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Abstract
Background: N6-methyladenosine modi�cation has been involved in various biological processes.
However, its role in non-small cell lung cancer has not been well studied. Here, we show that IGF2BP3, as
an transcription factor, plays a critical oncogenic role in non-small-cell lung cancer carcinogenesis
through activating FTO expression and inducing aberrant m6A modi�cation.

Methods: To evaluate the role of IGF2BP3 in non-small-cell lung cancer, we performed cell proliferation
and cell cycle assays in three lung cancer cell lines. Lung cancer mouse model is used to examine the
effects of IGF2BP3/FTO/N-myc on lung proliferation potentials in vivo. We analyzed the correlation
between IGF2BP3 and FTO, IGF2BP3 and N-myc protein in colon cancer patients by Pearson correlation.
To �nally explore the relationship of IGF2BP3/FTO/N-myc, we used western blots, proliferation and cell
cycle assays to con�rm that IGF2BP3 may regulate lung cancer progression through FTO dependent m6A
modi�cation by stabilizing N-myc.

Results: We �rst identi�ed that IGF2BP3 overexpressed in non-small-cell lung cancer tissue and cells.
Then, we showed that FTO was the dysregulated factor responsible for the abnormal N6-
methyladenosine modi�cation in non-small-cell lung cancer. The loss-of-function assay demonstrated
that IGF2BP3 enhances FTO-mediated cell proliferation and promotes cell apoptosis, through regulating
expression of target gene N-myc by reducing m6A level in mRNA transcript.

Conclusion: Our study demonstrates the functional importance of IGF2BP3 and N6-methyladenosine
methylation modi�cation in the tumor progression of non-small-cell lung cancer, and provides profound
insights into lung carcinogenesis and drug response.

Background
Lung cancer is one of the most common malignant tumors worldwide, accounting for 22% of cancer-
related mortality in China [1]. Non-small-cell lung cancers (NSCLC) constitutes approximately 80% of lung
cancer [2]. Thus, improvements in the diagnostics and therapies of NSCLC are urgently needed. During
the past decades, emerging new targeted medicines and therapies have remarkably improved the
outcome of NSCLC [3, 4, 5]. While there were still many patients remains poor prognosis due to
metastasis when diagnosed. Therefore, it is of great importance to understand the molecular mechanism
underlying lung cancer initiation and progression.

The insulin-like growth factor‐2 messenger RNA‐binding protein 3 (IGF2BP3) is a type of messenger RNA
(mRNA) binding proteins, which regulate the translation of insulin‐like growth factor‐2 (IGF2) [6, 7].
Recently, intensive studies reported that IGF2BP3 dysregulated in many types of cancers [8, 9]. However,
the mechanism by which IGF2BP3 is regulated in human lung cancer is not fully understood.

Emerging studies have showed that N6-methyladenosine (m6A) modi�cation plays a critical role in
differentiation, mRNA splicing, cell metabolism and DNA damage response [10, 11, 12, 13]. In mammals,
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m6A is modi�ed by the m6A methyltransferases METTL3 and METTL14, erased by a-ketoglutarate-
dependent dioxygenase ALKB homolog 5 (ALKBH5) or fat-mass and obesity-associated protein (FTO),
and read by YTH N6-Methyladenosine RNA Binding Proteins (YTHDFs) or IGF2BPs [14, 15, 16]. The
dysfunction of the m6A process was observed in various types of tumorigenesis. In gastric cancer,
METTL3-mediated m6A modi�cation is critical for epithelial-mesenchymal transition and metastasis [10].
Suppression of m6A reader YTHDF2 promotes hematopoietic stem cell expansion by regulating the
stability of multiple mRNAs critical for HSC self-renewal [17]. Despite these recent discoveries between
m6A modi�cation with malignant cancer development and treatment, the status of m6A modi�cation and
the underlying regulatory mechanism in lung cancer remains little known.

N-myc, a member of the Myc family of basic-helix–loop–helix–zipper (bHLHZ) transcription factors, is an
oncogene associated with a range of cellular processes, including growth,proliferation, apoptosisand
differentiation [18]. N-Myc induce malignance by binding to speci�c DNA sequences and modulating
target gene transcription, leading to cell proliferation [19]. Accumulating evidence demonstrates that N-
myc exerts diverse biological functions in cancer development [20, 21, 22], however, the impact of N-myc
in NSCLC development and progression has yet to be investigated.

Our previous study has indicated that TRIM11 acts as an oncogene in lung cancer through promoting cell
growth, migration and invasion[23]. In the current study, we investigated the role of m6A modi�cation and
IGF2BP3 in lung cancer and addressed the underlying mechanisms by which m6A participates in the
biology of lung cancer. Initially, by data mining of the TCGA database, we found that the expression of
IGF2BP3 increased in lung cancer compared to corresponding normal tissues and higher IGF2BP3
predicted a poor prognosis in lung cancer patients. Then by loss and gain-of-function assays, we found
that IGF2BP3 facilitated cell proliferation and accelerated cell cycle by regulating downstream gene FTO.
Finally, m6A-seq combined with RNA-seq analysis revealed that IGF2BP3 may regulate N-myc stability via
modulating the 3’UTR and 5’UTR region of its transcript.

Materials And Methods
Bioinformatics analysis

The gene expression data were obtained from the TCGA dataset (LIHC) for lung adenocarcinoma,
including 526 cases of tumor tissues and 59 cases of normal lung tissues.For RNA sequencing, each
sample was cleaned up on aRNeasy Mini Column (Qiagen, Limburg, Netherlands), treated with DNase,
and analyzed for quality on an Agilent 2100 Bioanalyzer. Samples were on an IlluminaHiSeq 4000 for 2 ×
150-bp paired-end sequencing. The sequenced reads were aligned to the human genome GRCh38 by
HISAT2 [44]. FeatureCounts [45] was used to quantitate the transcriptome with genome annotation
GENCODE v22. Differential analyses were performed to the count �les using DESeq2 packages, following
standard normalization procedures [46]. The RNA sequence data have been deposited in NCBIs Gene
Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/) and are accessible through GEO Series
accession number GSE150594. For m6A sequencing, samples were sequenced by IlluminaHiSeq 4000
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with single-end 150-bp read length. All reads were mapped to human genome by tophat v2.0.11 with
default settings. The m6A level changes for IGF2BP3 knockdown and control cells were calculated by
using exomePeak [47].

Clinical specimen collection

We have collected 35 paired of fresh lung cancer tissues and corresponding paracancerous tissues from
patients who underwent surgery in Northern Jiangsu People’s Hospital and Clinical Medical College of
Yangzhou University from 2015.1 to 2015.12. No the patients had received radiotherapy or chemotherapy
before surgery. All patients participating in the study signed written informed consent.

Cell line and treatment

Lung cancer cell lines PC9, H1975 and H385 were purchased from ATCC (American type culture
collection). All lung cancer cells were cultured in DMEM (PC9; SH30243.01, Hyclone) or RPMI-1640
(H1975 and H385; SH30809.01B, Hyclone) medium with 10% FBS (fetal bovine serum) at 37°C with 5%
CO2. The siRNAs and plasmids were transfected into cell lines using DharmaFECT 1 transfection reagent
(Thermo Scienti�c, USA) or Lipofectamine 3000 (Invitrogen, USA) according to the manufacturer’s
instruction. All the siRNAs were synthesized and purchased from Genepharm Technologies (China). The
siRNA and plasmids sequences involved in the study were listed Supplementary Table 1.

Lentivirus construction

Vector and cell line used in the study

Name Company

PLKO.1 (Lentivirus core plasmid) Addgen

pLVX-Puro (Lentivirus core plasmid) Clontech

psPAX2, pMD2G (Lentiviral packaging plasmid) Addgen

Competent cell DH5a Transgen

293T cells (for packaging viruses) ATCC

The RNAi sequence and CDS region sequence speci�c for the gene (IGF2BP3, FTO, N-myc) which
containing the restriction site (upstream EcoR I, downstream BamH I) were synthesized. The synthetic
double-strand siRNA annealing was ligated into the pLKO.1-puro vector to form the pLKO.1-puro-shRNA
construct, and the CDS sequence was ligated into the pLVX-Puro vector, followed by transformation and
plasmid extraction. Lentiviral packaging was performed by lipofection (LipofectamineTM 2000,
Invitrogen) in 293T cells.

Q-PCR



Page 5/26

RNA in tissues or cells was extracted with Trizol reagent (1596-026, Invitrogen), then transcribed into
cDNA using a reverse transcription kit (#K1622, Fermentas). The prepared cDNA was subjected to the
reaction procedure at 95°C for 10 min (95°C, 15 Sec; 60°C, 45 Sec)×40 using a SYBR Green PCR Kit
(#K0223, Thermo) on a Real-time detector (ABI-7300, ABI) for PCR ampli�cation, and the data was
analyzed by the software: ABI Prism 7300 SDS Software.

Western blot

Proteins in tissues or cells were extracted by RIPA buffer (containing protease and phosphatase inhibitor;
Solarbio, R0010) and quanti�ed by BCA Quantitation Kit (Thermo, PICPI23223). About 25 μg of protein
was isolated by 10% SDS-PAGE (Shanghai JRDUN Biotechnology) and then transferred to a
polyvinylidene �uoride (PVDF) membrane (Millipore, HATF00010) by electro-blotting. The cells were
blocked for 1 h in 5% skim milk (BD Biosciences, BYL40422), and incubated for 2h at room temperature.
The cells were washed 5 times with PBST and incubated with secondary antibody (1:1000, Beyotime) at
37°C for 1 h in the dark. The chemiluminescence detection reagent (Millipore, WBKLS0100) was added
and incubated for 5 min in the dark and then exposed on the ECL (Tanon, Tanon-5200). Relative protein
levels were calculated using Image J software.

Cell proliferation

Cells in the logarithmic growth phase were trypsinized and counted under a microscope to prepare a cell
suspension of 3 x 104 cells/ml. Control and transfected NSCLC cells were planted into 96-well culture
plates and cultured at 37°C overnight. Cell Counting Kit-8 was added to the cells at 0, 24, 48, and 72 h.
After incubating for 2h for 37°C in a 5% CO2 incubator, the absorbance at 450 nm wavelength was
measured with a microplate reader.

Cell cycle

Cells in logarithmic growth phase were trypsinized and inserted into a six-well plate at a density of
300,000 cells/well. NSCLC cells were seeded into 6-well plates and transfected with siRNA or plasmid. 48
h after transfection, cells were harvested and �xed with pre-chilled 70% ethanol at -20°C overnight. After
centrifugation, the supernatant was discarded and the cells were washed twice with pre-chilled PBSthe
next day. Cells were then stained with 500 μL PI/RNase staining buffer in the dark for 15 min. Finally,
samples were analyzed using a �uorescence activated cell sorting �ow cytometer.

Immuno�uorescence

The pre-treated lung cancer cells were seeded in eight-well chamber slides. Cells were incubated with the
corresponding antibodies for 1 h at room temperature and incubated with �uorescent secondary antibody
IgG for half an hour. After DAPI staining and slides mounting, images were captured using a laser-
scanning confocal microscope.

Dual Luciferase Assay



Page 6/26

Lung cancer cells were transfected with the combinations of N-myc 3’UTR, IGF2BP3 siRNA or control
siRNA, and phRL (Renilla luciferase) TK plasmid with Lipofectamine 2000 (Invitrogen, USA). After 12-24
h, the luciferase activity was measured using the dual luciferase reporter gene assay system (Promega,
USA). Luciferase activity was measured by a luminometer.

RNA Immunoprecipitation

RNA immunoprecipitation (RIP) analysis was performed using the Magna RIP kit (Millipore). Cells were
lysed in RIP lysis buffer and the RNA-protein complexes were immuno-precipitated by using anti-IGF2BP3,
anti-YTHDF2 antibodies, and normal rabbit IgG. The co-precipitated RNA was puri�ed using phenol:
chloroform: isoamyl alcohol and analyzed by real-time PCR. Prior to immunoprecipitation, the input RNA
was subjected to control ampli�cation.

RNA stability assay

NSCLC cells were treated with Actinomycin D for 0h, 3h and 6h. After total RNA was extracted from
treated cells, Real-time PCR was performed to obtain the relative levels of N-myc mRNA. In short, the
degradation rate of mRNA (Kdecay) is calculated by the following formula: ln (C / C0) =-Kdecayt. t is the
time of transcription suppression and C is the mRNA level at time t. C0 is the mRNA level at 0 hours in the
equation, that is, the mRNA level before the decay begins. Therefore, the half-life (t1 / 2) of the mRNA can
be calculated by the following equation: In (1/2) =-Kdecayt1 / 2.

In vivo xenograft model formation

Mouse experiments were performed in concordance with the NIH Guidelines. To investigate thefunction
of IGF2BP3 on tumor growth in vivo, the male BALB/c nude mice at 5-week-old were used in our study.
PC9 (1 x 106) cells were injected subcutaneously into these mice to form a lung cancer xenograft model.
Then the mice were randomly divided into four groups when the tumor diameter reached 4mm, and mice
were injected with Control shRNA, IGF2BP3shRNA, FTO, and FTO with IGF2BP3shRNA for 20 days by
multi-point intratumoral injection. Tumor volume (mm3) is estimated by the following formula: tumor
volume (mm3) = shorter diameter2 × longer diameter/2.

Statistical analysis

All the statistical analyses in our study were carried out using SPSS 20.0 software and GraphPad Prism
7. Results were presented as means ± SEM. Survival analysis was evaluated by the Kaplan-Meier survival
curve and Log-rank tests. Statistical signi�cance was assessed by unpaired two-tailed Student's test. p <
0.05 was considered to be statistically signi�cant.

Results
Upregulated-IGF2BP3 is clinical relevant in NSCLC First, we discovered that the expression of IGF2BP3
was signi�cantly increased in lung cancer samples in the TCGA database, compared with normal tissues
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(Figure 1A). And the survival rate of the patients with high IGF2BP3 expression was signi�cantly lower
than that with low expression (Figure 1B). Moreover, we detected IGF2BP3 expression in 35 paired lung
cancer and adjacent tissues by using qPCR technology in cohort 1, and found that the expression of
IGF2BP3 was signi�cantly higher in lung carcinoma than the adjacent tissue (Figure 1C). Besides, we
detected IGF2BP3 protein level in cohort 2 by using IHC technology and the survival analysis revealed
that patients with high IGF2BP3 expression had a poor prognosis (Figure 1D). In addition, we found that
high IGF2BP3 expression was positively corelated with lung cancer poor differentiation and lymph node
metastasis (Table 1). Moreover, IGF2BP3 was signi�cantly elevated in multiple lung cancer cell lines
A549, H1975, H358, H1299, and PC9, which compared with bronchial epithelial HBE cells (Supplementary
Figure 1A-1B). All those data indicated that IGF2BP3 may play a crucial role in lung cancer progression,
and its high expression may be associated with poor prognosis of lung cancer. IGF2BP3 positively
regulate FTO expression To evaluate the speci�c mechanism of IGF2BP3 involved in lung cancer. We next
detected the expression of demethylase (FTO, ALKBH5) and methyltransferase (METTL 3 and METTL 14)
in lung cancer cells transfected with IGF2BP3 siRNA or control siRNA. It was found that FTO expression
signi�cantly decreased in IGF2BP3 downregulated cells (Figure 2A, Supplementary Figure 2A-2B). We
further detect the expression of FTO in lung cancer tissues. The results showed that FTO signi�cantly
increased in lung cancer, and was positively correlated with the expression of IGF2BP3 (Figure 2B-2C).
Down-regulation of IGF2BP3 expression in lung cancer cell lines PC9 and H1975 resulted in decreased
expression of FTO in mRNA and protein level (Figure 2D-2E). Meanwhile, overexpression of IGF2BP3
notably increased FTO expression (Figure 2F, Supplementary Figure 2C). It demonstrated that FTO may
be downstream of IGF2BP3. IGF2BP3-induced cell survival depends on FTO in NSCLC cell We next
hypothesized that FTO mediated the biological function of IGF2BP3 in lung carcinoma, we transfected
IGF2BP3 siRNA alone and in combination with FTO overexpression plasmids into PC9 and H1975 cell
lines (Supplementary Figure 2D,2E). It was found that down-regulation of IGF2BP3 inhibited cell
proliferation, arrested cell cycle and decreased the expression of FTO (Figure 3A-3B, 3D-3E, 3G-3H). FTO
overexpression signi�cantly rescued IGF2BP3 down-regulation induced decrease in cell proliferation and
cell cycle arrest (Figure 3A-3B, 3D-3E, 3G-3H). To further con�rm the results, we transfected IGF2BP3
overexpression plasmid in H358 cell line, it was found that upregulation of IGF2BP3 promoted cell
proliferation, cell cycle and increased the expression of FTO (Figure 3C, 3F, 3I). While knockdown of FTO
signi�cantly blocked IGF2BP3-induced increase in lung cancer cell proliferation and cell cycle
acceleration (Figure 3C, 3F, 3I, Supplementary Figure 2F). These data suggested that IGF2BP3-regulated
cell proliferation depends on FTO in lung cancer. To address the role of IGF2BP3 in tumorigenic potential
in vivo, we injected PC9 cells into nude mice to constructed a subcutaneous xenograft mouse model. The
results showed that knockdown of IGF2BP3 dramatically reduced tumor weight (Figure 4A-4B) and tumor
volume (Figure 4C), and increased the survival rate in nude mice (Figure 4D). However, overexpression of
FTO in IGF2BP3 siRNA transfected cells signi�cantly rescued IGF2BP3 down-regulation induced decrease
in tumor volume and the survival rate (Figure 4A-4D). In support of the pro-tumor role of IGF2BP3, Ki67
staining revealed that the downregulation of IGF2BP3 decreased tumor cell proliferation in vivo, which
could be relieved by FTO overexpression (Figure 4E). Furthermore, we found that downregulation of
IGF2BP3 decreased FTO expression in vivo both in mRNA and protein level (Figure 4F). These data
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strongly indicated that IGF2BP3 modulate lung cancer tumor growth by regulating the expression of FTO.
Transcriptome-wide m6A-seq and RNA-seq assays to identify potential targets of IGF2BP3 in NSCLC To
identify the potential mRNA targets of IGF2BP3 whose m6A levels were increased upon IGF2BP3
downregulation. We conducted transcriptome-wide m6A-sequencing (m6A-seq) (Supplementary Table 2)
and RNA-seq (Supplementary Table 3) assay in PC9 cell transfected with IGF2BP3 or control siRNA,
separately. The results showed that the downregulation of IGF2BP3 notably increased the total m6A level
(Figure 5A). Consisted of the previous researches, the most common m6A motif 'GGAC' was signi�cantly
enriched in the m6A peaks (Figure 5B). Furthermore, most of the FTO-binding sites were enriched in CDS
region and 3’UTR (Figure 5C). We next compared the genes with altered-m6a modi�cations and mRNA
expression between IGF2BP3 siRNA and control siRNA group. The analysis of m6A-seq and RNA-seq
revealed a signi�cantly increased m6A methylation and reduced mRNA level in the transcription level of
N-myc after knockdown of IGF2BP3 in PC9 cells (Figure 5D-5E). The real-time PCR further con�rmed that
the expression of N-myc was signi�cantly downregulated in IGF2BP3 knockdown cells (Figure 5F). In
addition, the MeRIP-qPCR analyses showed the m6A levels of N-myc was dramatically improved in
IGF2BP3 downregulated cells (Figure 5G). To further address the effect of m6A modi�cation on N-myc
expression, we constructed N-myc luciferase reporter plasmid, which contained the 3’UTR or 5’UTR of N-
myc in the m6A sites. As expected, compared with control siRNA, IGF2BP3 siRNA transfection
signi�cantly increased the luciferase activity (Figure 5H). To con�rm the effect of m6A increase on the
stability of N-myc, we conducted RNA stability assay and the results showed that knowndown of
IGF2BP3 reduced the half-life of N-myc mRNA in PC9 cells (Figure 5I). We further investigated the role
FTO in the regulation of N-myc. The results demonstrated that, compared with control group, FTO
downregulation notably decreased N-myc expression (Figure 5J), the luciferase activity of 5’/3’ UTR of N-
myc (Figure 5K-5L) and reduced the half-life of N-myc mRNA (Figure 5M), in accordance with our
previous results. As reported, YTHDF2 is an m6A reader responsible for mRNA decay[24]. Downregulation
of YTHDF2 signi�cantly improved the mRNA level of N-myc (Figure 5N, Supplementary Figure 2G). RIP
assay indicated that YTHDF2 might directly bind to the 3’UTR and 5’UTR and of N-myc (Figure 5O-5P).
Furthermore, the half-life of N-myc mRNA was notably decreased in NSCLC cells transfected with
YTHDF2 siRNA (Figure 5Q). Altogether, our data demonstrated that IGF2BP3/FTO-mediated m6A
modi�cation increased N-myc expression through YTHDF2-dependent mRNA stability. N-myc is
functionally important target gene of IGF2BP3 in NSCLC N-myc is a pivotal oncogene in carcinogenesis
[25,26]. Previous studies have demonstrated that N-myc is remarkably increased in various malignant
tumors, as well as in lung cancer [27,28]. Here we �nd that N-myc is signi�cantly upregulated in lung
cancer tissue, and the expression of N-myc was positively correlated with IGF2BP3 in our cohort (Figure
6A-6B). N-myc expression was signi�cantly decreased in PC9 and H1975 cells transfected with IGF2BP3
siRNA compared with the control group both in mRNA and protein level (Figure 6C-6D). Ectopic
expression of IGF2BP3 improved N-myc mRNA and protein levels (Figure 6E). To further investigate the
function of N-myc in IGF2BP3 mediated carcinogenesis in lung cancer. We co-transfected N-myc plasmid
with IGF2BP3 siRNA in PC9 and H1975 cells (Supplementary Figure 2H, 2I). The results showed that N-
myc overexpression promoted cell proliferation and rescued IGF2BP3 downregulation induced decrease
in cell proliferation and cell cycle arrest in PC9 and H1975 cells (Figure 7A-7B, 7D-7E, 7G-7H).
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Downregulation of N-myc declined lung cancer cell proliferation and blocked IGF2BP3-induced increase
in lung cancer cell proliferation and cell cycle acceleration (Figure 7C, 7F, 7L, Supplementary Figure 2J).
Taken together, these data indicated that N-myc involved in IGF2BP3 mediated pulmonic carcinogenesis.

Discussion
Upregulated-IGF2BP3 is clinical relevant in NSCLC

First, we discovered that the expression of IGF2BP3 was signi�cantly increased in lung cancer samples in
the TCGA database, compared with normal tissues (Figure 1A). And the survival rate of the patients with
high IGF2BP3 expression was signi�cantly lower than that with low expression (Figure 1B). Moreover, we
detected IGF2BP3 expression in 35 paired lung cancer and adjacent tissues by using qPCR technology in
cohort 1, and found that the expression of IGF2BP3 was signi�cantly higher in lung carcinoma than the
adjacent tissue (Figure 1C). Besides, we detected IGF2BP3 protein level in cohort 2 by using IHC
technology and the survival analysis revealed that patients with high IGF2BP3 expression had a poor
prognosis (Figure 1D). In addition, we found that high IGF2BP3 expression was positively corelated with
lung cancer poor differentiation and lymph node metastasis (Table 1). Moreover, IGF2BP3 was
signi�cantly elevated in multiple lung cancer cell lines A549, H1975, H358, H1299, and PC9, which
compared with bronchial epithelial HBE cells (Supplementary Figure 1A-1B). All those data indicated that
IGF2BP3 may play a crucial role in lung cancer progression, and its high expression may be associated
with poor prognosis of lung cancer.

IGF2BP3 positively regulate FTO expression

To evaluate the speci�c mechanism of IGF2BP3 involved in lung cancer. We next detected the expression
of demethylase (FTO, ALKBH5) and methyltransferase (METTL 3 and METTL 14) in lung cancer cells
transfected with IGF2BP3 siRNA or control siRNA. It was found that FTO expression signi�cantly
decreased in IGF2BP3 downregulated cells (Figure 2A, Supplementary Figure 2A-2B). We further detect
the expression of FTO in lung cancer tissues. The results showed that FTO signi�cantly increased in lung
cancer, and was positively correlated with the expression of IGF2BP3 (Figure 2B-2C). Down-regulation of
IGF2BP3 expression in lung cancer cell lines PC9 and H1975 resulted in decreased expression of FTO in
mRNA and protein level (Figure 2D-2E). Meanwhile, overexpression of IGF2BP3 notably increased FTO
expression (Figure 2F, Supplementary Figure 2C). It demonstrated that FTO may be downstream of
IGF2BP3.

IGF2BP3-induced cell survival depends on FTO in NSCLC cell

We next hypothesized that FTO mediated the biological function of IGF2BP3 in lung carcinoma, we
transfected IGF2BP3 siRNA alone and in combination with FTO overexpression plasmids into PC9 and
H1975 cell lines (Supplementary Figure 2D,2E). It was found that down-regulation of IGF2BP3 inhibited
cell proliferation, arrested cell cycle and decreased the expression of FTO (Figure 3A-3B, 3D-3E, 3G-3H).
FTO overexpression signi�cantly rescued IGF2BP3 down-regulation induced decrease in cell proliferation
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and cell cycle arrest (Figure 3A-3B, 3D-3E, 3G-3H). To further con�rm the results, we transfected IGF2BP3
overexpression plasmid in H358 cell line, it was found that upregulation of IGF2BP3 promoted cell
proliferation, cell cycle and increased the expression of FTO (Figure 3C, 3F, 3I). While knockdown of FTO
signi�cantly blocked IGF2BP3-induced increase in lung cancer cell proliferation and cell cycle
acceleration (Figure 3C, 3F, 3I, Supplementary Figure 2F). These data suggested that IGF2BP3-regulated
cell proliferation depends on FTO in lung cancer.

To address the role of IGF2BP3 in tumorigenic potential in vivo, we injected PC9 cells into nude mice to
constructed a subcutaneous xenograft mouse model. The results showed that knockdown of IGF2BP3
dramatically reduced tumor weight (Figure 4A-4B) and tumor volume (Figure 4C), and increased the
survival rate in nude mice (Figure 4D). However, overexpression of FTO in IGF2BP3 siRNA transfected
cells signi�cantly rescued IGF2BP3 down-regulation induced decrease in tumor volume and the survival
rate (Figure 4A-4D). In support of the pro-tumor role of IGF2BP3, Ki67 staining revealed that the
downregulation of IGF2BP3 decreased tumor cell proliferation in vivo, which could be relieved by FTO
overexpression (Figure 4E). Furthermore, we found that downregulation of IGF2BP3 decreased FTO
expression in vivo both in mRNA and protein level (Figure 4F). These data strongly indicated that
IGF2BP3 modulate lung cancer tumor growth by regulating the expression of FTO.

Transcriptome-wide m6A-seq and RNA-seq assays to identify potential targets of IGF2BP3 in NSCLC

To identify the potential mRNA targets of IGF2BP3 whose m6A levels were increased upon IGF2BP3
downregulation. We conducted transcriptome-wide m6A-sequencing (m6A-seq) (Supplementary Table 2)
and RNA-seq (Supplementary Table 3) assay in PC9 cell transfected with IGF2BP3 or control siRNA,
separately. The results showed that the downregulation of IGF2BP3 notably increased the total m6A level
(Figure 5A). Consisted of the previous researches, the most common m6A motif 'GGAC' was signi�cantly
enriched in the m6A peaks (Figure 5B). Furthermore, most of the FTO-binding sites were enriched in CDS
region and 3’UTR (Figure 5C). We next compared the genes with altered-m6a modi�cations and mRNA
expression between IGF2BP3 siRNA and control siRNA group. The analysis of m6A-seq and RNA-seq
revealed a signi�cantly increased m6A methylation and reduced mRNA level in the transcription level of
N-myc after knockdown of IGF2BP3 in PC9 cells (Figure 5D-5E). The real-time PCR further con�rmed that
the expression of N-myc was signi�cantly downregulated in IGF2BP3 knockdown cells (Figure 5F). In
addition, the MeRIP-qPCR analyses showed the m6A levels of N-myc was dramatically improved in
IGF2BP3 downregulated cells (Figure 5G). To further address the effect of m6A modi�cation on N-myc
expression, we constructed N-myc luciferase reporter plasmid, which contained the 3’UTR or 5’UTR of N-
myc in the m6A sites. As expected, compared with control siRNA, IGF2BP3 siRNA transfection
signi�cantly increased the luciferase activity (Figure 5H). To con�rm the effect of m6A increase on the
stability of N-myc, we conducted RNA stability assay and the results showed that knowndown of
IGF2BP3 reduced the half-life of N-myc mRNA in PC9 cells (Figure 5I). We further investigated the role
FTO in the regulation of N-myc. The results demonstrated that, compared with control group, FTO
downregulation notably decreased N-myc expression (Figure 5J), the luciferase activity of 5’/3’ UTR of N-
myc (Figure 5K-5L) and reduced the half-life of N-myc mRNA (Figure 5M), in accordance with our
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previous results. As reported, YTHDF2 is an m6A reader responsible for mRNA decay[24]. Downregulation
of YTHDF2 signi�cantly improved the mRNA level of N-myc (Figure 5N, Supplementary Figure 2G). RIP
assay indicated that YTHDF2 might directly bind to the 3’UTR and 5’UTR and of N-myc (Figure 5O-5P).
Furthermore, the half-life of N-myc mRNA was notably decreased in NSCLC cells transfected with
YTHDF2 siRNA (Figure 5Q). Altogether, our data demonstrated that IGF2BP3/FTO-mediated m6A
modi�cation increased N-myc expression through YTHDF2-dependent mRNA stability.

N-myc is functionally important target gene of IGF2BP3 in NSCLC

N-myc is a pivotal oncogene in carcinogenesis [25,26]. Previous studies have demonstrated that N-myc is
remarkably increased in various malignant tumors, as well as in lung cancer [27,28]. Here we �nd that N-
myc is signi�cantly upregulated in lung cancer tissue, and the expression of N-myc was positively
correlated with IGF2BP3 in our cohort (Figure 6A-6B). N-myc expression was signi�cantly decreased in
PC9 and H1975 cells transfected with IGF2BP3 siRNA compared with the control group both in mRNA
and protein level (Figure 6C-6D). Ectopic expression of IGF2BP3 improved N-myc mRNA and protein
levels (Figure 6E). To further investigate the function of N-myc in IGF2BP3 mediated carcinogenesis in
lung cancer. We co-transfected N-myc plasmid with IGF2BP3 siRNA in PC9 and H1975 cells
(Supplementary Figure 2H, 2I). The results showed that N-myc overexpression promoted cell proliferation
and rescued IGF2BP3 downregulation induced decrease in cell proliferation and cell cycle arrest in PC9
and H1975 cells (Figure 7A-7B, 7D-7E, 7G-7H). Downregulation of N-myc declined lung cancer cell
proliferation and blocked IGF2BP3-induced increase in lung cancer cell proliferation and cell cycle
acceleration (Figure 7C, 7F, 7L, Supplementary Figure 2J). Taken together, these data indicated that N-
myc involved in IGF2BP3 mediated pulmonic carcinogenesis.

 

Conclusion
Taken together, here we provide compelling in vitro and in vivo evidence demonstrating that the IGF2PB3
plays a critical oncogenic role in cell proliferation and pulmonary carcinogenesis mediated by FTO,
through regulating m6A level in mRNA transcripts of its target gene N-myc. Our study highligts the
functional importance of the m6A modi�cation maghinery in lung cancer. Given the importance of
IGF2BP3/FTO/N-myc axis in carcinogenesis in lung cancer, targeting this pathway may promising
therapeutic strategy in the treatment of lung cancer.
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Tables
Table 1. Relationship between IGF2BP3 expression and clinicopathological features of lung cancer

  IGF2BP3 P value

Clinicopathological features Low (n=46) High (n=54)  

Gender     0.5790

Male (n=53) 23 30  

Female (n=47) 23 24  

Age (years)     0.4222

£60 (n=50) 25 25  

>60 (n=50) 21 29  

Tumor size (cm)     0.5579

£3 (n=49) 24 25  

>3 (n=51) 22 29  

Tumor differentiation     0.0122*

Well (n=18) 11 7  

Moderate (n=29) 18 11  

Poor (n=53) 17 36  

Lymph node status (stage)     0.0163*

N0 (n=31) 20 11  

N1 (n=32) 15 17  

N2 (n=37) 11 26  

Differences between groups were done by the Chi-square test.

Figures
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Figure 1

Upregulated-IGF2BP3 is clinical relevant in NSCLC (A) The IGF2BP3 expression in the LUAD database. (B)
Kaplan Meier-plotter prognostic analysis between IGF2BP3 low and high group. (C) The detection of
IGF2BP3 expression in 35 paired lung cancer and adjacent tissues by Q-PCR. (D) The expression
contribution of IGF2BP3 in lung cancer and adjacent tissues by IHC and Kaplan Meier-plotter prognostic
analysis between IGF2BP3 low and high group.
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Figure 2

IGF2BP3 positively regulates FTO expression (A) The detection of FTO, ALKBH5, METTL3, and METTL14
expression in the different groups (shNC and shIGF2BP3) by Q-PCR. **p < 0.01 vs. shNC. (B) The
correlation between IGF2BP3 and FTO by Pearson analysis. (C) The detection of FTO expression in 35
paired lung cancer and adjacent tissues by Q-PCR. (D) Q-PCR (top) and WB (bottom) were used to detect
the expression of IGF2BP3 and FTO in PC9 cells. (E) Q-PCR (top) and WB (bottom) were used to detect
the expression of IGF2BP3 and FTO in H1975 cells. ***p < 0.001 vs. shNC. (F) Q-PCR (top) and WB
(bottom) were used to detect the expression of IGF2BP3 and FTO in H358 cells. ***p < 0.001 vs. Vector.
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Figure 3

IGF2BP3-induced cell survival depends on FTO in NSCLC cell (A-C) CCK8 was used to detect cell
proliferation in PC9 (A), H1975 (B) and H358 (C) cells in different groups. (D-F) Flow cytometry was used
to detect cell cycle state in PC9 (D), H1975 (E) and H358 (F) cells in different groups. (G-H) Q-PCR (top)
and WB (bottom) were used to detect the expression of FTO in PC9(G) and H1975 cells (H) after different
treatments. (I) Q-PCR (top) and WB (bottom) were used to detect the expression of FTO in H358 cells in
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different groups. **p < 0.01, ***p < 0.001 vs. Vector+shNC or shNC+Vector; ##p < 0.01, ###p < 0.001 vs.
Vector+shIGF2BP3 or shNC+oeIGF2BP3.

Figure 4

The function of IGF2BP3 in vivo (A) Representative images of tumors.(B-D) Statistical analysis of (B)
tumor weights, (C)tumor volumes and (D)survival curve of nude mice in different groups (n=6,
nonparametric Mann–Whitney test). (E) H&E and Ki67 staining for tumor cell proliferation analysis. (F) Q-
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PCR and Western blot detection of IGF2BP3, FTO and N-myc expression in different groups. *p < 0.05, **p
< 0.01 vs. Vector+shNC; #p < 0.05, ##p < 0.01 vs. Vector+shIGF2BP3.

Figure 5

Transcriptome-wide m6A-seq and RNA-seq assays to identify potential targets of IGF2BP3 in NSCLC (A)
The global m6A levels in the mRNA of PC9 cells were measured by ELISA. (B) The motif analysis revealed
the top consensus m6A motif in PC9 cells. (C) Graphs of m6A peak distribution illustrating the proportion
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of common m6A peaks in the indicated regions in PC9 cells. (D) Distribution of genes with a signi�cant
change in both m6A level and gene expression level in IGF2BP3 siRNA transfected PC9 cells compared
with control siRNA cells. (E) The relative abundance of m6A sites along N-myc mRNA in IGF2BP3 siRNA
transfected PC9 cells compared with control siRNA cells, as detected by m6A-seq. (F) The detection of N-
myc mRNA in PC9 cells transfected with IGF2BP3-siRNA and control-siRNA by real-time PCR. (G) The
detection of m6A enrichment in PC9 cells by the MeRIP-qPCR analysis. (H) Relative luciferase activity of
wild-type or mutant N-myc 3'UTR �re�y luciferase reporter in PC9 cells treated with IGF2BP3-siRNA and
control-siRNA. **p < 0.01 vs. shNC. (I) The N-myc mRNA half-life (t1/2) in PC9 cells transfected with
control-siRNA or IGF2BP3-siRNA. (J) The detection of N-myc mRNA in PC9 cells transfected with FTO-
siRNA and control-siRNA by real-time PCR. (K-L) Relative luciferase activity of wild-type or mutant N-myc
3'UTR (K) and 5’UTR (L) �re�y luciferase reporter in PC9 cells treated with FTO-siRNA and control-siRNA.
**p < 0.01, ***p < 0.001 vs. shNC. (M) The N-myc mRNA half-life (t1/2) in PC9 cells transfected with
control-siRNA or FTO-siRNA. (N) The detection of N-myc mRNA in PC9 cells transfected with YTHDF2-
siRNA and control-siRNA by real-time PCR. **p < 0.01 vs. shNC. (O-P) RIP-qPCR showed the binding of
YTHDF2 to N-myc HK2 3'UTR (O) and 5'UTR (P). ***p < 0.001 vs. IgG. (Q) The N-myc mRNA half-life
(t1/2) in PC9 cells transfected with control-siRNA or YTHDF2-siRNA.
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Figure 6

IGF2BP3 positively regulates N-myc expression (A) The correlation between IGF2BP3 and N-myc by
Pearson analysis. (B) The detection of N-myc expression in 35 paired lung cancer and adjacent tissues by
Q-PCR. (C-D) Q-PCR (top) and WB (bottom) were used to detect the expression of IGF2BP3 and N-myc in
PC9 (C) and H1975 (D) cells. ***p < 0.001 vs. shNC. (E) Q-PCR (top) and WB (bottom) were used to detect
the expression of IGF2BP3 and N-myc in H358 cells. **p < 0.01, ***p < 0.001 vs. Vector.
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Figure 7

N-myc is functionally important target gene of IGF2BP3 in NSCLC (A-C) CCK8 was used to detect cell
proliferation in PC9 (A), H1975 (B) and H358 (C) cells in different groups. (D-F) Flow cytometry was used
to detect cell cycle state in PC9 (D), H1975 (E) and H358 (F) cells with different treatment. (G-H) Q-PCR
(top) and WB (bottom) were used to detect the expression of N-myc in PC9(G) and H1975 cells (H) after
different treatments. (I) Q-PCR (top) and WB (bottom) were used to detect the expression of N-myc in
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H358 cells with different treatments. *p < 0.05, **p < 0.01, ***p < 0.001 vs. Vector+shNC or shNC+Vector;
#p < 0.05, ###p < 0.001 vs. Vector+shIGF2BP3 or shNC+oeIGF2BP3.
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