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1 | INTRODUCTION

Abstract

SNHGS3, a long noncoding RNA (IncRNA), has been linked to poor outcomes in pa-
tients with liver hepatocellular carcinoma (LIHC). In this study, we found that SNHG3
was overexpressed in LIHC and associated with poor outcomes in patients with LIHC.
Functional assays, including colony formation, spheroid formation, and in vivo as-
says showed that SNHG3 promoted stemness of cancer stem cells (CSC) and tumor
growth in vivo by interacting with microRNA-502-3p (miR-502-3p). miR-502-3p in-
hibitor repressed the tumor-suppressing effects of SNHG3 depletion. Finally, by RNA
pull-down, dual-luciferase reporter assay, m6A methylation level detection, and mé6A-
IP-gPCR assays, we found that miR-502-3p targeted YTHDF3 to regulate the transla-
tion of integrin alpha-6 (ITGA6) and targeted HBXIP to inhibit the m6A modification of
ITGA6 through methyltransferase-like 3 (METTL3). Our study revealed that SNHG3
controls the YTHDF3/ITGA6 and HBXIP/METTL3/ITGA6 pathways by repressing

miR-502-3p expression to sustain the self-renewal properties of CSC in LIHC.

KEYWORDS
cancer stem cells, ITGA, liver hepatocellular carcinoma, long noncoding RNA SNHGS,
microRNA-502-3p

hypertension, resection is recommended, but it is associated with a

With a 5-year survival of 18%, liver cancer is the second most lethal
tumor after pancreatic cancer.! For patients with early-stage liver

hepatocellular carcinoma (LIHC) with no history of cirrhosis or portal

recurrence rate of approximately 60%-70% at 5years.? The majority
of patients with the most frequent subtype of LIHC are diagnosed
at advanced stages, at which treatment options are limited to sys-

temic therapy.3 Cancer stem cells (CSC), a small population of tumor
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cells, have been revealed to hold highly tumorigenic, metastatic, and
chemotherapy- and radiation-resistant properties, thus resulting in
relapse after therapy.4 Therefore, studying the molecular crosstalk
underlying the maintenance of CSC in LIHC is of great value in im-
proving patient prognosis.

The significance of long noncoding RNAs (IncRNAs) in the
initiation and progression of LIHC has been appreciated because
they govern the proliferation, apoptosis, vessel formation, and in-
vasive ability of cancer cells by binding to DNA, RNA, or proteins.5
Mechanistically, the competing endogenous RNA (ceRNA) model
describes IncRNAs as sponges for microRNAs (miRNAs) to indi-
rectly modulate the targets of miRNAs.® SNHGs are a family of
IncRNAs that are overexpressed in many malignancies, including
respiratory and digestive tumors.” SNHG3 primarily competes as a
ceRNA that targets tumor suppressor miRNAs, thereby regulating
biological processes in tumors.® Moreover, SNHG3 has been iden-
tified as one of the 11 CSC-related IncRNAs with prognostic value
in LIHC.” However, its functional role in regulating CSC in LIHC
remains unclear. By intersection of differentially expressed miR-
NAs in the GSE108724 and GSE166348 datasets and possible tar-
gets of SNHG3 in the Starbase website (https://starbase.sysu.edu.
cn/index.php), we obtained four candidates: hsa-miR-500a-3p,
hsa-miR-502-3p, hsa-miR-151a-3p, and hsa-miR-196b-5p. Only
miR-502-3p has not been reported to be related to the stemness
of CSC.10712 Therefore, we selected miR-502-3p for subsequent
assays.

We previously reported that miR-448 targets YTHDF3, thus
controlling the expression of ITGA6," a factor generally used to
identify CSC populations and sustain the self-renewal of CSC.}* In
contrast, HBXIP was shown to potentiate the malignant biological
behaviors of LIHC cells via N6-methyladenosine (mé6A) modification
of hypoxia-inducible factor-1a in a METTL3-dependent manner.®
Intriguingly, METTL3 catalyzes the m6A modification of ITGA6,
thereby encouraging the translation of ITGA6 mRNA.X These data
led us to hypothesize that HBXIP and YTHDF3 are the putative tar-
gets of miR-502-3p. The motivation and innovation of this study
was to decode the interaction between SNHG3 and miR-502-3p in
two possible pathways, the YTHDF3/ITGA6 axis and the HBXIP/
METTL3/ITGAG axis in LIHC, thereby providing an understanding of
the role of SNHG3 in LIHC.

2 | MATERIALS AND METHODS

2.1 | Tumor tissue collection

Cancerous and adjacent tissues resected from 86 patients who
had been diagnosed with LIHC at the Central South University
Xiangya School of Medicine Affiliated Haikou Hospital between
March 2019 and March 2021 were collected. None of the pa-
tients had received chemotherapy or drugs before surgery. The
patients were followed up every 2months after surgery, with a
total follow-up period of 12months. The study was approved by
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the Ethics Committee of Central South University Xiangya School
of Medicine Affiliated Haikou Hospital, in compliance with the
Declaration of Helsinki. Informed consent was obtained from all
patients.

2.2 | Cell culture and lentiviral infection

Huh7 and PLC/PRF/5 cells were cultured in DMEM/F12 contain-
ing 10% FBS, 100pg/mL penicillin, and 100U/mL streptomy-
cin. For CSC isolation, Huh7 and PLC/PRF/5 cells were grown in
serum-free DMEM/F12 medium (Thermo Fisher Scientific Inc.)
with penicillin-streptomycin, B27 supplement, 20ng/mL EGF,
20ng/mL bFGF, and N2 supplement for 2 weeks. The medium was
renewed every 3days. The cells forming spheres in the superna-
tant were made into single-cell suspensions (termed PLC/PRF/5/
CSC or Huh7/CSC). The CSC markers, CD13 and CD133, were
subsequently identified using flow cytometry. PLC/PRF/5/CSC or
Huh7/CSC cells were cultured in DMEM/F12 plus penicillin-strep-
tomycin, B27 supplement, 20ng/mL EGF, 20 ng/mL bFGF, and N2
supplement at 37°C with 5% CO,,.

The lentiviral vectors were designed and constructed by
GenePharma. Huh7/CSC and PLC/PRF/5/CSC cells were infected
with different lentiviral vectors for 72 h. Positive cells were screened
using puromycin, and the effect of infection was verified by RT-
gPCR or Western blot. Detailed methods of malignant phenotype
measurements and binding relation assessments can be found in
Appendix S1.

2.3 | RT-gPCR

The TRIzol kit was used for total RNA extraction, and a
PrimeScript™ RT reagent kit (RRO37Q, Takara Biotechnology Ltd.)
was used for reverse transcription. TB Green® Premix Ex Tagq™
Il (RR820Q; Takara) was used for gPCR. Quantitative analysis of
miRNA was performed using the Mir-X miRNA gRT-PCR TB Green
Kit (638314, Takara). mRNA or miRNA expression was normalized
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to B-actin or U6 and calculated using the method. Primers

used are listed in Table 1.

2.4 | Western blot

Cells or tissues were lysed in RIPA lysis buffer containing 1% pro-
tease inhibitor with 1% phosphatase inhibitor. The proteins were
separated by SDS-PAGE and transferred to PVDF membranes. The
membranes were sequentially sealed with goat serum and incu-
bated with primary antibodies (Appendix S1) overnight at 4°C and
with HRP-conjugated goat anti-rabbit secondary antibody (1:2000,
ab6721, Abcam) for 120min at room temperature. An ECL kit was
used for protein development, and band intensity was analyzed
using ImagelJ software.
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TABLE 1 Primer sequences.

Gene Forward sequence (5’-3') Reverse sequence (5’-3')

SNHG3 GACTTCCGGGCACTTCGTAA TGCTCCAAGTCTGCCAAAGA
miR-502-3p TCCTTGCTATCTGGGTG GAACATGTCTGCGTATCTC
YTHDF3 GCTACTTTCAAGCATACCACCTC ACAGGACATCTTCATACGGTTATTG
HBXIP TGTTCTAGCCCAGCAAGCAGCT CGTGATGCCATCGTGTTTCTGG
ITGA6 CGAAACCAAGGTTCTGAGCCCA CTTGGATCTCCACTGAGGCAGT
METTL3 CTATCTCCTGGCACTCGCAAGA GCTTGAACCGTGCAACCACATC
p-actin CACCATTGGCAATGAGCGGTTC AGGTCTTTGCGGATGTCCACGT
ué CTCGCTTCGGCAGCACAT TTTGCGTGTCATCCTTGCG

Abbreviations: HBXIP, hepatitis B virus X-interacting protein; ITGA6, integrin alpha-6; METTL3,
methyltransferase-like 3; miR-502-3p, microRNA-502-3p; SNHGS3, small nucleolar RNA host gene

3; YTHDF3, YTH domain-containing family protein 3.

2.5 | Animal studies

The experimental protocol was authorized by the ethics committee
of the Central South University Xiangya School of Medicine
Affiliated Haikou Hospital and conformed to the Guide for the Care
and Use of Laboratory Animals. Five-week-old male BALB/c nude
mice (n=120, Vital River) were maintained under specific pathogen-
free (SPF) conditions.

For tumor growth assessment, 10* Huh7/CSC infected with
different lentiviral vectors were mixed with Matrigel at a 1:1 ratio,
and the mixture was injected subcutaneously into nude mice (n=26).
Tumor volume was assessed every other week during the experi-
ment using the following formula: (long diameterxshort diame-
ter?)/2. At week 5 after injection, the nude mice were euthanized
using 150mg/kg sodium pentobarbital. The tumor tissues were
weighed, and 4-pm paraffin sections were prepared from the tumor
tissues after embedding in paraffin.

For mouse survival assessment, a mixture of 10° infected Huh7/
CSC cells with Matrigel was administered to the liver of nude mice.
The mice were monitored daily, and the time of death was recorded.
The mortality rate of the mice was analyzed after the death of the
last mouse in each group (n=26).

2.6 | Immunohistochemistry

Paraffin-embedded sections of subcutaneous tumor tissues were de-
waxed, rehydrated, and heated for antigen retrieval. Goat serum sealing
was performed to avoid nonspecific binding. The sections were probed
with the antibody against KI67 (1:200, ab15580, Abcam) overnight at
4°C and with goat anti-rabbit secondary antibody (1:1000, ab6721,
Abcam) for 0.5h at room temperature. The sections were stained with
DAB, and positivity was observed under a light microscope.

2.7 | Statistical analyses

All data were analyzed using GraphPad Prism 8.0 (GraphPad) and are
indicated as mean+SD. Comparisons between the two groups were

analyzed using paired or unpaired t-tests. The data among multiple
groups were analyzed using one-way or two-way ANOVA and
Tukey's post-hoc test. Kaplan-Meier analysis was used to generate
survival curves, and Pearson's correlation coefficient was used to
evaluate the correlation of indicators. Statistical significance was set
at p<0.05.

3 | RESULTS AND DISCUSSION

The oncogenic role of SNHG3 has been indicated in bladder can-

cer,'”” non-small cell lung cancer,'® v

oral squamous cell carcinoma,
and gastric cancer.?’ More importantly, SNHG3 has been reported
to induce epithelial-mesenchymal transition and sorafenib resist-
ance by mediating the miR-128/CD151 pathway in LIHC.?! However,
there are no clues regarding the sustained effects of SNHG3 on CSC

in LIHC.

3.1 | SNHG3is overexpressed in LIHC and linked
to the stemness of LIHC cells

In the UALCAN database (http://ualcan.path.uab.edu/index.html),
SNHG3 was found to be overexpressed in LIHC (Figure 1A), which
was associated with poor patient prognosis (Figure 1B). RT-gPCR and
FISH in tumors and adjacent tissues from our cohort showed over-
expression of SNHG3 in tumor tissues (Figure S1A,B). Patients were
categorized into high- and low-SNHG3-expression groups based on
median SNHG3 expression. Survival was worse in patients with high
SNHG3 expression levels (Figure S1C). CSCs are regulated by the
expression of several stemness-associated genes, such as SOX2 and
Nanog, and CSCs within LIHC are mostly marked by various surface
markers, including EpCAM.?? Intriguingly, the expression of SNHG3
was positively correlated with EpCAM, Nanog, and SOX2 expression
(Figure S1D).

We isolated Huh7/CSC and PLC/PRF/5/CSC, and flow cytom-
etry analysis of the CSC markers CD13 and CD133 confirmed the
successful isolation of Huh7/CSC and PLC/PRF/5/CSC (Figure 1C).
A much higher expression of stemness-related genes was observed
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FIGURE 1 Overexpression of SNHG3 in liver hepatocellular carcinoma (LIHC) relates to the stemness of cancer stem cells (CSC). (A)
UALCAN database analysis of SNHG3 expression in LIHC. (B) UALCAN database analysis of SNHG3 expression in LIHC with patient survival.
(C) Detection of stem cell markers in CSC populations by flow cytometry. (D) EpCAM, Nanog, and SOX2 protein expression in Huh7, PLC/
PRF/5, and CSC populations using Western blot. (E) SNHG3 expression in Huh7, PLC/PRF/5, and CSC populations using RT-gPCR. Data are
presented as mean+SD and analyzed using one-way/two-way ANOVA. **p <0.01.

in Huh7/CSC and PLC/PRF/5/CSC cell lines (Figure 1D), along with
elevated expression of SNHG3 (Figure 1E).

3.2 | Depletion of SNHG3 hinders self-renewal
properties of CSC and curbs tumor growth

SNHG3 expression was reduced in Huh7/CSC and PLC/PRF/5/CSC
using the three shRNAs. The shRNA with the highest efficiency
was selected using RT-gPCR and FISH for subsequent assays
(Figure 2A,B). Knockdown of SNHG3 decreased the expression
of stemness-associated genes in Huh7/CSC and PLC/PRF/5/
CSC (Figure 2C). Depletion of SNHG3 repressed cell viability and
colony formation, but its overexpression overturned this effect in
osteosarcoma.?® Furthermore, knockdown of SNHG3 restrained
the tumor growth of prostate cancer cells and elevated methionine
dependence in vivo.?* Soft agar colony formation and sphere-
forming assays revealed a significant decrease in colony formation
and sphere-forming abilities of Huh7/CSC and PLC/PRF/5/CSC

cells in response to SNHG3 inhibition (Figure 2D,E). Cell migration
and invasion were reduced after SNHG3 depletion (Figure 2F,G).
Loss of SNHGS3 inhibited subcutaneous tumor volume and tumor
weight (Figure 2H), with a significant decline in KI67 expression in
tumor tissues (Figure 2l). The survival rate of mice with orthotopic
implantation of Huh7/CSC with sh-SNHG3 was enhanced compared
with that of the control group (Figure 2J).

3.3 | SNHG3 interacts with miR-502-3p

SNHG3 was predicted in the LncATLAS database (https://Incat
las.crg.eu/) to be predominantly localized in the cytoplasm of
LIHC cells (Figure 3A), which was further confirmed in Huh7/
CSC and PLC/PRF/5/CSC cells using FISH (Figure 3B). We then
predicted miRNAs sharing interaction sites with SNHG3 in the
Starbase database, followed by the intersection with the dif-
ferentially expressed miRNAs in LIHC-related GSE108724 and
GSE166348 (Figure 3C). Four differentially expressed miRNAs,
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hsa-miR-500a-3p, hsa-miR-502-3p, hsa-miR-151a-3p, and hsa-
miR-196b-5p, were screened. miR-502-3p was also identified to in-
teract with circular RNA ribosomal protein L15 in gastric cancer®
and IncRNA PRKAG2-AS1 in LIHC.?¢ Therefore, miR-502-3p was
selected as the miRNA of interest.

RT-gPCR and FISH showed that miR-502-3p expression was re-
duced in the collected LIHC tissues (Figure S2A,B). RNA pull-down
experiments confirmed the binding relationship between SNHG3
and miR-502-3p (Figure 3D). Next, we obtained the binding sites
of SNHG3 for miR-502-3p from the Starbase database and mu-
tated the binding site (Figure 3E). Huh7/CSC and PLC/PRF/5/CSC
were transfected with miR-502-3p or inhibitor, followed by effi-
ciency validation using RT-qPCR and FISH (Figure 3F,G). The rela-
tive luciferase activity of SNHG3-WT was significantly reduced or
augmented upon transfection with miR-502-3p or inhibitor, respec-

tively (Figure 3H).

3.4 | miR-502-3p inhibitor compromises the
tumor-suppressive effects of sh-SNHG3

As expected, miR-502-3p expression was lower in Huh7/CSC
and PLC/PRF/5/CSC cells than in Huh7 and PLC/PRF/5 cells
(Figure 4A,B). miR-502-3p inhibitor was used to infect Huh7/CSC
and PLC/PRF/5/CSC with SNHG3 knockdown, and miR-502-3p was
downregulated after infection in the cells (Figure 4C,D). Intervention
with miR-502-3p inhibitor increased the expression of EpCAM,
Nanog, and SOX2 in cells (Figure 4E), and a significant promotion in
the colony formation and sphere-forming ability of Huh7/CSC and
PLC/PRF/5/CSC (Figure 4F,G) and a significant elevation in the mi-
gration and invasion of cells were observed (Figure 4H,1). Inhibition
of miR-502-3p accelerated subcutaneous tumor growth, as evi-
denced by an increase in tumor volume and weight (Figure 4J) and
an increase in the number of Kié7-positive cells in the tumor tissue
(Figure 4K). miR-502-3p inhibitor caused shorter surviving days in
mice (Figure 4L).

3.5 | miR-502-3p targets YTHDF3 to suppress
ITGA6 expression

m6A is a ubiquitous post-transcriptional modification of RNA, and
abnormal méA modification is tightly linked to LIHC progression.?”?8
The méA-related regulators, including writers (METTL3, METTL14,
METTL5, and METTL16), erasers (ALKBH5, ALKBH3, and FTO),
and readers (YTHDF1, YTHDF2, YTHDF3, YTHDC1, and YTHDC2)
cooperatively maintain the dynamic and reversible balance of mé6A
methylation.?? As YTHDF3 has been a research target and ITGA6
is a target of YTHDF3 in our previous study regarding LIHC,*® we
wondered whether miR-502-3p targeted YTHDF3 to mediate the
expression of ITGA6 in LIHC. In the StarBase database, miR-502-3p
was found to bind to YTHDF3 (Figure 5A), so we speculated that

miR-502-3p regulates ITGA6 expression through YTHDF3. YTHDF3

expression was elevated in LIHC according to the Starbase database
(Figure 5B).

YTHDF3 expression was elevated in clinical LIHC tissues, and
miR-502-3p was negatively correlated with YTHDF3 expression
(Figure S2C). Western blot analysis also revealed significantly ele-
vated YTHDF3 expression in LIHC tissues (Figure S2D). YTHDF3
mRNA and protein expression was detected in Huh7/CSC and PLC/
PRF/5/CSC infected with sh-SNHG3 alone or in combination with
miR-502-3p inhibitor. SNHG3 inhibition led to a decrease in YTHDF3
expression, and the miR-502-3p inhibitor partially restored YTHDF3
expression in the presence of sh-SNHG3 (Figure 5C,D). The bind-
ing relationship between miR-502-3p and YTHDF3 was confirmed
using an RNA pull-down assay (Figure 5E). We mutated the binding
sites of miR-502-3p and YTHDF3 and observed that the luciferase
activity of YTHDF3-WT was decreased upon transfection with miR-
502-3p and increased following transfection with miR-502-3p inhib-
itor (Figure 5F).

StarBase analysis showed elevated ITGA6 expression in LIHC
(Figure 5G). Consistently, our enrolled patients with LIHC showed
an upregulation of ITGA6, which was positively correlated with
YTHDF3 expression (Figure S2E). RIP experiments confirmed the
binding of YTHDF3 to the ITGA6 mRNA (Figure 5H). Huh7/CSC and
PLC/PRF/5/CSC cells with a YTHDF3 knockdown were generated.
After verifying transfection efficiency, we observed that YTHDF3
downregulation contributed to a decline in the protein expression of
YTHDF3 and ITGAé (Figure 51,J). SNHGS3 inhibition led to a remark-
able decline in the protein expression of ITGA6, whereas the miR-
502-3p inhibitor significantly augmented IGTA6 protein expression
in the cells (Figure 5K).

3.6 |
in LIHC

YTHDF3 promotes the translation of ITGA6

We overexpressed ITGA6 in Huh7/CSC and PLC/PRF/5/CSC based
on the knockdown of YTHDF3 or knockdown of SNHGS3, in which
ITGA6 expression was significantly restored (Figure 6A). Knockdown
of YTHDF3 decreased stemness-related gene expression, whereas
overexpression of ITGA6 contributed to the upregulation of tumor
stemness-related genes (Figure 6B). The colony-forming ability and
sphere-forming ability of Huh7/CSC and PLC/PRF/5/CSC were
reduced following knockdown of YTHDF3, and the self-renewal
ability of Huh7/CSC and PLC/PRF/5/CSC was enhanced after over-
expression of ITGA6 in addition to YTHDF3 or SNHG3 knockdown
(Figure 6C,D). Transwell assays confirmed the repressive effect of
YTHDF3 and SNHG3 knockdown on cell migration and invasion was
reversed by ITGA6 (Figure 6E,F). Depletion of YTHDF3 inhibited
subcutaneous tumor growth, whereas overexpression of ITGA6 pro-
moted tumor growth (Figure 6G), which occurred concomitantly with
the elevated Kl67 expression (Figure 6H). Knockdown of YTHDF3
prolonged the survival of tumor-bearing mice, whereas ITGA6 di-
minished the effect of the knockdown of SNHG3 and YTHDF3 and
shortened the survival of mice (Figure 6l).
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FIGURE 4 miR-502-3p inhibitor counteracts the inhibitory effect of sh-SNHG3 on stemness of liver hepatocellular carcinoma (LIHC) cells.
miR-502-3p expression in Huh7, PLC/PRF/5, and cancer stem cell (CSC) population by RT-gPCR (A) and FISH (B). miR-502-3p expression

in CSC populations after infection with sh-SNHG3 +miR-502-3p inhibitor by RT-qPCR (C) and FISH (D). (E) EpCAM, Nanog, and SOX2
protein expression in CSC populations using Western blot. The colony formation (F), sphere-forming ability (G), migration (H), and invasion

(1) of CSC populations were assessed. (J) The tumor growth of mice injected with CSC populations. (K) Immunohistochemical detection of
K167 expression in subcutaneous tumor tissues. (L) Survival in mice with in situ liver tumors. Data are presented as mean+SD (n=6) and
compared using unpaired t-test or one-way or two-way ANOVA. *p <0.05, **p<0.01.
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FIGURE 5 Inhibition of YTHDF3 by miR-502-3p suppresses ITGA6 expression. The binding sites between miR-502-3p and YTHDF3 (A)
and YTHDF3 expression in liver hepatocellular carcinoma (LIHC) (B) were predicted using the Starbase database. YTHDF3 expression in
cancer stem cell (CSC) populations with sh-SNHG3 or with miR-502-3p inhibitor by RT-gPCR (C) and Western blot analysis (D). The binding
relationship between miR-502-3p and YTHDF3 in CSC populations was analyzed using RNA pull-down assay (E) and dual-luciferase reporter
assays (F). (G) Starbase database analysis of ITGA6 expression in LIHC. (H) The binding relationship between YTHDF3 and ITGA6 in CSC
populations using RIP assay. (I) YTHDF3 mRNA expression in CSC populations after sh-YTHDF3. YTHDF3 and ITGA6 protein expression in
CSC populations after sh-YTHDF3 (J) or ITGA6 protein expression in CSC populations after sh-SNHG3 alone or with miR-502-3p inhibitor
(K). Data are presented as mean +SD and compared using paired two-way ANOVA and Tukey's post hoc test. **p<0.01.
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FIGURE 6 YTHDF3 promotes the translation of ITGA6 in liver hepatocellular carcinoma (LIHC). (A) ITGA6 protein expression in cancer
stem cell (CSC) populations after ITGA6 overexpression in the presence of sh-YTHDF3 or sh-SNHG3 using Western blot. (B) EpCAM, Nanog,
and SOX2 protein expression in CSC populations using Western blot. The colony formation (C), sphere-forming ability (D), migration (E),

and invasion (F) of CSC populations were assessed. (G) The tumor growth of mice injected with CSC populations. (H) Immunohistochemical
detection of KI67 expression in subcutaneous tumor tissues. (I) Survival in mice with in situ liver tumors. Data are presented as mean+SD
(n=6) and compared using one-way or two-way ANOVA. *p<0.05, **p<0.01.
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3.7 | METTL3-mediated m6A modification
expedites ITGA6 translation

METTL3 has been documented as an essential methyltransferase
and indispensable for the performance of méA modification.
METTL3 controls RNA expression in an mé6A-dependent manner,
thereby involving carcinogenesis, tumor progression, and drug re-
sistance in LIHC.%® Moreover, ITGA6 was associated with the pro-
motion of METTL3 expression in human bladder cancer tissues,
and ITGA6 upregulation in patients indicated lower survival.®!
Therefore, we postulated that the METTL3-catalyzed ITGA6 m6A
modification was also responsible for the oncogenic role of ITGA6
in LIHC. Surprisingly, we found that m6A methylation of ITGA6
was significantly higher in Huh7/CSC and PLC/PRF/5/CSC than in
Huh7 and PLC/PRF/5 cells, respectively (Figure 7A). The StarBase
database demonstrated that METTL3 was overexpressed in LIHC
(Figure 7B).

In our cohort, METTL3 was highly expressed in LIHC tissues
compared with adjacent tissues, and its expression was positively
correlated with ITGA6 expression (Figure S3A-B). Overexpression
of METTLS3 at both the mRNA and protein levels was detected in
Huh7/CSC and PLC/PRF/5/CSC but not in Huh7 and PLC/PRF/5
cells (Figure 7C,D). We overexpressed METTL3 in Huh7/CSC and
PLC/PRF/5/CSC cells, and RT-gPCR and Western blot analysis
verified successful transfection (Figure 7E,F). The global m6A
methylation (Figure 7G) and the m6A methylation level of ITGA6
mRNA (Figure 7H) in Huh7/CSC and PLC/PRF/5/CSC cells were
remarkably enhanced after ectopic expression of METTL3. RIP ex-
periments confirmed the binding of METTL3 to the ITGA6 mRNA
(Figure 71). Huh7/CSC- and PLC/PRF/5/CSC-overexpressing
METTL3 were subjected to YTHDF3 knockdown, and RT-gPCR
was conducted to verify the transfection efficiency (Figure 7J).
ITGA6 protein expression was elevated after ectopic expression
of METTLS, while it was partially decreased after YTHDF3 knock-
down (Figure 7K).

3.8 | miR-502-3p targets HBXIP to repress
METTL3-mediated ITGA6 expression

Interestingly, HBXIP promoted gastric cancer via mé6A modification
of MYC mRNA governed by METTL3.32 There was a predicted bind-
ing site between miR-502-3p and HBXIP (LAMTORS5) in the Starbase
database, and HBXIP was highly expressed in LIHC (Figure 8A). We
speculated that miR-502-3p, which inhibited ITGA6 expression by
targeting YTHDF3 in LIHC, can also affect METTL3 expression by
targeting HBXIP and eventually repress ITGA6.

HBXIP mRNA and protein expression were also significantly el-
evated in LIHC tissues of our cohort (Figure S3C). Moreover, HBXIP
mRNA expression shared a negative correlation with miR-502-3p ex-
pression and a positive correlation with METTL3 and ITGA6 expres-
sion (Figure S3D). HBXIP mRNA and protein expression was higher
in Huh7/CSC and PLC/PRF/5/CSC than in Huh7 and PLC/PRF/5

cells, respectively (Figure 8B,C). In Huh7/CSC and PLC/PRF/5/
CSC, depletion of SNHG3 suppressed the expression of HBXIP
and METTLS, while miR-502-3p inhibitor upregulated HBXIP and
METTL3 (Figure 8D,E). RNA pull-down assays confirmed the binding
relationship between miR-502-3p and HBXIP (Figure 8F). Similarly,
we mutated the binding sites of miR-502-3p and HBXIP and found
that the luciferase activity of Huh7/CSC and PLC/PRF/5/CSC with
the mutated binding site was insignificantly affected by miR-502-3p
or miR-502-3p inhibitor (Figure 8G).

Next, we performed a knockdown of HBXIP in Huh7/CSC and
PLC/PRF/5/CSC, followed by RT-qPCR to verify the knockdown ef-
ficiency (Figure 8H). METTL3 expression showed a significant re-
duction upon sh-HBXIP infection (Figure 8l). As a consequence, the
protein expression of HBXIP, METTL3, and ITGA6 was downregu-
lated as well (Figure 8J). Further overexpression of METTL3 was per-
formed on Huh7/CSC and PLC/PRF/5/CSC with HBXIP knockdown,
and RT-qPCR showed a significant promotion in METTL3 expression
(Figure 8K). A significant increase in ITGA6 protein expression after
METTL3 overexpression intervention was observed (Figure 8L). The
m6A methylation on ITGA6 mRNA was decreased following HBXIP
silencing, which was reversed by METTL3 (Figure 8M). The méA
methylation of ITGA6 was assessed in Huh7/CSC and PLC/PRF/5/
CSC with sh-SNHG3 alone or in combination with miR-502-3p in-
hibitor. SNHG3 knockdown decreased the mé6A modification on
ITGA6, and miR-502- 3p inhibitor increased the mé6A modification
(Figure 8N).

3.9 | The HBXIP/METTL3/ITGAG axis is involved in
influencing stemness in LIHC

Western blot showed that suppression of HBXIP resulted in an up-
regulation in the expression of EpCAM, Nanog, and SOX2, which was
reversed by overexpression of METTL3 (Figure S4A). Similarly, the
knockdown of HBXIP significantly decreased the colony formation
and sphere-forming ability of CSC, and then METTL3 overexpres-
sion strengthened the number of colony formation and sphere-
forming significantly (Figure S4B,C). Overexpression of METTL3
resulted in increased migratory and invasive activity of CSC in the
presence of HBXIP loss (Figure S4D,E).

We demonstrated that (1) SNHG3 was an oncogenic IncRNA and
may be a biomarker of LIHC and (2) SNHG3 had effects on LIHC pro-
gression by promoting CSC self-renewal through the miR-502-3p-
mediated YTHDF3/ITGA6 and HBXIP/METTL3/ITGA6 pathways
(Figure 9). The above findings suggest that SNHG3 may become a
promising target for LIHC and provide a strategy for LIHC treatment.
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Huh7, PLC/PRF/5, and cancer stem cell (CSC) populations by mé6A-IP-qPCR. (B) Starbase database analysis of METTL3 expression in
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ANOVA. **p<0.01.
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FIGURE 8 miR-502-3p targets HBXIP to regulate METTL3-mediated ITGA6 expression. (A) Starbase database prediction of binding sites
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