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Abstract

Gastric cancer is one of the most common causes of cancer-related death world-
wide. The Né-methyladenosine (m®A) reader IGF2BP1 (insulin-like growth factor-
2 mRNA binding protein 1) has been reported to promote cancer progression by
stabilizing oncogenic mRNAs through its m®A-binding activity in some tumors.
However, the role of IGF2BP1 in gastric carcinogenesis remains unclear. In this
study, we found that IGF2BP1 is significantly downregulated in tumor tissues
from patients with gastric cancer. Lower expression of IGF2BP1 is associated
with poor prognosis. Gastric cancer cell proliferation is suppressed by IGF2BP1
in an m°A-dependent manner. Additionally, IGF2BP1 is able to significantly at-
tenuate tumor growth of gastric cancer cells. Further m®A sequencing and m°A-
RNA immunoprecipitation assays show that MYC (c-myc proto-oncogene) mRNA
is a target transcript of IGF2BP1 in gastric cancer cells. IGF2BP1 inhibits gastric
cancer cell proliferation by reducing the mRNA and protein expression of MYC.
Mechanistically, IGF2BP1 promotes the degradation of MYC mRNA and inhibits
its translation efficiency. Taken together, these data suggest that IGF2BP1 plays
a tumor-suppressive role in gastric carcinogenesis by downregulating MYC in an
méA-dependent manner, thereby making the IGF2BP1-MYC axis a potential target

for gastric cancer treatment.
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1 | INTRODUCTION

Gastric cancer was responsible for over 1 million new cases and an
estimated 769,000 deaths in 2020, ranking fifth for incidence and
fourth for mortality globally.1 Therefore, it is important to under-
stand the molecular mechanism of gastric cancer progression, which
is of great significance for its early diagnosis and precision treatment.

Né-methyladenosine RNA modification is one of the most abun-
dant internal modifications in eukaryotic mRNAs.? The highly dy-
namic and reversible m®A modification of mRNAs is mediated by
proteins that install, recognize, and remove méA sites. The writer
complex of m®A consists of a methyltransferase-like 3 catalytic sub-
unit and other accessory subunits,>* while FTO alpha-ketoglutarate
dependent dioxygenase or alkB homolog 5 constitutes the demeth-

ylases (erasers).>® N°

-methyladenosine RNA-binding proteins (read-
ers) can specifically recognize and bind to m®A-modified mRNAs,
thereby regulating the metabolism of methylated mRNAs.””? As m®A
modification of mRNAs is involved in the regulation of nearly every
aspect of the mRNA life cycle, including splicing, transport, stability,
and translation, it plays crucial roles in various developmental pro-
cesses and human cancers.**° However, the role of m®A modification
in gastric cancer remains elusive.

Insulin-like growth factor 2 mRNA-binding proteins (including
IGF2BP1-3) have been reported as a distinct family of m°A read-
ers.™ The IGF2BPs contain six characteristic RNA-binding domains,
including four type | hnRNP KH domains at the C-terminus and two
RNA recognition motifs at the N-terminal end.’ KH domains, par-
ticularly KH3 and KH4 domains, are essential for the binding and
recognition of the consensus GG (m®A) C sequence of m°A-modified
mRNAs.'* The IGF2BP family has been documented to have im-
portant functions in many biological processes, such as embryo de-
velopment and cancer progression, by regulating RNA metabolism
processes.13 Recent studies show that IGF2BP1 plays the most con-
served oncogenic role among all members of the IGF2BP family in
tumor-derived cells'*!>; nevertheless, the regulatory mechanism of
IGF2BP1 in gastric cancer is still unclear.

Here, we found that IGF2BP1 is significantly reduced in tumor
tissues from patients with gastric cancer, which is also correlated
with shorter survival times. Additionally, IGF2BP1 suppresses gas-
tric cancer cell proliferation in an m®A-dependent manner along with
inhibition of the tumor growth of gastric cancer cells. IGF2BP1 has
been show to not only promote MYC mRNA degradation, but also
inhibit its translation efficiency. Collectively, our data suggest that
the m®A reader IGF2BP1 functions as a tumor-suppressive gene in

gastric cancer development.

2 | MATERIALS AND METHODS
2.1 | Samples

Primary gastric cancer and paracancerous gastric mucosa tissues

were obtained from three cohorts of patients with gastric cancer. The

use of clinical samples was approved by the Ethics Committee of the
Second Affiliated Hospital of Zhejiang University School of Medicine
(2022-0927).

2.2 | Cellculture and transfection

The gastric cancer cell line MKN45 and GES-1 was obtained from
the Chinese Academy of Medical Sciences. AGS, HGC, MGC,
N87 and HEK-293T cells were obtained from the Cell Bank of
the Chinese Academy of Sciences. SGC cells were obtained from
Beijing Cancer Hospital. BGC cells were obtained from the Chinese
Academy of Sciences. WP6 cells were obtained from The First
Affiliated Hospital of Zhejiang University School of Medicine.
MKN45, AGS, HGC, MGC, N87, SGC, BGC, and WPé cells were cul-
tured in RPMI-1640 medium supplemented with 10% FBS and 1%
antibiotics. GES-1 and HEK-239T cells were maintained in DMEM
supplemented with 10% FBS and 1% antibiotics. All the cell lines
were maintained at 37°C in a humidified atmosphere containing 5%
CO,. Plasmids and siRNAs were transfected into cells using PolyJet
(SignaGen) or Lipofectamine RNAIMAX (Invitrogen), according to

the manufacturer's instructions.

2.3 | Plasmids

Full-length IGF2BP1 was amplified from first-strand cDNA and cloned
into pLVX-Puro vectors; pLVX-IGF2BP1 forward primer, 5-GTCAGAAT
TCATGAACAAGCTTTACATCGG-3’ and reverse primer, 5-GTCAG
GATCCTCACTTCCTCCGTGCCTGGG-3'. The IGF2BP1-KH3/4 and
IGF2BP1-KH1-4 plasmids were constructed with mutants of GxxG to
GEEG in KH3 and KH4 domains or in KH1-4 domains on the basis of
the WT plasmid. Empty pLVX-Puro vectors were transfected into cells

and served as a control for overexpression assays.

2.4 | shRNAs andsiRNAs

For transient knockdown, control siRNA, and siRNAs target-
ing IGF2BP1, MYC, and RBM15B were purchased from Tsingke
Biotechnology. Their sequences were as follows: control siRNA, 5'-
UUCUCCGAACGUGUCACGUTT-3’; IGF2BP1-siRNA1, 5-CAAGG
AAAACGCUUAGAGATT-3' and IGF2BP1-siRNA2 5-CCUAUAGC
UCCUUUAUGCATT-3’; MYC-siRNA1 5-CGAUGUUGUUUCUG
UGGAATT-3’ and MYC-siRNA2 5-CCAAGGUAGUUAUCCUU
AATT-3’; RBM15B-siRNA1 5 -GCCUAUAUUCAGUACGAGA-3’ and
RBM15B-siRNA2 5-GCAACCUCUUCAUUGGUAA-3".

For stable knockdown of IGF2BP1, oligos were cloned into the
pLKO.1 vector. The shRNA sequences were as follows: IGF2BP1-
shRNA1 5-ACGCTTAGAGATTGAACATTC-3’ and IGF2BP1-shRNA2
5-CTCCAAAGTTCGTATGGTTAT-3'. Lentiviruses were packaged
with the pLKO.1, pCMV-8.91, and VSV-G plasmids in HEK-239T cells.
MKN45 cells were infected with the lentivirus-containing medium for
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48h and then selected using puromycin. Empty pLKO.1 vectors were
packaged into lentiviruses and served as a control for stable knock-
down assays. For rescue experiments, IGF2BP1 and IGF2BP1-KH1-4
mutant plasmids were produced with synonymous mutants in the
target sequences of siRNAs and shRNAs using PCR and cloned into
pLVX-Puro vectors.

2.5 | RNA solation, reverse
transcription, and qPCR

Total RNA was isolated from cells or tissues using TRIzol reagent
(Invitrogen) according to the manufacturer's instructions. cDNA was
synthesized by reverse transcription of 1000ng RNA using HiScript
11 Q RT SuperMix (Vazyme). Quantitative PCR was undertaken using
ChamQ Universal SYBR gPCR Master Mix (Vazyme) in a LightCycler
480 Il system (Roche). All reactions were carried out in triplicate.
The mRNA expression was normalized to GAPDH. The primers used
in gPCR assays are listed in Table S1.

2.6 | Western blot analysis

Cells or tissues were lysed using TBSN buffer (20mM Tris, pH8.0,
150mM NacCl, 0.5% NP-40, 5mM EGTA, 1.5mM EDTA, 0.5mM
Na,VO,, 20mM p-nitrophenyl phosphate) with protease inhibi-
tor (Beyotime) on ice for 30min. Equal amounts of protein were
loaded and separated by 10% SDS-PAGE and then transferred to
PVDF membranes (Millipore). The membranes were blocked with
5% nonfat milk in TBST buffer (20mM Tris, pH7.6, 137mM NaCl,
0.1% Tween-20) for 1h at room temperature, washed, and incubated
with the indicated primary Abs overnight at 4°C. After washing with
TBST, membranes were incubated with HRP-conjugated secondary
Abs for 1h at room temperature. The protein bands were detected
using Clarity Western ECL Substrate (Bio-Rad) and the ChemiDoc
Touch Imaging System (Bio-Rad). The Abs used for western blotting
were as follows: IGF2BP1 (rabbit, 1:1000; Cell Signaling Technology,
8482), MYC (rabbit, 1:4000; Proteintech, 10,828-1-AP), and GAPDH
(mouse, 1:10000; Proteintech, 60,004-1-Ig). The gray levels of all
western blots were quantified. The relative expression levels were
calculated by dividing the gray value of the target protein by the load-
ing control (GAPDH).

2.7 | Immunohistochemistry

Gastric cancer tissue array was subjected to immunohistochemi-
cal staining with the same anti-IGF2BP1 Ab used in western blot-
ting in accordance with a previously reported protocol with minor
modifications.’® The IGF2BP1 expression level was determined by
immunohistochemistry scoring according to positive rate and stain-

ing intensity.

2.8 | Mouse studies

For the tumor xenograft model, 1x 10’ gastric cancer cells were
injected s.c. into 4- to 6-week-old female BALB/C nude mice
(Vitalriver). The mice were maintained in specific pathogen-free fa-
cilities. The mouse studies were approved by the Ethics Committee
of the Second Affiliated Hospital of the Zhejiang University School
of Medicine (2022-201). All institutional and national guidelines for

the care and use of laboratory animals were followed.

2.9 | Né-methyladenosine RIP seq

The m®A-RIP seq was carried out in accordance with a previously
reported protocol, with minor modifications.'” Briefly, 2pg of poly-
adenylated RNA was extracted using the NEBNext Poly(A) mRNA
Magnetic Isolation Module (New England Biolabs) and then frag-
mented into ~150nt fragments using magnesium RNA fragmenta-
tion buffer (New England Biolabs). Fragmented polyadenylated RNA
(5%) was used as the input sample, and the remaining samples were
diluted and incubated with 5pg of anti-m®A Ab (Synaptic Systems;
202,003) in IPP buffer (10mM Tris, pH7.4, 150mM NaCl, 0.1% NP-
40) supplemented with RiboLock RNase Inhibitor (Invitrogen) at 4°C
with overnight shaking. The m®A containing fragments were pulled
down using Protein A/G PLUS-Agarose (Santa Cruz Biotechnology)
and reverse transcribed to cDNA using SuperScript Il (Invitrogen).
Library construction was undertaken using the NEBNext Ultra Il Non-
Directional RNA Second Strand Synthesis Module and NEBNext Ultra
Il DNA Library Prep Kit for lllumina (New England Biolabs) according
to the manufacturer's instructions. The samples were sequenced on an
lllumina NovaSeq 6000 platform. The m®A-seq data have been depos-
ited into the GEO database under the accession number GSE243617.

2.10 | RNA sequencing

MKN45 cells were transfected with control or IGF2BP1 siRNA for
48h in 1640 medium with 10% serum. Total RNA was extracted
from control and IGF2BP1-depleted cells and subjected to library
construction and sequencing (Novagene Company). The RNA-seq
data have been deposited into the GEO database under the acces-
sion number GSE243617.

2.11 | RNA immunoprecipitation-qPCR

Cells were lysed using RIP buffer (25 mM Tris, pH 7.4, 150 mM KClI,
0.5mM DTT, 0.5% NP-40). IGF2BP1 Abs (2 pg) or the correspond-
ing 1gG (Beyotime; A7016) were added to the lysis buffer and in-
cubated for 12h at 4°C. Protein A/G magnetic beads were then
added to the lysis buffer and incubated for 4 h at 4°C, followed by
washing three times with NT2 buffer (50 mM Tris, pH 7.4, 150 mM
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NaCl, 1mM MgCl,, 0.05% NP-40). Input and immunoprecipitated
RNAs were extracted using TRIzol reagent, followed by qRT-PCR.

2.12 | N®-methyladenosine-RIP-qPCR

The m®A modifications of individual genes were determined using
the méA-RIP-qPCR assay. Briefly, 40pg RNA was extracted from
cells using TRIzol reagent and incubated with 1pg anti-m%A Ab or
corresponding IgG in IPP buffer supplemented with RNase inhibitors
at 4°C overnight with shaking. The mixture was then incubated with
prewashed Protein A/G PLUS-Agarose for 4h at 4°C with rotation.
After washing three times with IPP buffer, m®A containing RNAs was
extracted using TRIzol reagent and reverse transcribed to cDNA.
The same amount of original RNA was reverse-transcribed as input.
Further enrichment was quantified using qPCR, and the correspond-
ing méA enrichment of specific genes in each sample was calculated
by normalizing to the input.

2.13 | RNA decay assay

MKN45 cells treated with IGF2BP1 siRNA or the corresponding
control siRNA for 48h were seeded into 12-well plates. The cells
were then treated with 5ug/mL actinomycin D (MedChemExpress)
to suppress global RNA transcription after 48h and were collected
at different time points. Total RNA was extracted using TRIzol rea-
gent and reverse transcribed into cDNA, followed by detection of
MYC mRNA expression by gPCR.

2.14 | Polysome profiling

Polysome profiling was carried out as previously described.'®
Briefly, stable cells were treated with 10pg/mL cycloheximide
(MedChemExpress) for 5min at 37°C. Then the cells were harvested,
and 500 pL cytoplasmic extract was layered onto 11 mL of 5%-50%
sucrose gradient and centrifuged at 36,000rpm in a Beckman SW-
41Tirotor for 2.5h at 4°C. The gradients were fractionated and moni-
tored at an absorbance of 254 nm (Bruker). Polysome-associated and
cytosolic RNA were isolated using TRIzol (Invitrogen) and analyzed
by qPCR.

2.15 | Cell proliferation assays

MKN45 and AGS cells were seeded in 96-well plates at 3000-5000
cells per well. Cell viability was evaluated in the following 5days at
the same time using the CCK-8 assay (MedChemExpress). For the
2D colony formation assay, 500-1000 gastric cancer cells were
seeded in 6-well plates for 5-7 days and stained with crystal violet
later for counting the number of clones. For the 3D colony formation
assay, 96-well plates were first seeded with 10pL Matrigel Matrix

(Corning). Following this, 3000-5000 gastric cancer cells dispersed
in 50 uL culture medium were mixed thoroughly with 50 uL Matrigel
Matrix and seeded in 96-well plates. Culture medium (50uL) was
then added to 96-well plates. After 7-10days, colony size and num-
ber were counted using a microscope.

2.16 | Statistical analysis

Data are representative of at least three independent experiments.
Unpaired two-tailed Student's t-test was applied to analyze the
statistical significance between two groups, p<0.05 was consid-
ered statistically significant. Statistical significance was defined as
*p<0.05, **p<0.01, and ***p <0.001.

3 | RESULTS

3.1 | Downregulation of IGF2BP1 in gastric cancer
tissues is associated with reduced survival times in
patients

To explore the role of IGF2BP1 in gastric cancer, we first exam-
ined the mRNA levels of IGF2BP1 in human gastric cancer tissues.
Quantitative RT-PCR showed that the mRNA expression of IGF2BP1
was significantly decreased in gastric cancer tissues compared to
their matched nontumor tissues in cohort 1 (h=201) (Figure 1A,B).
Western blot analysis revealed that the protein levels of IGF2BP1
were also significantly downregulated in gastric cancer tissues ver-
sus nontumor tissues in cohort 2 (n=105) (Figure 1C-E). Moreover,
tissue microarray analysis confirmed that the protein expression
of IGF2BP1 was significantly reduced in gastric cancer tissues in
comparison to their paired nontumor tissues in cohort 3 (n=82)
(Figure 1F-H).

To determine the correlation between IGF2BP1 expression
and clinical outcome, we undertook Kaplan-Meier analysis and
found that low IGF2BP1 expression was significantly correlated
with reduced overall survival time in patients with gastric cancer
(Figure 11). Further analysis of clinicopathologic features showed
that lower expression of IGF2BP1 was significantly associated
with poor differentiation, lymph node metastasis, and advanced
TNM stages of gastric cancer (Table S2). Taken together, these
data suggest that IGF2BP1 could be a tumor-suppressive gene in

gastric cancer.

3.2 | IGF2BP1 suppresses proliferation of gastric
cancer cells

To investigate the function of IGF2BP1 in gastric cancer progression,
we examined the expression levels of IGF2BP1 in various gastric can-
cer cell lines (Figure 2A). Western blot analysis revealed that IGF2BP1
was expressed at high levels in MKN45 cells, while the expression was
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FIGURE 1

Insulin-like growth factor-2 mRNA binding protein 1 (IGF2BP1) levels are significantly downregulated in gastric cancer tissues

and negatively associated with poor prognosis. (A, B) Quantitative RT-PCR analyses of IGF2BP1 mRNA expression in gastric cancer tissues
(T) and their adjacent nontumor tissues (N) from cohort . GAPDH served as a loading control. (C-E) Western blot analysis of IGF2BP1
protein in gastric cancer tissues (T) and their adjacent nontumor tissues (N) from cohort 2. (D, E) Quantification analysis of western
blotting. GAPDH, loading control. (F-H) Immunohistochemistry (IHC) analysis of gastric cancer tissue array with anti-IGF2BP1 antibody.
(F) Representative IHC pictures. (G, H) IHC scores were analyzed. (I) Kaplan-Meier survival curve of IGF2BP1 protein expression in gastric
cancer tissues from cohort 3 with best cut-off. Data are shown as mean+SD. (B, E, H) Paired Student's t-test, (I) log-rank test. *p <0.05,

***p <0.001. Cl, confidence interval; HR, hazard ratio.

lower in AGS cells. Then, we generated WT IGF2BP1 construct to de-
termine the effects of IGF2BP1 overexpression on gastric cancer cell
proliferation in AGS cells. The CCK-8 and 2D colony formation assays
showed that ectopic expression of IGF2BP1 significantly inhibited cell
viability (Figure 2B,C) and reduced the number of 2D colonies formed
(Figure 2D,E). Moreover, 3D colony formation assay revealed that ex-
ogenous expression of IGF2BP1 also significantly decreased the num-
ber and size of 3D colonies (Figure 2F-H).

Meanwhile, we depleted IGF2BP1 in MKN45 cells with two differ-
ent siRNAs targeting IGF2BP1, and found that IGF2BP1 knockdown
resulted in enhanced cell viability (Figure 21,J) and increased number
of 2D colonies (Figure 2K,L). Additionally, we infected MKN45 cells

with two lentiviruses carrying shRNAs targeting IGF2BP1 and pro-
cessed to 3D colony formation experiments. Our results showed an
increase in the number and size of 3D colonies in IGF2BP1-depleted
cells (Figure 2M-P). Thus, these observations indicate that IGF2BP1
represses the proliferation of gastric cancer cells.

3.3 | IGF2BP1 inhibits gastric cancer cell
proliferation in an m®A-dependent manner

It has been reported that mutations in both KH3 and KH4 domains
(KH3/4 mutation) or mutations in all KH domains (KH1-4 mutation)
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FIGURE 2 |Insulin-like growth factor-2 mRNA binding protein 1 (IGF2BP1) suppresses the proliferation of gastric cancer cells. (A) Proteins
from the indicated gastric cancer cell lines were subjected to western blot analysis with anti-IGF2BP1 Ab. GAPDH, loading control. (B-H)
AGS cells were infected with lentivirus carrying empty pLVX-Puro vector or WT IGF2BP1 for 48 h and applied for western blotting, CCK-8,
2D colony, and 3D colony formation assays. (I-L) MKN45 cells treated with the control siRNA (Ctrl-si) or siRNAs targeting IGF2BP1 for 48h
were subjected to the indicated assays. (M-P) MKN45 cells were infected with lentivirus-based IGF2BP1 shRNAs for 48 h and processed

for 3D colony formation assays. (B, |, M) Western blotting of IGF2BP1 protein. (C, J) Cell viability was examined by CCK-8 assays. (D, K)
Representative images of 2D colony formation assay. (F, N) Representative images of 3D colony formation assay. (E, G, L, O) Number of
colonies was calculated. (H, P) Diameter of colonies was analyzed . Data are expressed as means + SEM. **p <0.01, ***p <0.001; Student's
t-test.

abolish the m®A recognition and binding capacity of IGF2BP1.* To de- of AGS cells, while overexpression of IGF2BP1 mutants had no obvious
termine whether the role of IGF2BP1 in gastric cancer cell proliferation effect (Figure 3B-H). Furthermore, the enhanced proliferation ability
is dependent on its m®A binding, we constructed IGF2BP1 mutants of MKN45 cells with IGF2BP1 depletion was significantly overcome
with mutations in the KH3 and KH4 domains (IGF2BP1-KH3/4) or in by WT IGF2BP1 overexpression, but not by IGF2BP1 KH domain mu-
the KH1-4 domains (IGF2BP1-KH1-4) (Figure 3A). Exogenous expres- tants (Figure 31-P). These data suggest that IGF2BP1 acts as an m®A
sion of WT IGF2BP1 was able to significantly inhibit the proliferation reader to inhibit gastric cancer cell proliferation.
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(H, P) Diameter of colonies was analyzed. GAPDH served as a loading control. Data are expressed as means+SEM. *p<0.05; **p<0.01;
***p <0.001; Student's t-test. ns, not significant.
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3.4 | IGF2BP1 represses tumor growth of gastric
cancer cells

To examine the effect of IGF2BP1 on gastric cancer cell prolifera-
tion in vivo, we first infected MKN45 cells with lentivirus-based
shRNA targeting IGF2BP1. Western blots showed that IGF2BP1
was successfully depleted (Figure 4A). Subcutaneous implantation
analysis of gastric cancer cells in nude mice revealed that knock-
down of IGF2BP1 significantly promoted tumor growth compared
with control cells (Figure 4B,C). Moreover, AGS cells were infected
with lentiviruses expressing IGF2BP1 to generate gastric cancer
cells stably expressing IGF2BP1 (Figure 4D). Exogenous expression
of IGF2BP1 significantly inhibited the growth of s.c. xenografted
tumors (Figure 4E,F). Therefore, these data indicate that IGF2BP1

could have a tumor-suppressive functions in gastric carcinogenesis.

3.5 | IGF2BP1 impairs gastric cancer cell
proliferation by reducing MYC expression

As IGF2BP1 influences gastric cancer cell proliferation in an méA-
dependent manner, we undertook m®A-RIP seq and RNA-seq in
IGF2BP1-depleted MKN45 cells to explore the potential target

Bioinformatic analysis revealed 53 overlapping transcripts ac-
quired from RNA-seq (|log,(fold change)| >0.6, p<0.01, n=271) and
m®A-RIP seq (llog,(fold change)| >2, IgFDR<-5, n=1165) datasets
(Figure 5A, Table S3). The TOP10 transcripts (ranked by the “peaks
diff. IgFDR” and “peaks IgFDR” values) were further selected for
verification (Figure 5B). The m®A-RIP-qPCR and qRT-PCR experi-
ments showed that only MYC and RBM15B mRNA showed signifi-
cant changes in both m®A abundance and RNA levels upon IGF2BP1
knockdown (Figure 5C,D), implying that MYC and RBM15B mRNA
may be targets of IGF2BP1 in gastric cancer cells.

To further clarify whether MYC or RBM15B mediates the role
of IGF2BP1 in gastric cancer proliferation, we explored the effect
of MYC or RBM15B knockdown on gastric cancer cell proliferation.
Depletion of MYC significantly suppressed the proliferative ability of
MKN45 cells (Figure S1), whereas RBM15B knockdown had no sig-
nificant effect on MKN45 cell proliferation (Figure S2), suggesting
that MYC, but not RBM15B, could be a downstream target to me-
diate the function of IGF2BP1 in gastric cancer. To confirm this as-
sumption, we undertook rescue experiments in IGF2BP1-depleted
cells by silencing MYC. Notably, the enhanced proliferative ability of
MKN45 cells with IGF2BP1 depletion was significantly reversed by
MYC knockdown (Figure 5E-K). Taken together, these data indicate
that IGF2BP1 suppresses gastric cancer cell proliferation by reduc-

transcript mediating the role of IGF2BP1 in gastric cancer cells. ing MYC expression.
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FIGURE 4 Insulin-like growth factor-2 mRNA binding protein 1 (IGF2BP1) suppresses tumor growth of gastric cancer cells. (A-C) MKN45
cells infected with lentivirus-based empty pLKO.1 vectors or IGF2BP1 shRNAs were s.c. injected into BALB/C nude mice. (D-F) AGS cells
treated with lentivirus carrying empty pLVX-Puro vector or WT IGF2BP1 were s.c. injected into BALB/C nude mice. (A, D) Western blotting
of IGF2BP1 protein from injected cells. (B, E) Subcutaneous tumors. (C, F) Analysis of tumor volume at the end of the experiment. Data are

expressed as means+SEM. **p <0.01; Student's t-test.
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FIGURE 5 Insulin-like growth factor-2 mRNA binding protein 1 (IGF2BP1) depletion promotes gastric cancer cell proliferation by

upregulating MYC expression. (A, B) MKN45 cells treated with control siRNA (NC) or IGF2BP1 siRNA were subjected to N®-methyladenosine
(m®A)-RNA immunoprecipitation sequencing (RIP seq) and RNA sequencing. (A) Differentially expressed genes with significant changes

in m®A peak abundance in IGF2BP1 depletion cells were analyzed. (B) TOP10 of overlapped genes are listed in the table. (C, D) MKN45

cells treated with control siRNA (Ctrl-si) or IGF2BP1 siRNA were applied for m®A-RIP-gPCR and quantitative RT-PCR (qRT-PCR). Data are
expressed as means +SD. (E-K) MKN45 cells transfected with the indicated siRNAs were subjected to western blot analysis, CCK-8, 2D

colony, and 3D colony formation assays. (E) Western blotting of IGF2
(G) Representative image of 2D colony formation and (I) 3D colony fo

BP1 and MYC protein. (F) Cell viability was detected by CCK-8 assay.
rmation assays. (H, J) Number of colonies was calculated. (K) Diameter

of colonies was measured. Data are expressed as means + SEM. GAPDH served as a control for western blotting and gRT-PCR. *p <0.05;
**p<0.01; ***p<0.001; Student's t-test. FC, fold change; IgFDR, log, ,(false discovery rate).

3.6 | IGF2BP1 promotes MYC mRNA decay and
inhibits its translation

To determine whether the regulation of IGF2BP1 to MYC mRNA is
associated with m®A modification, we assessed the mRNA and pro-
tein level expression of MYC. Our results revealed that both mRNA
and protein expression of MYC were significantly upregulated in

IGF2BP1-depleted MKN45 cells (Figure 6A,B). In addition, ectopic
expression of WT IGF2BP1, but not IGF2BP1 KH3/4 or KH1-4
mutants, inhibited the MYC expression in AGS cells (Figure 6C,D).
Moreover, méA-RIP-qPCR assays showed that the enrichment of
MYC mRNA immunoprecipitated by anti-m%A Abs was significantly
elevated in IGF2BP1-depleted cells compared to that in control cells
(Figure 6E). Further RIP experiments revealed that IGF2BP1 protein
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FIGURE 6 Insulin-like growth factor-2 mRNA binding protein 1 (IGF2BP1) promotes the degradation of MYC mRNA and inhibits its
translation. (A, B) MKN45 cells treated with control siRNA (Ctrl-si) or IGF2BP1 siRNAs were subjected to quantitative RT-PCR (qRT-PCR)
and western blot analysis. (C, D) AGS cells transfected with the indicated plasmids were applied for qRT-PCR and western blotting. (E)
MKN45 cells treated with control siRNA or IGF2BP1 siRNAs were subjected to N®-methyladenosine (m®A)-RNA immunoprecipitation
(RIP)-gPCR assay. mA levels of MYC mRNA in control and IGF2BP1-depleted cells were measured. (F, G) AGS cells transfected with empty
pLVX-Puro vector or WT IGF2BP1 were applied for RIP-gPCR assay. MYC mRNA immunoprecipitated by anti-IgG or IGF2BP1 Abs were
determined. GAPDH served as a control. Data are expressed as means + SD. (H) MKN45 cells treated with control siRNA or IGF2BP1 siRNAs
were applied for RNA stability assay. Data are expressed as means+SEM. (I) MKN45 cells treated with control siRNA or IGF2BP1 siRNAs
were subjected to polysome profiling analysis. (J) Working model of the regulation of MYC expression by IGF2BP1. *p <0.05; **p <0.01;

Fokk

p<0.001; Student's t-test. ns, not significant.

was able to interact with MYC mRNA (Figure 6F,G). These observa-
tions indicate that IGF2BP1 binds to MYC mRNA and inhibits the
expression of MYC mRNA in an méA—dependent manner.

Next, we investigated the mechanism by which IGF2BP1 reg-
ulates MYC mRNA expression by detecting the degradation and
translation efficiency of MYC mRNA. IGF2BP1-depleted MKN45
cells were treated with actinomycin D for the indicated time peri-
ods followed by qRT-PCR. The results showed that the decay rate
of MYC mRNA was significantly reduced in IGF2BP1-depleted cells
(Figure 6H). Additionally, polysome profiling assays revealed that
depletion of IGF2BP1 resulted in increased MYC mRNA in high mo-
lecular weight polysome fractions, indicating higher translation ef-
ficiency of MYC mRNA (Figure 6l). Collectively, these data suggest
that IGF2BP1 facilitates MYC mRNA degradation and inhibits its

translation efficiency.

4 | DISCUSSION

In this study, we found that the expression of the m®A reader IGF2BP1
is significantly decreased in gastric cancer tissues and associated
with poor prognosis in patients. IGF2BP1 inhibits gastric cancer cell
proliferation and tumor growth, indicating a tumor-suppressive role
for IGF2BP1 in gastric cancer progression. Mechanistically, IGF2BP1
suppresses the stability and translation efficiency of MYC mRNA to
hinder the expression of MYC protein through an m®A-dependent
mechanism in gastric cancer cells, consequently resulting in the inhi-
bition of cell proliferation (Figure 6J).

Our analyses of the correlation between IGF2BP1 expression
and clinicopathologic features show that lower IGF2BP1 expression
is more frequent in gastric cancer tissues with poorer differentiation
and lymph node metastasis, suggesting that IGF2BP1 could be in-
volved in the differentiation and metastatic processes of gastric cancer
cells. Additionally, we find that lower IGF2BP1 expression is also sig-
nificantly associated with advanced TNM stages and reduced overall
survival time, indicating that the expression level of IGF2BP1 might
act as a prognostic predictor for patients with gastric cancer. However,
IGF2BP1 has been previously regarded as an oncogene in some can-
cers, including non-small-cell lung cancer, hepatocellular carcinoma,
and endometrial cancer.”? These contradictory roles of IGF2BP1 in
different cancers could result from the complexity of tumorigenesis.
IGF2BP1 may participate in different signaling pathways in different

tumors. However, the highly tissue-specific tumor microenvironment
might contribute to different cellular responses to IGF2BP1 expression.

Earlier studies have shown that IGF2BP1 stabilizes MYC mRNA
in several cancer cell lines, such as HCT116 and HepG2. It has been
shown that IGF2BP1 binds to and shields the MYC coding region in-
stability determinant from endonucleolytic attack, thereby extend-
ing its half-life.2?! However, our data evidently reveal that IGF2BP1
promotes the degradation and inhibits translation of MYC mRNA in
gastric cancer cells. These results highlighted that there might be
a different mechanism underlying the regulation of MYC mRNA
by IGF2BP1 in different cancer cells. Further studies are clearly
needed to delineate the detailed mechanism underlying the context-
dependent effect of IGF2BP1 on MYC mRNA.
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