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Abstract
Background: Despite advances in early diagnosis and treatment, cancer remains the leading cause of
mortality worldwide. Insulin-like Growth Factor 2 mRNA Binding Protein (IGF2BP) family had been
reported to be involved in a variety of human malignant tumors. However, little was known about their
expression and prognostic value in human pancreatic cancer. So, we performed a detailed cancer versus
normal differential analysis.

Methods: The Cancer Genome Atlas (TCGA) and Gene Expression Pro�les Interactive Analysis (GEPIA)
databases were performed to analyze the mRNA expression levels of the IGF2BP family in various
cancers, including pancreatic cancer. Then, the LinkedOmics and GEPIA databases were used to assess
the relation between the expression levels of IGF2BPs and overall survival (OS). Then, univariate and
multivariate COX regression analysis were established and subgroup of Grade&Stage were analyzed. The
signaling pathway associated with IGF2BP2 and IGF2BP3 were then investigated via gene set enrichment
analysis.

Results: IGF2BP2 and IGF2BP3 were found to be associated with each subset of OS and Grade&Stage.
Further clinical correlation analysis of IGF2BP2 and IGF2BP3 con�rmed that IGF2BP2 and IGF2BP3 were
fundamental factors in promoting pancreatic cancer progression.

Conclusion: IGF2BP2 and IGF2BP3 were key factors in promoting the progression of pancreatic cancer
and was closely related to overall survival.

Introduction
Pancreatic cancer is a high-mortality tumor with a �ve-year overall survival rate of about 7% [1, 2]. Among
cancer-related death causes, this malignant tumor ranks fourth in the United States and sixth in China [1,
3]. Approximately 80% of patients with pancreatic cancer have dissemination at the time of diagnosis [1,
4]. These patients have lost the chance of radical treatment of pancreatic cancer. In the past decade,
despite the advance of anti-metabolism therapy and targeted therapy, the overall survival rate of patients
has not been signi�cantly improved due to the late pathological stage, high invasive phenotype and
chemotherapy resistance.

Insulin-like growth factor 2-mRNA binding proteins (IGF2BPs), also known as IGF-II mRNA-binding
proteins (IMP), were encoded by different genes that belong to the regulatory RNA binding protein family
and were involved in the localization of their target RNA, stability and translation control [5]. As the names
of these proteins indicate, they are recognized members of the IGF axis that can be linked to IGF2
transcripts [6, 7]. To date, insulin-like growth factor 2 mRNA binding proteins, including IGF2BP1 (IMP1),
IGF2BP2 (IMP2), and IGF2BP3 (IMP3), are a unique family of m6A readers that target the common m6A
sequence by recognition thousands of mRNA transcripts [8]. In mammals, the protein domains of the
three members of the IGF2BP protein family are strikingly similar. All three members of the protein family
contain two N-terminal RRMs and four C-terminal hnRNPK homology (KH) domains. The latter is
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arranged in two dual domains (KH1 + 2 and KH3 + 4) [9]. Consistent with the conservation of six potential
RNA-binding domains, all three IGF2BPs bind to single-stranded RNA in vitro and in vivo [9–11]. However,
the role of the entire IGF2BPs family in pancreatic cancer remained controversial. Therefore, it was
necessary to probe the role of the IGF2BPs family in the pancreatic cancer.

The Cancer Genome Atlas (TCGA) is considered to be the largest cancer database, containing more than
20,000 primary cancer samples and normal matching samples for multiple cancer types. Therefore, we
can use bioinformatics methods to study tumor gene data more deeply. To evaluate the relationship
between the IGF2BP family and pancreatic cancer progression, our study analyzed the mRNA expression
of pancreatic cancer in TCGA by R software and veri�ed it in clinical patients.

Materials And Methods
GEPIA Dateset

The Gene Expression Pro�ling Interactive Analysis (GEPIA) is a newly web-based tool for gene expression
analysis between the tumor and normal data from the Cancer Genome Atlas (TCGA) and the Genotype-
Tissue Expression (GTEx), applying a standard processing pipeline. It provides customizable functions
such as tumor and normal differential expression analysis, and we could demonstrate the expression of
IGF2BP1-3 in pancreatic cancer and normal tissue. GEPIA possesses key variable and interactive
functions, including pro�ling plotting, differential expression analysis, patient survival analysis, similar
gene detection and dimensionality reduction analysis.

LinkedOmics Dataset

LinkedOmics is a new and unique tool in the software ecosystem for disseminating data from all 32
TCGA cancer types. It can be used to access, analyze, and compare multiomics data within and across
tumor types. We performed a prognosis analysis for the IGF2BP gene family using the LinkedOmics
pancreatic cancer dataset.

TCGA data acquisition and differentially expressed IGF2BP gene analysis

The pancreatic cancer data in TCGA contained 178 pancreatic cancer cases with signi�cant information,
including pathological grade and clinical stage. All mRNA expression data were downloaded and further
analyzed by R software along with clinical data.

We used the R software “Limma” package to normalize the original expression levels of mRNAs
downloaded from TCGA. “Limma” package was then further utilized to analyze the expression of each
IGF2BP gene between every grade and stage of cancer tissues, setting P-value <0.05 as the �lter
condition for differentially expressed IGF2BP.

Gene set enrichment analysis of pancreatic cancer
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Gene enrichment analysis (GSEA) (version 3.0, the broad institute of MIT and Harvard,
http://software.broadinstitute.org/gsea/downloads.jsp) was conducted between pancreatic cancer and
normal tissues to study the biological characteristics of pancreatic cancer. In detail, the “collapse data set
to gene symbols” was set to false, the number of marks was set to 1000, the “permutation type” was set
to phenotype, the “enrichment statistic” was set to weighted, and the Signal2Noise metric was used for
ranking genes. High expression group was used as experimental group and low expression group was
used as reference group. “c2.cp.kegg.v7.0.symbols.gmt” gene sets database was used for enrichment
analysis. Gene set size >500 and <15, FDR <0.25, and nominal P-value <0.05 were regarded as the cut-off
criteria.

Functional enrichment analyses of pancreatic cancer

Tools were utilized to conduct the IGF2BP2 and IGF2BP3 functional enrichment analyses including Kyoto
Encyclopedia of Genes and Genomes (KEGG) and gene ontology (GO). Database for Annotation,
Visualization, and Integrated Discovery (DAVID, https://david.ncifcrf.gov/) were applied to identify
enriched KEGG and GO themes.

Cell Lines and regents

The human pancreatic cancer cell line ASPC-1, BxPC-3, PANC-1, MIA Paca-2 and HPDE6-C7 were
purchased from the University of Colorado Cancer Center Cell Bank and cultured in RPMI 1640 and
DMEM medium supplemented with 10% FBS (Invitrogen, Carlsbad, CA, USA) at 37°C in a 5% CO2

atmosphere, respectively. Cells were digested and passaged when cell fusion reached 80-90%.

Quantitative reverse transcription‐polymerase chain reaction

Total RNA was extracted from the ASPC-1, BxPC-3, PANC-1, MIA Paca-2 and HPDE6-C7 cell lines using the
TRIzol reagent (Life Technologies) according to the instructions provided by the manufacturer. Total RNA
(1 μg) was used as template to synthesize complementary DNA (cDNA) using a PrimeScript RT Reagent
Kit with cDNA Eraser (Takara Biotechnology). Subsequently, qRT‐PCR was performed using the SYBR
Premix Ex Taq (Takara Bio Inc). The primer sequences used in real-time PCR were listed in Table S1. All
qRT‐PCR assays were performed on an ABI 7900 system (Applied Biosystems).

Cell proliferation assay

The Cell Counting Kit‐8 (CCK‐8) assay (MedChemExpress) was used according to the protocol provided
by the manufacturer to assess cell proliferation. ASPC-1 and SW1990 cells were seeded in 96‐well plates
(5 × 103 cells/plate) and cultured at 37°C. 10ul CCK8 solution was given to each well of the plate after
every incubation times: 0h, 24h, 48h, 72h and 96h. The optical density (OD) was measured, at 1‐4 days, at
a wavelength of 450 nm using a Multiskan FC (ThermoFisher Scienti�c, Inc).

Colony formation assay

http://software.broadinstitute.org/gsea/downloads.jsp)
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ASPC-1 and SW1990 cell lines were seeded in 6-well plates (1 × 103 cells/plate), cultured for 14 days.
Then, cells �xed with 10% formaldehyde for 5 minutes and stained with 1% crystal violet for 30 s prior to
counting the number of colonies.

Cell invasion assay

Cell invasion was analyzed with transwell plates (24-well insert, 8 μm pore size; BD Biosciences, Bedford,
MA, USA). The �lters (Corning Inc., USA) were coated with 55 μL Matrigel (1:8 dilution; BD Biosciences).
The 5104 cells were suspended in 100μl RPMI-1640 and DMEM medium without serum and seeded in the
upper chamber. Next, 600μl 90% RPMI-1640 and DMEM supplement with 10% FBS was added to the
bottom chamber. After incubation for 24h, the chambers were �xed by 4% paraformaldehyde for 30 min
and then stained by 0.1% crystal violet for 30 minutes. At last, we used a magni�cation microscope to
count the amount of the invasion cells in the bottom of the chamber.

Statistical analysis

The experiments in this article were performed in triplicate, and the data were expressed as means ±
standard deviation. A t-test was utilized for the statistical analysis of the data from 2 groups. The
comparisons of multiple groups were performed with one-way ANOVA followed by an LSD-t test. P <0.05
was considered to be signi�cant.

Results
Transcriptional Levels of IGF2BPs in Patients with Pancreatic Cancer

Three IGF2BPs factors were identi�ed in mammalian cells, and the expression levels of IGF2BPs were
compared in various cancers via the GEPIA database. IGF2BP1 mRNA expression level was not up-
regulated in pancreatic cancer, but IGF2BP2 and IGF2BP3 were up-regulated in pancreatic cancer to
varying degrees (Figure. 1).

GEPIA database was utilized to further analyze whether there was a difference in the expression of
IGF2BPs factor between pancreatic cancer and normal pancreatic tissue. In studies of ONCOMINE, the
expression of IGF2BP1 in pancreatic cancer tissue was not signi�cantly different from that of normal
pancreatic tissue. However, in Segara and Pei Pancreas’ dataset IGF2BP2 is over-expressed compared
with that in the normal sample in pancreatic carcinoma with a fold change of 3.446 and 2.657,
respectively (Table 1) [12-16].Regard to IGF2BP3, four pancreas’ dataset all indicated an overexpression
in both pancreatic carcinoma and pancreatic ductal adenocarcinoma (Table 1).

Relationship between the mRNA Levels of IGF2BPs and the Clinicopathological Parameters of Patients
with Pancreatic Cancer.

We utilized the TCGA database to compare the expression levels of the IGF2BP family in normal
pancreatic tissues and pancreatic cancer. Among them, the expression levels of IGF2BP2 and IGF2BP3
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were signi�cantly increased in pancreatic cancer (Figure. 2A). With the GEPIA (Gene Expression Pro�ling
Interactive Analysis) dataset (http://gepia.cancer-pku.cn/), we compared the mRNA expression level of
IGF2BP protein family between pancreatic cancer and normal tissue. The results showed that the
expression of IGF2BP1 genes in pancreatic cancer was not different from that in normal pancreatic tissue
samples. However, a higher expression levels of IGF2BP2 and IGF2BP3 were observed (Figure. 2B).

Clinical correlation analysis in Pancreatic Cancer Patients

Further, we performed a prognostic analysis of IGF2BP1, IGF2BP2, and IGF2BP3 in pancreatic cancer with
the LinkedOmics and GEPIA dataset. In the LinkedOmics dataset, the high expression of IGF2BP1,
IGF2BP2, and IGF2BP3 was associated with substantially poor overall survival (OS) of pancreatic cancer
(Figure. 3A). Interestingly, for IGF2BP1 and IGF2BP2, consistent results were observed in the prognostic
analysis of the GEPIA dataset (Figure. 3B).

The association between IGF2BP1-3 and each subset of grade&stage was analyzed by R software via the
Wilcox test. P-value<0.05 was considered to be statistically signi�cant. We found that the expression level
of IGF2BP2 and IGF2BP3 continuously increased in each subgroup of grade, except for the grade 4
(Figure. 4A). In the clinical stage, IGF2BP1-3 gradually increased in the subgroup but there was no
statistical difference (Figure. 4B).

Univariate and multivariate COX regression analysis

Cox's proportional hazards model was applied to analyze related factors that may affect the overall
survival of pancreatic cancer patients, in which IGF2BP2 and IGF2BP3 were identi�ed as independent
prognostic factors (Figure. 5A, B). In both univariate and multivariate analysis, low expression of IGF2BP2
and 3 suggested better OS. In multivariate analysis, the HR of IGF2BP2 was 1.415 with 95% CI was
1.133–1.768, and the HR of IGF2BP3 was 1.052 with a 95% CI was 1.017–1.019. Further, based on the
results of multivariate cox regression analysis, we established a nomogram model that may predict
patient’s survival (Figure. 5C).

Gene mutation information

Cbioportol was utilized to calculate the gene mutation information in pancreatic cancer samples from
TCGA database. In general, missense mutation was detected to be the most frequent mutation
classi�cation in pancreatic cancer. Collectively, SNP and C>T were con�rmed to be the most fundamental
Variant Type and SNV class, respectively. The median variation for each sample is approximately 26.
Finally, we detected the top 10 mutations in pancreatic cancer, including TP53, KRAS, TTN, MUC16,
SMAD4, CDKN2A, RYR1, RNF43, PCDH15 and ARID1A (Figure. 6A). Then, compared with the top 10
mutation types, we detected the mutation types of IGF2BP1-3 including missense mutation and silent
(Figure. 6B).

Gene set enrichment analysis of IGF2BP2-3
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In order to fully understand the biological attributes of IGF2BP2 and IGF2BP3, we conducted gene set
enrichment analysis. Based on the results of GSEA, the top three up-regulated enriched pathway terms of
IGF2BP2 were: adherens junction, pentose phosphate pathway and pentose and glucuronate
interconversions; the principal down-regulated biological pathway enriched of IGF2BP2 were: primary bile
acid biosynthesis, neuroactive ligand receptor interaction and glycosphingolipid biosynthesis ganglio
series (Figure. 7A). The top three up-regulated enriched pathway terms of IGF2BP3 were: pathogenic
Escherichia coli infection, thyroid cancerand adherens junction; the principal down-regulated biological
pathway enriched of IGF2BP3 were: glycine serine and threonine metabolism and nenroactive ligand
receptor interaction (Figure. 7B).

Gene functional enrichment analysis

In order to fully understand the biological attributes of IGF2BP2 and IGF2BP3, we utilized the Kyoto
Encyclopedia of Genes and Genomes (KEGG) and gene ontology (GO) analysis. We biologically enriched
genes, based on the results of DAVID, positively related to the expression levels of IGF2BP2 and IGF2BP3.
In GO analysis, the three biological processes in which genes positively related to IGF2BP2 expression
level are involved: regulation of cytoskeleton organization, neutrophil activation and neutrophil
degranulation. The three cell components involved in these co-expressed genes include: adherens
junction, cell-subsrate junction and focal adhesion. In addition, the three main molecular functions of
these co-expressed genes include: cell adhesion molecule binding, cadherin binding and actin binding
(Figure. 8A). In pathway analysis of genes that positively related to IGF2BP2 expression level, the top
three enriched terms were: salminella infection, shigellosis and pathogenic escherichia coli infection
(Figure. 8A). In GO analysis, the three biological processes in which genes positively related to IGF2BP3
expression level are involved include: viral life cycle, regulation of chromosome organization and
regulation of mRNA metabolic process. The three cell components involved in these co-expressed genes
include: adherens junction, cell-substrate junction and focal adhesion. In addition, the three main
molecular functions of these co-expressed genes include: cell adhesion molecule binding, cadherin
binding and transcription coregulator activity (Figure. 8B). In KEGG pathway analysis of genes that
positively related to IGF2BP2 expression level, the top three enriched terms were: human papillomavirus
infection endocytosis and salmonella infection (Figure. 8B). Finally, the result of GO and KEGG analysis
to biologically enrich genes that were positively correlated with IGF2BP2 and IGF2BP3 expression levels,
the top 10 relevant biological processes including: cell junction organization, salmonella infection, mitotic
nuclear division, cell cycle, et al. (Supplementment Figure 1).

IGF2BP2 and IGF2BP3expression and function in cell lines

For further exploration of IGF2BP2 and IGF2BP3 expression in cell clines, qPCR was performed. As
expected, IGF2BP2 and IGF2BP3 protein was signi�cantly increased in pancreatic cancer cell lines
compared with HPDE6-C7, meanwhile the expression of IGF2BP2 and IGF2BP3 in pancreatic cancer cell
lines showed further increased (Figure 9A). As predicted in GSEA analysis above, we inferred IGF2BP2
and IGF2BP3 promotes proliferation or metastasis of pancreatic cancer to accelerate its progression. The
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growth rate of pancreatic cancer cell lines transfected with IGF2BP2 siRNA and IGF2BP3 siRNA was
signi�cantly slower than that of NC group (Figure 9B, C). In cell invasion analysis, knockdown of IGF2BP2
and IGF2BP3 signi�cantly decreased the invasion rate of SW1990 (Figure 9D).

Discussion
In the past few years, despite tremendous efforts in pancreatic cancer research, the 5-year survival rate
has not improved signi�cantly. Patients with early pancreatic cancer have a good prognosis and can be
cured by surgery combined with adjuvant therapy. However, most patients with advanced pancreatic
cancer cannot undergo surgical resection alone. For patients with advanced pancreatic cancer, it was
essential to explore more effective prognostic markers and therapeutic targets. Therefore, we screened
the IGF2BP protein family through bioinformatics and conducted a differential analysis. IGF2BP2 and
IGF2BP3 related to pancreatic cancer progression and survival were further analyzed, and their functions
were veri�ed in in vitro experiments.

In the preliminary analysis results, three members of the IGF2BP protein family were identi�ed to have
differential expression between pancreatic cancer and adjacent tissues. Further analysis con�rmed that
only IGF2BP2 and IGF2BP3 were associated with pancreatic cancer progression. Therefore, IGF2BP2 and
IGF2BP3 were studied only by gene enrichment analysis to assess their cell compositions, molecular
functions and biological characteristics.

In gene set enrichment analysis, base excision repair (BER) pathway has been shown to be the most
relevant pathway for IGF2BP2. Notably, BER pathway played a signi�cant role in maintain genomic
integrity, many human health issues would occur when any part of BER pathway was aberrant [17]. This
pathway started with glycosylation enzymes and recognized and excised lesions through the cleavage of
glycosidic bonds [17]. Dianov et al. veri�ed that the aberrant P53 signal pathway could lead to a failure of
the BER coordination mechanism, overexpression of APE1 and genomic instability [18]. In our enrichment
results, the expression level of P53 signaling pathway was also up-regulated, which was consistent with
the conclusion of Dianov et al. Although, the relationship between abnormalities in the BER pathway and
the development and prognosis of cancer has been studied [19–21]. In pancreatic cancer, whether
IGF2BP2 is associated with this process has not been elucidated. The positive correlation between
pathogenic Escherichia coli (E. coli) infection and colon cancer has been con�rmed by multiple studies
[22, 23]. The infection of pathogenic E. coli destroys the microenvironment of the micro�ora in the
intestinal tract, thereby inducing colon cancer [22, 23, 24]. In studies of pathogenic Escherichia coli
infection-induced pathways for pancreatic cancer, there was a lack of clear evidence that this pathway
was associated with pancreatic cancer. The up-regulation of IGF2BP3 expression in pancreatic cancer
tissues provides the possibility to study this pathway. IGF2BP3 imbalance caused pancreatic cancer may
be related to pathogenic E. coli infection.

The autoimmune response to IGF2BP2 observed in hepatocellular carcinoma, colorectal, ovarian, and
breast cancer supports the potential of autoantibodies against IGF2BP2 as biomarkers for cancer
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screening, diagnosis, and prognosis [5]. Consistented with the results of our COX regression model in
pancreat cancer, overexpression of IGF2BP2 in basal-like breast cancer and esophageal adenocarcinoma
predicts short-term survival for patients. At the cellular level, IGF2BP2 enhances genomic instability and
stimulates cancer cell proliferation and migration. In addition, current research suggests that IGF2BP2 is
involved in the maintenance of cancer stem cells, suggesting that IGF2BP2 may be important for
chemoresistance and relapse of the disease. In addition, IGF2BP3 may differentiate normal tissues from
cancerous tissues and serve as a prognostic marker for colorectal, hepatocellular, and ovarian clear-cell
carcinomas. Previous research has con�rmed IGF2BP3 involved in cell growth and migration in early
embryonic development. Nevertheless, the use of IGF2BP2 and IGF2BP3 alone had no effect on tumor
growth in mice, and IGF2BP2 and IGF2BP3 was unlikely to have a direct effect on tumors. Similarly, both
of our results con�rmed the role of IGF2BP2 and IGF2BP3 in inhibiting tumor progression.

Conclusion
In summary, we have successfully revealed that members of the IGF2BP protein family can be used for
diagnosis and prognosis of advanced pancreatic cancer. Both IGF2BP2 and IGF2BP3 have great potential
to become biomarkers for pancreatic cancer, which have been veri�ed in clinical patients. Although we
have explored the mutation types and possible carcinogenic mechanisms of IGF2BP2 and IGF2BP3 in
pancreatic cancer, mechanisms that promote the progression of pancreatic cancer need further study.

Declarations
Authors Contributions

CXH and QXH designed the study. ZCF collated the data. CXH and HSY performed the data analyses and
produced the initial draft of the manuscript. CXH obtained the results and validated them. All authors had
read and approved the �nal manuscript.

Competing interests

The authors declare no competing interests.

Acknowledgements

None.

Ethics Statement

The study was approved by the Academic Committee of Changzhou Second People's Hospital a�liated
to Nanjing Medical University and was conducted in accordance with the principles expressed in the
Helsinki Declaration. All datasets are from published literature, so it can be con�rmed that all written
informed consent has been obtained.



Page 10/22

Funding

None.

References
1. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2019. CA Cancer J Clin 2019, 69(1):7-34.

2. Moore A, Donahue T: Pancreatic Cancer. JAMA 2019, 322(14):1426.

3. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu XQ, He J: Cancer statistics in
China, 2015. CA Cancer J Clin 2016, 66(2):115-132.

4. Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz M, Niksic M, Bonaventure A, Valkov M, Johnson
CJ, Esteve J et al: Global surveillance of trends in cancer survival 2000-14 (CONCORD-3): analysis of
individual records for 37 513 025 patients diagnosed with one of 18 cancers from 322 population-
based registries in 71 countries. Lancet 2018, 391(10125):1023-1075.

5. Bell JL, Wachter K, Muhleck B, Pazaitis N, Kohn M, Lederer M, Huttelmaier S: Insulin-like growth
factor 2 mRNA-binding proteins (IGF2BPs): post-transcriptional drivers of cancer progression?Cell
Mol Life Sci 2013, 70(15):2657-2675.

�. Liao B, Hu Y, Brewer G: RNA-binding protein insulin-like growth factor mRNA-binding protein 3 (IMP-3)
promotes cell survival via insulin-like growth factor II signaling after ionizing radiation. J Biol Chem
2011, 286(36):31145-31152.

7. Nielsen J, Christiansen J, Lykke-Andersen J, Johnsen AH, Wewer UM, Nielsen FC: A family of insulin-
like growth factor II mRNA-binding proteins represses translation in late development. Mol Cell Biol
1999, 19(2):1262-1270.

�. Huang H, Weng H, Sun W, Qin X, Shi H, Wu H, Zhao BS, Mesquita A, Liu C, Yuan CL et al: Recognition
of RNA N(6)-methyladenosine by IGF2BP proteins enhances mRNA stability and translation. Nat Cell
Biol 2018, 20(3):285-295.

9. Wachter K, Kohn M, Stohr N, Huttelmaier S: Subcellular localization and RNP formation of IGF2BPs
(IGF2 mRNA-binding proteins) is modulated by distinct RNA-binding domains. Biol Chem 2013,
394(8):1077-1090.

10. Farina KL, Huttelmaier S, Musunuru K, Darnell R, Singer RH: Two ZBP1 KH domains facilitate beta-
actin mRNA localization, granule formation, and cytoskeletal attachment. J Cell Biol 2003, 160(1):77-
87.

11. Nielsen J, Kristensen MA, Willemoes M, Nielsen FC, Christiansen J: Sequential dimerization of human
zipcode-binding protein IMP1 on RNA: a cooperative mechanism providing RNP stability. Nucleic
Acids Res 2004, 32(14):4368-4376.

12. Grutzmann R, Pilarsky C, Ammerpohl O, Luttges J, Bohme A, Sipos B, Foerder M, Alldinger I, Jahnke B,
Schackert HK et al: Gene expression pro�ling of microdissected pancreatic ductal carcinomas using
high-density DNA microarrays. Neoplasia 2004, 6(5):611-622.



Page 11/22

13. Pei H, Li L, Fridley BL, Jenkins GD, Kalari KR, Lingle W, Petersen G, Lou Z, Wang L: FKBP51 affects
cancer cell response to chemotherapy by negatively regulating Akt. Cancer Cell 2009, 16(3):259-266.

14. Badea L, Herlea V, Dima SO, Dumitrascu T, Popescu I: Combined gene expression analysis of whole-
tissue and microdissected pancreatic ductal adenocarcinoma identi�es genes speci�cally
overexpressed in tumor epithelia. Hepatogastroenterology 2008, 55(88):2016-2027.

15. Ishikawa M, Yoshida K, Yamashita Y, Ota J, Takada S, Kisanuki H, Koinuma K, Choi YL, Kaneda R,
Iwao T et al: Experimental trial for diagnosis of pancreatic ductal carcinoma based on gene
expression pro�les of pancreatic ductal cells. Cancer Sci 2005, 96(7):387-393.

1�. Segara D, Biankin AV, Kench JG, Langusch CC, Dawson AC, Skalicky DA, Gotley DC, Coleman MJ,
Sutherland RL, Henshall SM: Expression of HOXB2, a retinoic acid signaling target in pancreatic
cancer and pancreatic intraepithelial neoplasia. Clin Cancer Res 2005, 11(9):3587-3596.

17. Caffrey PJ, Delaney S: Chromatin and other obstacles to base excision repair: potential roles in
carcinogenesis. Mutagenesis 2020, 35(1):39-50.

1�. Poletto M, Legrand AJ, Fletcher SC, Dianov GL: p53 coordinates base excision repair to prevent
genomic instability. Nucleic Acids Res 2016, 44(7):3165-3175.

19. Ray D, Kidane D: Gut Microbiota Imbalance and Base Excision Repair Dynamics in Colon Cancer. J
Cancer 2016, 7(11):1421-1430.

20. Vodenkova S, Jiraskova K, Urbanova M, Kroupa M, Slyskova J, Schneiderova M, Levy M, Buchler T,
Liska V, Vodickova L et al: Base excision repair capacity as a determinant of prognosis and therapy
response in colon cancer patients. DNA Repair (Amst) 2018, 72:77-85.

21. Vodicka P, Urbanova M, Makovicky P, Tomasova K, Kroupa M, Stetina R, Opattova A, Kostovcikova K,
Siskova A, Schneiderova M et al: Oxidative Damage in Sporadic Colorectal Cancer: Molecular
Mapping of Base Excision Repair Glycosylases in Colorectal Cancer Patients. Int J Mol Sci 2020,
21(7).

22. Khan S, Zaidi S, Alou� AS, Hassan I, Imran A, Khan RA: Computational Proteome-Wide Study for the
Prediction of Escherichia coli Protein Targeting in Host Cell Organelles and Their Implication in
Development of Colon Cancer. ACS Omega 2020, 5(13):7254-7261.

23. Khan S: Potential role of Escherichia coli DNA mismatch repair proteins in colon cancer. Crit Rev
Oncol Hematol 2015, 96(3):475-482.

24. Siamak A, Abolghasem E, Yadollah O. Anti-cancer properties of Escherichia coli Nissle 1917 against
HT29 colon cancer cells through regulation of Bax/Bcl-xL and AKT/ PTEN signaling pathways.Iran J
Basic Med Sci, 2020, 23(7): 886-893.

Tables



Page 12/22

Table 1
The Signi�cant Changes of IGF2BP Expression in Transcription Level between Different Types of

Pancreatic Cancer (ONCOMINE Database)
Gene ID Types of Pancreatic Cancer versus

Norma
Fold
Change

p
Value

t Test References

IGF2BP2 Pancreatic Carcinoma versus Normal 3.446 1.90E-
06

7.957 Segara
Pancreas
Statistics12

  Pancreatic Carcinoma versus Normal 2.657 1.93E-
07

6.193 Pei Pancreas
Statistics13

  Pancreatic Ductal Adenocarcinoma
versus Normal

2.01 5.63E-
09

6.407 Badea Pancreas
Statistics14

IGF2BP3 Pancreatic Carcinoma versus Normal 9.327 4.11E-
12

9.295 Pei Pancreas
Statistics13

  Pancreatic Ductal Adenocarcinoma
versus Normal

3.528 1.61E-
08

6.643 Badea Pancreas
Statistics14

  Pancreatic Ductal Adenocarcinoma
versus Normal

2.355 0.005 2.725 Ishikawa
Pancreas
Statistics15

  Pancreatic Ductal Adenocarcinoma
Epithelia versus Normal

5.606 0.007 2.703 Grutzmann
Pancreas
Statistics16

Figures
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Figure 1

The Transcription Levels of IGF2BP Factors in Different Types of Cancers (GEPIA). (A-C) The expression
of IGF2BPs in pan-cancer.
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Figure 2

The Expression of IGF2BPs in Pancreatic Cancer (TCGA and GEPIA). (A) The expression of IGF2BPs in
Pancreatic Cancer, analyzed by TCGA. (B) The expression of IGF2BPs in Pancreatic Cancer, analyzed by
GEPIA.
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Figure 3

The Prognostic Value of mRNA Level of IGF2BP Factors in Pancreatic Cancer Patients (LinkedOmics and
GEPIA). (A) The prognostic value of mRNA level of IGF2BP Factors in Pancreatic Cancer Patients,
analyzed by LinkedOmics. (B) The prognostic value of mRNA level of IGF2BP Factors in Pancreatic
Cancer Patients, analyzed by GEPIA.



Page 16/22

Figure 4

Correlation analysis between Grade&Stage and IGF2BP1-3 expression in 178 pancreatic cancer cases. (A)
Correlation analysis between pathological grade and IGF2BP1-3 expression in 178 pancreatic cancer
cases. (B) Correlation analysis between clinical stage and IGF2BP1-3 expression in 178 pancreatic cancer
cases.
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Figure 5

Cox’ s proportional hazard model of correlative factors in Pancreatic Cancer Patients. (A) Regarding
IGF2BP2, univariate and multivariate COX regression analysis for factors affecting the overall survival.
(B) Regarding IGF2BP3, univariate and multivariate COX regression analysis for factors affecting the
overall survival (C) An established nomogram to predict survival based on COX model.
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Figure 6

Gene mutation information in pancreatic cancer. (A) Missense mutation was detected to be the most
frequent mutation classi�cation in pancreatic cancer. SNP and C>T were con�rmed to be the most
fundamental Variant Type and SNV class. The median variation for each sample is approximately 26.
The top 10 mutations in pancreatic cancer. (B) The mutation types of IGF2BP1-3 compared with the top
10 mutation types in pancreatic cancer.
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Figure 7

GSEA enrichment analysis of the IGF2BP2 and IGF2BP3. (A) The up-regulated and down-regulated
enriched pathway of IGF2BP2. (B) The up-regulated and down-regulated enriched pathway of IGF2BP3.
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Figure 8

GO and KEGG enrichment analysis of the IGF2BP2 and IGF2BP3. IGF2BP2 and IGF2BP3, differentially
expressed genes; GO, gene ontology; KEGG, Kyoto Encyclopedia of Gene and Genome.
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Figure 9

A.Expression of IGF2BP2 and IGF2BP3 in pancreatic cancer and normal cell clines. B. Cell proliferation of
SW1990 and ASPC detected by CCK8. C. Cell proliferation of SW1990 (NC vs siRNA) detected by plate
clone formation assay. D. Cell invasion of SW1990 (NC vs siRNA) detected by Transwell assay
(Magni�cation 400x).



Page 22/22

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SuppFig1.jpg

supplement�gure.pdf

https://assets.researchsquare.com/files/rs-58042/v1/SuppFig1.jpg
https://assets.researchsquare.com/files/rs-58042/v1/supplementfigure.pdf

