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ABSTRACT

Recent studies have unveiled that LINC00173 promotes small cell lung cancer progression. However,
LINC00173 has not been studied in Wilms’ tumor (WT). N-glycosylation is a complex post-translational
protein modification, and alterations of protein glycosylation have been identified to affect the
development of multiple tumors, including WT. MGAT1, known as N-acetylglucosaminyltransferase
| (GIcNACT-1), could initiate synthesis of complex N-glycans, but it has never been related to
LINC00173 in WT. This study aimed to explore if LINC00173 could impact WT progression via
MGAT1. RT-gPCR and western blot were done to measure the expression and protein levels.
Functional assays, as well as animal experiments were conducted to evaluate the function of genes
in vivo and in vitro. Additionally, RNA pull-down, RIP, and dual-luciferase reporter assays were carried
out to determine the molecular bindings. In vitro experiments proved that sh-LINC00173 inhibited WT
cell invasion and promoted WT cell apoptosis, while in vivo experiments indicated sh-LINC0O0173
restrained WT progression. LINC00173 stabilized MGAT1 mRNA by recruiting HNRNPA2B1. Meanwhile,
MGAT1 was verified to stabilize MUC3A protein by inducing N-glycosylation. In summary, our
study first discovered that LINCO0173 promoted WT progression through MGAT1-mediated
MUC3A N-glycosylation, giving new clues to further understanding the mechanism underlying WT
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progression.

Introduction

Wilms’ tumor (WT) is the most common renal
cancer in children, and every 1 out of 10,000
children suffers from WT [1]. Recent years have
witnessed a great improvement in the deepened
understanding of the predisposition genes in WT.
Many researchers have pointed out that WT is
highly correlated with many genetic conditions,
such as Bohring-Opitz syndromes [2], DICERI
[3] and PIK3CA-related overgrowth spectrum
[4]. The existing evidence supports that the under-
lying predisposition genes exhibit diverse func-
tions and are engaged in multiple biological
processes [1]. Currently, although some predispo-
sition genes of WT have been identified, more
efforts still need to be made to enrich the knowl-
edge of developmental and oncological mechan-
isms of WT. Further investigation into the roles of
these genes should also be conducted to provide

clinical reference for individuals with WT and
their families.

The published research works have demonstrated
that long non-coding RNAs (IncRNAs) play an
indispensable role in the progression of malignan-
cies, for instance, hepatocellular carcinoma [5], cer-
vical cancer [6] as well as WT [7]. To be specific,
IncRNA myocardial infarction-associated transcript
(MIAT) has been testified to propel WT cell prolif-
eration and WT metastasis, which implies that
MIAT is likely to be a potential biomarker for the
diagnosis of WT [7]. According to a recent report,
long intergenic non-coding RNA 173 (LINC00173)
has been identified to trigger chemo-resistance and
growth of small cell lung cancer [8]. Nevertheless,
the role of LINC00173 in WT has not been explored
yet. Accordingly, this study attempted to investigate
whether LINC00173 was able to exert influences on
the biological behaviors of WT cells, including
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apoptosis and migration, and on the progression and
metastasis of WT.

Glycosylation represents the most complex protein
modification. In recent years, alterations of protein
glycosylation have been reported to remarkably
impact tumor growth and metastasis [9,10]. In parti-
cular, protein N-glycosylation has been regarded as an
essential modification at post-translational level and
this process is proved to influence various biological
processes [11]. Notably, previous literature has indi-
cated that mannosyl (alpha-1,3)-glycoprotein beta-
1,2-N-acetylglucosaminyltransferase (MGAT1) can
cause the synthesis of complex N-glycans [12].
However, the underlying mechanism of MGATI
in WT remains unknown. In this study, we also
intended to explore whether N-glycosylation
mediated by MGAT1 played a part in modulating
WT progression.

To sum up, this research mainly aimed to
uncover the role played by LINC00173 in WT
development and the related regulatory mechan-
ism. Hopefully, the findings of this research could
provide support for developing therapeutic target
of WT.

Materials and methods
Cell culture

Normal human embryonic kidney HEK-293A cell
line was procured from RIKEN BioResource
(RCB0665, Japan). Three WT cell lines used in
this study, namely HFWT, G-401 and SK-NEP-1,
were purchased from American Type Culture
Collection (ATCC; Manassas, VA, USA). Cells
were cultured in RPMI 1640 medium (CD-02168-
ML, Gibco, USA) added with 10% fetal bovine
serum (FBS; Gibco) and 100 U/ml penicillin-
streptomycin solution. The culture dishes were
maintained in the humidified incubator with 5%
CO, at 37°C.

Quantitative reverse transcription polymerase
chain reaction (RT-qPCR)

Trizol (abs60154, Absin, China) was used to
extract total RNAs from targeted cells. Supplier’s
guidance was strictly followed. Reverse transcrip-
tion kit (11141ES10, Takara, Japan) was utilized

to reversely transcribe the extracted RNAs (2 pg)
into the corresponding cDNAs. Subsequently, RT-
qPCR Kit (QR0100-1KT, Sigma-Aldrich, USA) was
applied for RT-qPCR analysis. The expression levels
of LINC00173, MGAT1, HNRNPA2B1 and MUC3A
were calculated and demonstrated as 274", with
GAPDH or U6 serving as internal control.

Cell transfection

The sh-RNAs (Ribobio, China) were used for
knockdown of LINC00173 (sh-LINC00173-1/2/3),
MGAT1 (sh-MGATI1-1/2/3), HNRNPA2B1 (sh-
HNRNPA2B1-1/2/3) or MUC3A (sh-MUC3A-1/
2/3). Sequences for sh-RNAs are provided in
Table 1. The pcDNA3.1 vector (Ribobio, China)
was utilized for overexpression of LINC00173,
HNRNPA2B1, MGAT1 or MUC3A. Control vec-
tors including sh-NC and pcDNA3.1 were also
obtained. The above-mentioned plasmids were
transfected into indicated cells respectively with
Lipofectamine 2000 (XFSJ16444, Gibco, USA).
Forty-eight hours later, the stably transfected cells
were selected and involved in the following experi-
ments. RT-qPCR was performed to test the knock-
down or overexpression efficiency.

Terminal deoxynucleotidyl transferase (TdT)
dUTP nck-end labeling (TUNEL) assay

TUNEL assay was carried out to evaluate apoptosis
of G-401 and HFWT cells. After being fixed with 4%
paraformaldehyde and permeabilized with 0.5%
Triton X-100, indicated cells were incubated with
50 uL TdT reaction mix. Then, the nuclei were
dyed by DAPI. Eventually, the fluorescence intensity
was detected under a fluorescence microscope (XSP-
63B, Shanghai Optical Instrument Factory).

Flow cytometry analysis

Annexin V-FITC Apoptosis Kit was used in this
assay to assess the apoptosis of HFWT and G-401
cells. Manufacturer’s instruction was strictly fol-
lowed. After being washed with phosphate buffer
saline (PBS), the transfected cells were stained by
Annexin V-FITC for 10 min in a dark room. The
result was analyzed via flow cytometry (DxFLEX,
Thermo Fisher).



Table 1. Sequences of shRNAs, primers and MGAT1 3'UTR.
Sequences of primers

MUC3A Forward: 5-TGGTTCGAGACCTGGGATGA-3'
Reverse: 5-CAGGACTCACCTGTTCCGTC-3’
MGAT1 Forward: 5-CGGAGCAGGCCAAGTTC-3'
Reverse: 5-CCTTGCCCGCAGTCCTA-3’
LINC00173 Forward: 5-GCCAGCTCTCGGTACCTGGA-3’
Reverse: 5-GGATCGCAACATTCCTGCCAAG-3’
HNRNPA2B1 Forward: 5-ATTGATGGGAGAGTAGTTGAGCC-3'
Reverse: 5-AATTCCGCCAACAAACAGCTT-3’
GAPDH Forward: 5-GCACCGTCAAGGCTGAGAAC-3'

Reverse: 5'-TGGTGAAGACGCCAGTGGA-3’
Target sequences of shRNAs
sh-LINC00173-1 5'-ACCTGTCACAGCTTGTTTATT-3’
sh-LINC00173-2 5'-ACGTTACTCTAAGGCTTTATT-3’
sh-LINC00173-3 5'-TCTGGGAAATGGGAGTAATAA-3’

sh-MGAT1-1 5'-CCGGACTTCTTCGAGTACTTT-3
sh-MGAT1-2 5'-CTGGACAAGCTGCTGCATTAT-3'
sh-MGAT1-3 5'-CCCTGAGATCTCAAGAACGAT-3'

sh-HNRNPA2B1-1
sh-HNRNPA2B1-2
sh-HNRNPA2B1-3

5'-CAGAAATACCATACCATCAAT-3’
5'-TGACAACTATGGAGGAGGAAA-3'
5'-GCTTCTTCCTATTTGCCATGG-3'

sh-MUC3A-1 5'-GTGTATCCAACGAGCTTTATA-3’
sh-MUC3A-2 5'-TCCCAGCTCCACTTCTTTAAT-3’
sh-MUC3A-3 5'-GTCCTCAACACCCACTATTAT-3'

Sequences of MGAT1 3'UTR
>hg38_knownGene_ENST00000333055.8 range = chr5:180784782-
180791633 5'pad = 0 3'pad = 0 strand = - repeatMasking = none
CACCTGCCTGTCCTTCCTGGGCCCCTCCTTGCCACATCATGAGCTGAGGT
GGGACCACAGTCCCCAGGCTGCATCGGCCTGCCTGTGTTTCCCTCTTAGG
TGCATTTATCTTTTTGATTTTTCCGAGTGGCATTTAAGTGCACAAATGAT
AACAAGAGGATTATTCTCCCGTTCTCAAGGGAGTCAGATCAGGGGAACTA
TTCTAGGGTATGTTGCGGGGTATTAAGCAGGAAACCACTGTGTGGTGGGG
GGCACTGGGCTTGTTGGGGCCAGAAATGTCCACGTCCTGAGCTTTCTCCT
GGAGCATGTGCAGAGAGTTTGGCAACGTTCGCTCTCTTGACCAGACCCCT
TCTCCCTGACCTGGCTCTTCCAGCCAGGGCACGAGCCCTCCTTCTATACC
TGCTCCCCTTCCCCCAGTGGGGACTGAGTTATGGGAGAAGGGGACATATT
TGTGGCCAAAATGATACTAACCAAAGGGGCTTCCTTGTCAGGGCCTGGTG
GAGTTGGTGGGTCATCGGGGCTCACTGCCTCCTGCCCTTCTCTCCTGTCT
GACCCCCACTTAGCCCTTCTCTCCTTGCAGCCTAGCAGTTTATAGTTCTG
AGATGGAAAGTTGAAGGGGGCAAGCAAGACCTCTCCTCAGCCCATGCCCA
GCTGTCAGGAGAGAGGTGCAGGGAGGAAGGCCTTGTGCTGGGACAACCTC
TCTCTTGCCTTACCTCAGAGAGGGACTATGCCCTGACCCCTCCTTTCTGA
AAATCAGTGCCCTCCCTGTTGCTCTAGGAGGCTCCTGCTGGCTTGGTAGA
AGACAGAATTCGATCTGCCTGTCCCTTTTTCCCCTGGGGTTTGACACACA
GGCTCCTCTCAGCATGAGGTGGAGCAGTGACCAGGTGGAGCAGTGACCAG
GACGCCTCTGGCCCAGTGCTGCCCAGCCTCCCCGCCCGLCTCCCAGGLGLC
CCATGTCCTCACAGGCCAGGACGCCATGGCAGGATGGAGAGGACTTGGTG
GATTTTTGTTTCTTGCCTGACCTCAGTTTCATGAAAGAAAGTGGAAGCTA
CAGAATTATTTTCTAAAATAAAGGCTGAATTGTCTGAAAAATATTTATGT
GTGTGTGTCCTGGAAAAGGAGGTGGCAGGCAGGGAAAGAAAGGAAAAGGG
AGAATGAAGAGTTAAGGAGAGGGCTAGACGGGTGGGAGGAAGCAAAGTTG
AGGAAAGAAAGCAGATGAGTGGGAGGGAAGAGCCAGGGACAGCCCAGGGG
ATGGGGGCCAGGTGGGAAAGGAAGTCCAGGCCACAAGGTGGAGAGGAGCC
CCGGACTGTGCTCCTGCTGATCGTCCTGTAGAGCCAGGAGGCCGCAGCAG
GAAAGCTGGTGAGTGTCTCCTGCTTCTGCCTCCTGCTGGCTGGGCAGGCC
TGGTCTGGGGAAGAACCAGGTCCTCTGATCAGGGTGGTCCCTGAGTGGTG
CTTTGTGCCCGGTGCCCTCTGCTGGCCCAGGCAGTGCTTATTGAGTGCCC
TTTATGACGTGCCGGGGAGCCTCAGGGTACACAGCTGATACCAGGGTTGG
CCTCACAGTGGCGCTTGGACTCCCAAACGCAACCCCAGTGAGAGTGCCTG
TTTTGCTAATACCCAGAACACAGACAGACTGTTACCTCTGCATATCACGT
GCAACATTCTGAGAGTTTCTGTTCTCCACTAATTCATTTAAAAGAACAAA
ACGCGGCCGGGCGCAGTGGCTTACACATGTAATCCCAGCACTTTGGGAGG
CTGAGGCGGACGGATCACGAAGTCAGGAGTTCGGGACCATCCTGGCCAAC
ATGGTGAAACCTAAAAATACTCTACTAAAAATACAAAAACTTGCTGGGCA
TGGTGGCACACACCTGTAATCCCAGCTACTCAGGAAGCTGAGGCTGGAGA
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Table 1. (Continued).

ATCACTTGAACCCGGGAGGCAGAGGTTGCAGTAATCCAAGATCATACCAC
TGCACTCCAGCCTGGGCGACAGAGCAAGACTCTGTCTCGGAAAAACAAAA
CGCTTTTTGTGACTCACGAACTTGATTTCATGAGTGGGTTTGAAAACCCT
GGGCTAGTCCAGGCGCGGTGGCTCACGCCTGTAATCCCAGTACTTTGGGA
GGCTGAGGCGGGTGGATCACTTCAGGAGTTTGAGACCAGCCTGGCTAACA
TGGTGAAACCCCATCTCTACTAAAAATACAAAAATTAGCTGGGTGTGGTG
GCACATGCCTGTAATTCCAGCTACTTGGGAGGCTGAGGCAGGAGAATTGC
TTGAACCCGGGACGGGGTGGTTGCAGTGACCTGAGATCGCACCACTGCAC
TCCAGCCTGGGCGGTAAGAGCGAAACTGCGTCTCAAAACAAAACAAACCA
AAAACCCTGGGCTAGGCAACTTTCTTGGCAGAAACTACTTTGGAGCTCGA
CACCAGATGGTGGCAGAGTTGTCTGGGGAGCTGTGTCGAGGGCCGTGGCC
TTGGGAGCAGCTCCAACCTCCCATCTGGGCTCAGAAACCAGTGTCAGACA
TTGGTTTTATTTTAACCTTTGAGATTTGTGTGGAGCGGGTTTTGCCTTCC
CCTGTTGCTTAGATGGATTATTTAGCCATATTTTTTGTTAAATAAGGGGA
GGTGGTCATTATCCGTGATTTCAGACGTGGAATCGGCCCGGCGATAGCTG
CATTGTGCCCTTTCCGGTGGAGCCAGGAGGAGTTTGGCCGCCACGCTCCA
TGCGCATAGCATGTCATGCAGCTAGCCAAGTGCATTGTTCTGAGTGCTCC
AGGATAAGTACCAACTTACTTAGTGCTCCAGGATAAGTACCAACTTAGTG
CTCCAGGATAAGTACCAACTTACTTAGTGCTCCAGGATAAGTACCAACTT
ACTTAGTGCTCCAGGATAAGTACCAACTTACTTAGTGCTCCAGGATAAGT
ACCAACTTACTTAGTGCTCCAGGATAAGTACCAACTTACTTAGTGCTCCA
GGATAAGTACCAACTTACTTAGTGCTCCAGGATAAGTACCAACTTACTTG
ATCCTCAGAGCAAGCCTAGGCGGTGGGTACTGTTTTGCTCCTGTTTTACC
AGTGAGGAAGCAGGCACACAGAGGTGAAGTTGCCCAAGGTCACACAGATG
GTTGAGGGAGAGCCGGATTGGAATGAACTCTGTGCTGTTAGCCACTGTGT
GAGGCTGGACTGTTCCATTCCAGCCTTTACGGCCTCTTCCAGGCCATTCC
CCAGCTGCACTTGGATTCTCAGGCCAGGCACCGGCGGTCTCCTGTGAGGG
TGGAGAGGAAGAGGGGGCTGCGTGGCTCGGGGAGGTCCAGGAGAGATGGC
GGGAGGAGTAGAGTTTGGGGCCTGCGGTGCCAGAGGACCCCCTTACAAGA
CGAAAGACTGGGTTCTCAGGCTCCTGAAGCAAGGAGCACCTTCAGGGGTC
TCCTGGTATTCACCCATCAAGGCTTGCTCAGGTGGCATGCGTGTGTGCGT
GGCGGCTGCCCCCGGGCCCGGAAGCGCCTGTGGATACCAAAGCAAGTGGA
AATGCCAGATGGAAAAGCCCCGTGTTAGTCAATGCTGTAGAGTTCAGCCA
GCCTCGAGTTTGCAGGTTTACAGAGCTGCCTTGCGCCTGGCTGCTGCTGC
TGCTGCATTCCTGCTTCTGCCTCCAGCTGTGACCACCTCCTGCCACTCCT
GCTCTCACTGTGGGTTCCTGCTCACTCTGTCTCCAGGACAGACTGCCTTC
CGGGCAGCCTTCCCTCCTCAAGCCTCTTGGCCTTTGCAATCCTCTTACCT
GGGTCACTGGTGGGATCTCATTTGTGGATCAAGTCGCCCCCAGTGGAGAC
AAATGTCTGATGGAGTCTGGCCAAGGCCCTCCTGAGCCTTCACTGGGCCC
TGCATGAGAAGCCTGCCAAGGCTGAGGGGCCAGGGAAACGGAGACGAAGC
CCTCAGAGCAGGCCAAGAGGGTGGGAGGTGGGGGGCATTTAGAGGGTTAG
ATACAGAGCACCCCTTTACAAATACCAGCTACTGGCTTTTCGTATTACAT
GTTCATTTTAGATACAACATACTGCACACGCTCCCTTAACGTGTGTTTAC
GCGTGGGTGGTGTATCCTTCCAGACGTCTTCCTCACATCTATACATAATA
TGCATAGATAAAACATTTACCACCAAAACCCATAGTGTTATGTACATATT
TGTCTGGCTGTGTAACTTTAAATAACATACAAATGTATAGAACAGAAGCT
TGCCCTCTTTCTGAAATATCTAACGTGGGATTTCAGGCTTTCTGATGAGA
CCTCTGTAGAGGTCAGTGTTTTGCCACCAGAGGTCCTTCAGCCTCCATCT
GTTCTCCCACCTACCCACATTCTGGCCCCTGGCAATTCACAGGGAGTTTA
GGAAGTAGACACCAGGGCCCTATTTCCTGGAGACCAGCCTGGTGGCCGAT
GTCATAGAGTGCGGTGGGCCTGGGCCGGCCCTGCTCTGGGCCCGTGACCT
GCGTGTCTGACTCGGGTCCAGCTGTTCTTCCTGCCAGAGCCTCTTCCTGT
GAGGCGGGGGTAACACAACCTTCTGTGGTGGCTGTGGGATTAATCCGTAT
GGCTGCATTGTGAGTAAAGCCTGGTGGAAATCTCTGTCTCCACTGCTTTC
CTTTTCCTGCTGTTCACCTTGGCTCCCTCGACACTTAATCCCCCTCCACA
TGTGTCTGGAGCGGGCAGAGCGGGGGCAGTTGATAGAAAGGGGGCCGGGT
AGTGCCAAGGCTGTTACTTTCCCCCACTGCCTCCCTTGGCTAACTTGAAG
TCTGACCCTTTATACCAGAACTGTAAGACAGTGTGTCAGAATGGATTCAG
TTGCAGAGCAGGAAGCCTGGATCCCAGCGCCGGACGGAAATGAGAGGTCG
ATGGTGCAGGCTGGTGTGGGGGTTCCTCCACCGTCAGGGCCCAGGCTCCT
TCTCAGGTCTCAGTCTCACTCTTCTTAGCACGAGGTCAGGTCTCATTCCT
TGGCTGCGGGAGCTCCAGCCAGCACACGTTTTAGGAAGAAGGAGGAAGGA
AGAAGGTAAAGGGTGGATGGCAGCTGCCTCCTCCTCTCTTGGAAGCTCAC
AGAGCGCTGGGTCACAATTCCCTGGGTAGAACTGGATCACACAGGCACCC
CTGTCAGCAAAAGAGGCTGGAAAAAGTATTTCTGAAGCTGAATCAAATTA

(Continued)
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Table 1. (Continued).

AGATTCCTGTTACTAAGAAGGGAGTGATTGTATGGGCGACTACAGGGACC
ACGGCCATACACGGTGCCTGGAAGACCAAGCTTGTGACAGTGACGAGGAT
TTGGAGAGGGCAGGGTGATGGGGAGCTTTGGGGGGAGTGCATTAGGAACC
CTGACCTGGAGAGGGGCAGAATGAAACCTGCGGGCCCCTAACCCTAGTGG
GTTGTTTGAGAAACCTGTCCTACTGTGGCAGGGGGCTGAGTCTTCTCAGG
GTCATGCATGAAAACTGAAATTCCTGAAGGCCACACACAGCCCCGGAAGT
GCTGACTGACAAGGGCACATGCCAGTGATGCAGTTTTCTTTTTTGTCTTC
ACTTTTGTTGTTCCGCCGTCTTCAACACATGGCTCCCAGCTCACAGCAAA
TGCTGCCCTGGTTCAGCTACCAGGAAGCAGGAGAGGGGAAGGGAGGGCAA
GCCTCATTCTTTATGGAACAAAAGCAGTGGGCAGACAGCCTTCCCTCACG
TTCCACTCACTGGAATGTGGTCTGGCTGCCTTCCCTGCAGGAGGTGGGAT
GCACCCTCAGTGCAGCAGCCCTGCCCCAGCCAAAAACGTCTCAGCACAGC
TGTAAGAAGAGGAAGATGGCTAGAGACAGGCAGCCTTCCCTGCAAGGGCA
ATGAGGCAAGCCTGCCAAAAGCCTCCTTTGGAAATACTGTTTGATTACTT
TTCAGAGTTTCTATTTAGGAAAAGGGCAAAACCTTTCAGGATCAGGAGTA
GGTGAGCGGCGATCAGGCCTCACTCTTCACCGAGGGCCTTCCCTGAGGAG
GGGCCTGCAGGACGCTGGCAGCGGAATGGGGCTGTGTGGCTGCTAGATTA
GGTCATGGCAGGGAGACAGCCTCTTCCTGGTTCTTGCTAGAACAGGCACA
CTTGGGGCCTTGAGCTCCAGGGAGTTCATGGAAGACATCTGACTACCCTG
AGCCCCTTGCTGGAGGGTTCTGGGGAGTGGCCCACGGCCACCGTCACCCA
TGGCCACCGTCACCCACAGGGGCCGTGAGGACATCCCTGGCCAGCATCTA
ACACAACCACATGGGATGCCCTAAGCAACTACTGCCCAGCCGAGGGCTGC
CTGAATTTCTGACTCACAAATGGTGGGCAATGTGAAACGGGTATTTTAAG
CTGCTGAGTTCTGCGGGAGTTTGCTGAGCAACAGTAGAAACCAGAACTCT
CGGATACTGTGTTCTGTCCTTGAAACGGTGGAAGATTTTATGTGACCAGA
ATGGAATGTTTGAACAAATATTTTGAGAATAGAATTTTAAAACATTTACT
CATCAGCATCCAAGGGTGGGGAGCAGTGTCATCTAGGAGACTGGTTCTAT
TATTTACGTAGATGTTCTTGAATTAAAGGATGGGAATATTTTTTCCTTCC
AAAACTTTTTTTCAATTTTATATTCTGTTTTTCAAGTTTTTATTATGAAA
ATATTCAAACTCACAGGGAAGTTGAAAGACTAATACAAAGAAGAACCATA
CTCTTTCCACTGACATGATCCAACGAGGAATATTTTGCCACACGGCAAAT
ATATACCGTATAATTTTCTGTACCACTTGATAGAAAGGTAAAGAATGAAT
ATTGTTTTTTAAATAACTTTTTTCGTATATAAGTAATATGTGCTTATCGT
GTAACTACCTAAAAACATTGAAAAATAAAAGGAAAATAAAATTCATACAT
AA

Wound healing assay

The transfected G-401 and HFWT cells were
planted into 6-well plates. Then, the cells with
80% confluence were scratched with the 200-uL
sterile pipette tip. After the scratched cells were
washed off, 2% FBS was added into the medium.
The culture dishes were placed into the incuba-
tor containing 5% CO, at 37°C. The scratches at
0 h and 24 h were imaged under a microscope
and further analyzed by MShot Image Analysis
System.

Transwell assay

Transwell filter chambers were used based on
the manufacturer’s guidance. The stably trans-
fected G-401 and HFWT cells were suspended
in the apical chamber, where the serum-free
RPMI 1640 medium (Gibco, Gaithersburg, MD,

USA) was added. The basolateral chamber was
added with 10% FBS (Gibco, USA). Twenty-
four hours later, the migrated cells were fixed
with methanol for 10 min. Subsequently, 0.5%
crystal violet was used for staining nuclei. The
number of migrated cells was counted under
a light microscope.

RNA binding protein immunoprecipitation (RIP)

Imprint® RNA Immunoprecipitation Kit (RIP-
12RXN, Sigma-Aldrich, MA, USA) was used to per-
form RIP assay with G-401 and HFWT cells, follow-
ing the user manual. Cell lysates were incubated
with anti-immunoglobulin G (IgG), Anti-U2AF2
(ab37530, Abcam, Cambridge, UK), Anti-TAF15 (#
28409S, Cell Signaling Technology, USA), Anti-
SRSF1 (32-4500, Invitrogen), Anti-HNRNPA2B1
(ab31645, Abcam), Anti-MGAT1 (sc-376079, Santa
Cruz Biotechnology, CA, USA) or Anti-MUC3A (sc-
7315, Santa Cruz Biotechnology) antibodies coated
with magnetic beads at 4°C overnight. After purifi-
cation, the immunoprecipitated RNAs were further
subjected to RT-qPCR.

Western blot

Proteins from G-401 and HFWT were isolated by
using protein lysis buffer (RIPA20110527, TBD,
China) and then extracted with Total Protein
Extraction Kit (PROTTOT-1KT, Sigma-Aldrich,
USA). After that, SDS Quick Match Gel Kit
(P0670-250 ml, Beyotime Biotechnology, Shanghai,
China) was applied and the extracted proteins
(60 pg) were transferred onto polyvinylidene fluor-
ide (PVDF) membranes. Subsequently, the mem-
branes were blocked with 5% skimmed milk and
primary antibodies were added for co-culture at
4°C overnight. The primary antibodies used in this
study included anti-GAPDH, anti-cleaved caspase-3,
anti-Bcl-2, anti-Bax, anti-f-actin, anti-MGAT1, anti-
HNRNPA2B1, anti-MUCI, anti-MUC13 and
anti-MUC3A. Afterward, secondary antibodies
were added for incubation. The expressions of
tested proteins were analyzed by J software. [-
Actin and GAPDH acted as the internal refer-
ences in this study.



Dual-luciferase reporter assay

pcDNA3.1 or pcDNA3.1-LINC00173 was co-
transfected with pGL3 or pGL3+ MGAT1 promoter
into HEK293T cells. Likewise, pcDNA3.1 or pc
DNA3.1-LINC00173 was also co-transfected with
pmirGLO or pmirGLO+MGATI1-3'UTR into
HEK293T cells. In addition, pcDNA3.1 or pcDNA3.
1-HNRNPA2BI1 was co-transfected with pmirGLO,
pmirGLO+MGAT1-3'UTR or pmirGLO-MGAT1
-3'UTR (MUT) into HFWT and G-401 cells. Then,
the luciferase activity was detected under different
conditions and renilla luciferase activity served as
the internal reference.

RNA pull-down assay

Pierce® RNA 3’ End Desthiobiotinylation Kit
was utilized for obtaining biotinylated MGAT1
3'UTR probe (Bio- MGAT1-3'UTR), biotinylated
LINCO00173 probe (Bio-LINC00173) and negative
control probes (Bio-NC). The supplier’s instruc-
tions were strictly followed. Then, the biotiny-
lated RNAs were cultivated with streptavidin
beads. After obtaining cell lysates, streptavidin-
coated magnetic beads were added for incuba-
tion overnight. RT-qPCR or western blot was
subsequently performed to detect the expressions
of relevant RNAs or proteins.

Concanavalin A (ConA) pull-down assay

Con A antibody was incubated with G-401 and
HFWT cell lysates at 4°C. Con A Sepharose beads
were added to precipitate lectin-binding proteins.
After elution, the mannoproteins were separated
from the total proteins and then the protein levels
were measured through western blot.

Tumor xenograft model

Male BALB/c mice at 6-8 wk of age were uti-
lized in our study. All mice were obtained from
Jiangsu Jicui Yaokang Biological Technology Co.
Ltd. HFWT cells transfected with sh-NC, sh-
LINC00173-1 or sh-MGAT1-1 in 100 puL PBS
were implanted subcutaneously in the right
flank of BALB/c mice. Tumor size and volume
was observed and recorded every 3 d since d 7.
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Tumor volume was expressed in mm’ using the
formula: V = 0.5 x (length x width [2]). At d 28
after injection, mice were sacrificed, and the
tumor tissues were obtained for further analysis.
Animal studies were reviewed and approved
Jiangdu People’s Hospital of Yangzhou.

Hematoxylin-eosin (HE) staining

HE staining was conducted as previously described
[13]. The paracancerous lymph nodes of the tumor
tissues from nude mice were fixed in paraformal-
dehyde (PFA) overnight, embedded in paraffin,
and then cut into sections with 4 pm thickness.
The sections were then dewaxed with xylene,
hydrated with gradient ethanol, and stained with
5% Hematoxylin for 5 min, followed by soaking in
tap water for 15 min or warm water for 5 min at
about 50°C. The samples were then counterstained
with eosin solution for 2 min. After washing and
dehydration, an inverted microscope was used for
photography and observation of the sections.

Statistical analysis

Statistical analysis was done with the help of SPSS
statistical software package and GraphPad Prism
7.0. Each experiment was performed at least three
times. All data were presented as mean + stan-
dard deviation (SD). To compare the differences
between groups, Student’s ¢-test, one-way analysis
of variance (ANOVA) or two-way ANOVA were
used. P < 0.05 was viewed with statistically sig-
nificant difference.

Results
LINC00173 promotes WT progression

First, to explore the role of LINC00173 in WT
in vitro, LINC00173 expression in WT cell lines
was assessed. RT-qPCR data depicted that
LINC00173 expression was higher in WT cell
lines (HFWT, G-401, SK-NEP-1) than in normal
human embryonic kidney HEK-293A cell line,
and HFWT and G-401 displayed the highest
LINCO00173 level (Figure 1(a)). Thus, HFWT and
G-401 cell lines were selected for subsequent loss-
of-function assays to probe into the impacts of
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LINCO00173 knockdown on WT cell proliferation
and apoptosis. The knockdown efficiency of sh-
RNAs targeting LINC00173 (sh-LINCO00173-1/2/3)
in HFWT and G-401 cells was tested through RT-
qPCR. As shown in Figure 1(b), sh-LINC00173-1
and sh-LINCO00173-2 knocked down LINCO00173
expression more efficiently than sh-LINC00173-3,
so sh-LINC00173-1/2 was applied in the following
experiments. Subsequently, to evaluate apoptosis
of WT cells, we conducted TUNEL assay and
flow cytometry analyses with HFWT and G-401
cells. Results illustrated that WT cell apoptosis was
increased by sh-LINC00173-1/2 (Figure 1(c,d)). In
addition, western blot was used to detect the levels of
apoptosis-related proteins including cleaved cas-
pase-3, Bcl-2 and Bax in WT cells, the result of
which showed that cleaved-caspase 3 and Bax levels
were elevated, while Bcl-2 levels were decreased in
WT cells transfected with sh-LINC00173-1/2, con-
sistently showing that WT cell apoptosis was facili-
tated by the knockdown of LINC00173 (Figure S1A).
Thereafter, we examined the impact of LINC00173
deficiency on WT cell migration via wound healing
and transwell assays. First, to rule out the possibility
that the mitigated migration of WT cells was attrib-
uted to the strengthened apoptosis caused by
LINCO00173 knockdown, flow cytometry was done
to detect the apoptosis of WT cells within 24 h,
which was the duration of migration assay. We con-
firmed by flow cytometry analysis that at 24 h, apop-
tosis of LINCO00173 depleted WT cells had no
significant change in comparison with sh-NC trans-
fected WT cells (Figure S1B). Later, results of wound
healing and transwell assays evidenced that down-
regulated LINC00173 hindered the migration of WT
cells (Figure 1(e,f)).

Moreover, to verify the effect of LINC00173 on
WT in vivo, we conducted animal experiments.
HFWT cells transfected with sh-LINC00173-1 or
sh-NC were injected into mice to generate xeno-
grafts. The results revealed that the inhibition of
LINC00173 could repress WT tumor growth
(Figure S1C-D). HE staining of the tumor samples
from mice showed that metastasis nodes in sh-
LINC00173-1 group were significantly fewer than
in the sh-NC group, indicating that LINC00173
depletion suppressed tumor metastasis in vivo
(Figure SI1E). In short, LINC00173 knockdown
could impede WT development.

MGAT1 hampers cell apoptosis and propels cell
migration in WT

It was discovered that N-glycosylation could reg-
ulate multiple functional genes in TW [14].
MGAT1 is known as a crucial gene to synthesize
processed mannose cores into complex N-glycans
or hybrid N-linked oligosaccharide structures
[12,15]. More importantly, a former report has
pointed out MGAT1 is associated with tumor
metastasis in hepatocellular carcinoma (HCC)
[16]. Thus, we wondered whether MGAT1 parti-
cipated in WT progression. Expectedly, RT-qPCR
revealed that MGATI1 expression was higher in
three WT cell lines than in HEK-293A cells, espe-
cially in HFWT and G-401 cells (Figure 2(a)). The
following RT-qPCR outcomes confirmed the suc-
cessful knockdown of MGAT1 by sh-MGAT1-1/2/
3, and sh-MGAT1-1/2 with higher knockdown
efficiency was used in the following assays
(Figure 2(b)). Subsequently, data from TUNEL
assay and flow cytometry analyses demonstrated
that MGAT1 knockdown accelerated apoptosis of
WT cells (Figure 2(c,d)). Similarly, protein levels
of cleaved caspase-3 and Bax increased and Bcl-2
level decreased under MGAT1 inhibition, accord-
ing to western blot data in WT cells (Figure S2A).
Meanwhile, we verified via flow cytometry analysis
that apoptosis of WT cells at 24 h was not altered
after MGAT1 knockdown (Figure S2B). Then,
wound healing and transwell assays verified that
the migration of WT cells was hampered by
MGAT1 knockdown (Figure 2(e,f)).

Similarly, in vivo experiments verified that
MGAT1 depletion could slow down WT tumor
growth (Figure S2C-D). HE staining also verified
that metastasis node number in mice was reduced
by sh-MGAT1-1 (Figure S2E). In summary,
MGAT1 knockdown could accelerate WT cell
apoptosis and restrain cell migration in vitro and
retard WT tumor growth and metastasis in vivo.

LINC00173 upregulates MGAT1 in WT cells

Since IncRNAs are widely acknowledged as regu-
lators of functional genes, including in WT [7,17],
we interrogated whether MGAT1 was a target of
LINCO00173 in WT cells. First, we investigated the
correlation between LINCO00173 and MGATI
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expression levels in HFWT and G-401 cells.
According to RT-qPCR data, MGAT1 expression
decreased with LINC00173 knockdown in HFWT
and G-401 cells, whereas LINC00173 expression was
not altered with MGAT1 knockdown (Figure 3(a)).
This finding suggested that MGAT1 was a down-
stream target of LINC00173 in WT cells. Accor-
dingly, we verified that the protein level of MGAT1
was decreased in HFWT and G-401 cells transfected
with sh-LINC00173-1/2 (Figure 3(b)). To figure out
the specific regulatory mechanism, a series of
mechanism experiments were carried out. Prelim-
inarily, pcDNA3.1-LINC00173 was utilized to over-
express LINCO00173 in HFWT and G-401 cells
(Figure 3(c)). In dual-luciferase reporter assay, we
found that luciferase activity of pmirGLO+MGAT1-
3'UTR, rather than pGL3+ MGAT1 promoter,
increased after cells were co-transfected with
pcDNA3.1-LINC00173 (Figure 3(d,e)). This finding
suggested that LINC00173 targeted MGAT1 at post-
transcriptional level. In subsequent RNA pull-down

assay, we analyzed LINC00173 enrichment in Bio-
MGAT1-3'UTR before and after cells were treated
with Protease to hydrolyze proteins [18]. As a result,
the enrichment of LINC00173 was abundant in the
Mock group, which that was little in Protease-treated
cells, which indicated that the interaction between
LINC00173 and MGAT1-3'UTR was mediated by
certain proteins (Figure 3(f)). Therefore, it was con-
cluded that LINC00173 could upregulate MGAT1
expression in WT cells.

LINC00173 recruits HNRNPA2B1 to stabilize
MGAT1 mRNA

Reviewing previous literature, RNA-binding proteins
(RBPs) have been identified as vital mediators in the
post-transcriptional regulation of genes by IncRNAs
[19]. Based on the findings that LINC00173 interacted
with MGAT1-3'UTR indirectly, we tried to explore
whether regulation of LINC00173 on MGAT1 was
mediated by a certain RBP. We searched on starBase
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(http://starbase.sysu.edu.cn/) to find potential RBPs
potentially binding with LINC00173 (under the con-
dition of CLIP-Data >3) and MGAT1 (under the
condition of CLIP-Data >6) at the same time. After
comparing the two sets of predicted RBPs, we identi-
fied U2AF2, TAF15, SRSF1 and HNRNPA2BI as
candidate RBPs (Figure 4(a)). Subsequently, RIP
assay was performed with HFWT and G-401 cells.
Supported with RT-qPCR analysis, enrichment of
LINCO00173 and MGAT1 was discovered to be sub-
stantial only in anti-HNRNPA2BI1 (Figure 4(b,c)).
Then, western blot following RNA pull-down assay
confirmed that HNRNPA2BI protein was obviously
pulled down by Bio-LINC00173 and Bio-MGAT1
-3'UTR in two WT cell lines (Figure 4(d.e)).
Moreover, we found that the binding between
MGATI1-3'UTR and HNRNPA2B1 was inhibited
after LINC00173 knockdown (Figure 4(f)). These
data confirmed that LINCO00173 influenced the

binding between HNRNPA2B1 and MGATI1
3'UTR in WT cells. Later, the knockdown and
overexpression efficiency of sh-HNRNPA2B1-1/2/3
and pcDNA3.1-HNRNPA2B1 were examined in
HFWT and G-401 cells by RT-qPCR (Figure 4(g)).
Two interference sequences (sh-HNRNPA2B1-1/2)
were chosen for the following experiments for their
higher efficiency. Then, RT-qPCR and western blot
data represented that MGAT1 expression at both
RNA level and protein level was decreased as
a result of HNRNPA2B1 knockdown in WT
cells (Figure 4(h)). To further examine whether
HNRNPA2BI1 targeted MGAT1 at 3'UTR region,
we carried out dual-luciferase reporter experiments
in HFWT and G-401 cells. Consequently, we verified
that HNRNPA2B1 overexpression enhanced the
luciferase activity of pmirGLO+MGATI1-3'UTR
rather than that of pmirGLO+MGATI1-3'UTR
(MUT), confirming that HNRNPA2B1 targeted
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by indicated antibodies was detected through RT-gPCR. (d-e) After RNA pull-down assay, western blot was performed to measure the protein
level of HNRNPA2B1 pulled down by Bio-LINC00173, Bio-MGAT1-3'UTR or Bio-NC. (f) RNA pull-down assay and western blot detected the level
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knockdown, with B-actin as negative control. *P<0.05, **P<0.01.
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Figure 5. MGAT1 stabilizes MUC3A protein stability via N-glycosylation in WT cells.(a) N-glycosylation sites of MUC3A, MUCT and
MUC13 were predicted via NetPhos 3.1 Server. (b) Western blot measured the total protein of MUC1, MUC13 and MUC3A in HFWT
and G-401 cells. After ConA pull-down, mannoprotein levels of MUC1, MUC13 and MUC3A were also detected through western blot
in WT cells with or without MGAT1 knockdown. (c) In ChIP assay, western blot analysis was applied for measuring the enrichment of
MGAT1 and MUC3A in indicated groups. (d) By western blot, the total protein of MUC3A in HFWT and G-401 cells was examined
before and after BAG addition. After ConA pull-down assay, mannoprotein level of MUC3A was also detected via western blot under
different conditions. (e) The overexpression efficiency of pcDNA3.1-MGAT1 in HFWT and G-401 cells was tested by RT-qPCR and
western blot. (f) Western blot measured total protein levels of MGAT1 and MUC3A in HFWT and G-401 cells in pcDNA3.1, pcDNA3.1-
MGAT1 or pcDNA3.1-MGAT1+PNGaseF groups. After ConA pull-down assay, mannoprotein level of MGAT1 and MUC3A in WT cells
was also examined under different conditions. (g) After addition of CHX, western blot was conducted to detect protein levels of
MGAT1 and MUC3A in HFWT and G-401 cells with or without MGAT1 overexpression every 4 hours. **P<0.01.

MGAT1 at 3'UTR region (Figure 4(i)). Then, we
detected whether HNRNPA2B1 could stabilize
MGATI mRNA in WT cells. HFWT and G-401
cells were treated with 50 mM a-amanitin to block
the transcription of MGAT1. RT-qPCR revealed that
HNRNPA2BI1 knockdown facilitated the degrada-
tion of MGATI mRNA in WT cells (Figure 4(j)).
Altogether, we summarized that LINC00173 could

stabilize the mRNA of MGAT1 by recruiting
HNRNPA2BI.

MGATT1 stabilizes MUC3A protein through
N-glycosylation in WT cells

Later, we proceeded to investigate the target down-
stream of MGAT1. MGATI has been reported to
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Figure 6. MUC3A restrains cell apoptosis and facilitates cell migration in WT.(a) RT-gPCR and western blot were conducted to test
knockdown efficiency of sh-MUC3A-1/2/3 and overexpression efficiency of pcDNA3.1-MUC3A in HFWT and G-401 cells. (b-c) Flow
cytometry and transwell assays evaluated the effects of MUC3A knockdown on apoptosis and migration of WT cells. (d-e) Flow
cytometry and transwell assays were done to determine apoptosis and migration of HFWT and G-401 cells transfected with sh-NC,
sh-MGAT1-1, sh-MGAT1-1+pcDNA3.1, or sh-MGAT1-1+pcDNA3.1-MUC3A. **P<0.01.

initiate synthesis of complex N-glycans and to facil-
itate cancer progression [12,20]. According to pub-
lished studies, mucin (MUC) family genes have been
found to be dysregulated in multiple cancers [21,22]
and most members of MUC family genes can be
glycosylated [23,24]. Thus, we tried to determine

whether MGAT1 could mediate N-glycosylation of
MUC family in WT cells. First, we searched for the
MUCs related to WT. Based on previous study,
MUC1 [25], MUC3A [26] and MUC13 [27,28]
were correlated with poor prognosis in renal
tumors. Then, with the help of NetPhos 3.1



Server (https://services.healthtech.dtu.dk/service.
php?NetPhos-3.1), the N-glycosylation sites of
the above MUC family genes were predicted. The
potential N-glycosylation sites with the values over
0.5 were chosen (Figure 5(a)). Thereafter, western
blot was performed to measure the protein levels
of MUC1, MUCI13 and MUC3A in whole cell and
in the pulldown of Con A. It turned out that both
total protein and isolated mannoprotein level of
MUC3A obviously declined due to MGATI
knockdown, but levels of total MUC1 and
MUCI3 and their enrichment in ConA
pulldown presented no variation after MGAT1
knockdown, indicating that MGAT1 only regu-
lated the N-glycosylation of MUC3A (Figure 5
(b)). Subsequently, through CoIP assay and wes-
tern blot, we confirmed that MGAT1 could
interact with MUC3A (Figure 5(c)). Benzyl-a-
N-acetylgalactosamine ~ (BAG;  abs42014051,
Absin, China), a synthetic analogue of
N-acetylgalactosamine, served as an inhibitor of
O-glycosylation [29]. Based on the results of
Figure 5(d), we noticed that neither total protein
nor mannoprotein level of MUC3A had signifi-
cant change on account of BAG treatment,
which meant that MGAT1 did not mediate
O-glycosylation of MUC3A in these WT cells.
Later, as shown in Figure 5(e), it was confirmed
that MGAT1 expression was enhanced after
pcDNA3.1-MGAT1 was transfected into HFWT
and G-401 cells. Furthermore, PNGaseF, an
inhibitor of N-glycosylation, was utilized for
deglycosylation treatment [30]. According to
the results of western blot, we found that total
protein level and mannoprotein level of MUC3A
and MGATI increased in response to MGAT1
overexpression, which was reversed by PNGaseF
treatment in WT cells, implying that MGAT1
regulated MUC3A through N-glycosylation
(Figure 5(f)). Referring to published report,
N-glysosylation may affect protein stability [31].
Therefore, MUC3A protein stability was exam-
ined in HFWT and G-401 cells. Chlorhexidine
(CHX; S0083, BioVision, China) was used to
inhibit protein synthesis. WT cells were treated
with CHX and the relevant data were gleaned
every 4 h. Based on the results of western blot,
we concluded that MGAT1 overexpression could
strengthen MUC3A protein stability (Figure 5
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(g)). In summary, MGATI stabilized MUC3A
protein through N-glycosylation in WT cells.

MGATT restrains WT cell apoptosis and facilitates
cell migration via MUC3A

Moreover, we investigated the effects of MUC3A
on apoptosis and migration of WT cells. First, RT-
qPCR and western blot data showed that the
expression of MUC3A was knocked down by sh-
MUC3A-1/2/3 and was upregulated by
pcDNA3.1-MUC3A in HFWT and G-401 cells
(Figure 6(a)). Sh-MUC3A-1/2 with higher knock-
down efficiency was applied in the following
assays. No obvious alterations in MGAT1 were
discovered in response to MUC3A silence (Figure
S3A). Subsequently, we found that with MUC3A
knockdown, the apoptosis of WT cells was pro-
moted (Figure 6(b)). The results of western blot
depicted that MUC3A knockdown elevated
cleaved-caspase-3 and Bax levels and diminished
Bcl-2 level, further confirming the promoting
influences of MUC3A silence on cell apoptosis
(Figure S3B). Additionally, we confirmed that
knocking down MUC3A could not affect the
apoptosis rate of WT cells within 24 h (Figure
S3C). Based on this finding, we conducted trans-
well assay and confirmed that MUC3A knock-
down retarded WT cell migration (Figure 6(c)).
Thereafter, we examined whether MGAT1 regu-
lated apoptosis and migration of WT cells via
MUC3A. As depicted in Figure S3D, MGATI1
knockdown resulted in a reduction in MUC3A
and MGAT1 levels, and the decline in MUC3A
level was reversed by pcDNA3.1-MUC3A co-
transfection, while the decrease in MGAT]1 expres-
sion was hardly altered under the same condition.
Flow cytometry analysis and western blot assays
validated that the stimulating effects of MGAT1
downregulation on WT cell apoptosis could be
offset by MUC3A upregulation (Figure 6(d) and
S3E). Moreover, we confirmed by flow cytometry
analysis that apoptosis of WT cells of the above-
mentioned groups was not altered within 24
h (Figure S3F). Then, we verified that WT cell
migration retarded by MGAT1 knockdown was
recovered by MUC3A upregulation (Figure 6(e)).
In conclusion, MGAT1 was able to affect apoptosis
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and migration of WT cells via modulation on
MUC3A.

Discussion

Renal tumor occupies 7% of all neoplasm cases in
children and the most common subtype is WT
[32]. Recently, IncRNAs are emerging as a new
focus in cancer research as they have been discov-
ered to participate in the progression of diverse
malignant tumors, including WT [33]. According
to the latest report, IncRNA SNHG16 has been
identified to play an oncogenic role in WT by
sponging miR-200a-3p [17]. Referring to the pub-
lished work, it was revealed that LINC00173 func-
tioned as an oncogene to facilitate the malignancy of
melanoma [34], and LINCO00173 silencing weakened
CRC cell growth and metastasis via miR-765/PLP2
axis [35]. This study was the first to concentrate on
the effects of LINC00173 in WT and tried to unveil
its related mechanism. At the very beginning, we
confirmed the relation between LINC00173 and
WT by validating the upregulation of LINC00173
in WT cell lines. Then, functional assay results evi-
denced that LINCO00173 knockdown accelerated
apoptosis and retarded migration of WT cells. The
results of animal experiments along with HE staining
manifested the suppressive impacts of LINC00173
silence on tumor progression and metastasis. The
findings together suggested that LINC00173 could
restrain WT cell apoptosis and promote WT cell
migration in vitro and accelerate WT tumor growth
and metastasis in vivo.

Moreover, based on previous evidence, protein
glycosylation alterations have been investigated in
multiple tumors and proven to stimulate tumor
development [9,36]. Notably, N-glycosylation is
suggested to regulate multiple functional genes
in TW according to a former study [14].
Further, a previous research has suggested that
MGAT1 is able to initiate the synthesis of
N-glycans [12], but our study first linked
MGAT1 with WT. Our data first showed the
upregulation of MGAT1 in three WT cell lines.
Similarly, based on loss-of-function assays, we
confirmed that MGATT1 also served as an onco-
gene to inhibit apoptosis and propel migration
of WT cells in vitro and positively regulate WT
tumor growth and metastasis in vivo.

Subsequently, we first discovered that LINC00173
positively regulated MGAT1 expression but MGAT1
failed to regulate LINCO00173 expression in WT
cells, suggesting that MGAT1 was downstream of
LINC00173. Then, luciferase reporter assay sug-
gested that LINC00173 might affect MGAT1 expres-
sion post-transcriptionally via indirect binding to
MGAT1 3'UTR. Recent reports have substantially
revealed the affinity between IncRNAs and RBPs in
tumor cells [37,38]. Herein, HNRNPA2B1 was vali-
dated to be recruited by LINC00173 in WT cells. The
involvement of HNRNPA2BI in different malignan-
cies has been unveiled. For example, miR503HG
bound to HNRNPA2BI to regulate NF-kB pathway
and aggravate hepatocellular cancer progression
[39]. LINC01234 recruited HNRNPA2B1 to aggra-
vate the malignancy of lung cancer [40]. In this
study, it was confirmed that LINC00173 could mod-
ulate MGAT1 mRNA stability via the interaction
with HNRNPA2BI1.

Furthermore, we explored the targets for MGAT1
in WT cells. Considering that MUC family genes
could be glycosylated and further affect cancer pro-
gression [21,22,24,41], we speculated that MGAT1
could mediate N-glycosylation of MUC family genes
in WT cells. Supported by bioinformatics analysis,
MUCI, MUC3A and MUCI13 with potential
N-glycosylation sites were picked out as the candi-
dates. Interestingly, by RNA pull-down and Con
A pull-down assays, we found that only MUC3A
interacted with MGAT1 and N-glycosylation of
MUCS3A could be mediated by MGAT1. Previously,
MUC3A was suggested to predict unfavorable prog-
nosis in colorectal cancer [42]. Herein, we uncovered
the upregulation of MUC3A in WT cells and con-
firmed that its knockdown could hinder migration
and aggravate apoptosis of WT cells. In addition,
a previous study put forward that N-glycosylation
could impact protein stability [31]. Accordingly, this
study evidenced that MGAT1 overexpression could
enhance the protein stability of MUC3A via affecting
MUC3A N-glycosylation. Finally, it was reflected in
rescue experiments that overexpression of MUC3A
could restore the effects of MGAT1 knockdown on
WT cell apoptosis and migration.

To summarize, the oncogenic role of LINC00173
and MGAT1 was ascertained via in vitro and in vivo
experiments. Moreover, LINC00173 was proved to
enhance MGAT1 mRNA stability via interaction



with HNRNPA2BI1, and MGATI1 was verified to
positively affect MUC3A protein stability via mod-
ulation on MUC3A N-glycosylation. The limitation
of study lies in that the relation between LINC00173
and WT needs to be further confirmed with involve-
ment of clinical samples. Nevertheless, the novel
findings of this study might provide an innovative
perspective to a better understanding of mechanisms
in WT and help develop potential biomarkers for
WT diagnosis and treatment.
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