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Objective/Background: Hepatic carcinoma (HCC) is the fourth lethal cancer in the world,
but its relationship with IncRNA urothelial cancer-associated 1 (UCA1)/microRNA-193a-3p
axis remains unclear, so this study would explore the relationship.

Methods: A real-time polymerase chain reaction (RT-PCR) assay was carried out to
quantify IncRNA UCA1 and microRNA-193a-3p in HCC tissues and cells, and relevant
overexpression or inhibition vectors were constructed to analyze the influences of IncRNA
UCA1 and microRNA-193a-3p on HCC cells. A Transwell assay was used to measure
invasion and migration of HCC cells, and a Western blot assay to quantify protein biomar-
kers of apoptosis, invasion, and migration, a MTT assay to determine cell viability, a flow
cytometry to detect cell cycle, and a dual-luciferase reporter gene assay to analyze the
correlation between IncRNA UCA1 and microRNA-193a-3p.

Results: LncRNA UCA1 was increased in HCC, while microRNA-193a-3p was decreased.
Down-regulated IncRNA UCA1 could up-regulate microRNA-193a-3p, and down-regulated
IncRNA UCA1 or up-regulated microRNA-193a-3p would strengthen cell apoptosis and
weaken cell migration, invasion, and proliferation. Furthermore, IncRNA UCA1 could
negatively regulate microRNA-193a-3p by binding to it.

Conclusion: LncRNA UCAI1 promotes malignant hyperproliferation of HCC cells by
repressing microRNA-193a-3p.
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Introduction

Hepatic carcinoma (HCC) is the fourth lethal cancer in the world, with a relatively
high metastatic rate of extrahepatic carcinoma.'* It can be roughly classified into
hepatocellular carcinoma and intrahepatic cholangiocarcinoma according to differ-
ences in cancerous cells.® The incidence of HCC in 2016 increased to 1.14 times
that in 1990,* and obesity, excessive drinking, hepatitis B/C virus, flagellin/lipopo-
lysaccharide antibody, gallstones, and statins may be factors leading to the cancer.”
' Currently, it is a mainstream of research to analyze tumorigenesis from gene
regulation, which helps to improve the accuracy of tumor target therapy.

LncRNA UCAL is a long-chain noncoding RNA on human chromosome 19.
Currently, it is generally accepted that long-chain non-coding RNA does not
directly participate in the coding of genetic information, but it can regulate the
post-transcriptional level of genes by binding to mRNA responsible for transmis-

sion. LncRNA UCAI is a common cancer factor, which can affect cell
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carcinogenesis by regulating various downstream target
genes. For example, it promotes the diffusion of oncolytic
vaccinia virus among ovarian cancer cells by activating the
CDCA42 pathway, and finally improves the oncolytic effi-
ciency of the virus,'' and it enhances the viability of
bladder cancer cells by modulating the microRNA-582-
5p/ATG7 axis.'* In addition, it also enhances the viability
of cancer cells by the microRNA-28-5p/HOXB3 pathway,-
13 and enhances the sensitivity of breast cancer cells to
tamoxifen via the E2H2/p21 pathway and PI3K/Akt
pathway.'* It is worth mentioning that IncRNA UCAL is
abnormally up-regulated in cases with HCC and is
strongly linked to the carcinogenesis of normal hepatic
cells. According to previous studies, IncRNA UCAL, as a
molecular sponge, can regulate the biological function of
HCC cells through non-coding RNA such as miR-216b,
thus promoting the development and progression of
HCC.">'® In addition to IncRNA, miRNA is also an
important member of gene epigenetic regulation. Many
studies have revealed that microRNA-193a and its spliceo-
somes are involved in the progression of HCC.''

Given the abnormal expression of LncRNA UCAI and
microRNA-193a-3p in HCC and the existence of sequence
fragments binding to microRNA-193a-3p on IncRNA
UCA1,*> we suspected that microRNA-193a-3p and
IncRNA UCA1 may affect the development of HCC
through a certain regulatory relationship. Although some
studies have confirmed the roles of IncRNA UCAI1 and
miR-193a-3p in HCC, there is no study on how the
IncRNA UCA1/microRNA-193a-3paxis affects hepatocar-
cinogenesis, so this study would explore a possible
mechanism of hepatocarcinogenesis.

Materials and Methods
Patients with HCC

Seventy-seven HCC tissue specimens and sixty-four cor-
responding adjacent normal tissues were sampled from
patients with HCC in our hospital. The inclusion criteria
of the patients: Patients diagnosed as HCC according to
clinical characteristics or pathological sections, and those
without mental diseases. The exclusion criteria of them:
Patients with other comorbid tumors, patients with pre-
vious treatment history of HCC, and those unwilling to
cooperate for the treatment. The patients were informed of
the information about the study during the whole study
process, and the study was carried out under the permis-
sion of the Ethics Committee of Rizhao City Hospital of

Traditional Chinese Medicine. Tissue samples were cut
into sections, and stored in —80°C for future analysis.

Cell Transfection

Human normal hepatic cell (THLE-3) and HCC cell lines
including Hep3B, SNU-398 and SNU-449 purchased from
the American Type Culture Collection (ATCC) were cul-
tured in the dulbecco’s modified eagle medium (DMEM)
(Hyclone Company) supplemented with 10% fetal bovine
serum (FBS) solution (Gibco Company), and 1% penicil-
lin/streptomycin solution (100x, Solarbio Company).
Afterwards, the cells were transferred to a cell culture
flask (Thermo Fisher Company), and 5 mL medium pre-
heated to 37°C was added into the culture flask. The cells
were cultured in a 5%CO, animal cell incubator (German
Binder Company) at 37°C until they were in a good
growth condition. Before transfection, the medium was
replaced with a FBS-free medium, and at transfection,
the cells were seeded into a 6-well plate at 1x10°cells/
well. LncRNA UCAL1 siRNA, microRNA-193a-3p inhibi-
tor mimics and NC vectors were all purchased from
Shanghai Sangon Biotech Co., Ltd. (China). The cell
lines were transfected with a Lipofectamine 2000 transfec-
tion kit (Invitrogen, the United States) in accordance with
the kit instructions. The concentration of IncRNA UCALI
siRNA, microRNA-193a-3p inhibitor mimics, and NC
vectors was all 1ug/mL. After 8 hours of transfection,
the culture medium was replaced, and after 24 hours of
transfection, the cells could be used for subsequent extrac-
tion of RNA, protein or other biological function
experiments.

RT-PCR Assay

Total RNA of tissues and cells was extracted using the
Trizol method. The optical density (OD) of the total RNA
at 260-280 nm was measured using an ultraviolet spectro-
photometer, and the RNA with OD 260/0D 280>1.8 was
used for subsequent gPCR assay. The RNA was quantified
and analyzed using a FastKing one-step reverse transcrip-
tion-fluorescence quantitative kit (Tiangen Biotech
(Beijing) Co., Ltd.) and ABI PRISM 7000 (Applied
Biosystems, the United States). The primers of IncRNA
UCA1 and microRNA-193a-3p were designed and synthe-
sized by Shanghai Sangon Biotech Co., Ltd. For IncRNA
UCAL, F: 5'- CTC TCC TAT CTC CCT TCA CTG A-3,
R: 5-CTT TGG GTT GAG GTT CCT GT -3, for
microRNA-193a-3p, F: 5'- TGG GTC TTT GCG GGC
-3’, R: 5-GAA TAC CTC GGA CCC TGC-3". A gqPCR
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assay was carried out under a reaction system consisting of
50 uL total volume containing 1.25 pL of upstream primer,
1.25 puL downstream primer, 1.0 uL probe, 10 pg/ug RNA
template, 5 uL 50XxROX Reference Dye ROX, and RNase-
Free ddH20 added to adjust the total volume. The reaction
process included reverse transcription at 50°C for 30 min
(one cycle) and pre-denaturation at 95°C for 3 min (one
cycle) followed by 40 cycles of denaturation at 95°C for
15 s, and annealing at 60°C for 30 s. The results were
analyzed using an ABI PRISM 7000 instrument, and the
data were normalized using the 2-“*Ct method, with U6
and GAPDH as internal references.

Western Blotting Assay

Both protease inhibitor (Solarbio Company) and 20
mMTris-HCI solution (pH7.5, Solarbio Company) were
used to prepare cell protein extract, and adherent cells
were trypsinized, and prepared into cell suspension. The
suspension was added with 1 mL cell protein extract,
followed by repeated pipetting until the cells were fully
lysed. Then, the solution was centrifuged in a pre-cooling
centrifuge at 1.6x10%xg for 20 min at 4°C to take the
supernatant, and the protein concentration in the super-
natant was determined using the bicinchoninic acid
(BCA) method. The protein was separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and the separated protein was transferred to a
nitrocellulose (NC) membrane, and let to stand at room
temperature for 1 h (blocked with 5% skim milk — PBS
solution). Subsequently, cleaved Caspase 3, cleaved
Caspase 9, Bax, E-cadherin, N-cadherin, B-catenin, Bcl-2
and PB-actin primary antibodies (Abcam Company) were
added into the suspension, and let to stand at 4°C over-
night. The NC membrane was washed with PBS solution
three times, and then added with goat anti-rabbit second-
ary antibody (HRP conjugant, Abcam Company), and let
to stand at indoor temperature for 1 hour. Finally, the NC
membrane was washed with PBS solution, and visualized
by electrochemiluminescence (ECL) reagent. The internal
reference protein was B-actin, and the relative expression
of the protein to be detected was recorded as the gray
value of the band to be detected/the gray value of B-actin
protein band.

Transwell Assay

The cells were transferred to the upper compartment con-
taining 200 pL mixed solution supplemented with 10%
FBS +1% DMEM at 2x10* cells/well. The lower

compartment was added with 500 uL. DMEM supplemen-
ted with 10% FBS. The transwell insert was cultured under
5%CO, at 37°C for 24 h. After 2 hours, the fluid in the
upper compartment was removed, and the cells on the
microporous membrane were wiped off. The cells on the
other side of the microporous membrane were immobi-
lized for 20 min, and the membrane was stained with
crystal violet for 15min, and then cleaned with PBS solu-
tion. Photographs about cell migration were obtained
under a 200-fold microscope. The cells in 3 randomly
selected fields were counted, and the values were averaged
as the number of cells penetrating the membrane. The
experiment was repeated three times. Invasion was
detected in the same way as above steps after 8% matrix
gel was laid on the membrane, and the number of cells per
well was changed to 5x10%.

MTT Assay

The cells were seeded into three wells in each 96-well
plate (four plates in total) at 5x10°cells/100 pL in each
well. One plate was taken out at 24h, 48 h, 72 h, and 96 h
after cells were seeded, respectively. Each plate was added
with 5 mg/mL MTT solution dissolved in dimethylsulfox-
ide (DMSO) (Solarbio Company) at 10 pL/well, and then
cultured continuously for 1 h. Subsequently, the medium
was taken out, and the OD at 570 nm was measured using
an enzyme mark instrument.

Flow Cytometry

The cells were prepared into suspension through enzymo-
lysis, and the number of cells was controlled to 1x10°. The
cells were immobilized in 70% ice-cold ethanol solution at
ambient temperature of 4°C for 30 min, and then the
ethanol solution was removed. A mixed solution of propi-
dium iodide (50 ng/mL)/RNase (0.2 mg/mL)/0.1% Triton
X-100 solution was added into the cells, and the cells were
incubated at room temperature for 30 min. Subsequently,
the FACScan flow cytometer (Becton Dickinson Company,
the United States) was adopted to analyze apoptosis.

Dual-Luciferase Reporter Gene Assay

The cells were incubated on a 96-well plate, and a dual
luciferase assay was carried out to the cells when they
grew well. The GLO-UCAl-wt and GLO-UCAI-mut
vectors were constructed, and co-transfected with miR-
152 mimics and NC mimics into cells, respectively.
After 48 hours of transfection, their luciferase activity
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was detected using the dual-luciferase reporter gene
assay system (Promega).

Statistical Analyses

In this study, the data were statistically analyzed using
SPSS20.0 (Asia Analytics Formerly SPSS, China), and
visualized into figures using GraphPad Prism 8.0. The mea-
surement data were expressed as the mean + standard devia-
tion (mean + SD), and comparison between tumor tissues and
corresponding tumor-adjacent tissues, between the NC
siRNA group and the UCA1 siRNA group, between the
NC mimics group and the miR mimics group, and between
the UCA1 siRNA group and the UCA1 si+miR inhibitor
group was carried out using the independent-samples t-test,
and comparison among various cells was carried out by the
one-way ANOVA. Post hoc pairwise comparison was carried
out using the LSD #-test, and Pearson’s correlation analysis
was carried out to study the correlation between IncRNA
UCA1 and microRNA-193a-3p. All data were analyzed
using the two-tailed test, and 95% was used as the confidence
interval. P<0.05 indicates a statistical difference.
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Results
Increased LncRNA UCAI and Decreased
MicroRNA-193a-3p in Cases HCC

Firstly, we collected 77 HCC tissues and 69 adjacent
and quantified IncRNA UCAI
microRNA-193a-3p in those specimens, finding that com-

normal tissues, and
pared with adjacent normal tissues, HCC tissues showed
increased IncRNA UCAL1 and decreased microRNA-193a-
3p (Figure 1A and B). We also quantified IncRNA UCAL1
and microRNA-193a-3p in human normal hepatic cells
and HCC cells, finding that IncRNA UCA1 was up-regu-
lated in HCC cells and microRNA-193a-3p was down-
regulated in them (Figure 1C and D). The above results
implied that the increase of IncRNA UCA1 expression and
decrease of microRNA-193a-3p expression might play
a role in hepatocarcinogenesis. Since the highest expres-
sion of IncRNA UCA1 was found in SUN-398 cells, we
selected SUN-398 cells as research objects to study the
influences of IncRNA UCA1 and microRNA-193a-3p on
HCC (Figure 1).
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Figure | Up-regulation of IncRNA UCAI in HCC and down-regulation of microRNA-193a-3p in it. ((A) LncRNA UCAI was up-regulated in HCC tissues. **Indicates
P<0.001; N indicates normal tumor-adjacent tissues; T indicates tumor tissues. (B) MicroRNA-193a-3p was down-regulated in HCC tissues. ***Indicates P<0.001; N
indicates normal tumor-adjacent tissues; T indicates tumor tissues. (C) LncRNA UCAI was up-regulated in HCC cell lines including Hep3B, SUN-398 and SNU-449.
**¥|ndicates that in comparison with THLE-3 cells, P<0.001. (D) MicroRNA-193a-3p was down-regulated in HCC cell lines including Hep3B, SUN-398 and SNU-449.

*Indicates that in comparison with THLE-3 cells, P<0.05, and *¥Indicates that P<0.01).
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Effects of LncRNA UCAI on HCC Cells
Since the abnormal up-regulation of IncRNA UCALI is
related to HCC, we down-regulated IncRNA UCAI to
explore its role in hepatocarcinogenesis. It came out that
UCA1 siRNA could strongly down-regulate IncRNA
UCA1 (Figure 2A), and down-regulation of IncRNA
UCA1 could reduce cell viability, migration and invasion
(Figure 2B and C). In addition, it was also found that
down-regulated IncRNA UCAI1 could increase cleaved
Caspase 3, cleaved Caspase 9, E-cadherin, and Bax, and
decrease N-cadherin, B-catenin, and Bel2; and reduce cells
in S phase and increase cells in Glphase. The above
results implied that down-regulation of IncRNA UCAI
could give rise to cells apoptosis via cleaved Caspase 3,
cleaved Caspase 9, Bax, Bcl2, and inhibit proliferation and
migration via E-cadherin, N-cadherin and B-catenin, which
suggested that IncRNA UCA1 could promote malignant
hyperproliferation of HCC cells (Figure 2).

MicroRNA-193a-3p Inhibited the
Malignant Hyperproliferation of HCC
Cells

Since the down-regulation of microRNA-193a-3p may be
linked to HCC cells, we up-regulated microRNA-193a-3p
to analyze its effects on HCC cells. It was turned out that
up-regulated microRNA-193a-3p suppressed the viability
and proliferation of cells, weakened migration and inva-
sion of them, up-regulated cleaved Caspase 3, cleaved
Caspase 9, E-cadherin, and Bax, and down-regulated
N-cadherin, Bcl2, and B-catenin. The above results implied
that microRNA-193a-3p, as a tumor suppressor, could
inhibit the malignant hyperproliferation of HCC cells
(Figure 3).

Inhibition of LncRNA UCAI on
MicroRNA-193a-3p in a Targeted Manner

It was predicted through miRcode website that IncRNA
UCALI had a sequence fragment that can be used to bind
to microRNA-193a-3p (Figure 4A). It was also found that
down-regulation of IncRNA UCA1 could give rise to up-
regulation of microRNA-193a-3p (Figure 4B), and IncRNA
UCA1 was negatively correlated with microRNA-193a-3p
(Figure 4C). We constructed IncRNA UCAl wt and
IncRNA UCA1 mut vectors, and co-transfected them with
microRNA-193a-3p mimics into HCC cells, respectively,
finding that when microRNA-193a-3p mimics and IncRNA
UCA1 wt were co-transfected, they were paired and bound,

resulting in a decrease in luciferase activity. The above
indicated that IncRNA UCAI1 inhibited the
microRNA-193a-3p expression by binding to it (Figure 4).

results

LncRNA UCAI Regulated HCC Cell Line
via MiR-193a-3p

UCA1 siRNA and UCAIl siRNA+microRNA-193a-3p
inhibitor were transfected into SUN-398 cells, respec-
tively, to analyze the changes of cell biological behaviors,
finding that inhibition of microRNA-193a-3p could offset
the decline in cell proliferation, migration, invasion,
increase in apoptosis, and down-regulation of
microRNA-193a-3p caused by UCAI1 (Figure 5). The
above results suggested that IncRNA UCAI1 could pro-
mote malignant proliferation of HCC cells by down-reg-
ulating microRNA-193a-3p.

Discussion

In this study, firstly, we found that IncRNA UCAL1 in cases
with HCC increased, while microRNA-193a-3p in them
decreased, which was in consistent with results in other
studies.!> 182325 Therefore, we speculated that IncRNA
UCA1l and microRNA-193a-3p were involved in the
development of HCC. Down-regulation of IncRNA
UCALI resulted in up-regulated microRNA-193a-3p, and
sequence matching based on the miRcode website showed
that there were sequence fragments that can bind to
microRNA-193a-3p at the 3'UTR of IncRNA UCAIl. In
order to verify the existence of these pairing loci, we
constructed IncRNA UCA1 wt and IncRNA UCA1 mut
vectors, and co-transfected them with microRNA-193a-
3pmimics into HCC cells, respectively. The results showed
that when microRNA-193a-3pmimics and IncRNA UCA1
wt were co-transfected, they were paired and bound,
resulting in a decrease in luciferase activity. The above
results indicate that IncRNA UCA1 may regulate the sur-
vival of HCC cells through targeted inhibition of
microRNA-193a-3p.

Afterwards, based on the above viewpoints, we carried
out a series of assays to study the role of IncRNA UCAL/
microRNA-193a-3p axis in HCC. We regulated IncRNA
UCAL1 siRNA and microRNA-193a-3pmimics vectors in
HCC cells. It came out that down-regulated IncRNA UCALI
or up-regulated microRNA-193a-3p inhibited cell migration,
proliferation and invasion, and strengthened cell apoptosis,
IncRNA UCAl and
microRNA-193a-3p intensified cell proliferation, migration,

and down-regulation of both
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in HCC specimens, and the results revealed that IncRNA UCAI was negative correlated with microRNA-193a-3p. (D and E) LncRNA UCAI could bind to microRNA-193a-
3p according to the dual-luciferase reporter gene assay. *Indicates that in comparison with the NC mimics group, P<0.05).

and invasion, and weakened apoptosis. The above results
implied that IncRNA UCAI1 could promote proliferation,
migration, and invasion of cells and inhibit apoptosis of
them by down-regulating microRNA-193a-3p.
MicroRNA-193a-3p is a mature spliceosome of
microRNA-193a, with a length of about 22bp. MicroRNA-
193a-3p can regulate the development and progression of
tumors by changing the biological processes of breast cancer
cells, prostate cancer cells, colorectal cancer cells, HCC cells
and other cells.'” ¢ According to the results of this study, up-

regulation of microRNA-193a-3p could cause the increase in

cleaved Caspase 3, cleaved Caspase 9, E-cadherin and Bax,
and the decrease in N-cadherin, B-catenin, and Bcl2. Increase
in cleaved Caspase 3, cleaved Caspase 9, Bax and decrease in
Bcl2 can promote cell apoptosis and inhibit cell proliferation,
while increase in E-cadherin and decrease in N-cadherin
andfB-catenin can suppress cell migration and invasion.
Therefore, IncRNA UCA1 promotes the over-proliferation
and malignant expansion of HCC cells through the
microRNA-193a-3p-based
finally induces the formation and metastasis of HCC.

regulation mechanism, and

Furthermore, the results of this study also suggested that
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Figure 5 LncRNA UCAI regulated HCC cell line via miR-193a-3p. ((A) UCAI siRNA down-regulated IncRNA UCAI and microRNA-193a-3p inhibitor offset the up-
regulation of microRNA-193a-3p caused by UCAI siRNA. (B) MicroRNA-193a-3p inhibitor offset the inhibition on cell viability caused by UCAI siRNA. (C) MicroRNA-
193a-3p inhibitor offset the inhibition on cell migration and invasion caused by UCAI siRNA. (D) MicroRNA-193a-3p inhibitor offset the up-regulation of Caspase3, Caspase
9, E-cadherin, and Bax, and down-regulation of N-cadherin, B-catenin, and Bcl2 caused by UCAI siRNA. (E) MicroRNA-193a-3p inhibitor offset the inhibition on cell
proliferation caused by UCAI siRNA. UCAI si+miR inhibitor means the co-transfection of UCAI siRNA and microRNA-193a-3p inhibitor into HCC cells. #Indicates that
in comparison with the NC siRNA, P<0.01. *Indicates that in comparison with the UCAI siRNA group, P<0.05, and **Indicates that in comparison with the UCAI siRNA

group, P<0.01. c-Caspase 3: cleaved Caspase 3; c-Caspase 9: cleaved Caspase 9).

down-regulation of IncRNA UCA1 or up-regulation of
microRNA-193a-3p may be beneficial to the treatment of
HCC patients.

This study has explored the relationship between the
IncRNA UCA1/microRNA-193a-3p axis and HCC cells
from the perspective of molecular biology. The results
showed that microRNA-193a-3p mediated the regulation
of IncRNA UCAL1 on the life process of HCC cells
(Figure 6). However, this study still has certain limitations.

LncRNA UCA1 and miR-193a-3p can be used as biomar-
kers of HCC, but this study has not explored it, so the
possibility of the two as diagnostic substances for HCC
will be discussed in further research. This study has also
not discussed the target gene of miR-193a-3p, so the down-
stream target genes of miR-193a-3p will also be fully dis-
cussed in subsequent studies. At the same time, in addition,
the relationship between IncRNA UCA1/miR-193a-3p axis
and drug resistance of HCC also needs further research.

Cancer Management and Research 2020:12
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Figure 6 MiR-193a-3p, as an intermediate link, mediates the regulation of IncRNA
UCAI on the life procession of HCC cells.

To sum up, IncRNA UCAL1 inhibits microRNA-193a-
3p by binding to it, and inhibition of microRNA-193a-3p
leads to over-proliferation of HCC cells and reduction of
apoptosis of them. The role of IncRNA UCA1/microRNA-
193a-3p axis in HCC implies that down-regulation of
IncRNA UCAL1 or up-regulation of microRNA-193a-3p
can be used for HCC treatment. In addition, IncRNA
UCAT1 may also have early diagnostic value for HCC.
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