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Abstract
BACKGROUND
Studies have shown that insulin-like growth factor 2 mRNA-binding protein 1
(IGF2BP1) plays critical roles in the genesis and development of human cancers.

AIM
To investigate the clinical significance and role of IGF2BP1 in pancreatic cancer.

METHODS
Expression levels of IGF2BP1 and microRNA-494 (miR-494) were mined based on
Gene Expression Omnibus datasets and validated in both clinical samples and
cell lines by quantitative real-time polymerase chain reaction and Western blot.
The relationship between IGF2BP1 expression and clinicopathological factors of
pancreatic cancer patients was analyzed. The effect and mechanism of IGF2BP1
on pancreatic cancer cell proliferation were investigated in vitro and in vivo.
Analyses were performed to explore underlying mechanisms of IGF2BP1
upregulation in pancreatic cancer and assays were carried out to verify the post-
transcriptional regulation of IGF2BP1 by miR-494.

RESULTS
We found that IGF2BP1 was upregulated and associated with a poor prognosis in
pancreatic cancer patients. We showed that downregulation of IGF2BP1 inhibited
pancreatic cancer cell growth in vitro and in vivo via the AKT signaling pathway.
Mechanistically, we showed that the frequent upregulation of IGF2BP1 was
attributed to the downregulation of miR-494 expression in pancreatic cancer.
Furthermore, we discovered that reexpression of miR-494 could partially
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abrogate the oncogenic role of IGF2BP1.

CONCLUSION
Our results revealed that upregulated IGF2BP1 promotes the proliferation of
pancreatic cancer cells via the AKT signaling pathway and confirmed that the
activation of IGF2BP1 is partly due to the silencing of miR-494.

Key words: Pancreatic cancer; Insulin-like growth factor 2 mRNA-binding protein 1;
Proliferation; MicroRNA-494
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Core tip: Insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) exerts vital
roles in the development of various cancers; however, the expression, functional role,
and regulatory mechanisms of IGF2BP1 in pancreatic cancer remain unclear. In this
study, the expression levels of IGF2BP1 and miR-494 were mined based on Gene
Expression Omnibus datasets and validated in both clinical samples and cell lines. The
relationship between IGF2BP1 expression and clinicopathological factors of pancreatic
cancer patients was analyzed. The effect of IGF2BP1 on pancreatic cancer cell
proliferation and underlying regulatory mechanism were investigated. Our study
suggests that IGF2BP1 may be a new therapeutic target for pancreatic cancer.

Citation: Wan BS, Cheng M, Zhang L. Insulin-like growth factor 2 mRNA-binding protein 1
promotes cell proliferation via activation of AKT and is directly targeted by microRNA-494
in pancreatic cancer. World J Gastroenterol 2019; 25(40): 6063-6076
URL: https://www.wjgnet.com/1007-9327/full/v25/i40/6063.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i40.6063

INTRODUCTION
Pancreatic  ductal  adenocarcinoma (PDAC) is  one of  the most common causes of
cancer-related deaths worldwide[1]. Currently, the treatment options for patients with
inoperable  pancreatic  cancer  are  very limited,  and the clinical  outcomes remain
unsatisfactory[2,3]. Although some understanding of the molecular pathogenesis of
pancreatic cancer development and progression was obtained[4-6], new therapy targets
are necessary to improve the survival rate of pancreatic cancer patients. Insulin-like
growth factor 2 mRNA-binding protein 1 (IGF2BP1), also known as IMP-1 or CRD-BP,
belongs to a conserved family of oncofetal RNA-binding proteins, which include
IGF2BP2 and IGF2BP3[7,8]. IGF2BP1 controls the translation and stability of its target
RNAs by posttranscriptional  regulation[9].  Increasing evidence indicates  that  the
IGF2BP family plays critical roles in the genesis and development of human cancers.
IGF2BP2 expression predicts poor outcomes in gallbladder cancer patients and high
tumor growth rates in xenograft models[10]. IGF2BP1 reduces the metastatic potential
of breast cancer in a mouse model[11], regulates the expression and activity of GLI1 in
the development of basal cell carcinoma[12], and acts as an adaptor protein that recruits
the CCR4-NOT complex and thereby initiates the degradation of the long noncoding
RNA (lncRNA) highly upregulated in liver cancer (HULC) in hepatocarcinoma[13].
Currently, very little is known regarding IGF2BP1 expression in PDAC and its role in
genesis or progression of this malignancy.

MicroRNAs  (miRNAs)  play  important  roles  in  cellular  differentiation  and
proliferation in embryo development and cancer progression. MiRNAs bind to the 3’
untranslated region (3'-UTR) of the target mRNAs, which results in mRNA cleavage
or translational repression [14,15]. This miRNA-mediated gene silencing, which has been
shown in numerous studies, plays critical roles in pancreatic cancer development and
progression. MiR-381 targeted the chemokine receptor-4 mRNA 3’-UTR to aggravate
PDAC carcinogenesis[16], and miR-1181 inhibited cell invasion and proliferation via
STAT3 in pancreatic cancer[17].

In this study, we demonstrated that IGF2BP1 was overexpressed in PDAC when
compared to its expression in matched normal control tissues. IGF2BP1 promoted
PDAC cell proliferation both in vitro and in vivo through the AKT signaling pathway.
We also determined that dysregulation of miR-494 contributed to the upregulation of

WJG https://www.wjgnet.com October 28, 2019 Volume 25 Issue 40

Wan BS et al. IGF2BP1 promotes cell proliferation in pancreatic cancer

6064

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


IGF2BP1. Thus, our results provide a new molecular mechanism of oncogenesis and
suggest a potential therapeutic target for pancreatic cancer.

MATERIALS AND METHODS

Tissue samples and ethics statement
Surgical  specimens  of  pancreatic  tumors  and  adjacent  nontumor  tissues  were
collected  between  January  2015  and  December  2015  from  30  patients  with
histologically confirmed pancreatic adenocarcinomas from Henan Cancer Hospital
(Zhengzhou, China). None of these patients received preoperative chemotherapy or
radiotherapy. Normal pancreatic tissues from three patients with benign pancreatic
diseases were also collected and histologically classified. This study was approved by
the Human Research Ethics Committee of Zhengzhou University.

Cell culture and transfection
Human pancreatic cancer cell lines (Capan-2, Mia PaCa-2, Panc-1, and Panc 0327)
were purchased from the American Typical Culture Center (Manassas, VA, United
States), and the immortalized human pancreatic ductal epithelial (HPDE) cell line was
purchased from the Cell Repository of the Chinese Academy of Sciences (Shanghai,
China). Cells were cultured in RPMI 1640 (Capan-2, Panc 0327, and HPDE) or DMEM
(Mia  PaCa-2  and  Panc-1)  supplemented  with  10%  fetal  bovine  serum  (Gibco,
Carlsbad, CA, United States) in a humidified atmosphere with 5% CO2 at 37 °C. All
cells in our study were authenticated using short tandem repeat DNA profiling within
2 mo. All mature miRNA mimics, inhibitors, primers, and siRNAs were purchased
from RiboBio company (Guangzhou, China). Cell transfection was conducted using
Lipofectamine  2000  (Invitrogen,  Carlsbad,  United  States)  according  to  the
manufacturer’s instructions.

Immunohistochemistry (IHC)
Formalin-fixed and paraffin-embedded tissue sections were deparaffinized in xylene
and rehydrated in a graded series of alcohol solutions, followed by antigen retrieval
and  blockage  with  3%  bovine  serum  albumin  for  30  min.  Tissue  sections  were
incubated with primary antibodies at optimal concentrations overnight at 4 °C. Then,
the biotinylated sections were incubated with the secondary antibody (Boster, Wuhan,
China)  for  1  h  at  room  temperature.  Finally,  the  sections  were  stained  with  a
diaminobenzidine  (DAB)  kit  (Boster,  Wuhan,  China)  and  counterstained  with
hematoxylin (Boster, Wuhan, China). Staining was independently assessed by two
experienced  pathologists  at  the  The  Affiliated  Cancer  Hospital  of  Zhengzhou
University.  Images were obtained using a  microscope (Olympus,  Tokyo,  Japan).
IGF2BP1 staining intensity was classified as 0 (negative), 1 (weak), 2 (moderate), or 3
(strong). The staining proportion was quantified as 0 (negative), 1 (0.01%–50%), and 2
(51%–100%). The staining score of each sample was calculated as the proportional
score × intensity score. Patients were grouped as low IGF2BP1 expression when the
staining score was ≤ 2, and as high IGF2BP1 expression when the score was ≥ 3.

Lentivirus, reagents, and antibodies
The  lentiviral  vectors  for  human  IGF2BP1  overexpression  (Lv-IGF2BP1)  and
knockdown  (Lv-sh-IGF2BP1)  and  control  empty  vectors  were  constructed  and
synthesized by GeneChem Corporation (Shanghai, China). Lentiviral infection was
performed according to the manufacturer’s protocol. The primary antibodies included
IGF2BP1 (ab124930, Abcam), pan-AKT (C67E7, CST), p-AKT (D9E, CST), and GAPDH
(Boster, Wuhan, China).

Reverse transcription real-time quantitative polymerase chain reaction (RT-qPCR)
Total RNA isolation was performed using a TRIzol kit (Invitrogen, Carlsbad, CA,
United States) according to the manufacturer’s instructions. For cDNA synthesis,
equal  amounts of  RNA were transcribed,  and random primers (Takara Bio,  Inc.,
Dalian, China) were used for reverse transcription according to the manufacturer’s
instructions. RT-qPCR assays of mRNA expression levels were performed using a
SYBR Green PCR Kit (RR420A; Takara, Dalian, China) on an ABI Prism 7500 (Applied
Biosystems,  Foster  City,  CA,  United  States)  according  to  the  manufacturer’s
instructions. The housekeeping genes GAPDH and U6 were used as reference genes.
The primers used were: GAPDH forward, 5’-AGAAGGCTGGGGCTCATTTG-3’ and
reverse:  5’-TGAGAGCTGTCCATTGGTAG  AG-3’;  IGF2BP1  forward,  5’-
CAAAGGAGCCGGAAAATTCAAAT-3’  and  reverse,  5’-CGTCTCACTCTC
GGTGTTCA-3’. The relative gene expression was quantified and analyzed by the
2−ΔΔCt method.

WJG https://www.wjgnet.com October 28, 2019 Volume 25 Issue 40

Wan BS et al. IGF2BP1 promotes cell proliferation in pancreatic cancer

6065



Western blot analysis
Tissue and cell proteins were extracted using RIPA buffer (Beyotime Biotechnology,
Shanghai,  China)  containing protease  and phosphatase  inhibitors.  After  protein
concentration determination and denaturation, the samples were subjected to sodium
dodecyl-polyacrylamide gel electrophoresis, and then transferred onto polyvinylidene
fluoride (PVDF) membranes (Millipore, Bedford, MA, United States) as described[9].
After incubation with relevant primary and secondary antibodies (Boster, Wuhan,
China), the blots were visualized by enhanced chemiluminescence (Boster, Wuhan,
China).

Cell Counting Kit-8 (CCK-8) assay
One thousand pancreatic cancer cells were cultured in 96-well plates in triplicate and
were maintained in complete medium. After transfection, cell viability was measured
by the  CCK-8  assay  (Dojindo Laboratories,  Kumamoto,  Japan)  according  to  the
manufacturer’s instructions.

Flow cytometry
After transfection, cell apoptosis was detected using a FACSCalibur flow cytometer
(BD Biosciences, MA, United States) after staining using the Annexin V/PI apoptosis
kit (MultiSciences, Hangzhou, China) according to the manufacturer’s instructions.
For cell cycle analysis, transfected pancreatic cancer cells were harvested, washed
with cold PBS, fixed in 70% ethanol at -20 °C for 24 h, and stained with a cell cycle kit
(MultiSciences, Hangzhou, China).

Subcutaneous xenograft model
Six-week-old  female  BALB/c  nude  mice  were  purchased  from  HFK  Bioscience
(Beijing, China). All mice were maintained under specific pathogen-free conditions in
the Central Animal Laboratory of Zhengzhou University. For subcutaneous xenograft
model creation, 5 × 106 cells suspended in 100 μL of PBS were injected into the flank of
mice. Tumor volume and mouse weight were calculated every week. Tumor volume
was calculated using the formula length × width2/2. Animal studies were conducted
under the principles and procedures outlined in the NIH Guide for the Care and Use
of  Laboratory  Animals  and  approved  by  the  Ethics  Committee  of  Zhengzhou
University.

Dual-luciferase reporter gene assay
The  3’-UTR  and  the  3’-UTR  mutant  of  human  IGF2BP1  were  constructed  and
synthesized  by  GeneChem  RiboBio  Corporation  (Guang  zhou,  China).  For  the
reporter assays, pancreatic cancer cells were cotransfected with wild-type reporter
plasmid and miR-494 mimics.  After  transfection for 48 h,  luciferase activity was
measured  using  the  Dual-Glo  Luciferase  Reporter  System  according  to  the
manufacturer’s instructions.

Gene expression omnibus (GEO) and gene set enrichment analysis (GSEA)
GSE15471, GSE32678, and GSE62165 datasets were downloaded from GEO. Gene
expression profiling was analyzed with R software (version 3.3.3) using the limma
package to calculate the differentially expressed mRNAs and miRNAs. GSEA was
conducted using GSEA 3.0 software (Broad Institute, Cambridge, MA, United States)
to identify the biologically associated gene sets.

Statistical analysis
All experiments were carried out in three biological replicates at least.  Statistical
analyses were performed using SPSS 17.0 software (IBM Corp., Armonk, NY, United
States). The log-rank test was used to analyze the effect of expression on patients’
overall survival (OS). ANOVA and student’s t-test were used to compare differences
between groups. P < 0.05 was considered statistically significant.

RESULTS

IGF2BP1 upregulation in pancreatic cancer is associated with a poor prognosis in
pancreatic cancer patients
To study the expression of IGF2BP1 in pancreatic cancer, we analyzed the mRNA
expression levels of IGF2BP1 in the GEO dataset GSE15471. The results indicated that
the mRNA expression level of IGF2BP1 in the pancreatic cancer samples was much
higher  than  that  in  the  normal  tissue  samples  (Figure  1A).  Next,  we  confirmed
elevated IGF2BP1 mRNA and protein levels in pancreatic cancer samples by RT-qPCR
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and immunoblotting (Figure 1B and C and Supplementary Figure 1). To investigate
the clinical implication of IGF2BP1 during the development of pancreatic cancer, we
performed IHC staining in 30 pairs  of  pancreatic  cancer and matched nontumor
specimens (Figure 1D; Table 1). Quantitative analysis of the IHC data revealed that
IGF2BP1 was upregulated in cancer tissues compared with adjacent nontumor tissues
(Figure 1E). Clinicopathological correlation analysis showed that overexpression of
IGF2BP1 was correlated with tumor size (Table 1). Kaplan-Meier survival analysis
showed that patients with tumoral overexpression of IGF2BP1 demonstrated a shorter
OS time than patients with low expression (Figure 1F; 10 mo vs 19 mo; log-rank test, P
< 0.05).  The mRNA and protein levels of IGF2BP1 were also examined in several
pancreatic cancer cell lines. We found that IGF2BP1 mRNA and protein levels were
aberrantly upregulated in human pancreatic cancer cell lines compared to the HPDE
cell line (Figure 1G and H). Collectively, we conclude that IGF2BP1 is overexpressed
in pancreatic cancer and predicts a poor prognosis.

Knockdown of IGF2BP1 inhibits pancreatic cancer cell proliferation in vitro
To investigate the biological function of IGF2BP1 in pancreatic cancer, we knocked
down IGF2BP1 expression in two IGF2BP1-high-expressing (Panc-1 and Panc 0327)
cell lines by siRNA transfection and ectopic expression in the IGF2BP1-low-expressing
Mia PaCa-2 cell  line.  The transfection efficiency was measured by RT-qPCR and
Western blot  (Figure 2A-F).  CCK-8 assays revealed that  knockdown of  IGF2BP1
markedly inhibited the growth of both Panc-1 and Panc 0327 cells (Figure 2G and H),
whereas overexpression of IGF2BP1 significantly accelerated the growth of Mia PaCa-
2 cells (Figure 2I). These results suggest that IGF2BP1 promotes pancreatic cancer cell
proliferation in vitro.

IGF2BP1 promotes pancreatic cancer cell proliferation by inhibiting apoptosis and
inducing cell cycle progression
To understand the potential  mechanism by which IGF2BP1 promotes pancreatic
cancer cell proliferation, we conducted GSEA based on a published pancreatic cancer
dataset GSE62165. IGF2BP1 upregulation was found to be positively correlated with
the transcription of RNA polymerase promoter III,  the mitotic cell  cycle,  and the
response to DNA damage stimulus (Figure 3A-C). We further examined whether the
inhibition of cell proliferation was due to a perturbation of the cell cycle or increased
apoptosis by flow cytometry. Depletion of IGF2BP1 induced the apoptosis of Panc-1
and Panc 0327 cells  (Figure 3D and Supplementary Figure 2).  Overexpression of
IGF2BP1  decreased  the  apoptosis  of  Mia  PaCa-2  cells  (Figure  3E  and
Supplementary Figure 3). Depletion of IGF2BP1 increased the proportion of Panc-1
and Panc 0327 cells in the G1 phase and reduced the proportions in the S and G2
phases (Figure 3F and 3H). Additionally, overexpression of IGF2BP1 promoted the
transition of Mia PaCa-2 cells in G1 to enter the S and G2 phases compared with
control  cells  (Figure  3G and  H).  Overall,  the  present  results  demonstrated  that
IGF2BP1  promotes  pancreatic  cancer  cell  growth  by  inducing  apoptosis  and
accelerating the G1 to S phase transition.

IGF2BP1 enhances  pancreatic  cancer  cell  proliferation  via  the  AKT signaling
pathway
It  has been reported that  AKT activation is  necessary for cancer progression.  To
determine whether IGF2BP1 activates AKT in pancreatic cancer, Western blot was
performed. As presented in Figure 4A and B, silencing of IGF2BP1 in Panc-1 and Panc
0327 cells resulted in notably decreased phosphorylation of AKT. To verify the above
findings  in  vivo,  a  subcutaneous  xenograft  model  was  established in  nude mice
(Figure 4C). Mice of the IGF2BP1 knockdown group showed a slower increase in
tumor volume and less weight loss compared with the control group (Figure 4D and
E).  In  addition,  Ki-67  and  p-AKT  staining  was  also  reduced  in  the  IGF2BP1
knockdown group (Figure 4F). Taking these results together, our study demonstrated
that IGF2BP1 promotes pancreatic cancer growth by activating the AKT signaling
pathway.

IGF2BP1 is a direct target of miR-494
Whether IGF2BP1 is regulated at the posttranscriptional level in pancreatic cancer
remains unknown. To identify the potential miRNAs targeting IGF2BP1, two online
bioinformatics tools, microRNA.org and TargetScan, were used, and the prediction
results were comprehensively analyzed. After searching the GEO dataset GSE32678,
we found that only two miRNAs, miR-494 and miR-326, were downregulated (Figure
5A). The more frequent low expression of miR-494 was further validated by RT-qPCR
in our cohort of pancreatic cancer patients (Figure 5B, n = 30). Thus, we speculated
that miR-494 exhibited the greatest potential to regulate IGF2BP1, and the predicted
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Table 1  Characteristics of the subjects enrolled in the immunohistochemistry study

Factor n High Low P value

Sex 15 15 0.475

Female 13 7 6

Male 17 8 9

Age, yr 0.368

< 50 20 14 6

≥ 50 10 6 4

Tumor size < 0.01

≥ 2.5 cm 13 9 4

< 2.5 cm 17 5 12

Cancer stage was evaluated by the American Joint Committee on Cancer 7th edition.

binding site is shown in Figure 5C. To verify whether IGF2BP1 is a direct target of
miR-494,  wild-type (WT) and mutated (Mut) IGF2BP1 3’-UTR-coupled luciferase
reporters were designed. Panc-1 and Panc 0327 cells were transfected with miR-494
mimics, inhibitors, or control sequences (Figure 5D). IGF2BP1 mRNA was markedly
downregulated by the miR-494 mimics and upregulated by the miR-494 inhibitors
(Figure 5E and F). In both cell lines, the luciferase activity was notably suppressed by
the miR-494 mimics and enhanced by the miR-494 inhibitors in the WT group, with no
significant change observed in the Mut group (Figure 5G and H).  Therefore,  our
results showed that IGF2BP1 is a direct target of miR-494 in pancreatic cancer.

MiR-494 is involved in IGF2BP1-mediated pancreatic cancer cell proliferation
To confirm whether IGF2BP1 is a functional target of miR-494, rescue experiments
were performed in Mia PaCa-2 cells.  The growth promotion caused by IGF2BP1
reexpression was partly reversed by the miR-494 mimics as demonstrated by the
CCK-8 assays (Figure 6A). Cell apoptosis analysis revealed that reexpression of miR-
494 induced apoptosis of Mia PaCa-2 cells, which was preserved by the regulation of
IGF2BP1 (Figure 6B). Cell cycle analysis revealed that Mia PaCa-2 cells accumulated
in the G1 phase due to upregulated IGF2BP1, and the cells partially transitioned into
the  S/G2  phase  following  cotransfection  with  the  miR-494  mimics  (Figure  6C).
Furthermore,  cotransfection of  miR-494 reduced phosphorylation levels  of  AKT
(Ser473), which was mediated by IGF2BP1 overexpression (Figure 6D). Furthermore, a
negative correlation between IGF2BP1 and miR-494 expression was observed in our
clinical  samples  (Figure  6E,  n  =  30).  Kaplan–Meier  curves  demonstrated  that
pancreatic cancer patients with high miR-494 expression (n = 15) had a better OS than
those with low miR-494 expression (n = 15) (Figure 6F; 12 mo vs 23 mo, log-rank test,
P < 0.05). These findings suggested that miR-494 modulates the function of IGF2BP1,
and could influence pancreatic cancer cell survival by regulating IGF2BP1.

DISCUSSION
In  this  study,  upregulation  of  IGF2BP1  was  observed  in  the  GEO  samples  and
validated in an expanded cohort. We identified IGF2BP1 as a prognostic indicator and
a vital factor in the development of pancreatic cancer via the AKT signaling pathway.
Additionally,  the  upregulation  of  IGF2BP1  was  due  to  miR-494  dysregulation.
Therefore, IGF2BP1 might be a novel therapeutic target for the treatment of pancreatic
cancer in the future.

IGF2BP1 is a well-known oncofetal protein linked to several human cancers. High
IGF2BP1 expression is  a poor prognostic  marker in basal  cell  carcinoma with an
activated Hedgehog signaling pathway[12].  IGF2BP1 leads to an increased lncRNA
HULC half-life and higher steady-state expression to promote the carcinogenesis of
hepatomas[13]. Here, we demonstrated that stable knockdown of IGF2BP1 drastically
inhibited pancreatic cancer cell proliferation and reduced tumor formation in nude
mice,  whereas  reexpression  of  IGF2BP1  increased  pancreatic  cancer  cell
tumorigenesis. Accordingly, upregulation of IGF2BP1 in human pancreatic cancer
was observed and associated with a more aggressive clinicopathological phenotype
and poorer prognosis. These findings together suggest that IGF2BP1 is an oncogene in
pancreatic cancer.
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Figure 1

Figure 1  Insulin-like growth factor 2 mRNA-binding protein 1 overexpression correlates with a poor prognosis in pancreatic cancer. A: The mRNA level of
insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) was analyzed in the GSE15471 pancreatic cancer dataset; B: The mRNA level of IGF2BP1 was
determined by reverse transcription real-time quantitative polymerase chain reaction in 30 cancerous tissues and five normal pancreatic tissues from patients at The
Affiliated Cancer Hospital of Zhengzhou University. GAPDH served as the internal reference; C: The protein level of IGF2BP1 was determined by immunoblotting in
five cancerous tissues and three normal pancreatic tissues; D: Representative images of IGF2BP1 in pancreatic cancer tissues and their corresponding nontumor
tissues by immunohistochemistry. Scale bar = 25 μm (red line); E: Quantitative analysis of the IGF2BP1 expression score in pancreatic cancer tissues and adjacent
nontumor tissues; F: Kaplan-Meier analysis of overall survival of patients with pancreatic cancer according to the expression level of IGF2BP1; G-H: The mRNA and
protein expression levels of IGF2BP1 in four pancreatic cancer cell lines compared with the expression levels in immortalized human pancreatic ductal epithelial cells
(HPDE). GAPDH served as the loading control. All data are expressed as the mean ± standard deviation from three independent experiments at least and P < 0.05
was considered statistically significant. aP < 0.001 vs normal group; bP < 0.05 vs normal group; cP < 0.001 vs nontumor group; dP < 0.05 vs HPDE, eP < 0.05 vs
HPDE, fP < 0.05 vs HPDE. HPDE: Human pancreatic ductal epithelial cells; IGF2BP1: Insulin-like growth factor 2 mRNA-binding protein 1.

Previous studies have shown that dysregulation of miRNAs profoundly influences
the expression of IGF2BP1. For example, miRNA-196b inhibits cell proliferation and
induces  apoptosis  in  HepG2 cells  by targeting IGF2BP1[18].  MiR-506 inhibits  cell
proliferation and invasion by targeting IGF2BP1 in glioblastoma[19]. MiR-625 functions
as an anti-metastatic miRNA and plays an important role in hepatocellular carcinoma
progression by modulating the IGF2BP1/PTEN pathway[20]. MiRNA-873 suppresses
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Figure 2

Figure 2  Knockdown of insulin-like growth factor 2 mRNA-binding protein 1 inhibits pancreatic cancer cell proliferation in vitro. A-C: Insulin-like growth
factor 2 mRNA-binding protein 1 (IGF2BP1) levels were determined by quantitative reverse transcription polymerase chain reaction analysis 48 h after transfection; D-
F: IGF2BP1 levels were determined by Western blot analysis 48 h after transfection; G-I: CCK-8 assays were performed to compare the proliferation of IGF2BP1
knockdown or overexpressing cells vs the control cells. GAPDH served as the loading control. All data are expressed as the mean ± standard deviation from three
independent experiments at least and P < 0.05 was considered statistically significant. aP < 0.05 vs siRNA group; bP < 0.05 vs normal group; cP < 0.01 vs IGF2BP1-
OE group; dP < 0.05 vs siRNA at day 3; eP < 0.01 vs siRNA at day 4; fP < 0.01 vs siRNA at day 5; gP < 0.01 vs siRNA at day 3; hP < 0.01 vs siRNA at day 4; iP < 0.01
vs siRNA at day 5; jP < 0.05 vs siRNA at day 3; kP < 0.01 vs siRNA at day 4; lP < 0.01 vs siRNA at day 5. IGF2BP1: Insulin-like growth factor 2 mRNA-binding protein
1.

glioblastoma tumorigenesis and metastasis by inhibiting the expression of IGF2BP1[21].
Based  on  these  studies,  we  considered  the  possible  involvement  of  miRNA  in
regulating IGF2BP1 expression. We identified downregulated miR-494 as a negative
regulator  of  IGF2BP1.  MiR-494  interacted  with  the  IGF2BP1  3’-UTR  in  a  seed
sequence-dependent  manner  and  repressed  IGF2BP1  expression.  MiR-494  is  a
frequently downregulated miRNA in human pancreatic cancer and is negatively
associated with IGF2BP1 expression in human pancreatic cancer, implying that loss of
miR-494 stabilizes IGF2BP1 and thereby contributes to its upregulation.

MiR-494 has been found to be a tumor-suppressive miRNA that is downregulated
in various types of solid tumors.  It  inhibits cellular proliferation, migration, and
invasion by targeting SIRT1 and is a potential prognostic marker in epithelial ovarian
cancer[22]. However, there are also reports about the tumor promotor function of miR-
494 in cancers. MiR-494 promotes cervical cancer proliferation through the regulation
of PTEN[23], and is an independent prognostic marker and promotes cell migration
and invasion of colorectal cancer cells by directly targeting PTEN[24]. In the present
study,  we found that  miR-494 was downregulated in pancreatic  cancer and was
associated with the prognosis of pancreatic cancer patients.  Next,  bioinformatics
analysis found a complementary sequence between the 3’-UTR of IGF2BP1 and miR-
494. Then, we used RT-qPCR and a dual-luciferase reporter assay to confirm that
IGF2BP1 is a target of miR-494. These findings indicate that miR-494 is downregulated
and exerts a tumor suppressive role in pancreatic cancer.

In this work, we demonstrated that IGF2BP1 is an oncogene which is important for
pancreatic cancer tumor growth. Frequent upregulation of IGF2BP1 results from a
posttranscriptional activating mechanism.
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Figure 3

Figure 3  Knockdown of insulin-like growth factor 2 mRNA-binding protein 1 inhibits pancreatic cancer cell proliferation by inducing apoptosis and G1-
phase arrest. A-C: Enrichment plots of gene expression signatures in the GSE62165 dataset according to insulin-like growth factor 2 mRNA-binding protein 1
(IGF2BP1) mRNA expression levels; D: Knockdown of IGF2BP1 induced apoptosis in Panc-1 and Panc 0327 cells; E: Overexpression of IGF2BP1 reduced apoptosis
in Mia PaCa-2 cells; F-H: Knockdown of IGF2BP1 induced G0/G1 phase arrest in Panc-1 and Panc 0327 cells and overexpression of IGF2BP1 promoted cell cycle
progression in Mia PaCa-2 cells. All data are expressed as the mean ± standard deviation from three independent experiments at least and P < 0.05 was considered
statistically significant. aP < 0.01 vs control group of Panc-1 cells; bP < 0.01 vs control group of Panc 0327 cells; cP < 0.001 vs control group of Mia PaCa-2 cells; dP <
0.05 vs control group of Panc-1 cells; eP < 0.05 vs control group of Panc 0327 cells; fP < 0.05 vs control group of Mia PaCa-2 cells. IGF2BP1: Insulin-like growth factor
2 mRNA-binding protein 1.
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Figure 4

Figure 4  Insulin-like growth factor 2 mRNA-binding protein 1 enhances pancreatic cancer cell proliferation via the AKT signaling pathway. A and B:
Western blot analysis of AKT and p-AKT (Ser473) expression in the indicated cells and their corresponding control cells; C: Panc-1 sh-insulin-like growth factor 2
mRNA-binding protein 1 (IGF2BP1) or control cells were subcutaneously injected into BALB/c nude mice for xenograft assays; D-E: The average weights and tumor
growth curves of each group; F: Immunohistochemistry staining of the xenograft tumors. Scale bar = 25 μm (red line). P < 0.05 was considered statistically significant.
aP < 0.05 vs control group; bP < 0.05 vs sh-IGF2BP1 group. IGF2BP1: Insulin-like growth factor 2 mRNA-binding protein 1.
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Figure 5

Figure 5  Insulin-like growth factor 2 mRNA-binding protein 1 is a target of miR-494. A: Intersections among miRNA target prediction algorithms; B: Pancreatic
cancer tissues displayed significantly lower miR-494 and miR-326 levels than the matched adjacent nontumor tissues; C: A schematic diagram of miR-494 binding
sites in the 3’ untranslated region of insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) from TargetScan; D: MiR-494 mimics or inhibitors were transfected
into Panc-1 and Panc 0327 cells, respectively, and miR-494 expression was determined by quantitative reverse transcription polymerase chain reaction (RT-qPCR).
U6 served as the internal reference; E-F: IGF2BP1 expression was determined by RT-qPCR after transfection in Panc-1 and Panc 0327 cells. GAPDH served as the
internal reference; G-H: The relative luciferase activity was measured in Panc-1 and Panc 0327 cells after cotransfection. All data are expressed as the mean ±
standard deviation from three independent experiments at least and P < 0.05 was considered statistically significant. aP < 0.05 vs normal group, bP < 0.001 vs normal
group; cP < 0.001 vs control group of Panc-1 cells; dP < 0.001 vs control group of Panc 0327 cells; eP < 0.01 vs control group of Panc-1 cells; fP < 0.01 vs control
group of Panc 0327 cells; gP < 0.01 vs control group; hP < 0.05 vs control group; iP < 0.05 vs control group; jP < 0.01 vs control group; kP < 0.05 vs WT group; lP <
0.01 vs WT group; mP < 0.01 vs WT group; nP < 0.01 vs WT group. IGF2BP1: Insulin-like growth factor 2 mRNA-binding protein 1; 3’-UTR: 3’-untranslated region; Wt:
Wild-type; Mut: Mutated.
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Figure 6

Figure 6  MiR-494 reexpression partly abrogates the oncogenic effect of insulin-like growth factor 2 mRNA-binding protein 1 in pancreatic cancer. A:
Enhanced cell viability of Mia PaCa-2 cells due to insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) overexpression was partly reduced following the
reexpression of miR-494, which was detected by CCK-8 assays; B: Cell apoptosis was analyzed by flow cytometry when IGF2BP1-overexpressing Mia PaCa-2 cells
were cotransfected with miR-494 mimics or their corresponding controls; C: The cell cycle was analyzed by flow cytometry when IGF2BP1-overexpressing Mia PaCa-
2 cells were co-transfected with miR-494 mimics or control; D: Western blot analysis of AKT and p-AKT (Ser473) expression in the indicated cells and their
corresponding control group; E: Correlations between the expression of miR-494 and IGF2BP1 in 30 pancreatic cancer specimens were determined by Pearson's
correlation analysis; F: Kaplan-Meier analysis indicated that low miR-494 expression predicts a poorer overall survival rate than high miR-494 expression. All data are
expressed as the mean ± standard deviation from three independent experiments at least and P < 0.05 was considered statistically significant. aP < 0.05 vs IGF2BP1-
OE + miR-494 group at day 3; bP < 0.05 vs IGF2BP1-OE + miR-494 group at day 4; cP < 0.05 vs IGF2BP1-OE + miR-494 group at day 5; dP < 0.01 vs IGF2BP1-OE +
miR-494 group; eP < 0.05 vs IGF2BP1-OE + miR-494 group. IGF2BP1: Insulin-like growth factor 2 mRNA-binding protein 1; 3’-UTR: 3’-untranslated region; Wt: Wild-
type; Mut: Mutated.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer is one of the most common causes of cancer-related deaths worldwide. Current
treatment options for patients with pancreatic cancer are very limited, and the clinical outcomes
remain unsatisfactory.  New therapy targets  are necessary to improve the survival  rates  of
pancreatic cancer patients. Insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) plays
critical  roles  in the genesis  and development of  human cancers.  Little  is  known regarding
IGF2BP1 expression and its  role  in  the  carcinogenesis  or  progression of  pancreatic  ductal
adenocarcinoma (PDAC).

Research motivation
Our findings will provide a new therapeutic target for pancreatic cancer.

Research objectives
To study the expression, function, and regulatory mechanisms of IGF2BP1 in pancreatic cancer.

Research methods
We detected  the  expression  levels  of  IGF2BP1 and miR-494  in  Gene  Expression  Omnibus
datasets and validated in clinical samples by quantitative real-time polymerase chain reaction
and Western blot. The relationship between IGF2BP1 expression and clinicopathological factors
of pancreatic cancer patients was analyzed. The effect and mechanism of IGF2BP1 on pancreatic
cancer cell  proliferation were investigated in vitro  and in vivo.  Analyses were performed to
explore underlying mechanisms of IGF2BP1 upregulation in pancreatic cancer and assays were
carried out to verify the post- transcriptional regulation of IGF2BP1 by miR-494.

Research results
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In the present study,  we found that  IGF2BP1 was upregulated and associated with a poor
prognosis  of  pancreatic  cancer  patients.  We showed that  knockdown of  IGF2BP1 reduced
pancreatic  cancer  cell  proliferation  in  vitro  and  in  vivo  via  the  AKT  signaling  pathway.
Meanwhile, the frequent upregulation of IGF2BP1 was attributed to the downregulation of miR-
494 expression in pancreatic cancer.

Research conclusions
IGF2BP1  is  upregulated  and  promotes  the  proliferation  of  pancreatic  cancer  via  the  AKT
signaling pathway. Upregulation of IGF2BP1 is partly due to the silencing of miR-494.

Research perspectives
This  study  provides  insight  into  the  role  of  IGF2BP1  in  promoting  pancreatic  cancer
development by activating AKT. IGF2BP1 might be a new therapeutic target for pancreatic
cancer.
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