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The m6A reader IGF2BP3 preserves NOTCH3 mRNA stability to
sustain Notch3 signaling and promote tumor metastasis in
nasopharyngeal carcinoma
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Metastasis remains the major cause of treatment failure in patients with nasopharyngeal carcinoma (NPC), in which sustained
activation of the Notch signaling plays a critical role. N6-Methyladenosine (m6A)-mediated post-transcriptional regulation is
involved in fine-tuning the Notch signaling output; however, the post-transcriptional mechanisms underlying NPC metastasis
remain poorly understood. In the present study, we report that insulin-like growth factor 2 mRNA-binding proteins 3 (IGF2BP3)
serves as a key m6A reader in NPC. IGF2BP3 expression was significantly upregulated in metastatic NPC and correlated with poor
prognosis in patients with NPC. IGF2BP3 overexpression promoted, while IGF2BP3 downregulation inhibited tumor metastasis and
the stemness phenotype of NPC cells in vitro and in vivo. Mechanistically, IGF2BP3 maintains NOTCH3 mRNA stability via
suppression of CCR4-NOT complex-mediated deadenylation in an m6A-dependent manner, which sustains Notch3 signaling
activation and increases the transcription of stemness-associated downstream genes, eventually promoting tumor metastasis. Our
findings highlight the pro-metastatic function of the IGF2BP3/Notch3 axis and revealed the precise role of IGF2BP3 in post-
transcriptional regulation of NOTCH3, suggesting IGF2BP3 as a novel prognostic biomarker and potential therapeutic target in NPC
metastasis.
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INTRODUCTION
Nasopharyngeal carcinoma (NPC) is a metastasis-prone malignant
tumor arising from the nasopharyngeal epithelium, in which
approximately 70% of patients present with locoregionally
advanced NPC at first diagnosis [1–3]. Despite progress in systemic
treatment based on radiotherapy breakthroughs improving
treatment outcomes, 20–30% of patients still developed distant
metastases, which contribute to the majority deaths of patients
with NPC [4, 5]. Hence, there is an urgent need to identify the
molecular mechanisms underlying NPC tumor metastasis.
The development of metastasis is a highly inefficient multistage

process, in which organ colonization is regarded as the most
complicated and rate-limiting step [6]. Disseminated tumor cells
(DTCs) possessing stemness traits are a prerequisite to the
successful metastatic colony formation and critical for the initial
expansion in this early phase of metastatic colonization [7, 8]. The
Notch signaling pathway have been demonstrated that are widely
overactivated and regulates stemness and metastasis in multiple
cancers [9–12]. Multiple mechanisms fine-tune the Notch signaling
output, in which post-transcriptional modification might be

essential and potentially develop as a novel therapeutic avenue
[9, 13–16]. Moreover, it has been demonstrated that the
suppression of the Notch signaling pathway reduced the
proliferation and enhanced the treatment sensitivity of NPC cells
[17–19]. However, how post-transcriptional modification regulates
the Notch pathway in NPC are incompletely understood.
N6-Methyladenosine (m6A) is one of the post-transcriptional

types of multiple cancers [20]. The global abundance of m6A in
cancer cells is critical for cancer initiation, progression, metastasis,
relapse and treatment resistance [21], which is regulated by m6A
writers, including methyltransferase Like 3 (METTL3), METTL14 and
WT1 associated protein (WTAP), and m6A erasers, such as fat mass
and obesity associated protein (FTO) and AlkB homolog (ALKBH).
Notably, m6A readers mediate effects of m6A modification by
associating m6A-modified RNAs with mRNA processing enzymes
and eventually control the fate of the modified RNAs [20]. YTH
domain family proteins, such as YTHDF1, YTHDF2, and YTHDF3,
regulates the stability of m6A-bearing transcripts in the cytoplasm
to increase tumor malignancy [22, 23]. Heterogeneous nuclear
ribonucleoproteins, including HNRNPA2/B1, HNRNPC, and
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HNRNPG, regulate alternative splicing or processing of target
transcripts in nucleus [24, 25]. Moreover, insulin-like growth factor
2 mRNA-binding proteins 1–3 (IGF2BP1–3), are a newly reported
family of m6A readers that prevent m6A-modified mRNAs decay
[26, 27]. Aberrant expression of the reader proteins plays an
essential role in cancer metastasis [28]. However, the precise
function and the underlying regulatory mechanisms of the key
m6A reader in NPC metastasis remain elusive.
Herein, we observed that the m6A reader IGF2BP3 was

upregulated in NPC tissues and IGF2BP3 overexpression was an
independent predictor of poor prognosis in NPC patients.
Ectopically expressed IGF2BP3 expression in NPC cells identifies
and binds with m6A-modified NOTCH3 mRNA to facilitate its
stability and inhibit deadenylation-mediated mRNA decay, which
constantly activates the Notch signaling pathway and enhances
the tumor-initiating activity, eventually promoting tumor metas-
tasis. In general, our findings shed light on the mechanism of
tumor metastasis in NPC and suggest a novel therapeutic strategy
against NPC tumor metastasis.

RESULTS
IGF2BP3 is upregulated in NPC and associated with metastasis
and poor prognosis
The fate of m6A-modificated RNA is executed by m6A readers;
therefore, we explored the key m6A readers in NPC. RNA-
sequencing analysis was performed on 13 of NPC and 5 of
normal nasopharyngeal epithelium samples. Focusing on these
m6A readers, IGF2BP3 mRNA levels were significantly upregulated
in NPC (Fig. 1A). Notably, we collected additional 13 frozen tissues
to detect the mRNA and protein levels of IGF2BP3, in which the
IGF2BP3 expression level were obviously increased in NPC tissues
compared with those in normal tissues, especially in metastatic
NPC tissues (Fig. 1B). The clinical significance of IGF2BP3
expression was assessed using immunohistochemistry (IHC) in
183 paraffin-embedded NPC specimens (Fig. 1C and Supplemen-
tary Table S1). 104 out of the 183 (56.8%) NPC patients had high
IGF2BP3 expression, which presented a staining intensity ≥2, while
43.2% had low IGF2BP3 expression. Correlation analysis showed
that high IGF2BP3 expression significantly correlated with NPC
distant metastasis (Fig. 1D). Moreover, high IGF2BP3 expression
was associated with advanced tumor-node-metastasis (TNM)
stage (P= 0.037), advanced N stage (P= 0.005), tumor metastasis
(P= 0.001) and patient death (P= 0.008) (Supplementary Table
S2). The Kaplan–Meier survival curves revealed that high IGF2BP3
expression was associated with shorter overall survival (OS) and
distant metastasis-free survival (DMFS) in patients with NPC (Fig.
1E). Multivariate Cox regression analyses showed that IGF2BP3
expression level was determined as an independent prognostic
factor for OS and DMFS in patients with NPC (Fig. 1F). Consistently,
the significance statistic of IGF2BP3 in multivariate analyses of OS
disappeared when metastasis was added as a variable (Supple-
mentary Fig. 1A). Collectively, these findings suggested that
IGF2BP3 upregulation correlates with NPC metastasis.

IGF2BP3 regulates tumor metastasis in NPC
During the process of tumor metastasis, large numbers of cancer
cells disseminate from the primary tumor, but only a small
proportion of DTCs survive on infiltrating distant organs, which is a
precondition for successful metastatic colony formation [6, 7]. To
explore whether IGF2BP3 affects this inefficient process, we
selected the HONE1 and SUNE1 cell lines, with a medium level of
IGF2BP3 expression, to overexpress or knockdown IGF2BP3
(Supplementary Fig. 2A and Fig. 2A). Strikingly, upregulating
IGF2BP3 significantly promoted, while silencing
IGF2BP3 suppressed the anchorage-independent growth of NPC
cells in vitro (Fig. 2B, C). Furthermore, we constructed a nude
mouse xenograft model of lung metastasis. The indicated

luciferase expressing cells (SUNE1-Vector, SUNE1-IGF2BP3,
SUNE1-Scramble, SUNE1-shIGF2BP3#1, or SUNE1-shIGF2BP3#2)
were intravenously injected into the tail veins of nude mice.
Overexpression of IGF2BP3 significantly augmented, whereas
silencing of IGF2BP3 reduced the bioluminescence intensity in
the lung compared with that of the control group (Fig. 2D, E). After
resection of the lungs at 6 weeks after injection, more tumor
nodes were found on lung surfaces of mice in the IGF2BP3
overexpression group, compared with those in the control group.
By contrast, IGF2BP3 silencing significantly decreased the number
of disseminated tumor nodules in the lungs (Fig. 2F, G). Moreover,
Ki67 staining confirmed that the tumors in the mice in the
IGF2BP3 overexpression group had better proliferation potential
(Fig. 2F–H). These findings indicated that IGF2BP3 promotes
distant metastasis of NPC.

IGF2BP3 promotes the cancer stemness of NPC
The survival and tumor-initiating activity of DTCs have a
fundamental role in metastatic colonization [8]. The sphere
formation assay presented that IGF2BP3 overexpression resulted
in the formation of significantly more and larger spheres
compared with those in the vector control group. Contrastingly,
IGF2BP3 silencing resulted in fewer and smaller spheres compared
with those in the scramble group (Fig. 3A and Supplementary Fig.
3A). Moreover, the proportion of side-population (SP) cells in the
IGF2BP3 overexpression group was increased, while it was
reduced in the IGF2BP3 knockdown groups (Fig. 3B). Consistently,
the levels of cell stemness markers, NANOG, OCT4, and CD44,
were increased markedly by IGF2BP3 overexpression, but
decreased in IGF2BP3-silenced cells (Fig. 3C). We further injected
limiting numbers (1 × 106, 1 × 105, 1 × 104) of the indicated cells
into nude mice to evaluate the function of IGF2BP3 in regulating
the cancer stem cell (CSC) properties of NPC in vivo. IGF2BP3
upregulation contributed to markedly higher tumor incidence and
faster xenograft outgrowth. Conversely, the IGF2BP3-silenced cells
presented lower tumor incidence and slower xenograft outgrowth
(Fig. 3D–F). Consistently, IGF2BP3 overexpression increased the
tumor initiating cell (TIC) frequency, whereas IGF2BP3 silencing
had the reverse effect (Fig. 3E). Notably, ectopic expression of
IGF2BP3 potently increased NANOG, OCT4, and CD44 levels in NPC
tumors, while silencing IGF2BP3 potently impaired stemness
marker levels in tumors (Supplementary Fig. 3B). These results
indicated that IGF2BP3 plays a vital role in maintaining the cancer
stemness in NPC.

IGF2BP3 promoted the activation of Notch3 pathway via
stabilizing NOTCH3 mRNA
To determine the molecular mechanism underlying IGF2BP3’s
effects on CSC properties and NPC metastasis, we detected the
activity of several classical stemness-related signaling pathways,
including Hedgehog, Hippo, Notch, STAT3, and Wnt/β-catenin
pathways. IGF2BP3 overexpression in HONE1 and SUNE1 cells
dramatically increased the transcriptional activity of the Notch
signaling pathway, but caused no significant change in the other
signaling pathways (Fig. 4A and Supplementary Fig. 4A). Canonical
Notch signaling is initiated by receptor-ligand interactions between
neighboring cells, and then the active Notch intracellular domains
(NICDs) of the receptors are released from the plasma membrane
and translocated into the nucleus. Subsequently, the NICDs activate
the transcription of target genes, including the HES family and
MYC, which has been known to contribute to tumor stemness and
metastasis [9, 14, 29]. We analyzed the RNA-seq data and found a
significantly positive correlation between the mRNA levels of
IGF2BP3 and NOTCH3, but not other Notch family members (Fig. 4B
and Supplementary Fig. 4B). This positive correlation was also
demonstrated in TCGA HNSC datasets (Fig. 4C). Moreover, the
Notch3 signaling pathway was highly activated in NPC cell lines
compared with that in the normal nasopharyngeal epithelial cell
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line (Supplementary Fig. 4C). These results suggest a biological
regulation between IGF2BP3 and Notch signaling. Furthermore,
IGF2BP3 upregulation dramatically promoted, while IGF2BP3
knockdown greatly reduced the mRNA and protein levels of
NOTCH3 without affecting its transcription (Fig. 4D, E and
Supplementary Fig. 4D, E). Consistent with this, IGF2BP3 over-
expression increased the expression of Notch signaling target
genes HES1 and MYC (Fig. 4D). Luciferase reporter assays showed
that IGF2BP3 overexpression promoted, whereas IGF2BP3 silencing
dramatically weakened the luciferase activity of the HES1 and MYC
promoters (Fig. 4E and Supplementary Fig. 4E). Likewise, ectopic
expression of IGF2BP3 potently promoted, while IGF2BP3 down-
regulation impaired the mRNA levels of NOTCH3 and the
Notch3 signaling activation in tumors (Fig. 4F).
We next investigated the stability of NOTCH3 mRNA by different

time of Actinomycin D treatment. Knockdown of IGF2BP3
significantly decreased, while overexpression of IGF2BP3

dramatically increased the stability and half-life of NOTCH3 mRNA
(Fig. 4G). In addition, we used RO4929097, a γ-secretase inhibitor
(GSI), or NOTCH3-targeted shRNAs to inhibit Notch3 pathway in
IGF2BP3-overexpressing cells and revealed that suppressing the
Notch3 pathway abrogated the role of IGF2BP3 in promoting
HES1 and MYC expression (Supplementary Fig. 4F, G). Further-
more, GSI treatment and silencing NOTCH3 significantly abro-
gated IGF2BP3-mediated tumor-initiating ability (Fig. 4H, I).
Inhibition of NOTCH3 resulted in a significant reduction in
metastasis of NPC cells induced by IGF2BP3 (Fig. 4J). Notably,
silencing IGF2BP3 potently impaired the stemness properties in
NPC cell lines and lung metastasis in tumors, and these effects
were abrogated by NOTCH3 overexpression, suggesting that
IGF2BP3 promotes tumor metastasis through Notch3 pathway
(Supplementary Fig. 4H, I and Fig. 4K). These results presented that
IGF2BP3 stabilized NOTCH3 mRNA and sustained Notch3 pathway
activation to promote NPC tumor metastasis.

Fig. 1 IGF2BP3 upregulation correlates with NPC metastasis. A The gene expression m6A reader genes in the RNA-seq analysis. B The
mRNA (upper) and protein (lower) expression levels of IGF2BP3 in normal nasopharyngeal epithelial tissues, metastatic NPC and non-
metastatic NPC. GAPDH was used as the loading control. Each error bar represents the mean ± SD of three independent experiments.
C Representative IHC image of IGF2BP3 expression in patients with metastatic (n= 41) and non-metastatic (n= 142) NPC. Scale bars: 50 μm.
D Quantification of IGF2BP3 IHC staining in patients with metastatic (n= 41) and non-metastatic (n= 142) NPC. E Kaplan–Meier analysis of
overall survival (OS) and distant metastasis-free survival (DMFS) of patients with NPC (n= 183) grouped by low and high IGF2BP3 expression.
F Multivariable Cox regression analysis to evaluate the significance of the association between high IGF2BP3 expression and DMFS or OS in
the presence of other important clinical variables. *P < 0.05; **P < 0.01; ***P < 0.001; ns no significance.
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IGF2BP3 facilitates NOTCH3 mRNA stability in an m6A-
dependent manner
It is uncertain whether NOTCH3 mRNA regulated by m6A
modifications, which has been identified to affect mRNA stability
[22, 26]. Subsequently, we found that the NOTCH3 mRNA
sequence was enriched in m6A modifications in NPC cells (Fig.
5A). Endogenous RNA immunoprecipitation (RIP) assays per-
formed in NPC cells confirmed that IGF2BP3 consistently
interacted with NOTCH3 transcripts (Fig. 5B). However, either
upregulation or silencing of IGF2BP3 had no effects on m6A
modifications levels of NOTCH3 mRNA (Supplementary Fig. 5A). As
an m6A readers, IGF2BP3 targets thousands of mRNA transcripts
through the recognition of m6A motifs [26]. Therefore, we
explored whether IGF2BP3 directly bound to NOTCH3 mRNA

depending on its m6A modification. Analysis of the public MeRIP-
Seq data of NPC tissues in PRJCA004279 showed that the m6A
modifications of NOTCH3 were predominately located in the 3′
untranslated region (UTR) and coding regions (CDS) (Supplemen-
tary Fig. 5B) [30]. The online RNA modification website (SRAMP,
http://www.cuilab.cn/sramp) predicted five high confidence m6A
sites within the NOTCH3 CDS (Supplementary Fig. 5C). In
consistent with this, the region encompassing the five putative
m6A sites (3602 ~ 5593nt) was indispensable for the interaction
with IGF2BP3 protein (Supplementary Fig. 5D). Similarly, the direct
binding between NOTCH3 mRNA and IGF2BP3 was impaired by
mutation of all putative m6A sites (Fig. 5C, D). Furthermore, to
investigate which m6A site is responsible for m6A‐mediated
NOTCH3 stabilization, five NOTCH3 mutants were designed and

Fig. 2 IGF2BP3 regulates NPC metastatic colonization ability. A The protein levels of IGF2BP3 in the indicated cells were detected by
western blotting. GAPDH was used as the loading control. Representative images (B) and quantification (C) of anchorage-independent colony
formation for the indicated cells; data are presented as the mean ± SD of three independent experiments. Scale bars: 200 µm.
D Representative luciferase signal images of tumor-bearing mice at 6 weeks after inoculation. E The lung metastasis burden was evaluated
by quantifying the luciferase signals every week. F Lung metastases of mice and representative H&E and Ki67 staining images are shown, as
indicated by an arrow. Black scale bars: 250 µm; Red scale bars: 50 µm. G Quantitative analysis of visible surface metastatic lesions on the lung
in each group. H Quantification of IHC analysis of Ki67 signals in the lung metastatic foci. Each error bar in (E) and (G, H) represent the
mean ± SD of the tumor mouse models (n= 8/group). *P < 0.05; **P < 0.01; ***P < 0.001.
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dual-luciferase reporter assays were performed (Fig. 5E). Over-
expression of IGF2BP3 promoted the luciferase expression of all
NOTCH3 mutants, except for NOTCH3-mut4, indicating that site 4
(‘GUGGACU’) is involved in regulating NOTCH3 stability (Fig. 5F).
Silencing of METTL3 had the most significant effects on the

reduction of NOTCH3 expression in NPC cell (Supplementary Fig.
5E). It has been reported that METTL3 catalyzes the m6A
modification of Notch receptor family mRNAs [16, 31]. STM2457
is a potent and selective inhibitor of METTL3 catalytic activity [32].
In line with this, we found that using the specific siRNAs or
inhibitor of METTL3 decreased the m6A modification of NOTCH3,

eventually reduced the NOTCH3 expression in NPC cells (Supple-
mentary Fig. 5F and Fig. 5G). Further, the results of RIP assays
suggested that depletion of METTL3 dramatically suppressed
NOTCH3 enrichment on IGF2BP3 (Fig. 5H); and the mRNA stability
assay demonstrated that depletion of IGF2BP3 significantly
impaired the half-life of NOTCH3 mRNA even when NOTCH3 had
a high level of m6A-modification (Fig. 5I). Overall, these findings
indicated that IGF2BP3 promotes NOTCH3 mRNA stability in a
m6A-dependent manner.
Deadenylation-dependent mRNA turnover is the primary path-

way for the degradation of most mRNAs in eukaryotes, in which

Fig. 3 IGF2BP3 promotes cancer stemness of NPC. A Representative images of the tumor spheres formed in the indicated HONE1 and
SUNE1 cells. Scale bars: 200 µm. B Representative images (left) and quantification (right) of the side-population cells in the indicated HONE1
and SUNE1 cells. C Western blotting analyses of the stemness markers (NANOG, OCT4, and CD44) in the indicated HONE1 and SUNE1 cells.
GAPDH was used as the loading control. D Tumor volume curves of the different groups. E Frequency of tumor-initiating cells in the different
groups analyzed using ELDA software (http://bioinf.wehi.edu.au/software/elda/). F Tumor weigh (left) and representative images of tumors
(right) of the indicated groups. Each error bar in (B) represents the mean ± SD of three independent experiments. Each error bar in (D) and (F)
represent the mean ± SD of the tumor mouse models (n= 8/group). *P < 0.05; **P < 0.01; ***P < 0.001.
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the CCR4-NOT complex mediates the shortening of poly(A) tails
[33, 34]. To investigate whether the IGF2BP3-mediated increase in
NOTCH3 is related to CCR4-NOT complex-mediated deadenylation,
we conducted exogenous RIP assays. The results indicated that
overexpressing IGF2BP3 dramatically impaired the binding
between NOTCH3 and deadenylases CCR4 or CCR4-associated

factor 1 (CAF1) (Fig. 5J). Further analysis revealed that either
upregulating or silencing IGF2BP3 had no effect on CCR4 and
CAF1 expression (Supplementary Fig. 5G). Moreover, CCR4 and
CAF1 overexpression slightly accelerated the deadenylation of the
NOTCH3-wt reporter in IGF2BP3-overexpressed cells, whereas
such acceleration was augmented in the NOTCH3-mut reporter or

Fig. 4 IGF2BP3 promoted the activation of Notch3 pathway via stabilizing NOTCH3 mRNA. A Luciferase reporter assays of Hedgehog,
Hippo, Notch, STAT3, and Wnt/β-catenin reporters in HONE1 cells. B Correlation between IGF2BP3 and NOTCH3 mRNA expression in RNA-seq
data. C Correlation between IGF2BP3 and NOTCH3 mRNA expression in the TCGA HNSC dataset. D Western blotting analyses the levels of
critical proteins in the Notch3 signaling pathway (NOTCH3, N3ICD, HES1, and MYC) in the indicated groups. GAPDH was used as the loading
control. E HES1 and MYC promoter activity was analyzed in the indicated HONE1 cells. F qRT-PCR of NOTCH3 (upper) and western blotting
analysis of Notch3 signaling pathway (lower) in NPC tumors. GAPDH was used as the loading control. G The indicated NPC cells were treated
with actinomycin D (5 µg/ mL). RNA was isolated at the specified time point and NOTCH3 was subsequently analyzed by qRT-PCR analysis. The
half-life of the mRNA was tracked by calculating its level relative to the untreated cells. H Quantification of sphere formation in the different
cells. I Quantification of the side-population cells among the indicated cells. J Representative bioluminescence images (left) and quantification
(right) of visible surface metastatic lesions on the lung in each group. K Representative bioluminescence images (left) and quantification (right)
of visible surface metastatic lesions on the lung in indicated group. Data in (J) and (K) are presented as the mean ± SD of tumor mouse models
(n= 8/group). Each error bar in (A), (E), and (G–I) represent the mean ± SD of three independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001.
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by the addition of the METTL3-specific inhibitor, suggesting that
the m6A modification could protect NOTCH3 from CCR4-NOT
complex-mediated deadenylation (Supplementary Fig. 5H and Fig.
5K). Taken together, these results implied that IGF2BP3 promoted
NOTCH3 mRNA stability by suppressing CCR4-NOT complex-
mediated deadenylation in an m6A-dependent manner.

Clinical relevance and study model
Finally, we examined whether the IGF2BP3/Notch3 axis was
clinically relevant in NPC. IGF2BP3 and N3ICD levels were potently

upregulated in NPC primary tumor samples from the patients with
metastatic NPC compared to those without metastasis, suggesting
the significant relevance of the IGF2BP3/Notch3 axis in NPC (Fig.
6A). Furthermore, we evaluated N3ICD and IGF2BP3 levels by IHC
staining in paraffin-embedded NPC samples. The IHC staining and
correlation analysis showed that IGF2BP3 positively correlated
with N3ICD levels in the clinical samples (Fig. 6B, C). Similar to
IGF2BP3, high N3ICD levels correlated with shorter OS and DMFS
in patients with NPC (Fig. 6D). Importantly, patients with
combined high IGF2BP3 and high N3ICD levels suffered the worse

Fig. 5 IGF2BP3 facilitates NOTCH3 mRNA stability in an m6A-dependent manner. A M6A RIP-qPCR assay analysis of the levels of m6A-
modificated NOTCH3 in HONE1 and SUNE1 cells. B Endogenous RIP assays followed by qRT-PCR analysis examines the interaction between
IGF2BP3 and NOTCH3 mRNA. C Schematic illustration of the putative wild-type m6A sites and designed mutant m6A sites in the NOTCH3
transcript. D RIP-qPCR assays showing the enrichment of NOTCH3 on IgG and IGF2BP3 in the NOTCH3-Wt or NOTCH3-Mut NPC cells.
E Schematic illustration of mutated (GGAC to GGGC) sites in NOTCH3. F The luciferase activities of different mutated NOTCH3 reporters in the
indicated groups. G Relative m6A level of NOTCH3 in NPC cells with or without METTL3 silencing or METTL3 inhibition. H RIP-qPCR assays show
the enrichment of NOTCH3 mRNA on IgG and IGF2BP3 in NPC cells with or without METTL3 silencing or METTL3 inhibition. I The indicated
SUNE1 cells were treated with actinomycin D (5 µg/ mL). RNA was isolated at the specified time point and NOTCH3 was subsequently analyzed
by qRT-PCR analysis. The half-life of the mRNA was tracked by calculating its level relative to that in the untreated cell. J RIP assays followed by
qRT-PCR to examine the interaction between CCR4 or CAF1 and NOTCH3 mRNAs in indicated NPC cells. K The luciferase activities of NOTCH3-
Wt upon CCR4 or CAF1 overexpression compared to NOTCH3-Mut reporters or the addition of the METTL3 inhibitor in IGF2BP3-overexpressing
NPC cells. Each error bar represents the mean ± SD of three independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001; ns no significance.
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OS and DMFS (Fig. 6E). In addition, we detected the mRNA levels
of HES1 and MYC in 74 out of the 122 (60.7%) NPC tissues with low
or high co-expression of IGF2BP3 and N3ICD. Correlation analysis
showed that high mRNA levels of HES1 and MYC significantly

correlated with high co-expression of IGF2BP3 and N3ICD (Fig. 6F).
Moreover, patients in high co-expression of IGF2BP3 and N3ICD
combined with high mRNA levels of HES1 and MYC exhibited the
shorter OS and DMFS (Fig. 6G), further suggesting that the

Fig. 6 Clinical relevance and study model. A qRT-PCR of NOTCH3 (upper) and western blotting analysis of IGF2BP3 and N3ICD (lower) in
primary NPC tissue with or without metastasis, GAPDH was used as the loading control. B Representative images of IGF2BP3 and N3ICD IHC
staining in specimens from patients with NPC (n= 183). Scale bars: 50 μm. C Correlation analysis showed that IGF2BP3 was significantly
associated with the expression scores of N3ICD. D Kaplan–Meier analysis of OS and DMFS of patients with NPC grouped by the expression
scores of N3ICD. E Kaplan–Meier analysis of OS and DMFS of patients with NPC divided into three groups, including IGF2BP3-high/N3ICD-
high, IGF2BP3-low/N3ICD-low and others. F Correlation analysis revealed that the mRNA levels of HES1 and MYC were significantly associated
with co-expression of IGF2BP3/N3ICD in patient specimens (n= 74). G Kaplan–Meier analysis of OS and DMFS of patients with NPC divided
into indicated groups. H Study model: IGF2BP3 facilitates NOTCH3 mRNA stability to sustain the activation of the Notch3 pathway and
promote tumor metastasis in NPC. **P < 0.01.
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IGF2BP3/Notch3 axis was indeed associated with poor clinical
outcomes of NPC.
In summary, we here show that IGF2BP3 facilitates NOTCH3

mRNA stability to promote Notch3 signaling activation, then
enhances the survival and tumor-initiating activity in disseminated
tumor cells, leading to robust tumor metastasis in NPC (Fig. 6H).
This study uncovers a mechanism for tumor metastasis in NPC,
suggesting that inhibition of IGF2BP3 might be a promising
strategy.

DISCUSSION
A high potential for distant metastasis results in the majority of
treatment failure and deaths in patients with NPC [3–5]. Therefore,
there is an urgent need to identify the pivotal molecules that drive
NPC metastasis and develop promising targeted therapies to
improve the clinical outcome. Herein, we revealed that IGF2BP3
was distinctly upregulated in NPC tissues, especially in those with
distant metastasis, and predicted unfavorable outcomes in
patients. Mechanistically, IGF2BP3 activates Notch3 signaling by
maintaining NOTCH3 mRNA stability in an m6A-dependent
manner, thus enhancing the tumor-initiating ability of DTCs and
promoting the development of metastasis. Our findings highlight
a novel mechanism of constant Notch3 signaling activation in NPC
metastasis, and suggest IGF2BP3 as a potent prognostic biomarker
and a potential target against progressive metastasis in NPC.
As an evolutionarily conserved mechanism, the Notch3 pathway

is one of a major signaling axis in the maintenance of the stem-
like phenotype, in which the functions of Notch signaling are not
limited to triggering tumorigenesis and enhancing drug resis-
tance, but instead exert multiple pivotal functions in tumor
metastasis [9, 35–39]. For example, matrix metalloproteinase 28
(MMP28) enhances epithelial-mesenchymal transition (EMT) and
promotes hepatocellular carcinoma metastasis via activating
Notch3 Signaling [37]. MUC4/Y, one of the MUC4 transcript
variants, was reported to be overexpressed in pancreatic cancer, in
which it upregulated NOTCH3 expression, promoting tumor
angiogenesis and metastasis [38]. In the current study, we
demonstrated that Notch3 signaling plays a fundamental role in
the IGF2BP3-induced stem-like phenotype of NPC cells, which
eventually leads to distant metastasis. Therefore, targeting
Notch3 signaling appears to be a rational and innovative
approach for the treatment of NPC.
GSIs are a major class of Notch inhibitors, which prevent the

final proteolytic cleavage of Notch receptors that releases the
NICD [14]. It has been verified that has significant antitumor
effects in preclinical studies of advanced solid tumors [40–42].
Currently, only preclinical studies have been performed in NPC,
which revealed that GSIs inhibit proliferation and enhances the
radiosensitivity of NPC cells [17, 18]. Consistently, our study
demonstrated that a GSI reduced the tumor initiating ability of
NOTCH3-upregulated NPC cells and effectively suppressed
NOTCH3-mediated lung metastasis in vivo. Nevertheless, phase II
trials of metastatic pancreatic and colorectal cancer showed that
GSI had only minimal clinical activity and the clinical outcomes
were not superior to historical treatment data in unselected
populations [43, 44]. Based on the importance of Notch3 signaling
in metastatic NPC, we anticipated there will be more applications
for GSIs and other agents that target Notch signaling to limit
metastasis. It is further need of selecting optimal patients in NPC
to received targeting Notch signaling agents, according to
prescreening for the presence of Notch3 signaling activation.
Besides post-translational regulation, given that adenine/

uridine-rich elements (AREs) occur in the 3′ UTR of Notch-class
genes in humans, modulation of RNA metabolism is likely to be
involved in Notch signaling regulation [45]. Indeed, ZFP36L1 and
ZFP36L2 suppressed NOTCH1 expression in T cell acute lympho-
blastic leukemia by interacting with the 3′ UTR of NOTCH1 [46].

YTHDF2, an m6A binding protein, acts as an intrinsic suppressor in
Notch signaling by promoting NOTCH1 mRNA degradation under
normal cellular conditions [13]. However, post-transcriptional
regulation of NOTCH3 in NPC remains to be further explored.
Commonly, the mRNA decay directed by AREs in the 3′ UTR are
triggered by deadenylation [47]. In our study, we demonstrated
that IGF2BP3 binds with m6A-modified NOTCH3 and promotes its
mRNA stability via decreasing the interaction between NOTCH3
and the CCR4-NOT deadenylase complex, leading to constantly
activated Notch3 signaling. Our findings reveal a novel post-
transcriptional mechanism for the activation of Notch3 signaling.
IGF2BP3, recently identified as a novel m6A reader, has been

found elevated in various cancers and involved in the tumorigen-
esis and tumor progression [27]. Previous evidence suggested that
IGF2BP3 was upregulated in NPC tissues and promoted EMT by
activating AKT/mTOR signaling [48], which could be activated in
the noncanonical Notch signaling pathway [14, 49]. Besides, we
found that IGF2BP3 was the most significantly upregulated m6A
reader in metastatic NPC and predicted unfavorable clinical
outcomes. IGF2BP3 augmented Notch3 signaling via maintaining
NOTCH3 mRNA stability in a m6A-dependent manner, ultimately
promoting NPC metastasis. In addition, Du et al. revealed that
MYC-activated IGF2BP3 promoted NPC cell proliferation and
metastasis [50]. MYC is regarded as a downstream targets of
Notch signaling pathway [51], which was proven to be upregu-
lated in IGF2BP3-mediated Notch3 signaling overactivation.
However, whether the IGF2BP3/Notch3/MYC axis forms a positive
feedback loop to regulate NPC metastasis requires further
research. Hence, IGF2BP3 plays a critical role in regulating NPC
metastasis. Intriguingly, IGF2BP3 was regarded as an RNA-binding
proteins (RBPs), for which several clinical trials have emerged
recently to evaluate the anti-tumor efficacy of specific antisense
oligonucleotide (ASO) [52, 53]. This RNA interference-based
approach could modulate the expression and activity of RBPs to
regulate cancer-related pathway activation, which might shed
light on novel therapeutic avenues for NPC treatment.
To sum up, our study revealed that IGF2BP3 acts as an

oncogene to promote NPC metastasis by maintaining NOTCH3
mRNA stability via suppressing CCR4-NOT complex-mediated
deadenylation, thus leading to constant activation of the
Notch3 signaling pathway and enhancing tumor metastasis.
Collectively, our findings highlighted an important role of IGF2BP3
in NPC metastasis and elucidated the precise mechanism of
IGF2BP3-mediated post-transcriptional regulation on NOTCH3,
identifying IGF2BP3 as a novel prognostic biomarker and potential
therapeutic target in NPC metastasis.

MATERIALS AND METHODS
Cell lines and cell culture
The State Key Laboratory of Oncology in South China (Sun Yat-sen
University Cancer Center, Guangzhou, China) provided the NP69 cell line
(normal nasopharyngeal epithelial cells) and all the NPC cell lines. The
NP69 cells were cultured in keratinocyte serum‐free medium supplemen-
ted with bovine pituitary extract. NPC cell lines, including C666-1, HNE1,
HONE1, HK1, and SUNE1, were grown in RPMI 1640 (Invitrogen, Carlsbad,
CA, USA) medium supplemented with 10% FBS (Life Technologies,
Carlsbad, CA, USA) and 1% penicillin/streptomycin (Invitrogen, Carlsbad,
CA, USA). All cell lines were maintained at 37 °C with 5% CO2. All cell lines
were checked for no mycoplasma contamination and authenticated using
short tandem repeat (STR) profiling.

Patients and tissue samples
We collected 183 paraffin-embedded samples from patients who were
diagnosed clinically and pathologically NPC between 2012 and 2016 at the
Sun Yat-Sen University Cancer Center, and subjected them to immuno-
histochemistry analysis. The clinical information for these samples is shown
in Supplementary Table S1. Thirteen frozen tissues (3 normal nasophar-
yngeal epithelial tissue and 10 NPC tumor tissues) were used for qRT-PCR
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and western blotting analysis. TNM classification of NPC was based on the
Union for International Cancer Control and American Joint Commission on
Cancer (8th edition, 2017). Tumor recurrence was defined as local relapse
after radical treatment during 6-year follow-up. Tumor metastasis was
defined as any type of distant metastasis after radical treatment at follow-
up evaluations, including lung, bone, or liver metastasis. Disease
progression included tumor recurrence and metastasis. All patients
provided written informed consent, and the study was approved by the
Internal Review and Ethics Board of Sun Yat-sen University Cancer Center
(Approval No.GZR2020-148).

RNA extraction, reverse transcription, and quantitative real-
time PCR
Total RNA was isolated from cells using Trizol (Invitrogen, Carlsbad, CA,
USA). Total RNA (1 ug) was reverse transcribed into cDNA using a GoScript
Reverse Transcription System (Promega, Madison, WI, USA) in a 20 μl
reaction mixture. cDNA was detected using a Bio-Rad CFX qRT-qPCR
detection system (Bio-Rad, Hercules, CA, USA), and quantified using SYBR
Green Master Mix (ROX; Roche, Toronto, Canada). All data were normalized
to the expression of housekeeping gene GAPDH.

IHC
One hundred and eighty-three NPC tissues fixed in 10% formalin and
embedded in paraffin were cut into 4 μm sections and placed on slides.
The slides were incubated with anti-IGF2BP3 (ab177477, Abcam) and anti-
NOTCH3 antibodies (Sc-5593, Santa Cruz Biotechnology) at 4 °C overnight.
The IHC staining results were evaluated and scored by two independent
pathologists who were blinded to the clinical outcome. The staining
intensity was graded as strong +3, moderate +2, weak +1, and negative 0.
Specimens with scores +3 and +2 were defined as high expression, while
those that scored as +1 or 0 were defined as low expression. Staining of
N3ICD was defined as nuclear NOTCH3 expression in the specimens.

Xenograft tumor model
Male BALB/c-nude mice (4–5 weeks old) were housed in barrier facilities on
a 12-h light/dark cycle and randomly divided into the indicated groups (8
mice/group). All animal experiments were approved by the Ethics
Committee of Sun Yat-sen University Cancer Center (L102042021000K).
For the lung metastasis model, SUNE1 cells (1 × 106) were injected
intravenously into the tail veins of nude mice. The growth of metastatic
foci was detected using an in vivo imaging system (IVIS). The mice were
sacrificed after 6 weeks and their lungs were removed. Samples were
paraffin-embedded and subjected to H&E and IHC staining.
For the limiting dilution assays, 1 × 106, 1 × 105, or 1 × 104 SUNE1 cells were

injected subcutaneously into mice. Following sacrifice of the mice at after
7 weeks post-inoculation, tumors were excised, and the tumor volume and
weight were analyzed. The frequency of tumor-initiating cells was calculated
using the ELDA software (http://bioinf.wehi.edu.au/software/elda/).
No sample size calculations were performed. Sample size was determined

according to our experience as well as literature reporting in terms of
specific experiment. Randomization method was used to determine how
animals were allocated to different groups. To achieve randomization, all
animals were numbered by body weight, then, random number table was
used to allocate animals to experimental groups. During the study, no data
was excluded from the experiments, and no blinding was done.

RNA stability assay
NPC cells were cultured in 6-well plates overnight, and then treated with
5 µg/ml actinomycin D (MedChemExpress) to inhibit gene transcription for
various times. Next, RNA was extracted and analyzed using qRT‐PCR
(normalized to GAPDH expression).

RIP assays
The RIP assay was carried out using a Magna RIP RNA-Binding Protein
Immunoprecipitation Kit (Millipore, Burlington, MA, USA), according to the
manufacturer’s instructions. 1 × 107 cells were required for each RIP
procedure. In brief, NPC cells were lysed in complete RIP lysis buffer
containing magnetic beads conjugated with anti-m6A (202003, Synaptic
Systems), anti-IGF2BP3 (ab177477, Abcam), anti-CCR4 (ab221151, Abcam)
or anti-CAF1 (ab195587, Abcam) at 4 °C overnight. The proteins were
digested with proteinase K after the magnetic beads were washed. The
purified RNA was used for qRT-PCR analysis.

RNA sequencing data
RNA extraction and RNA sequencing were performed on 5 of normal
nasopharynx and 13 of NPC tissues (one of them was a patient-derived
xenograft). Differential expression analysis was performed using the
DESeq2 software package, and all gene expression values were log2
transformed. The RNA-seq data have been deposited in the Genome
Sequence Archive of the BIG Data Center at the Beijing Institute of
Genomics, Chinese Academy of Science, under accession number
HRA004724 (accessible at http://bigd.big.ac.cn/gsa-human).

Statistical analysis
SPSS version 20.0 (SPSS Inc, Chicago, IL) and GraphPad Prism 7 version
(GraphPad Software, La Jolla, CA, USA) were used for the statistical analyses.
Log-rank, Chi-squared, One-way ANOVA, and Student’s two-tailed t-tests were
used for data analysis. Multivariate statistical analysis was performed using a
Cox regression model. P< 0. 05 was considered statistically significant.
More materials and methods are included in the Supplementary files

(Supplementary information).

DATA AVAILABILITY
The authors confirm that the data supporting the findings of this study are available
within the article and its supplementary materials, or available from the
corresponding author on reasonable request.

REFERENCES
1. Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J. Nasopharyngeal carcinoma.

Lancet. 2019;394:64–80.
2. Pan JJ, Ng WT, Zong JF, Lee SW, Choi HC, Chan LL, et al. Prognostic nomogram for

refining the prognostication of the proposed 8th edition of the AJCC/UICC sta-
ging system for nasopharyngeal cancer in the era of intensity-modulated
radiotherapy. Cancer. 2016;122:3307–15.

3. Ke L, Xiang Y, Xia W, Yang J, Yu Y, Ye Y, et al. A prognostic model predicts the risk
of distant metastasis and death for patients with nasopharyngeal carcinoma based
on pre-treatment interleukin 6 and clinical stage. Clin Immunol. 2016;164:45–51.

4. Lai SZ, Li WF, Chen L, Luo W, Chen YY, Liu LZ, et al. How does intensity-modulated
radiotherapy versus conventional two-dimensional radiotherapy influence the
treatment results in nasopharyngeal carcinoma patients? Int J Radiat Oncol Biol
Phys. 2011;80:661–8.

5. Zhang MX, Li J, Shen GP, Zou X, Xu JJ, Jiang R, et al. Intensity-modulated
radiotherapy prolongs the survival of patients with nasopharyngeal carcinoma
compared with conventional two-dimensional radiotherapy: A 10-year experi-
ence with a large cohort and long follow-up. Eur J Cancer. 2015;51:2587–95.

6. Vanharanta S, Massague J. Origins of metastatic traits. Cancer Cell.
2013;24:410–21.

7. Shibue T, Weinberg RA. Metastatic colonization: settlement, adaptation and
propagation of tumor cells in a foreign tissue environment. Semin Cancer Biol.
2011;21:99–106.

8. Lambert AW, Pattabiraman DR, Weinberg RA. Emerging biological principles of
metastasis. Cell. 2017;168:670–91.

9. Ranganathan P, Weaver KL, Capobianco AJ. Notch signalling in solid tumours: a
little bit of everything but not all the time. Nat Rev Cancer. 2011;11:338–51.

10. Clara JA, Monge C, Yang Y, Takebe N. Targeting signalling pathways and the
immune microenvironment of cancer stem cells—a clinical update. Nat Rev Clin
Oncol. 2020;17:204–32.

11. Hayashi T, Gust KM, Wyatt AW, Goriki A, Jager W, Awrey S, et al. Not all NOTCH is
created equal: the oncogenic role of NOTCH2 in bladder cancer and its impli-
cations for targeted therapy. Clin Cancer Res. 2016;22:2981–92.

12. Liu L, Tao T, Liu S, Yang X, Chen X, Liang J, et al. An RFC4/Notch1 signaling feedback
loop promotes NSCLC metastasis and stemness. Nat Commun. 2021;12:2693.

13. Lee B, Lee S, Shim J. YTHDF2 suppresses notch signaling through post-
transcriptional regulation on Notch1. Int J Biol Sci. 2021;17:3776–85.

14. Majumder S, Crabtree JS, Golde TE, Minter LM, Osborne BA, Miele L. Targeting
Notch in oncology: the path forward. Nat Rev Drug Discov. 2021;20:125–44.

15. Wang LJ, Xue Y, Huo R, Yan Z, Xu H, Li H, et al. N6-methyladenosine methyl-
transferase METTL3 affects the phenotype of cerebral arteriovenous malforma-
tion via modulating Notch signaling pathway. J Biomed Sci. 2020;27:62.

16. Han H, Yang C, Zhang S, Cheng M, Guo S, Zhu Y, et al. METTL3-mediated m(6)A
mRNA modification promotes esophageal cancer initiation and progression via
Notch signaling pathway. Mol Ther Nucleic Acids. 2021;26:333–46.

17. Chen SM, Liu JP, Zhou JX, Chen C, Deng YQ, Wang Y, et al. Suppression of the
notch signaling pathway by gamma-secretase inhibitor GSI inhibits human
nasopharyngeal carcinoma cell proliferation. Cancer Lett. 2011;306:76–84.

B. Chen et al.

3573

Oncogene (2023) 42:3564 – 3574

http://bioinf.wehi.edu.au/software/elda/
http://bigd.big.ac.cn/gsa-human


18. Yu S, Zhang R, Liu F, Hu H, Yu S, Wang H. Down-regulation of Notch signaling by
a gamma-secretase inhibitor enhances the radiosensitivity of nasopharyngeal
carcinoma cells. Oncol Rep. 2011;26:1323–8.

19. Man CH, Wei-Man Lun S, Wai-Ying Hui J, To KF, Choy KW, Wing-Hung Chan A,
et al. Inhibition of NOTCH3 signalling significantly enhances sensitivity to cis-
platin in EBV-associated nasopharyngeal carcinoma. J Pathol. 2012;226:471–81.

20. Jiang X, Liu B, Nie Z, Duan L, Xiong Q, Jin Z, et al. The role of m6A modification in
the biological functions and diseases. Signal Transduct Target Ther. 2021;6:74.

21. Huang H, Weng H, Chen J. m(6)A modification in coding and non-coding RNAs:
roles and therapeutic implications in cancer. Cancer Cell. 2020;37:270–88.

22. Chai RC, Chang YZ, Chang X, Pang B, An SY, Zhang KN, et al. YTHDF2 facilitates
UBXN1 mRNA decay by recognizing METTL3-mediated m(6)A modification to
activate NF-kappaB and promote the malignant progression of glioma. J Hematol
Oncol. 2021;14:109.

23. Liu T, Wei Q, Jin J, Luo Q, Liu Y, Yang Y, et al. The m6A reader YTHDF1 promotes
ovarian cancer progression via augmenting EIF3C translation. Nucleic Acids Res.
2020;48:3816–31.

24. Wu B, Su S, Patil DP, Liu H, Gan J, Jaffrey SR, et al. Molecular basis for the specific
and multivariant recognitions of RNA substrates by human hnRNP A2/B1. Nat
Commun. 2018;9:420.

25. Jiang F, Tang X, Tang C, Hua Z, Ke M, Wang C, et al. HNRNPA2B1 promotes
multiple myeloma progression by increasing AKT3 expression via m6A-
dependent stabilization of ILF3 mRNA. J Hematol Oncol. 2021;14:54.

26. Huang H, Weng H, Sun W, Qin X, Shi H, Wu H, et al. Recognition of RNA N(6)-
methyladenosine by IGF2BP proteins enhances mRNA stability and translation.
Nat Cell Biol. 2018;20:285–95.

27. Ramesh-Kumar D, Guil S. The IGF2BP family of RNA binding proteins links epi-
transcriptomics to cancer. Semin Cancer Biol. 2022;86:18–31.

28. Oh J, Hwa C, Jang D, Shin S, Lee SJ, Kim J, et al. Augmentation of the RNA m6A
reader signature is associated with poor survival by enhancing cell proliferation
and EMT across cancer types. Exp Mol Med. 2022;54:906–21.

29. Nabet BY, Qiu Y, Shabason JE, Wu TJ, Yoon T, Kim BC, et al. Exosome RNA
unshielding couples stromal activation to pattern recognition receptor signaling
in cancer. Cell. 2017;170:352–66.e313.

30. Xia TL, Li X, Wang X, Zhu YJ, Zhang H, Cheng W, et al. N(6)-methyladenosine-
binding protein YTHDF1 suppresses EBV replication and promotes EBV RNA
decay. EMBO Rep. 2021;22:e50128.

31. Cong P, Wu T, Huang X, Liang H, Gao X, Tian L, et al. Identification of the role and
clinical prognostic value of target genes of m6A RNA methylation regulators in
glioma. Front Cell Dev Biol. 2021;9:709022.

32. Yankova E, Blackaby W, Albertella M, Rak J, De Braekeleer E, Tsagkogeorga G,
et al. Small-molecule inhibition of METTL3 as a strategy against myeloid leu-
kaemia. Nature. 2021;593:597–601.

33. Parker R, Song H. The enzymes and control of eukaryotic mRNA turnover. Nat
Struct Mol Biol. 2004;11:121–7.

34. Webster MW, Chen YH, Stowell JAW, Alhusaini N, Sweet T, Graveley BR, et al.
mRNA deadenylation is coupled to translation rates by the differential activities
of Ccr4-not nucleases. Mol Cell. 2018;70:1089–100.e1088.

35. Varga J, Nicolas A, Petrocelli V, Pesic M, Mahmoud A, Michels BE, et al. AKT-
dependent NOTCH3 activation drives tumor progression in a model of
mesenchymal colorectal cancer. J Exp Med. 2020;217:e20191515.

36. Sansone P, Ceccarelli C, Berishaj M, Chang Q, Rajasekhar VK, Perna F, et al. Self-
renewal of CD133(hi) cells by IL6/Notch3 signalling regulates endocrine resis-
tance in metastatic breast cancer. Nat Commun. 2016;7:10442.

37. Zhou J, Zheng X, Feng M, Mo Z, Shan Y, Wang Y, et al. Upregulated MMP28 in
hepatocellular carcinoma promotes metastasis via Notch3 signaling and predicts
unfavorable prognosis. Int J Biol Sci. 2019;15:812–25.

38. Tang J, Zhu Y, Xie K, Zhang X, Zhi X, Wang W, et al. The role of the AMOP domain
in MUC4/Y-promoted tumour angiogenesis and metastasis in pancreatic cancer. J
Exp Clin Cancer Res. 2016;35:91.

39. Artavanis-Tsakonas S, Rand MD, Lake RJ. Notch signaling: cell fate control and
signal integration in development. Science. 1999;284:770–6.

40. Krop I, Demuth T, Guthrie T, Wen PY, Mason WP, Chinnaiyan P, et al. Phase I phar-
macologic and pharmacodynamic study of the gamma secretase (Notch) inhibitor
MK-0752 in adult patients with advanced solid tumors. J Clin Oncol. 2012;30:2307–13.

41. Messersmith WA, Shapiro GI, Cleary JM, Jimeno A, Dasari A, Huang B, et al. A
Phase I, dose-finding study in patients with advanced solid malignancies of the
oral gamma-secretase inhibitor PF-03084014. Clin Cancer Res. 2015;21:60–7.

42. Cook N, Basu B, Smith DM, Gopinathan A, Evans J, Steward WP, et al. A phase I trial of
the gamma-secretase inhibitor MK-0752 in combination with gemcitabine in
patients with pancreatic ductal adenocarcinoma. Br J Cancer. 2018;118:793–801.

43. De Jesus-Acosta A, Laheru D, Maitra A, Arcaroli J, Rudek MA, Dasari A, et al. A
phase II study of the gamma secretase inhibitor RO4929097 in patients with
previously treated metastatic pancreatic adenocarcinoma. Invest N Drugs.
2014;32:739–45.

44. Strosberg JR, Yeatman T, Weber J, Coppola D, Schell MJ, Han G, et al. A phase II study
of RO4929097 in metastatic colorectal cancer. Eur J Cancer. 2012;48:997–1003.

45. Gonsalves FC, Weisblat DA. MAPK regulation of maternal and zygotic Notch
transcript stability in early development. Proc Natl Acad Sci USA. 2007;104:531–6.

46. Hodson DJ, Janas ML, Galloway A, Bell SE, Andrews S, Li CM, et al. Deletion of the
RNA-binding proteins ZFP36L1 and ZFP36L2 leads to perturbed thymic devel-
opment and T lymphoblastic leukemia. Nat Immunol. 2010;11:717–24.

47. Chen CY, Shyu AB. Mechanisms of deadenylation-dependent decay. Wiley
Interdiscip Rev RNA. 2011;2:167–83.

48. Xu Y, Guo Z, Peng H, Guo L, Wang P. IGF2BP3 promotes cell metastasis and is
associated with poor patient survival in nasopharyngeal carcinoma. J Cell Mol
Med. 2022;26:410–21.

49. Lee KS, Wu Z, Song Y, Mitra SS, Feroze AH, Cheshier SH, et al. Roles of PINK1,
mTORC2, and mitochondria in preserving brain tumor-forming stem cells in a
noncanonical Notch signaling pathway. Genes Dev. 2013;27:2642–7.

50. Du M, Peng Y, Li Y, Sun W, Zhu H, Wu J, et al. MYC-activated RNA N6-
methyladenosine reader IGF2BP3 promotes cell proliferation and metastasis in
nasopharyngeal carcinoma. Cell Death Discov. 2022;8:53.

51. Sanchez-Martin M, Ferrando A. The NOTCH1-MYC highway toward T-cell acute
lymphoblastic leukemia. Blood. 2017;129:1124–33.

52. Pereira B, Billaud M, Almeida R. RNA-binding proteins in cancer: old players and
new actors. Trends Cancer. 2017;3:506–28.

53. Hong S. RNA binding protein as an emerging therapeutic target for cancer
prevention and treatment. J Cancer Prev. 2017;22:203–10.

ACKNOWLEDGEMENTS
This work was supported by the National Natural Science Foundation of China (No.
82003081, 82073330 and 82202946), Guangzhou Science and Technology Plan
Projects (No. 202102020106), and Guangdong Basic and Applied Basic Research
Foundation (No. 2021A1515111112).

AUTHOR CONTRIBUTIONS
BC, RH, and TX carried out most of the experimental work; they collected and
analyzed the data, and wrote original draft. BC, TX, and CW conducted the RNA-seq,
qRT-PCR, and RIP assays. RH, XX, SL, and XD collected tissues, patient information,
and conducted IHC and survival analysis. BC, RH, and XC conducted the western
blotting analysis, plasmid constructions, and luciferase activity assays. BC, RH, and XX
conducted animal studies. TX, CW, SL, and YO conducted cell culture. RH, YO, and JM
performed the in vitro studies. JM, CZ, and LW raised the concept, design the
experiments, reviewed the manuscript, and supervised the project.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41388-023-02865-6.

Correspondence and requests for materials should be addressed to Jingjing Miao,
Chong Zhao or Lin Wang.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

B. Chen et al.

3574

Oncogene (2023) 42:3564 – 3574

https://doi.org/10.1038/s41388-023-02865-6
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The m6A reader IGF2BP3 preserves NOTCH3 mRNA stability to sustain Notch3 signaling and promote tumor metastasis in nasopharyngeal carcinoma
	Introduction
	Results
	IGF2BP3 is upregulated in NPC and associated with metastasis and poor prognosis
	IGF2BP3 regulates tumor metastasis in NPC
	IGF2BP3 promotes the cancer stemness of NPC
	IGF2BP3 promoted the activation of Notch3 pathway via stabilizing NOTCH3 mRNA
	IGF2BP3 facilitates NOTCH3 mRNA stability in an m6A-dependent manner
	Clinical relevance and study model

	Discussion
	Materials and methods
	Cell lines and cell culture
	Patients and tissue samples
	RNA extraction, reverse transcription, and quantitative real-time PCR
	IHC
	Xenograft tumor model
	RNA stability assay
	RIP assays
	RNA sequencing data
	Statistical analysis

	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




