
ulates EREG and IncRNA021545 expressions

The bindings between EREG and miR-330-
3p, and between miR-330-3p and IncRNA-
021545 were investigated in HCCLM3 cells by
dual-luciferase reporter assays combined with
site mutagenesis. TargetScan (http://www.tar-
getscan.org) and miRDB (http://mirdb.org/
miRDB) indicated the CGAAAC sequence of
miR-330-3p (Figure 2A, 2B) complementarily
binds to GCUUUG sequence at site 3803-
3808 of the 3-UTR of EREG (Figure 2A) and
to GCUUUG sequence at site 1264-1269 of
INcRNA021545 (Figure 2B). The binding se-
quence GCUUUG both for EREG and IncRNA-
021545 was then mutated to CGAAAC (Figure
2A, 2B).

The luciferase activity was decreased by 29.9%
(P = 0.0142, Figure 2A) in HCCLM3 cells co-
transfected with the pmirGIO-EREG-3’-UTR-WT
luciferase reporter and miR-330-3p mimic,
compared with the control group cells co-trans-
fected with pmirGIO-EREG-3’-UTR-WT and miR-
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NC mimic. No luciferase activity change was
observed in pmirGIO-EREG-3’-UTR-MUT trans-
fected group HCCLM3 cells. In the group cells
co-transfected with pmirGIO-IncRNA021545-
WT vector and miR-330-3p mimic, the lucifer-
ase activity was decreased to 58.9% (P =
0.0004, Figure 2B) compared with the control
group cell. MiR-330-3p mimic transfection had
no effect on the luciferase activity of the cells
co-transfected with pmirGlO-IncRNA021545-
MUT and miR-330-3p mimic (Figure 2B). The
above results indicated the direct binding of
miR-330-3p to EREG and IncRNA021545.

MiR-330-3p negatively regulated the expres-
sions of EREG and IncRNA021545. The expres-
sion levels of miR-330-3p were upregulated
by 21009-(P = 0.0085) and 15967-folds (P =
0.0188) in HuH7 and HCCLM3 cells by its
mimic transfections, and downregulated by
96.5% (P < 0.0001) and 83.1% (P < 0.0001)
in HCCLM3 and HuH7 by its inhibitor transfec-
tion (Figure 2C). Following miR-330-3p overex-
pression, the endogenous EREG and IncRNA-
021545 expressions were decreased by
94.3% (P = 0.0012) and 45.9% (P = 0.0007),
EREG protein level was reduced by 57.7%
(P =0.0009, Figure 2D) in HuH7 cells, and the
EREG and IncRNA0O21545 expressions were
decreased by 53.5% (P = 0.0083) and 40.6%
(P = 0.044), and EREG protein expression was
decreased by 65.0% (P = 0.0003, Figure 2E) in
HCCLMS3 cells. Due to miR-330-3p inhibition,
the mRNA levels of EREG and IncRNA021545
were increased by 51.4% (P = 0.0375) and
79.3% (P = 0.0012), and EREG protein expres-
sion was increased by 91.2% (P = 0.0012,
Figure 2F) in HuH7 cells, and concordantly,
those expression levels of EREG mRNA, IncRN-
A021545 and EREG protein in HCCLM3 cells
were increased by 46.6% (P = 0.0071), 52.9%
(P =0.0029) and 145.1% (P = 0.0003, Figure
2G), respectively.

LncRNA021545 downregulation increases
miR-330-3p and decreases EREG in HCC cells

We performed siRNA transfection interference
to knockdown IncRNA021545 in HCC cells.
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Compared with the siRNA NC group cells, the
levels of INcRNA021545 were decreased by
60.1% (P = 0.0242) and 66.2% (P = 0.0286,
Figure 2H) in silncRNA021545 transfected
HuH7 and HCCLM3 cells. Following IncRNA-
021545 knockdown (Figure 2H), the levels
of miR-330-3p in HuH7 cells increased by
52.0% (P < 0.0001) and 60.6% (P = 0.0097) in
HCCLM3 cells, EREG mRNA and EREG protein
levels in HuH7 and HCCLM3 cells were
decreased by 80.9% (P = 0.0007) and 45.8% (P
= 0.0001), and decreased by 31.0% (P =
0.0006) and 33.3% (P = 0.0023), respectively.
These results demonstrated that through the
direct bindings to miR-330-3p and EREG,
INncRNA021545 negatively regulated miR-330-
3p and positively regulated EREG expression in
HCC cells.

EREG alteration on the expressions of miR-
330-3p and IncRNA021545 in HCC cells

The expression levels of EREG were detected in
HuH7 and HCCLM3 cells, and it was found that
EREG expression in HCCLM3 cells was 99.9%
lower (P = 0.0476, Figure 21) at mRNA level and
71.3% lower at protein level than HuH7 cells,
thus, we chose to explore the effect of EREG
on the INncRNA021545 and miR-330-3p as well
as the metastasis of HCC cells. The expression
of EREG was knocked down in HUH7 and over-
expressed in HCCLM3 cells. By using siEREG
transient transfection interference, EREG was
downregulated in SiEREG-HUH7 cells by 69.6%
(P = 0.0007, Figure 2J) at mRNA level and by
39.0% (P = 0.0010, Figure 2J) at protein level
than those in siNC-HuH7 cells. EREG down-
regulation led to 34.8% level decrease of
INcRNA021545 expression and did not affect
the expressions of miR-330-3p in HuH7 cells.
Using stable transfection with PCDH-EREG vec-
tor by Lentivirus infection through puromycin
screening, EREG was upregulated in PCDH-
EREG-HCCLM3 cells by 317.1% (P < 0.0001,
Figure 2K) at mRNA level and by 59.3% (P =
0.032, Figure 2K) at protein level than the
empty vector transfected PCDH-HCCLMS3 cells.
EREG overexpression led to 181.1% level
increase of INcRNA021545 expression and no
change to miR-330-3p expression in HCCLM3
cells.

miR-330-3p influences the in vitro migration
and invasion abilities of HCC cells without af-
fecting their proliferation

The influence of miR-330-3p expression on the
in vitro migration and invasion abilities of HUH7
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and HCCLM3 cells were investigated by Boyden
transwell chamber assays. MiR-330-3p overex-
pression promoted the migration and invasion
abilities of HCC cells. Compared with HuH7-
miR-NC and HCCLM3-miR-NC group cells, the
migration and invasion abilities were increased
by 66.9% (P = 0.0050) and 70.4% (P = 0.0074,
Figure 3A) for HuH7-miR-330-3p cells, and
increased by 98.9% (P = 0.0008) and 84.9%
(P = 0.0037, Figure 3B) for HCCLM3-miR-330-
3p cells. Accordingly, miR-330-3p downregula-
tion by its inhibitor transfection led to the
migration and invasion reductions of 40.4% (P
= 0.0001) and 48.0% (P = 0.0003, Figure 3C)
for HUH7 cells, and of 52.0% (P = 0.0006) and
25.3% (P = 0.0334, Figure 3D) for HCCLM3
cells. MTT assay measured miR-330-3p ex-
pression on the proliferative capacities of Hu-
H7 and HCCLM3 cells. No apparent changes
were determined on the proliferations of HUH7
(Figure 3E) and HCCLM3 (Figure 3F) cells in
responding to either miR-330-3p overexpres-
sion or miR-330-3p downregulation. Collec-
tively, miR-330-3p influences the migration and
invasion of HCC cells without affecting their
proliferations.

EREG affects the in vitro migration and inva-
sion abilities of HCC cells without influencing
their proliferation

We further measured the dysexpression of
EREG on the migration and invasion abilities of
HCC cells. As shown in Figure 4A, the numb-
ers of migrated and invaded HCCLM3-PCDH-
EREG cells were ~46.7% (P = 0.0005) and
~40.8% (P = 0.0116) of those of HCCLM3-
PCDH cells. Consistently, EREG knockdown pro-
moted the migration and invasion abilities of
HuH7. The numbers of migrated and invaded
HuH7-siEREG cells were 150% (P = 0.0376)
and 170% (P = 0.0194, Figure 4B) of those of
HuH7-siNC cells. EREG decreases the in vitro
migration and invasion abilities of HCC cells.
EREG knockdown by siEREG in HuH7 and over-
expression by stable lentivirus PCDH-EREG
transfection in HCCLM3 cells did not change
the cells’ proliferations determined by MTT
assays (Figure 4C). Our results show EREG
plays an important role in the metastatic abili-
ties of HCC cells, while staying uncritical for
their proliferations.

IncRNA021545 level negatively correlates with
the in vitro migration and invasion of HCC cells

To confirm its tumor inhibitory effect in HCC, we
measured the effect of INcRNA021545 knock-
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Figure 2. MiR-330-3p directly targets and negatively regulates EREG and IncRNA021545. Bioinformatic prediction of the putative binding sites with the confirmation
by mutagenesis-combined to luciferase gene reporting assay for miR-330-3p to EREG-3’-UTR. (A) and to IncRNA021545 (B). (C) The overexpression and knockdown
of miR-330-3p were performed by its mimic and inhibitor transfections in Huh7 and HCCLM3. The endogenous expressions of EREG and INcRNA021545 were
suppressed by overexpressing miR-330-3p in HuH7 (D) and HCCLM3 (E) cells. The endogenous expressions of EREG and IncRNA021545 were promoted by miR-
330-3p knockdown in HuH7 (F) and HCCLM3 (G) cells. (H) LncRNA021545 knockdown in HuUH7 and HCCLM3 cells resulted in decreased endogenous EREG and
increased miR-330-3p expressions. () The comparisons of EREG expression at both mRNA and protein levels in HuH7 and HCCLM3 cells. (J) EREG knockdown
suppressed INcRNA021545 and showed no effect on miR-330-3p expression in HUH7. (K) EREG overexpression increased IncRNA021545 and showed no change
on miR-330-3p expression in HCCLM3 cells.

A HuH7 B HCCLM3

mIRNC/ _ * e miR-330-3p-mimi = miR-NC &' g
k) s “\Jf@’--_.t'%'s’{ 3 .tf’ o+ y;;‘t_ b SR R

e SO SO PRI Rl @"N, I
LA v,

-3}""-‘.—‘15""‘ R .-?If"*’-*i "'.'. 5 ‘f"; i "‘-..A}“- S S

Sla AN NG ) T T AN - s W

TR N Rs ESoNaE ga
’ ey ,l_‘\‘ o %‘n -i lﬂ‘_; AR ! !"\.‘

;} & & “
F ORI W ANATE L ] S ST

miR-NC- N ERTN T f": mIR-330-3p-mlmlc }7"\.—-\' mIR-Nc" . "-
S e N ey TR, : 5 )
i :' - ’-7- LA % :'1;, R %‘g“"% '5\'/),‘ :'Y
5L AN PRIN e L TGt le BE
§ ol ATl B S s P?‘?‘*; g
TR R S T I T NG Lt TR Ty ¥ i
E .:}“«,"',. _:.“‘\’r't:\_' Z =Ny ,‘".-&’ e -{,-‘gfq j'/q\,-{:?\ £rs
2 % : A e ' N *"ﬁm . \ b L)
~,"/\-~'.\' L 4 ‘u?'h s r\{'.."’.-.,\“,?‘ ety P |
IS T N et WS L AR AN '
OGRS TR WS VAT ST AT W\ e 200%
o 500+ o 4001 . w 4004 P » 4007 —
= = ° =
3 22 8 © 8
g 400+ g 300 E 300+ 2 300+
5300- E 5 §
(S E 2004 E 200+ £ 200+
5 200+ s - s
-§1oo- .!E: 100- é 100- é 100-
] 2 3 z
Z o - . 0- Z o 0- .
& ) o “© P &
& o e*'*o & éa?? ‘4\ & &
& R aR ”?,'b
& Q_,g'&"' e o
¢ & & 4

2504 Am J Cancer Res 2022;12(6):2492-2525



miR-330-3p/EREG/INncRNA021545 axis in HCC

Cc HuH?7

HCCLM3

Y. mm-aao-a -lnhlbrtoy QL

‘U \Se.

. 3 /H
1= Mg S - i, SRY- B2 7 'f'g‘* 7 !‘“ il
- P T e A} BE R e S N
"3\&“-';::.' ',-%‘)‘ﬁ."\’.\;"g‘.’ 3 {*‘f*’ ';_.;.‘?_\«‘,;, - ‘;}K\- )
5t N> e R AL L O N
B AV - 4y ,ﬂﬁ. a3 5 T 7«;& w®
E ((“t\ l: Yuse .}# 5‘?"“*‘,-‘ < 'b-;.' \‘-fii\:" &

(% « \ \ - o et T N g

-, f‘m ‘J‘.\}n ;_“-'un"‘ ‘_f"la':”n‘

ﬂi!‘- = -’a "QA ’“&&/.“zﬁ. il o -.'il - [

mi -330—3p-lnhlbltor\,._\ ?év

mIR-Nc ?.),f\\s. ) & '
.y_ . ) F L : s
‘ X }_“\»W A-‘-- P Jt/rﬂ'\;«‘-} .'3'.’::,'\-. . e, J‘ Ly ft 3 ‘q‘. -
e ﬁ— J'[iN\ AN B IR U o T4 ’%\,y& 9y o D - “;‘g . "{ e Ay “"4.‘
O .,:h.. ,K AT Y S, bl P AP B RA T VT .’u_ AL :i“. 1) “~ e 4 L - ’ whe g i
L f-a.'f, N &3 PEAOT . i 5 r N - E o - T -
n [ ,f{{ﬂ-‘"j)’:‘ o WO it Bl LW -?,"‘ - 9;\";—‘ ",‘_.-":'?,-—1-- e # A%e Tpre T "
SIS | A S e O Tl AV BWhe OO - 4l VT s Y Y A
=" " “_”,"| >4 iﬁ'('_ 2o {ﬂ‘ \( 7° ,""*‘\' “J 1w r'--'; £ (=1 :“' e .\'ll\ oy p ‘1 s - .# "'a o
ook A ral R g,ta% y’ﬂj WS ATLIWIGNN eSS e S V0, & "L SFARE R
L - 2 R A & | ; 82000 W e [t B - SRR I - - I ey s
- "*“\:‘Ly. N,/,:-\‘_\. ﬂ:'r..x_-._-«:, .,ra,ﬂ. & ,:«ﬁ;'_ i) QU BTy 7)Y S Y J::-.-;, s - ”
(7% ;"!J_-_a {.‘s__\‘ IR LA SR ¥ 4 e g 4"‘?‘& o) _i,a;‘s, aY -
r b N 7y ® oy iy SR ¢ et ’ C . e Toe - Bt s
BRI TE I RN 0 S VLT Ly DAt b BNty s et P A
» 400- , 2007 » 2 300+ L1 !!250- -
B @ = ]
8 " Wik '§ : 3200-
3 00+ 3 1504 £ 200- §
8
g 3 3 § 150+
Z 200 Z 100- E =
= 3 S 100- a1
=
z ] 2 il % 5l = Ll
O & <O £ 3 &
= & =~ & & &
& & & & & &
-5@ R R
s @:'5‘9‘ 55
@Q- & @Q'
E 1:57 = Huh7-miR-NC 1.57 -~ Huh7-miR-NC F 209 HCCLM3-miR-NC 2.09 -e- HCCLM3-miR-NC
-#- Huh7-miR-330-3p-mimic -= Huh7-miR-330-3p-inhibitor -#~ HCCLM3-miR-330-3p-mimic -#~ HCCLM3-miR-330-3p-inhibitor
DN S 3 1.5, ERrS
w™ ® 1.04 © ©
- > > >
E E §1.n- Em-
51 0.54 0.5 S S
3 3 L o
0.0 T r . T y 0.0 T " v v . 0.0 v . . - " 0.0 . . - . "
0 24 48 72 96 120 [] 24 48 72 96 120 [ 24 48 72 96 120 0 24 48 72 96 120
Time (h) Time (h) Time (h) Time (h)

Figure 3. MiR-330-3p dysexpression on the in vitro migration, invasion and proliferations of HCC cells. MiR-330-3p overexpression enhanced the migration and
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down on the migration and invasion capacities
of HuH7 and HCCLM3 cells. IncRNA021545
downregulation resulted in their enhanced
migration and invasion abilities. The num-
bers of migrated HuH7-siincRNA021545 and
HCCLM3-silncRNA021545 cells increased by
70.9% (P = 0.0003) and 68.5% (P = 0.0020,
Figure 5A) than those of HuH7-siNC and
HCCLM3-siNC cells. The numbers of invad-
ed HuH7-silncRNA021545 and HCCLM3-silnc-
RNA021545 cells increased by 107.2% (P =
0.0044) and 62.7% (P = 0.0042, Figure 5B)
than those of HuH7-siNC and HCCLM3-siNC
cells. The downregulation of IncRNA021545
showed inapparent influence on HuH7 and
HCCLM3 proliferations by MTT assays (Figure
5C).

miR-330-3p/IncRNA021545/EREG axis medi-
ates the metastasis of HCC cells via EMT

We further explored the miR-330-3p/IncRNA-
021545/EREG axial function in HCC malignan-
cy through mediating EMT processes of HUH7
and HCCLM3 cells. Herein, we examined the
expression level changes of EMT markers,
E-cadherin, N-cadherin, vimentin, snail and
slug in both cells following the dysexpressions
of EREG, miR-330-3p and IncRNA021545. As
in Figure 6, knockdown of either EREG or
INcRNA021545, and overexpression of miR-
330-3p resulted in similar trends on regulating
the expressions of the previously mentioned
protein molecules, i.e., downregulated epitheli-
al marker E-cadherin and upregulated mesen-
chymal markers snail, slug, N-cadherin and
vimentin in HuH7 and HCCLM3 cells. Consi-
stently, EREG overexpression or miR-330-3p
knockdown reduced the expressions of snail,
slug, N-cadherin and vimentin, while enhanced
E-cadherin expression in HuH7 and HCCLM3
cells.

For EREG, compared with HuH7-siNC cells,
EREG knockdown resulted in protein expres-
sion increasing of N-cadherin, vimentin, snail
and slug with 51.0% (P = 0.0148), 77.7% (P =
0.0339), 46.7% (P = 0.0136), 35.0% (P =
0.0137) and a decrease of E-cadherin protein
expression with 41.5% (P < 0.0001, Figure 6A)
in HUH7-siEREG cells. Compared with HCCLM3-
PCDH cells, EREG overexpression decreased
the protein expressions of N-cadherin, vimen-
tin, snail and slug by 44.0% (P = 0.0013),
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38.7% (P < 0.0001), 38.3% (P < 0.0001),
39.3% (P = 0.0013) and increased E-cadherin
protein expression by 33.5% (P = 0.0012, Fi-
gure 6A) HCCLM3-PCDH-EREG cells. For miR-
330-3p, as the results shown in Figure 6B,
compared with HuH7-miR-NC and HCCLM3-
miR-NC group cells, miR-330-3p overexpres-
sion upregulated the protein expressions of
N-cadherin, vimentin, snail and slug by 71.7%
(P = 0.0084) and 96.7% (P = 0.0168), 56.3%
(P < 0.0001) and 49.0% (P = 0.0062), 45.0%
(P =0.0024) and 46.0% (P = 0.0048), 59.3%
(P = 0.0182) and 57.0% (P = 0.0442) and
decreased E-cadherin protein expression by
33.0% (P = 0.0008) and 47.0% (P = 0.0044)
in HUH7-miR-330-3p and HCCLM3-miR-330-
3p cells. Accordantly, miR-330-3p knockdown
decreased the protein levels of N-cadherin,
vimentin, snail and slug by 66.0% (P < 0.0001)
and 38.7% (P = 0.0130), 31.7% (P = 0.0009)
and 33.0% (P = 0.0002), 36.0% (P = 0.0124)
and 46.7% (P = 0.0069), 45.7% (P = 0.0388)
and 44.3% (P = 0.0446), and increased E-
cadherin expression by 41.5% (P < 0.0001)
and 63.3% (P = 0.0332) in HUH7 and HCCLM3
cells. For INcRNA021545, as shown in Figure
6C, compared with HuH7-siNC and HCCLM3-
siNC cells, IncRNA021545 knockdown incre-
ased the protein expressions of N-cadherin,
vimentin, snail and slug by 58.0% (P = 0.0450)
and 72.3% (P = 0.0346), 71.7% (P = 0.0108)
and 56.3% (P = 0.0353), 53.0% (P = 0.0198)
and 50.3% (P = 0.0005), 47.3% (P = 0.0013)
and 55.3% (P = 0.075), and decreased
E-cadherin protein expression by 44.0% (P =
0.0009) and 31.0% (P = 0.0034) in HUH7 and
HCCLMS3 cells.

Is EREG a direct functional mediator of miR-
330-3p-effected migration and invasion for
HCC cells? Could the in vitro phenotypes
associated with miR-330-3p deregulation be
reversed by opposite EREG expression? We
performed a “rescue” experiment by co-trans-
fecting miR-330-3p mimic and PCDH-EREG
vector into HCCLM3 cells and the linkages of
EMT to miR-330-3p and EREG-mediated tumor
migration and invasion were further validated.
As shown in Figure 6D, miR-330-3p could
downregulate endogenous EREG mRNA level by
62.2% (P =0.0311), and protein level by 36.3%
(P = 0.0005) in HCCLMS3 cells, while, it could
only downregulate the EREG expression level in
HCCLM3 co-transfected cells with miR-330-3p
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Figure 6. MiR-330-3p/IncRNA021545/EREG axis mediates the metastasis of HCC cells via EMT. The influences of EREG (A), miR-330-3p (B) and IncRNA021545
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mimic transfection in HCCLM3 cells. (E) EREG overexpression counteracted the enhanced migration and invasion of HCCLM3 cells in responding to miR-330-3p
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and PCDH-EREG to certain extent as PCDH-
EREG expression vector does not have 3-
UTR domain. Compared with miR-330-3p-mim-
ic group, EREG mRNA level was increased by
43.0 fold (P < 0.0001), and protein level was
increased by 139.8% (P = 0.0004) in miR-330-
3p-mimic+PCDH-EREG group. Meanwhile, the
co-transfection of the miR-330-3p mimic and
PCDH-EREG resulted in an increased protein
expression of E-cadherin by 159.3% (P =
0.0031), and suppressed protein expressions
of snail, slug, N-cadherin and vimentin by
42.4% (P = 0.0017), 50.3% (P = 0.0007),
43.8% (P = 0.0027) and 43.9% (P = 0.0007,
Figure 6D) compared with the miR-330-3p
mimic group. As in Figure 6E, exogenous EREG
overexpression reversed the positive effect of
miR-330-3p on the migration and invasion
potentials of HCCLM3 cells. Compared with the
HCCLM3-miR-330-3p-mimic group, the migra-
tion and invasion abilities of HCCLM3-miR-
330-3p+PCDH-EREG cells were reduced by
56.4% (P = 0.003) and 55.4% (P = 0.0001) in
vitro. The above results proved that miR-330-
3p promoted HCC cells migration and invasion
by downregulating EREG through binding to
EREG-3-UTR, EREG was required for miR-
330-3p-mediated HCC cells tumor metastasis.

miR-330-3p promotes the in vivo tumorigenic-
ity and LNM of HCCLM3 cells

To validate in vitro cell line-based studies, we
used nude mouse xenograft tumor model to
investigate the ectopic expression of miR-330-
3p in affecting the in vivo tumorigenicity and
malignancy of miR-330-3p-mimic-, miR-330-
3p-inhibitor- and miR-NC-transfected HCCLM3
cells. As shown in Figure 7A, miR-330-3p over-
expression by its mimic transfection in HCC-
LM3 cells contributed in enhanced tumorige-
nicity speed and tumor mass of xenograft
implanted nude mice. miR-330-3p downregula-
tion by its inhibitor in HCCLM3 cells showed no
apparent effect on tumor size and mass.
Following the subcutaneous injections of three
group cells into the right groins of nude mice at
the time intervals of 5, 8, 10, 13, 16 and 19
days, the sizes and volumes of the orthotopic
transplantation tumors were measured and
calculated separately. At 5, 8, 10, 13,16 and
19 (the day when mice were scarified) days,
the averaged tumor volumes were 0.0181,
0.0192, 0.0298, 0.0388, 0.0447 and 0.0517
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mm?3 for miR-NC, 0.0173, 0.0218, 0.0378,
0.0590, 0.0697 and 0.0863 mm? for HCCL-
M3-miR-330-3p-mimic and 0.0163, 0.0188,
0.0351, 0.0430, 0.0435 and 0.0467 mm? for
HCCLM3-miR-330-3p-inhibitor group mice. No
apparent tumor volume difference was obser-
ved between HCCLM3-miR-330-3p-inhibitor
and -miR-NC group mice. While, compared with
the above two group mice, the tumor volumes
of HCCLM3-miR-330-3p-mimic group mice
were bigger at different time intervals and
showed apparent increases of 52.1% (P =
0.0460), 55.9% (P = 0.0457) and 66.9% (P =
0.0051, Figure 7A) on day 13, 16 and 19,
respectively. The tumor masses dissected fr-
om HCCLM3-miR-NC, -miR-330-3p-mimic and
-miR-330-3p-inhibitor group mice were weight-
ed with the averages of 0.0342, 0.0849 and
0.0363 g (Figure 7A). The primary tumor mass
of HCCLM3-miR-330-3p-mimic group showed a
148.2% (P = 0.0358, Figure 7A) increase than
HCCLM3-miR-NC mice. Consistently, no tumor
mass difference was observed for HCCLM3-
miR-330-3p-inhibitor group mice than the
control.

The level change of miR-330-3p on the lym-
phatic metastases of HCCLM3 cells to inguinal,
pararenal and axillary LNs was investigated. On
the 19" day following the transplantations of
tumor cells into nude mice, as shown in Fi-
gure 7B, the averaged masses of dissected
inguinal, pararenal and axillary LNs from
HCCLM3-miR-330-3p-mimic group mice were
measured with the increased of 44.4% (P =
0.0055), 46.9% (P = 0.0231) and 76.1% (P =
0.0093), while, from HCCLM3-miR-330-3p-
inhibitor group mice were measured with the
decreased of 32.1% (P = 0.0489), 41.1% (P =
0.0494) and 70.9% (P = 0.0314) than those
from HCCLM3-miR-NC mice. We further exam-
ined miR-330-3p’s effect on the morphologies
of LNs by HE staining assay. For inguinal and
pararenal LNs from HCCLM3-miR-NC- and
HCCLM3-miR-330-3p-inhibitor group mice,
their structures were still distinct without obvi-
ous pathological changes, the cell morphology
was regular, the cells were arranged more neat-
ly and tightly, and the cell nuclei were stained
clear and deep (Figure 7C). For HCCLM3-miR-
330-3p-mimic group mice, the metastatic foci,
cell clusters composed of numerous tumor
cells, appeared in marginal sinus of inguinal
and pararenal LNs sections. Among them, indi-
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Figure 7. MiR-330-3p promotes the in vivo tumorigenicity and metastasis of HCCLM3 cells. A. The effect of miR-330-
3p overexpression and knockdown on the in vivo tumorigenesis of HCCLM3 cells. MiR-330-3p overexpression by
mimic transfection promoted the in vivo tumor forming speed and size for HCCLM3-miR-330-3p-mimic transplanted
nude mice. miR-330-3p knockdown by its inhibitor transfection showed unapparent effect on HCCLM3 tumori-
genesis in nude mice. B. Overall, miR-330-3p overexpression increased and miR-330-3p knockdown decreased
the lymph node metastasis of HCCLM3 cells. Compared with HCCLM3-miR-NC group mice, the inguinal, pararenal
and axillary LNs dissected from HCCLM3-miR-330-3p-mimic and HCCLM3-miR-330-3p-inhibitor transplanted mice
showed increased and decreased masses, respectively. C. HE staining assays of inguinal, pararenal and axillary
LNs. Metastatic foci, intercellular heteromorphism and inflammation were clearly obtained in the marginal sinus
of inguinal and pararenal LNs from HCCLM3-miR-330-3p-mimic transplanted mice although without unapparent
morphology changes observed in axillary ones. For HCCLM3-miR-NC- and HCCLM3-miR-330-3p-inhibitor mice, the
structures of inguinal, pararenal and axillary LNs were distinct and intact.

vidual cells were polygonal in shape, disorderly
arranged in size, and distributed in a sheet with
obscure boundary for cytoplasm, increasing
nuclear/plasma ratio and clear intercellular
heteromorphism. The tumor cells adhered obvi-
ously with notable sinus infiltration and clear
boundaries against normal lymphoid tissues.
Following inflammatory response, small lym-
phocytes appeared among tumor cells, and
some of them were surrounded by lymphoid fol-
licles with expanded interfollicular area and
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enriched blood vessels (Figure 7C). No appar-
ent morphology changes were observed for the
axillary LNs among HCCLM3-miR-NC, HCCLM3-
mMiR-330-3p-mimic and HCCLM3-miR-330-3p-
inhibitor group mice (Figure 7C), which might
be due to the short infection duration in which
the proximal LNs rather than the distant LNs of
the tumor cell bearing mice showed lesions.
These results indicated that miR-330-3p upreg-
ulation promoted the in vivo LNM potential of
HCCLM3 cells.
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miR-NC
EREG s

@

200%

__miR-330-3p-mimic

Relative EREG protein
expression level

2005 5, b

Figure 8. MiR-330-3p dysexpression negatively correlates with EREG and
INcCRNA021545 in primary tumors of HCCLM3 bearing nude mice. A. Com-
pared with HCCLM3-miR-NC group mice, qRT-PCR assay showed that miR-
330-3p was upregulated and both EREG and IncRN021545 were downregu-
lated in primary tumors from HCCLM3-miR-330-3p-mimic group mice, while,
miR-330-3p was downregulated and both EREG and IncRN021545 were
upregulated in primary tumors from HCCLM3-miR-330-3p-inhibitor group
mice. B. Compared with HCCLM3-miR-NC mice, IHC showed EREG expres-
sion was downregulated and upregulated in primary tumors from HCCLM3-
miR-330-3p-mimic and HCCLM3-miR-330-3p-inhibitor transplanted mice,

respectively.

miR-330-3p upregulation negatively regulates
EREG and IncRNA021545 in nude mice ortho-
topic transplantation tumors

As shown in Figure 8A, miR-330-3p expression
level in nude mice orthotopic transplantation
tumors was negatively correlated with the lev-
els of IncRNA021545 and EREG. Compared
with HCCLM3-miR-NC bearing group mice, qRT-
PCR results showed the IncRNA021545 and
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330-3p-inhibitor bearing gro-
up mice, respectively. Con-
sistently, IHC assay (Figure
8B) indicated that miR-330-
3p upregulation and down-
regulation led to a 42.9%
(P < 0.0001) reduction and a
45.1% (P < 0.0001) increase
of EREG protein expression in
primary tumors obtained from
HCCLM3-miR-330-3p-mimic
and -inhibitor group mice, res-
pectively.

The influence of miR-330-
3p dysexpression on critical
EMT molecules in nude mice
orthotopic transplantation
tumors

We further examined the
expressions of EMT protein
markers in the primary tumors
from the three group tumor
cells implanted nude mice by
IHC assay. As the results
shown in Figure 9A, com-
pared with the HCCLM3-miR-
NC group mice, the expres-
sion levels of snail, slug, N-
cadherin and vimentin incre-
ased by 43.0% (P < 0.0001),
44.9% (P =0.0002), 31.5% (P
< 0.0001) and 30.2% (P
0.0019), E-cadherin decre-
ased by 82.8% (P < 0.0001)
in primary tumors from HCCLM3-miR-330-3p-
mimic mice, while, the levels of snail, slug,
N-cadherin and vimentin decreased by 42.9%
(P < 0.0001), 37.5% (P = 0.0009), 52.9% (P <
0.0001) and 37.0% (P = 0.0002) E-cadherin
expression increased by 101.4% (P < 0.0001)
for HCCLM3-miR-330-3p-inhibitor mice.

Consistent with the in vitro cellular experiment
results, IHC indicated that miR-330-3p dysex-

Am J Cancer Res 2022;12(6):2492-2525
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Figure 9. The influence of miR-330-3p dysexpression on key EMT related molecules in primary tumors of HCCLM3
bearing nude mice. A. Compared with HCCLM3-miR-NC group mice, IHC assays showed the decrease of E-cadherin
and the increases of N-cadherin, vimentin, slug and snail in HCCLM3-miR-330-3p-mimic transplanted mice, and
consistently the increase of E-cadherin and the decreases of N-cadherin, vimentin, slug and snail in HCCLM3-miR-
330-3p-inhibitor mice. B. IHC assay showed no apparent expression change of Ki-67 in primary tumors among
HCCLM3-miR-330-3p-mimic, -inhibitor and -miR-NC group mice.

pression probably showed no influence on
HCCLM3 cell proliferation in orthotopic trans-
plantation tumors in nude mice. Compared with
the HCCLM3-miR-NC group mice, Ki-67 expres-
sions in primary tumors obtained either from
HCCLM3-miR-330-3p-mimic mice or HCCLM3-
miR-330-3p-inhibitor group mice had no appar-
ent changes (Figure 9B). The results showed
miR-330-3p could promote metastasis of HCC
cells by regulating EMT markers, but showed no
effect on in vivo proliferation of HCCLM3 cells.

Discussion

Liver cancer ranks as the fifth most common
cancer malignancies and the second largest
cancer-related deaths worldwide [1]. Hepa-
tocellular carcinoma (HCC) is a primary liver
malignancy accounting for 85-90% of liver can-
cer [53]. Hepatectomy and liver transplantation
provide a curative opportunity for the patients
diagnosed without metastasis with a 5-year
survival rate of 50-70% [54]. However, the prog-
nosis of HCC is still poor due to tumor metasta-
sesresult in its recurrence rate over 50% at 5
years [55].

Epithelial-mesenchymal transition (EMT) pro-
cess plays an important role in cancer inva-
siveness. The loss of epithelial-like characteris-
tics and the gain of mesenchymal-like attri-
butes promote the migration and invasion of
tumor cells in cancer development and metas-
tasis including HCC [2, 56]. Its hijack by cancer
cells lead to the latters’ morphological changes
from cobblestone-like epithelial cells with an
apical basal polarity to dispersed, spindle-
shaped mesenchymal cells with migratory pro-
trusions [57], which then promote the invasion
and spread cancer cells throughout the organ-
ism. The effectors including cadherins, fibro-
nectin, vimentin and integrins as well as tran-
scription factors including snail, slug, Twist and
Zeb for EMT are well-known and -investigated in
cancer carcinogenesis and malignancy [2, 5].
Expressions of these markers are regarded
as a harbinger of the onset of EMT, an indicator
of the cancer metastasis and important target-
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ing indicators of the chemotherapy and small
molecule targeted therapies of cancers [58,
59]. The study on novel molecular action mech-
anisms, particularly the upstream regulation
molecules together with their functional mech-
anism to trigger HCC malignancy through EMT
process are critical to benefit its prevention,
diagnosis and treatment. This study revealed
a new competitive endogenous RNA (ceRNA)
mechanism in hepatocarcinoma. The results
suggest that microRNA-330-3p (miR-330-3p)
binds to long non-coding RNA 021545 (IncRNA-
021545) and 3-UTR of epiregulin (EREG) to
negatively regulate their expressions in vitro
and in vivo, moreover, INCRNA021545 inhibits
miR-330-3p expression through ceRNA regula-
tion, then indirectly positively regulates the
expression of EREG. Herein, we investigated a
novel miR-330-3p/IncRNA021545/EREG sig-
naling regulation of hepatocarcinoma malig-
nancy via EMT process.

MiR-330-3p has been reported to act as a
tumor promotion or suppression factor in car-
cinogenesis depending on cancer types. Its
upregulation was linked to glioma [15], lung
cancer [17], esophageal squamous cell carci-
noma [18], liver cancer [20], breast [19, 60],
pancreatic [21], and ovarian [61] cancers. MiR-
330-3p overexpression enhanced the in vitro
migration and invasion capacities of the cell
lines of breast cancer [19], lung cancer [17]
and esophageal squamous cell carcinoma [18].
Higher miR-330-3p expressions was associat-
ed with lower survival rate and poor prognosis
of breast cancer and ovarian cancer patients
[19, 60, 61]. While, the downregulation of miR-
330-3p was related to the development and
progressions of osteosarcoma [23], gastric
cancer [24], bladder cancer [25], tongue squa-
mous cell carcinoma [62], glioma [63] and
colorectal cancer [26]. Downregulation of miR-
330-3p in glioma [63] and colorectal cancer
[26] cell lines resulted in their suppressed in
vitro migration and invasion. Interestingly, even
in the same type of cancer like glioma, miR-
330-3p was paradoxically reported as a pro-
moter [15] and as a suppresser [63] by sepa-
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rate investigators, which reflects the complexity
of the molecular functional mechanism of liver
cancer.

Two separate group works showed the involve-
ment of miR-330-3p in liver cancer [20, 29].
Probably due to the control specimens used,
miR-330-3p was measured upregulated in 30
HCC tumorous tissues compared with that in
paracancerous tissues [20], and the other
study showed a downregulation of miR-330-3p
in 30 liver cancer tissues compared with 20
normal tissues [29], however, the source and
the definition of “normal” tissues were not
mentioned in the study. MiR-330-3p affected
the in vitro migration and invasion capacities of
HCCLM3 cells via targeting BTG1 [20] and
HepG2 via targeting MAP2K1 [29]. Herein, we
strictly performed one-to-one detection of miR-
330-3p expression between the tumorous and
paired paracancerous non-tumor tissues from
individual patient and statistically summarized
its expression difference. Current work indicat-
ed that miR-330-3p was upregulated (Figure
1B) in 26 HCC patients’ tumorous tissues.
Thus, current work demonstrates the upregula-
tion of miR-330-3p was potentially involved in
promoting HCC malignancy. Meanwhile, we
found EREG mRNA and protein (Figure 1A) and
IncRNA021545 (Figure 1B) were downregulat-
ed in HCC patients’ tumorous tissues, which
suggested they probably acted as suppressing
factors in HCC malignancy. More important and
exciting was their deficiencies with apparent
positive correlation (Figure 1F) in HCC tumor-
ous tissues inversely correlated with miR-330-
3p overexpression (Figure 1D, 1E). The evi-
dences provided us with the clues to the indu-
vial important roles of these three molecules
together with the definitive mutual regulations
in liver cancer.

Epiregulin (EREG) is a member of the epidermal
growth factor (EGF) family, located on chromo-
some 4913.3. EREG exhibits dual functions
in different cancers. It was reported overex-
pressed in head and neck squamous cell carci-
noma [39] and downregulated in colorectal and
rectal cancers [48]. Higher EREG expression
level predicted a clear longer overall survival for
patients with rectal [47], colorectal [48, 64],
and neck squamous cell [65] cancers. EREG
plays important roles in hepatic injurie [66] and
in liver regeneration [67]. However, the expres-
sion profile, the influence on malignancy with
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its molecular regulation mechanism of EREG
in HCC are poorly understood. In current work,
we demonstrated that EREG decreased in
tumorous tissues and functioned together
with miR-330-3p and IncRNA021545 in HCC
malignancy. LncRNA021545 (NONCODE ID:
NONHSAT021545.2) is a 3149-bp long chain
non-coding RNA located on chromosome 11.
Only one publication is available so far men-
tioning its potential involvement in human
schizophrenic [38] without further in-depth
research. In short, the role and action mecha-
nism of INcRNA021545 in almost all areas
have been untouched yet. In this work, we
linked IncRNA021545 deficiency (Figure 1C)
with the dysexpressions of miR-330-3p and
EREG to the clinical progression and malignan-
cy of HCC.

The above evidences demonstrated the dys-
regulations of EREG, miR-330-3p and IncRNA-
021545 as well as their potential crosstalks
in HCC malignancy. We first established their
association through a novel ceRNA regulation
mechanism in HCC. Bioinformatic analyses
predicted the possible direct bindings of the
CGAAAC site of miR-330-3p (Figure 2A, 2B) to
the GCUUUG site at 3803-3808 of EREG’s
3-UTR (Figure 2A) and to the GCUUUG site
(1264-1269) of IncRNA021545 (Figure 2B).
Dual luciferase reporter gene assay combined
to mutagenesis PCR confirmed the direct bing-
ing of miR-330-3p EREG and IncRNA021545
(Figure 2A, 2B). Consequently, miR-330-3p
overexpression negatively regulated EREG and
INcRNA021545 expression levels (Figure 2D,
2E) in HuH7 and HCCLM3 cells, vice versa
(Figure 2F, 2G). EREG showed no influence on
miR-330-3p in HCC cells. Neither the over-
expression nor the knockdown of EREG chang-
ed the expression levels of miR-330-3p in
HCCLM3 and HuH7 cells (Figure 2J, 2K). EREG
positively mediated INcRNA021545 expression
in cells. Its overexpression or knockdown ac-
cordingly increased or decreased the expres-
sion levels of IncRNA021545 in HCCLM3 and
HuH7 cells (Figure 2], 2K). In ceRNA hypotheti-
cal regulation mechanism, IncRNAs act as
endogenous decoys for miRNAs to further hin-
der the latters’ binding with targeting mRNAs
[68-70] for their expressions and play impor-
tant roles in human cancers. Although we fail-
ed to overexpress INcRNA021545 in HuH7 and
HCCLM3 cells, our experiment results clearly
showed the knockdown of IncRNA021545
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resulted in apparent increased expression of
miR-330-3p and decreased expression of
EREG in them (Figure 2H). Therefore, the re-
sults from current work on the direct bindings
among miR-330-3p, EREG and lincRNA021545
with their mutual regulation correlationships in
hepatocarcinoma cells and dysexpression cor-
relations in tumorous tissues of hepatocarci-
noma patients demonstrate a novel ceRNA
regulatory mechanism in hepatocarcinoma
malignancy. To our knowledge, the function and
mechanism of this pathway has not been
reported yet so far in human disease.

We further found that miR-330-3p/IncRNA-
021545/EREG axis influences the migration
and invasion rather than proliferation abilities
of HCCLM3 and Huh7 cells. Neither the overex-
pression and knockdown of miR-330-3p, nor
the overexpression and knockdown of EREG,
nor the knockdown of IncRNA021545 chang-
ed the proliferation abilities of HCCLM3 and
HuH7 cells by MTT assay (Figures 3E, 3F, 4C
and 5C). While, the migration and invasion be-
haviours of HCCLM3 and HuH7 are enhanced
due to miR-330-3p overexpression (Figure 3A,
3B), EREG knockdown (Figure 4B) and IncRNA-
021545 knockdown (Figure 5A, 5B), whereas,
are reduced due to miR-330-3p knockdown
(Figure 3C, 3D) and EREG overexpression (Fig-
ure 4A).

MiR-330-3p has been reported to act as a
tumor suppressing gene or oncogene or dual
function roles in cancers [16-26, 29, 71]. Con-
sistent with our work, miR-330-3p was report-
ed to promote the proliferation, migration
and invasion abilities of lung cancer A549,
HCC827, NCI-H23, 95-C and 95-D cells [17,
27], the metastasis abilities of pancreatic can-
cer AsPC-1 cell [21], ESCC EC109 and KYSE-
150 cells [18], the proliferation, migration, and
invasion abilities of bladder cancer T24 and
UM-UC-3 cells via downregulating RAI2 [25],
the invasive abilities of breast cancer MDA-
MB-231 cells [20], the migration and invasion
[16, 23] of glioblastoma cells, the proliferation
and invasion abilities of gastric cancer MKN-
45, MGC-803 and HGC-27 cells [24, 72]. On
the contrary, miR-330-3p has been shown as a
tumor suppressor in a variety of cancers. It
inhibited the migration and invasion abilities of
ovarian cancer ES-2 cell by targeting RIPK4
[22], colorectal cancer SW480 and HT29 cell
lines [26] by targeting PFN1 and laryngeal
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squamous cell carcinoma HEp-2 and AMC-HN-
8 cells [71] by targeting Tra2p. Paradoxically, in
glioma, miR-330-3p was reported to inhibit
the migration and invasion of U251 cells by tar-
geting CELF1 [63], while, to promote the migra-
tion and invasion of U87 and U251 cells by tar-
geting SH3GL2 [16]. In liver cancer cells, miR-
330-3p was reported to suppress the migration
of HepG2 cells via targeting MAP2K1 [29],
while, to enhance the migration and invasion
of HCCLM3 cells via targeting BTGl [20].
However, for both studies, only one hepatocar-
cinoma cell line was used, moreover, the effect
of miR-330-3p overexpression in HCCLM3 was
not performed. Herein, the combined results
from both overexpressing and downregulating
miR-330-3p in two hepatocarcinoma Huh7 and
HCCLM3 cell lines concordantly demonstrated
its promoting effects on their migration and
invasion (Figure 3A-D). As miR-330-3p overex-
pression was already proved to be associated
with clinical progression (Figure 1B), apparent-
ly, current work implicates miR-330-3p upregu-
lation potentially increases HCC malignancy
through promoting tumour cells’ invasiveness.

EREG plays dual function roles in different can-
cers. It acts as a tumor suppressor in rectal and
colorectal cancers [47, 48]. High EREG expres-
sion was related to less vascular and perineu-
rial invasion, and higher tumor regression grade
of rectal cancer patients with a favorable prog-
nosis [47] and a longer overall survival of meta-
static colorectal cancer patients administrated
with oxaliplatin/fluoropyrimidine plus bevaci-
zumab [48]. EREG acts as a tumor promoter in
some cancers [39, 45, 69]. EREG increased the
colony formation abilities of head and neck
squamous cell carcinoma CAL27 and HN13
cells [39], the invasion and migration of oral
squamous cell carcinoma HACAT and HSC3
cells [45], and the adhesion of colon cancer
DLD-1 cells [69]. Consistent with current work,
EREG was reported to increase the malignant
behaviours (migration, invasion or adhesin) of
HACAT, HSC3 and DLD-1 cells [45, 69] without
affecting their proliferations. Few studies are
available about EREG in liver cancer. So far,
no study has been reported the protein expres-
sion level in tumorous specimens from liver
cancer patients. In human liver cancer cell,
EREG was involved in the decreased cell
growths of HepG2 and Bel7402 synergistically
induced by the dual knockdown of N-ras and
EREG via ERK1/2 [49]. In DEN plus CCl,-me-
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diated hepatocarcinogenesis, a reduction of
tumor number and size was obtained in EREG-
deficient C57BI/6 mice [46]. Little is known
on EREG in liver cancer metastasis. Except for
demonstrating EREG expression deficiency was
linked to the clinical progression of hepatocar-
cinoma (Figure 4A), current work shows EREG
expression inversely correlated with the mig-
ration and invasion of HCC cells (Figure 4A,
4B). Therefore, EREG deficiency promotes HCC
through increasing the migratory and invasive
behaviours of tumour cells.

To date, current work is the earliest report
on the associations of miR-330-3p and EREG
with INcRNA021545 to form a circuit feedback
mechanism in hepatocarcinoma metastasis.
Except for the high IncRNA021545 expression
that was detected in the peripheral blood of
schizophrenic patients [38], the role and action
mechanism of IncRNA021545 have not been
touched. Our work here shows its deficiency
with the clinical progression of hepatocarcino-
ma (Figure 5) and the migration and invasion
abilities of HCC cells (Figure 5A, 5B).

Collectively, all above evidences suggest a
novel regulation mechanism in hepatocarcino-
genesis, ie. mMiR-330-3p/IncRNA021545/EREG
axis influences hepatocarcinoma malignancy
through mediating the metastasis of hepato-
carcinoma cells. We further showed that miR-
330-3p/IncRNA021545/EREG affected hepa-
tocarcinoma cells through EMT process. E-cad-
herin expression reduction and N-cadherin and
vimentin expression enhancements are key
mesenchymal indicators for cell undergoing
EMT [73-75]. Snail and slug, two transcription
factors (TFs), are commonly considered as the
direct repressors of E-cadherin [75, 76]. We
showed their expressions were changed in
HCCLM3 and Huh7 cells in responding to
the dysexpressions of miR-330-3p, EREG and
INcRNA021545. MiR-330-3p level change in-
versely, while EREG and IncRNA021545 ex-
pression changes positively mediate E-cad-
herin expression in HCC cells (Figure 6A-C).
Consistently, the expressions of N-cadherin,
vimentin, snail and slug were found positively
mediated by miR-330-3p dysexpression and
inversely mediated by both EREG and Inc-
RNAO21545 alterations (Figure 6A-C). Here,
our work first showed that miR-330-3p pro-
moted HCC cell invasiveness through activa-
ting EMT progression. Consistently, miR-330-
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3p was reported to show promotion effect by
decreasing E-cadherin expression and increas-
ing N-cadherin, vimentin and snail expressions
in lung cancer 95-C, 95-D, A549 and HCC827
cells [17, 77]. On the other hand, miR-330-3p
was reported to upregulate E-cadherin and
downregulate N-cadherin and vimentin in gas-
tric cancer MKN-45 and MGC-803 cells [24].
Secondly, we linked EREG deregulation to the
EMT of livre cancer cells. In oral squamous cell
carcinoma HSC3 cells [45], EREG was reported
to promote cancer-associated fibroblasts tran-
sition through up-regulating N-cadherin and
vimentin. Here, interestingly in hepatocarcino-
ma, we showed EREG overexpression resulted
in N-cadherin, vimentin, snail and slug reduc-
tions and E-cadherin increase in HCCLMS3 cells,
concordantly, EREG knockdown obtained the
opposite results in Huh7 cells (Figure 6A),
which indicated the direct EREG involvement
in hepatocarcinoma EMT through mediating
these proteins. Moreover, we proved miR-330-
3p regulated HCC cell metastasis via EMT
through EREG. In HCCLM3 cells, the increased
migration and invasion, and the dysexpression
changes of E-cadherin, N-cadherin, vimentin,
snail and slug induced by miR-330-3p overex-
pression were reversed by EREG overexpres-
sion (Figure 6D, 6E). MiR-330-3p only down-
regulated endogenous EREG expression by
binding to its 3'-UTR, while could not decrease
exogenous EREG overexpression by PCDH-
EREG transfection for the lack of EREG-3™-UTR,
concordantly, miR-330-3p overexpression in
HCCLM3 by its mimic transfection could not
decrease the migration and invasion abilities,
and reverse the expressions of E-cadherin,
N-cadherin, vimentin, snail and slug to same
extents as measured in HCCLM3-PCDH-EREG
cells (Figure 6D, 6E). Finally, as no study has
been reported about INcRNA021545 in cancer,
current work for the first time reveals its sup-
pressing role in liver cancer. LncRNA021545
knockdown apparently led to decreased E-cad-
herin expression and increased expressions
of N-cadherin, vimentin, snail and slug in
HCCLM3 and Huh7 cells (Figure 6C), which sug-
gested its deficiency might enhance hepato-
carcinoma through promoting HCC metastasis
via activating EMT. The target competing bind-
ings among miR-330-3p, EREG and IncRNA-
021545 together with the mutual regulations
of their expressions indicate that miR-330-3p/
INcRNAO21545/EREG affects hepatocarcino-
ma metastasis through EMT.
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MiRNAs are considered as a core to ceRNA
regulatory networks and an intermediate brid-
ge between IncRNA and mRNA [68]. Therefore,
we determined the ectopic dysexpression of
miR-330-3p on the in vivo tumorigenicity and
malignancy of HCCLM3 cells in nude mice. MiR-
330-3p overexpression by its mimic transfec-
tion in HCCLM3 enhanced the tumor formation
velocity and mass of xenograft implanted mice
(Figure 7A). Correspondingly, miR-330-3p over-
expression resulted in the apparent enlarge-
ments of the inguinal, pararenal and axillary
LNs from HCCLM3-miR-330-3p-mimic group
mice than HCCLM3-miR-NC mice (Figure 7B).
HE assays showed that metastasis foci and
cell clusters appeared in marginal sinus of
inguinal and pararenal LNs of HCCLM3-miR-
330-3p-mimic mice. The tumor cells adhered
obviously with notable sinus infiltration, ar-
ranged disorderly in size, distributed with
increasing nuclear/plasma ratio and clear inter-
cellular heteromorphism. Some of the small
lymphocytes appearing among tumor cells
were surrounded by lymphoid follicles with
expanded interfollicular area and enriched
blood vessels (Figure 7C). Although might be
due to the low expression and/or insufficient
in vivo knockdown of miR-330-3p, no apparent
tumor forming velocity, size and mass were
observed for HCCLM3-miR-330-3p-inhibitor
mice than HCCLM3-miR-NC mice (Figure 7A),
the averaged masses of the dissected inguinal,
pararenal and axillary LNs from HCCLM3-miR-
330-3p-inhibitor group mice decreased signifi-
cantly (Figure 7B). Strikingly, both the EREG
and IncRNA0O21545 expressions were nega-
tively corrected with miR-330-3p expressions
in the primary tumorous tissues of different
group mice. Compared with HCCLM3-miR-NC
mice, miR-330-3p was upregulated and down-
regulated in the primary tumorous tissues fr-
om HCCLM3-miR-330-3p-mimic and HCCLM3-
miR-330-3p-inhibitor group mice, correspond-
ingly, the levels of EREG and IncRNA021545
were both significantly downregulated and
upregulated with negative correlation signifi-
cances with miR-330-3p changes, respectively
(Figure 8). Here, consistent with their in vitro
regulation mechanism in HCC cells and their
expression pattern correlations in cancerous
tissues from HCC patients, the in vivo xeno-
graft nude mice experiment evidences further
proved a novel miR-330-3p/IncRNA021545/
EREG ceRNA regulation pathway in hepatocar-
cinoma progression. The in vivo animal experi-
mental results further showed that miR-330-
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3p/IncRNA021545/EREG affect the carcino-
genicity and metastasis of HCC cells through
EMT invasion. N-cadherin, vimentin, snail and
slug were upregulated and E-cadherin was
downregulated in cancerous tissues from
HCCLM3-miR-330-3p-mimic mice. Consisten-
tly, N-cadherin, vimentin, snail and slug were
downregulated and E-cadherin was upregulat-
ed in cancerous tissues from HCCLM3-miR-
330-3p-inhibitor mice (Figure 9A). Consistent
with miR-330-3p dysexpression showing no
influence on the in vitro proliferation of HCCL-
M3 and Huh7 cells (Figure 3), unchanged Ki-67
level among the three group mice (Figure 9B)
also suggests that miR-330-3p mediates the
in vivo tumorigenesis of Huh7 cells through
affecting their invasive behaviours rather than
proliferations.

Although miR-330-3p and EREG have been
reported in cancers, the association in hepato-
carcinoma malignancy is unavailable. Mean-
while, as a competing IncRNA for binding to
EREG against miR-330-3p, the role and rele-
vance of IncRNA021545 to miR-330-3p and
EREG in cancer is blank. Current study reveals
a novel ceRNA axis formed by INcRNA021545,
miR-330-3p and EREG in regulating hepato-
carcinoma though EMT, as schemed in Figure
10. In clinic, positively correlated in cancerous
tissues from patients, the overall deficiencies
of EREG and IncRNA021545 are reversely cor-
related with miR-330-3p overexpression in
hepatocarcinoma progression. By direct bind-
ings to EREG and IncRNA021545, miR-330-3p
negatively regulates their expressions, Inc-
RNA021545 knockdown results in EREG reduc-
tion and miR-330-3p upregulation, and EREG
positively regulates IncRNA021545 without
affecting miR-330-3p expression in HCC can-
cer cells. MiR-330-3p promotes, while EREG
and IncRNA021545 suppress, the in vitro
migratory and invasive behaviours of HCC can-
cer cells without affecting their proliferations.
Further results show the dysexpressions of
miR-330-3p, EREG and IncRNA021545 medi-
ate the in vitro invasiveness of HCC cells
through EMT process via affecting the expres-
sions of E-cadherin, N-cadherin, vimentin, snail
and slug. Nude mouse xenograft results indi-
cate that miR-330-3p with inversely correlated
expressions of EREG and IncRNA021545 pro-
motes the in vivo tumorigenicity and metasta-
sis of HCCLM3 cells via affecting the above
indicators of EMT. Taken together, current work
establishes a novel ceRNA regulation mecha-
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Figure 10. A graphic regulation illustration of miR-330-3p, IncRNA021545 and EREG in hepatocarcinoma malig-
nancy. Forming a ceRNA circuit regulation relationship, the dysexpressions of the three molecules, miR-330-3p,
INcRNA021545 and EREG play an important role in the clinal progression of hepatocarcinoma. Negatively corre-
lated, the overexpression of miR-330-3p together with the deficiencies of IncRNA021545 and EREG interrupt the
homeostatic feedback regulation, which then specifically enhance the migratory and invasive behaviours of tumor
cells through activation EMT process, and finally promote hepatocarcinoma malignancy. Interestingly, it shows no
influence on the proliferation of HCCLM3 cells. Pointed arrows indicate activation, blunt-ended lines indicate inhibi-
tion. Solid and dotted lines indicate direct and indirect activation/inhibition, respectively.

nism formed by miR-330-3p, IncRNA021545
and EREG in carcinogenesis.

In hepatocarcinoma, as shown in Figure 10,
current work proposes that the imbalance of
the overexpression of miR-330-3p together
with the deficiencies of IncRNA021545 and
EREG lead to the homeostasis interruption of
miR-330-3p/IncRNA021545/EREG circuit reg-
ulation loop, which then contributes to the
increasing malignant behaviours of hepatocar-
cinoma cells through promoting their metastat-
ic abilities via EMT process and finally benefits
the disease progression. It provides a novel
fundamental clue as well as a potential appli-
able therapeutical target to the diagnosis and
treatment of liver cancer.
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