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Objective: Emerging evidence has revealed that IncRNA small nucleolar RNA host gene 3
(SNHG3) is involved in cell proliferation, migration, and invasion in various tumors. However, the
underlying molecular mechanism of SNHG3 in hepatocellular carcinoma (HCC) is still not fully
explored.

Methods: Quantitative reverse transcriptase PCR was employed to detect the expression of
SNHG3, miR-139-5p, and BMI1. Colony assay and MTT assay were used to detect the
proliferation. Transwell assay was introduced to measure the migration and invasion ability.
Bioinformatics analysis and luciferase reporter assay were used to confirm the relationship
between SNHG3, miR-139-5p, and BMI1. An animal experiment was adopted to detect the
function of SNHG3 in vivo.

Results: SNHG3 and BMI1 were upregulated in HCC, while miR-139-5p was downregulated.
Knockdown of SNHG3 or BMI1 and overexpression of miR-139-5p could inhibit cell prolifera-
tion, migration, and invasion in HCC. miR-139-5p was a target of SNHG3 and BMI1 was a direct
target mRNA of miR-139-5p. Silencing SNHG3 could impair the tumor progression in vivo.
Conclusion: The IncRNA SNHG3/miR-139-5p/BMI1 axis plays an important role in cell
proliferation, migration, and invasion in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is commonly diagnosed and identified as a leading
cause of cancer death. According to the cancer statistics in China in 2015," the incidence
was about 466,100 and mortality was 422,100 annually, which makes it the third most
deadly cancer. In the USA, it was estimated that about 41,000 cases and 29,000 deaths
were caused by HCC in 2017.% Although great efforts were made in HCC treatment and
they revealed that many genes were involved in the progression, migration, invasion, and
metastasis of HCC, the molecular mechanism of HCC progression is still poorly under-
stood. Therefore, it is important to explore the underlying mechanism of HCC
progression.

Recent studies have highlighted that long non-coding RNAs (IncRNAs) are related to
cancer progression. Long non-coding RNAs are endogenous cellular RNAs which are
more than 200 nucleotides in length. LncRNAs may regulate the cell processes by
mediating transcription or post-transcription. It was reported that IncRNAs could interact
with DNA, RNA, and protein to play the regulatory roles. Their dysregulation may lead
to many diseases including cancers. For example, IncRNA p10247 overexpression is
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correlated with metastasis in breast cancer.’ Downregulated
IncRNA-HOTAIR suppressed colorectal cancer proliferation,
invasion, and migration.* LncRNA MIR4435-2HG promoted
lung cancer progression.” LINC00844 regulates cell migration
and invasion in prostate cancer.” LncRNA TBILA may pro-
mote the epithelial-mesenchymal transition of non-small cell
lung cancer.” Besides the above-mentioned cancer types,
IncRNAs also play roles in HCC. LncRNA FLVCR-ASI,?
HNF1A-AS1,” HOXA11-AS,'" and IncRNA OGFRP1'" were
upregulated, while XLOC006926,'> CASC2," and IncRNA
NKILA'" were downregulated in HCC. However, there are
still many IncRNAs involved in HCC tumorigenesis and pro-
gression that need to be explored.

It has been underscored that IncRNAs act as competing
endogenous RNAs for miRNAs in biological processes.
miRNAs are small non-coding RNAs which are about 18-25
nucleotides in length. Previous studies demonstrated that
miRNAs may mediate gene expression by binding the
3'UTR of specific mRNA'> and showed that miRNAs were
involved in many physiological and pathological processes
such as tumors. For instance, miR-214 suppressed ovarian
cancer,'® serum miR-196a could be a biomarker in gastric
cancer,17 miR-34a could inhibit liver cancer cell growth,18
and miRNA-139 downregulation was associated with HCC
risk and survival.'® But the function of miRNA in HCC is not
fully understood.

BMI1 encodes a ring finger protein which is a major
component of the polycomb group complex 1. BMI1 and
other components are involved in multiple regulatory mechan-
isms through chromatin remodeling. Some studies reported
that BMI1 is an oncogene and aberrant expression in numerous
cancers including non-small cell lung cancer,® colorectal
cancer,?! breast cancer,”> endometrial cancer,”> and HCC.?*
Yet, the detail mechanism of how BMII1 was regulated in
cancers is unclear.

In the present study, we aimed to explore the biological
role of IncRNA small nucleolar RNA host gene 3 (SNHG3)
in HCC. We found that SNHG3 could negatively regulate
miR-139-5p. Meanwhile, BMI1 was a downstream target
mRNA of miR-139-5p. So, we proposed that SNHG3 may
regulate proliferation, migration, and invasion via regulating
miR-139-5p and BMII in HCC.

Materials and methods

Patient samples
The ethical approval was obtained from the Research Ethics
Committee of the First Affiliated Hospital of Sun-Yat-sen

University (Guangzhou, China). Thirty-one specimens of can-
cerous tissue and 31 specimens of paracancerous tissue were
taken from the HCC patients, and all patients signed the
informed consent form, and this study was performed in
detailed in the
Declaration of Helsinki. No patients had undergone che-

accordance with the ethical standards

motherapy or radiotherapy before surgery. The samples were
stored in liquid nitrogen for subsequent laboratory testing.

Cell culture

HCC cell lines Hep3B and HepG2 and immortalized human
liver cell line L-02 were obtained from RiboBio Co.
(Guangzhou, China). Cells were cultured in Dulbecco’s
Modified Eagle’s Medium DMEM (Gibco, Carlsbad, CA,
USA) with 10% FBS (HyClone, Logan, UT, USA) and 1%
penicillin and streptomycin (Sigma-Aldrich, St Louis, MO,
USA) at 37°C with 5% of CO,. Medium was changed every
2 days.

Cell transfection

For transient transfection, siSNHG3, miR-139-5p,
pcDNA-SNHG3, miR-139-5p inhibitor, siBMI1, and the
corresponding negative control were purchased from
GenePharma Co., Ltd. (Shanghai, China). All oligos and
plasmids were transfected into Hep3B or HepG2 cells
using Lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instructions.

For stable transfection, shRNA targeting Inc SNHG3 and
negative control were synthesized by GenePharma Co., Ltd.
(Shanghai, China). These fragments were inserted into the
lentiviral vector pLVXshRNA2 (Clontech, Mountain view,
CA, USA). Then the lentiviral vectors were transfected into
HEK293T cells with the Lenti-X HTX packaging system
(Clontech) according to the protocol. The medium containing
lentivirus was collected at 48 hours after transfection. Then the
lentiviruses were added to the medium containing HepG2
cells. After that, the transfected cells were sorted with FITC
fluorescence using a BD FACSMelody Cell Sorter (BD
Biosciences, San Jose, CA, USA).

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from tissues and cells using
TRIzol (Invitrogen, Carlsbad, CA, USA) and RNA con-
centration was detected by a NanoDropND-1000 spectro-
photometer (Thermo Fisher Scientific, Rockford, IL,
USA). cDNA was reverse transcribed using the TagMan
miRNA Reverse Transcription Kit (Applied Biosystems,

Foster City, CA, USA) for miRNA and Reverse

submit your manuscript

6624

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Wu et al

Transcription Reagents (Applied Biosystems) for mRNA
and IncRNA. SNHG3, miR-139-5p, and BMI1 expression
were determined using SYBR® Green (Promega, Madison,
WI, USA) according to the manufacturer’s protocol. A U6
small nuclear RNA (snRNA) was used as a reference gene
for miR-139-5p, and 18S rRNA was used as a reference
gene for SNHG3 and BMI 1. Fluorescence was detected in
the iQTMS5 Multicolor Real-Time PCR Detection System
(Bio-Rad, Hercules, CA, USA). The relative expression of
SNHG3, miR-139-5p, and BMI1 was calculated by the
2 22Ct method. Primer sequences: SNHG3, forward 5'-
AGTGGTCGCTTCTTCTCCTTG-3" and reverse 5'-
GATTGTCAAACCCTCCCTGTTA-3"; miR-139-5p, for-
ward 5-ACACTCCAGCTGGGTCTACAGTGCACGTG-
3" and reverse 5-CTCAACTGGTGTCGTGGA-3';
BMII1, forward 5-GGTACTTCATTGATGCCACAAC-3’
and reverse 5-CTGCTGGGCATCGTAAGTATC-3";18S
rRNA, forward 5-GGCCCTGTAATTGGAATGAGTC-3’
and reverse 5'-CCAAGATCCAACTACGAGCTT-3"; U6,
forward 5'-GTTGACATCCGTAAAGACC-3’ and reverse
5-GGAGCCAGGGCAGTAA-3'".

Western blot

Cells were washed with Tris-buffered saline (TBS), and then
added to RIPA buffer and maintained on ice for 30 minutes,
accompanied with vortexing 30 seconds per 10 minutes. They
were then centrifuged for 15 minutes at 4°C with 12,000 rpm
and the supernatant was transferred to a new tube for next
experiments. The protein concentrations were measured using
Nanodrop2000 (Thermo Fisher Scientific, San Jose, CA,
USA). Then the loading buffer was added to the protein
solution and heated to 95°C for 5 minutes. Proteins (10 pg)
were separated using SDS-PAGE and then transferred to poly-
vinylidene fluoride membranes (PVDF, Millipore, Bedford,
MA, USA). After being blocked with 5% dried skimmed milk
in TBS, the membranes were incubated with specific primary
antibodies including anti-BMI1 (1:100 solution, and all of
these antibodies were purchased from Santa Cruz
Biotechnology Inc., CA, USA) and anti-f actin antibody
(1:2,000 dilution, Santa Cruz Biotechnology Inc.) at 4°C over-
night. The PVDF membrane was washed five times for 10
minutes each with Tris-buffered saline with Tween-20
(TBST), following incubation with horseradish peroxidase
(HRP)-conjugated anti-mouse IgG secondary antibody
(1:2,000 dilution, Santa Cruz Biotechnology Inc.) at room
temperature for 1 hour. After being washed with TBST five
times, the protein signals were detected using Pierce™ ECL
Western blotting substrate (ThermoFisher Scientific).

Colony formation assay

Transfected cells were trypsinized after 24 hours, counted,
and replated at a density of 500 cells/6 cm dish. Ten days
later, colonies resulting from the surviving cells were fixed
with 3.7% methanol, stained with 0.1% crystal violet, and
counted. Colonies containing at least 50 cells were scored.
Each assay was performed three times.

MTT assay

Cell viability was measured with MTT assay kit (Sigma-
Aldrich) according to the manufacturer’s protocol. In brief,
cells (2x10°) were seeded into 96-well plates (Corning
Costar, Corning, NY, USA). Then 30 pL serum-free
media with MTT solution was added into each well and
incubated for 4 hours at 37°C. After discarding the media,
150 uL MTT solvent (4 mM HCI, 0.1% NP40 in isopro-
panol) was added into each well and then incubated for 3
hours at 37°C. Then the absorbance (A) value of each well
was measured at OD=450 nm using the Microplate Reader
(MG LABTECH, Durham, NC, USA).

Cell invasion and migration

Cell invasion analysis was performed using Transwell cham-
ber with Matrigel (BD Biosciences, San Jose, CA, USA). Cell
migration was displayed using a Transwell chamber without
Matrigel. 1x10° cells were cultured in non-serum medium in
the Transwell upper chamber. The Transwell lower chamber
was added in DMEM medium with 10% FBS. After incubated
for 24 hours at 37°C, cells on the upper chamber membrane
were moved. Then the membrane was fixed with 90% ethyl
alcohol and was stained with 0.1% crystal violet for 30 min-
utes. The number of cell migrations and invasions were
counted using a phase contrast microscope.

Animal experiments

Animal experiments were carried out according to the
National Institutes of Health guidelines to the Care and Use
of Laboratory Animals of the First Affiliated Hospital of Sun-
Yat-sen University. shSNHG3 and their negative control
(shNC) were stably transfected into HepG2 cells using lenti-
viruses. Then 5x10° cells were subcutaneously injected in the
flank of female nude mice (Beijing Vital River Laboratory
Animal Technology Co., Ltd., China). There were five nude
mice in each group. Tumor volumes were measured every 7
days until 35 days. All mice were sacrificed to collect tumor
xenografts and tumor xenografts were weighted.
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Immunohistochemistry

The tumor tissue from mice was fixed with 12 mL 4%
paraformaldehyde (PFA) in PBS followed by being
embedded with paraffin. Then the tissues were made into
4 UM sections and de-waxed in xylene, rehydrated in etha-
nol. Peroxidase blocking reagent was used to quench the
endogenous peroxidase activity for 10 minutes. The sec-
tions were incubated overnight at 4°C with primary anti-
body (BMII1, ab38295, Abcam, Cambridge, MA, USA).
Then washed with PBS and treated with HRP-conjugated
secondary antibody at room temperature for 1 hour and
developed with liquid diaminobenzidine substrate chromo-
gen system.

Statistical analysis

The data are presented as mean+SD (standard deviation)
from three biological replicated experiments. The results
of analysis were shown and plotted using GraphPad
Prism 7.0 (GraphPad Software, San Diego, CA, USA).
All group comparisons were carried out using Student’s #-
test. P-values less than 0.05 were regarded as statistically
significant.
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Results
SNHG3 was upregulated and miR-139-5p

was downregulated in HCC

Firstly, we obtained HCC tumor tissues and adjacent tissues
from 31 patients without any treatment except surgery. qRT-
PCR was used to detect the expression of SNHG3 and the
results showed that SNHG3 was upregulated significantly in
HCC tissues than in normal tissues (Figure 1A). Then we
continued to check SNHG3 expression in HCC cell lines.
Consistent with that in tissues, SNHG3 was upregulated in
Hep3B and HepG2 cells (Figure 1B). Meanwhile, we also
checked miR-139-5p expression in HCC tissues and cell
lines. The qRT-PCR results showed that miR-139-5p was
downregulated in HCC tissues (Figure 1C), Hep3B and
HepG2 cells (Figure 1D). Our finding suggested that upre-
gulation of SNHG3 and downregulation of miR-139-5p
might be involved in HCC.

Knockdown of SNHG3 inhibited cell

proliferation, migration, and invasion in HCC
To better understand the function of SNHG3 in HCC, we
downregulated SNHG3 via small interfering RNA in Hep3B
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Figure | Expression of SNHG3 and hsa-mir-139-5p in HCC tissue and cells. (A) SNHG3 expression in normal and HCC tissues. (B) SNHG3 expression in L-02, Hep3B,
and HepG2 cells. (C) miR-139-5p expression in normal and HCC tissues. (D) miR-139-5p expression in L-02, Hep3B, and HepG2 cells. *P<0.05.
Abbreviations: HCC, hepatocellular carcinoma; SNHG3, small nucleolar RNAhost gene 3.
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Abbreviations: HCC, hepatocellular carcinoma; Inc, long non-coding; SNHG3, small nucleolar RNA host gene 3.
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and HepG2 cells. After 48 hours of transfection, the knock-
down efficiency was checked and SNHG3 was indeed down-
regulated in Hep3B and HepG2 cells (Figure 2A). Then a
colony formation assay was performed to detect the prolif-
eration, and the colony number was significantly decreased
after SNHG3 silencing (Figure 2B). Meanwhile, an MTT
assay confirmed the inhibitory effect of SNHG3 in cell pro-
liferation in HCC (Figure 2C and D). Next, we checked the
function of SNHG3 in migration and invasion in HCC, and
Transwell assay suggested that knockdown of SNHG3 sig-
nificant inhibited the migration (Figure 2E) and invasion
(Figure 2F) of Hep3B and Hep2G cells.

Overexpression of miR-139-5p impaired

cell proliferation, migration, and invasion
in HCC

Considering that miR-139-5p was downregulated in HCC
tissues and cells, we overexpressed miR-139-5p in Hep3B
and HepG2 cells (Figure 3A). Both colony formation
assay (Figure 3B) and MTT assay (Figure 3C and D)
suggested that miR-139-5p overexpression inhibited the
cell proliferation. In addition, the migration (Figure 3E)
and invasion (Figure 3F) ability were impaired after miR-
139-5p overexpression.
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Abbreviation: HCC, hepatocellular carcinoma.
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Abbreviation: SNHG3, small nucleolar RNA host gene 3.
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miR-139-5p was a target of SNHG3

Next, starBase was used to predict the relationship between
SNHG3 and miR-139-5p. Bioinformatics analysis revealed
that there were complementary sequence between
IncSNHG3 and miR-139-5p (Figure 4A). Then we
constructed luciferase report vector containing wildtype and
mutant SNHG3. The luciferase activity was decreased when
wildtype SNHG3 and miR-139-5p were transfected into
Hep3B (Figure 4B) and HepG2 (Figure 4C) but not with
mutant SNHG3. To further confirm the binding between
SNGF3 and miR-139-5p, we introduced miR-139-5p inhibitor
and the luciferase activity was upregulated about 2-fold when

A hsa-miR-139-5p
BMI1 WT 3'UTR
BMI1 MUT 3'UTR

cotransfected with wildtype SNHG3 in Hep3B (Figure 4D)
and HepG2 cells (Figure 4E). Subsequently, we overexpressed
SNHGS3 in Hep3B and HepG2 cells (Figure 4F) and miR-139-
Sp expression was inhibited after SNHG3 overexpression and
increased when SNHG3 was silenced (Figure 4G). The results
demonstrated that miR-139-5p was a target of SNHG3.

BMI| was a direct target of miR-139-5p

Then, to investigate the mechanism of miR-139-5p in HCC,
the starBase database was used to predict the downstream
target. Luciferase reporter plasmids of wildtype BMI1 and
mutant BMI1 were constructed (Figure 5A). Cotransfection

3’ UGACCUCUGUGCACGUGACAUCU 5%
5’...CGCUGUUUUGUGAACCUGUAGA...3’
5...CGCUGUUUUGUGAACGACAUCA...3'

B Hep3B C HepG2 D Hep3B
1.5 1 1.5 7 3
2> 2 2
- =] =) %
(0] 1.0 1 [ 1.0 1 [ 2+
> e S8 S8
s @ s 3 &2
¢ S e S e S
tg 0.5 4 :g 0.5 1 * :g 14
[T) * [T Q
=) = =
0.0 - 0.0 - 0+
N N
& o N N L O & &
& & & & RO o £
& & & & & R & R
o o
N N
& &
| BMIt 3UTR-WT B BMI1 3'UTR-MUT |
E HepG2 G
3.2 - [ BMI1 3’UTR-WT 4 - % 4 -
Il BMI1 3’'UTR-MUT c L c
b * .9 ] .9 *
= ' n
2 241 T = 3T = 3T
v 0 0= m 0= .
> ® o m o m r
il
% § 1.6 1 5 "6 2 4 R 5 "'6 2
[ I ) [ ] n O
o q“h-’ 2 % um = % -I-
5 081 52711 oot 521
F o o
14 ° 14
0.0 T T 0 T T 0 T
%0 .,\\oﬂ é(') ,,\\oﬂ Normal Tumor L-02 Hep3B HepG2
P ORI
N Q\Q N Q\Q
& 8 & P
N N
& &

Figure 5 (Continued)

submit your manuscript

6630

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Wu et al

H BMI1 s— — e — —

B-actin s —_— — —

1.5 1

| [ Hep3B MM HepG2

T

N
o
1

Relative expression
level of BMI1
o
o

0.0 Ial

| BN = — — c—

B-actin s — — —

3-
g 1 pcDNA R pcDNA-SNHG3 |
0 *
h=
=21
o m
s's
o =
2511 Mo =
K
)
14
0

Hep3B HepG2
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Abbreviations: HCC, hepatocellular carcinoma; SNHG3, small nucleolar RNA host gene 3.

of'the luciferase reporter plasmid containing BMI1 3'UTR-WT
with miR-139-5p in Hep3B and HepG2 resulted in a decreased
luciferase activity, but not with mutant BMI1 (Figure 5B
and C). The miR-139-5p inhibitor could increase the luciferase
activity in Hep3B (Figure 5D) and HepG2 cells (Figure 5E).
Next, we checked the BMI1 expression in HCC tissues and
cell lines. The mRNA expression level was upregulated in
HCC tumor (Figure 5F) and cell lines (Figure 5G). Afterward,
we overexpressed miR-139-5p in Hep3B and HepG2 cells and
found that BMI1 was decreased (Figure 5H). Meanwhile,
BMI1 expression was increased after SNHG3 overexpression

(Figure 5I). These findings indicated that BMI1 can serve as a
direct target of miR-139-5p.

BMII knockdown inhibited cell proliferation,

migration, and invasion in HCC

To better understand the function of BMI1 in HCC, we
downregulated BMI1 in Hep3B and HepG2
(Figure 6A and B). Cell proliferation was detected by colony

cells

formation assay (Figure 6C) and MTT assay (Figure 6D and
E). The results showed that proliferation was inhibited by
siBMII. Moreover, cell migration (Figure 6F) and invasion
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Abbreviation: HCC, hepatocellular carcinoma.

(Figure 6G) ability were inhibited by BMI1 silencing in
Hep3B and HepG2 cells.

SNHG3 knockdown restrained the

tumor progression in vivo

To evaluate whether SNHGS3 is involved in HCC progres-
sion in vivo, a HepG2 cell nude mouse xenograft model
was used. The total nude mice were separated into two
groups, one group was stably transfected with siNC and
the other with siSNHG3. The tumor size was measured
every 7 days until the sacrifice on day 35. Tumor growth
was significantly inhibited by SNHG3 knockdown from
day 21 (Figure 7A). On day 35, we measured the weight,
and SNHG3 silencing obviously inhibited the tumor
growth (Figure 7B). Meanwhile, we checked the
SNHG3, miR-139-5p, and BMI1 expression in the tumor.
qRT-PCR demonstrated that SNHG3 (Figure 7C) were
downregulated and miR-139-5p (Figure 7D) was upregu-
lated in the tumor. In addition, immunohistochemical

assay revealed that BMI1 protein level was also decreased
(Figure 7E). These data suggested that downregulation of
SNHG3 could inhibit HCC development in vivo.

Discussion

Over the past few decades, researchers claimed that non-
coding transcripts are transcriptional noise.””> However, in
recent years, whole genome and transcriptome sequencing
suggested that non-coding RNAs (ncRNAs), including long
non-coding RNAs (IncRNAs), may be involved in various
cell processes,”® for example, epigenetics, alternative spli-
cing, RNA decay, and translation.””** Given that massive
IncRNAs have been discovered, the detailed function of
these IncRNAs needs to be elucidated. Emerging evidence
demonstrated that dysregulated IncRNAs were correlated
with various cancers,30 for example, anti-NOS2A,>!
BC200,*> HULC,* H19,** MALAT1,*> HOTAIR,*® etc.
Previous reports demonstrated that SNHG3 play an impor-
tant role in various cancer development. SNHG3 enhanced
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Abbreviation: SNHG3, small nucleolar RNA host gene 3.

the malignant process of colorectal cancer.>’” SNHG3 pro-
moted proliferation and invasion in breast cancer’® and lung
adenocarcinoma.®® In HCC, it was reported that SNHG3
was significantly upregulated and highly correlated with
tumor size and relapse.*” In our present work, we found
that SNHG3 was upregulated in HCC tissues compared
with normal tissues, which was consistent with previous
data. Dissimilarly, we knocked down the expression of
SNHG3 using RNAi and found that the proliferation,
migration, and invasion were inhibited in HCC cell lines
in vitro. Meanwhile, we used nude mice and xenograft
assay to verify the inhibitory function of SNHG3 in vivo.
So we hypothesized that SNHG3 was involved in the pro-
gression of HCC. However, another study has demonstrated
SNHGS3 silencing in HCCLM3, which is a highly metastatic
HCC cell line, and overexpression in PLC/PRF/S, which is
one lowly metastatic HCC cell line which didn’t affect the
cell proliferation.*' As shown in our supplemental material,
we knocked down the expression of SNHG3 in HCCLM3,
and the cell proliferation was inhibited (Figures S1-S4). We
proposed that maybe the culture condition, knockdown
efficiency, etc., were different in our two references,
which led to distinct results. Besides, in other cancers

such as breast cancer and lung cancer,®®** SNHG3 knock-
down inhibited cell proliferation.

Many studies revealed that miR-139-5p is involved in
the cancer development, such as breast cancer,** colorectal
cancer, myeloid leukemia,44 etc. We found that miR-139-
5p was downregulated in HCC. Through the bioinfor-
matics database, we predicted that miR-139-5p is a poten-
tial target of SNHG3. Overexpression of miR-139-5p
could impair the proliferation, migration, and invasion of
Hep3B and HepG2 cells. Next, we performed bioinfor-
matics analysis and luciferase reporter assay to show that
BMI1 is a downstream mRNA target of miR-139-5p,
which is consistent with another study.*” However, Luo
et al showed the relationship between miR-139-5p and
BMII in the bladder cancer stem cell.* In their study,
they suggested that BMI1 was a target and regulated by
miR-139-5p, but didn’t explain BMI1 biological function
in bladder cancer. However, in our study, we silenced
BMI1 in HCC cells and found cell proliferation, migration,
and invasion were attenuated, which was similar to miR-
139-5p overexpression or SNHG3 knockdown.

BMII is a member of the polycomb group of proteins.
Many studies have shown that BMI1 is upregulated in many
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cancers, including breast cancer,? pancreatic cancer,*® and
HCC.*" In our study, we found that BMI1 was upregulated in
HCQC tissues and cell lines. When knocking down the expres-
sion of BMI1, the proliferation, migration, and invasion of cells
were inhibited.

Our present study revealed that SNHG3 can play an
oncogenic role in the HCC development. We also observed
that SNHG3 was upregulated in HCC tissues and cells,
while miR-139-5p was downregulated. In addition, either
SNHG?3 knockdown or miR-139-5p overexpression could
inhibit the proliferation, migration, and invasion in HCC
cells. Bioinformatics analysis suggested that miR-139-5p
was a target of SNHG3, and the expression of miR-139-5p
was regulated by SNHG3. However, the accurate mechan-
ism of regulatory function of SNHG3 in miR-139-5p
expression is still needed to explore in the future study.
Next, we predicted that BMIl was a potential target
mRNA of miR-139-5p, and BMIl was upregulated in
HCC tissues. The proliferation, migration, and invasion
were impaired by BMI1 silencing. But, we cannot exclude
that miR-139-5p may target other mRNAs and regulate
HCC progression through unexplored pathways. Hence,
exploring other potential mRNA targets will facilitate our
understanding of miR-139-5p in HCC. Subsequently, we
did the xenograft assay using HepG2 cells stably trans-
fected with siSNHG3, and found that the tumor was sig-
nificantly inhibited. In conclusion, it was indicated that
IncSNHG3/miR-139-5p/BMI1 axis was involved in HCC
proliferation, migration, and invasion.
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Figure S2 Effect of SNHG3, miR-139-5p and BMI| on cell proliferation in HCC. MTT assay detected the proliferation of Hep3B (A) and HCCLM3 (B) after SNHG3 knockdown.
MTTassay measured the proliferation of Hep3B (C) and HCCLM3 (D) after miR-139-5p overexpression. MT T assay evaluated the proliferation of Hep3B (E) and HCCLMS3 (F) after
BMII downregulation. *P<0.05.

Abbreviations: HCC, hepatocellular carcinoma; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide.
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Figure S3 The expression of miR-139-5p and BMII in HCC cells. (A) miR-139-5p expression in Hep3B and HCCLM3 cells transfected with pcDNA, pcDNASNHG3, si-NC
or siSNHG3. (B) BMII expression in Hep3B and HCCLM3 cells after miR-139-5p overexpression. (C) BMII expression in Hep3B and HCLM3 cells after SNHG3
overexpression. *P<0.05.

Abbreviation: HCC, hepatocellular carcinoma.
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Figure S4 SINHGS3 regulated cell migration and invasion by targeting miR-139-5p/BMI|

siBMI1

axis. (A) Colony formation in HepG2 and Hep3B cells transfected with siNC and

siSNHG3. (B) Colony formation in HepG2 and Hep3B cells transfected with miR-NC and miR-139-5p. (C, D) Cell migration and invasion of HepG2 and Hep3B cells
transfected with miR-NC and miR-139-5p. (E) Colony formation in HepG2 and Hep3B cells transfected with siNC and siBMI|I. (F, G) Cell migration and invasion of HepG2

and Hep3B cells transfected with siNC and siBMII. Magnification 200x.
Abbreviation: HCC, hepatocellular carcinoma.
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