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Aim: This study investigated the role and mechanism of insulin-like growth factor 2-IGF2BP2 in breast cancer.
Methods: IGF2BP2 is overexpressed in MDA-MB-231 human breast cancer cells. Thus, RNA sequencing was used to analyze the 
differentially expressed genes, Cell Counting Kit-8 was used to detect cell proliferation, and a Transwell assay was used to assess cell 
invasion. Following on from the RNA sequencing results, Interferon-induced protein with tetratricopeptide repeats 2 (IFIT2), 
chemokine C-C motif ligand 20 (CCL20), chemokine C-C motif ligand 5 (CCL5), and chemokine C-X-C motif ligand 10 
(CXCL10) regulated by IGF2BP2 were subjected to real-time reverse transcriptase-polymerase chain reaction verification.
Results: After IGF2BP2 overexpression, 67 genes were up-regulated, and 87 genes were down-regulated. The gene with the most 
significant up-regulation was homeobox protein 1 (PROX1), and the gene with the most significant down-regulation was Acidic β-crystallin 
4 (CRYBA4). The most enriched gene ontology (GO) terms of up-regulated differentially expressed genes are protein binding and cell 
membrane and of down-regulated differentially expressed genes they are ion binding, cytoplasm, and response to virus. Kyoto Encyclopedia 
of Genes and Genomes analysis showed that the up-regulated differential genes were mainly enriched in protein processing, the endoplasmic 
reticulum, and the regulation of actin cytoskeleton, while down-regulated differential genes were mainly enriched in rheumatoid arthritis, 
chemokine signaling pathways, toll-like receptor signaling pathways, tumor necrosis factor signaling pathways, cytokine-cytokine receptor 
interaction, and Notch signaling pathways. IGF2BP2 overexpression significantly promoted the proliferation and invasion of breast cancer 
cells (P < 0.01). Compared with the control group, the IGF2BP2 overexpression group had significantly increased expressions of IFIT2, 
CCL20, and CXCL10 (P < 0.05).
Conclusion: IGF2BP2 may promote the invasion and proliferation of human breast cancer cells by up-regulating breast cancer- 
related genes, such as IFIT2, CCL20, and CXCL10.
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Introduction
Breast cancer is one of the most common female malignant tumors in the world, which seriously affects the life and health of 
women. The latest statistics show that there are about 2.26 million new cases of breast cancer in the world in 2020, accounting 
for about 11. 5% of all new cancer cases in the world. 7%, with about 680,000 deaths, and breast cancer has replaced lung 
cancer as the most common malignant tumor in the world for the first time.1 However, at present, the early diagnosis of breast 
cancer is hampered by the lack of biomarkers with high sensitivity and specificity. Insulin-like growth factor 2-IGF2BP2 also 
known as p62/IMP2 is a breast cancer susceptibility protein,2 which is overexpressed in the tumor tissues of some breast 
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cancer patients, and some patients have elevated IGF2BP2 autoantibody levels in their serum.3 In human breast cancer cell 
lines, overexpression of IGF2BP2 can increase cell migration and reduce cell adhesion to extracellular matrix proteins.4 As an 
RNA-binding protein, IGF2BP regulates RNA stability5 and mRNA localization6 and translation,7 and it can also regulate 
transcription by influencing transcription factors.8 The latest report shows that IGF2BP2 enhances the stability of 
B3GNT6mRNA through M6A methylation, thus promoting the progression of pancreatic cancer.9 However, the mechanism 
of IGF2BP2 as a susceptibility gene and a regulator of cancer cell migration in breast cancer is less studied.

This study explored the effects and underlying mechanisms of IGF2BP2 in breast cancer. IGF2BP2 is overexpressed 
in MDA-MB-231 human cells, so cell proliferation and invasion were evaluated. The down-stream genes of IGF2BP2 
were analyzed using bioinformatics and verified using real-time reverse transcriptase-polymerase chain reaction (RT- 
qPCR). The findings provide experimental evidence for understanding the pathogenesis of breast cancer.

Methods
Cell Culture and Transfection
MDA-MB-231 cells were purchased from Procell Life Science & Technology Co. Ltd. They were cultured in Dulbecco’s 
Modified Eagle Medium (DMEM) medium, containing 10% fetal bovine serum and antibiotics, at 37°C, with 5% CO2. 
For transfection, the cells were divided into three groups: the control group, the IGF2BP2 overexpression (Ov) group, 
and the IGF2BP2 IGF2BP2 Ov negative control (NC) group. The cells were plated in 6-well plates until cell confluence 
reached 90%, after which cell transfection was performed using Lipofectamine 2000. At 48 h after transfection, the cells 
were collected for analysis.

RNA Sequencing
The total RNA was extracted from the cells with TRIZOL. The RNA-seq library was prepared with a VAHTS Stranded 
mRNA-seq Library Prep Kit using 1μg of total RNA. Polyadenylated mRNAs were converted into double-stranded 
cDNA using VAHTS mRNA trapping beads and fragmented mRNAs. After end repair and A tailing, the DNA was 
ligated to a diluted VAHTS RNA Adapter. The products of 300–500 bps were amplified, purified, quantified, and stored 
at −80°C before sequencing. The second cDNA strand labeled with 2’- Deoxyuridine-5’- Triphosphate called dUTP was 
not amplified, thereby achieving strand-specific sequencing. High-throughput sequencing was performed using the 
Illumina HiSeq X Ten system.

The Screening of Differential Genes and the Bioinformatics Analysis
The differentially expressed genes were screened according to the criteria of Fold change ≥2 and false discovery rate 
<0.05. They were subjected to GO and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis using DAVID 
online software.

The Cell Counting Kit-8 Assay
At 48 h after transfection, the cells were seeded into a 100 μL, 2000–5000 cells/well 96-well plate. After culture for 24 h, 
10 μL of Cell Counting Kit-8 (CCK-8) solution was added to each well, and the cells were incubated for 4 h. The 
absorbance at 450 nm was measured using a microplate reader.

The Transwell Invasion Assay
The upper chamber of the Transwell room is pre-painted with Matrigel from Becton Dickinson. At 37°C for 4 h. The 
cells were prepared in cell suspension after 48 h of transfection, with 60 µL of cell suspension being added to the upper 
chamber of the Transwell chamber, and incubated at 37°C. Complete DMEM medium was added to the lower chamber. 
After 24 h, the upper chamber was removed, and the non-invaded cells were wiped with a cotton swab. The cells were 
washed twice with PBS, fixed with paraformaldehyde for 20 min, and stained with crystal violet in the dark for 20 min. 
After being washed with PBS three times, the cells were observed under a 400× microscope. Three fields of view were 
randomly selected, and the invaded cells were counted.
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RT-qPCR
Total RNA was extracted using TRIZOL reagent and reverse transcribed into cDNA at 25°C for 5 min, 42°C for 60 min, 
and 70°C for 5 min. The SYBRGreen PCR kit was used for PCR amplification. The primer sequences are listed in 
Table 1. β-actin was used as an internal reference. The polymerase chain reaction system includes 10 μL of SYBR 
®Select Master Mix, Upstream and downstream primers 0.5 μL respectively, 2 μL cDNA, and 7 μL ddH2O. RT-qPCR 
was conducted using a fluorescence quantitative PCR instrument of Hangzhou Longgene Scientific Instruments Co., Ltd. 
China. The PCR procedure involved pre-denaturation at 95°C for 5 min and 45 cycles each at 95°C for 5 s and 60°C for 
35s. The 2−ΔΔCT method was used to calculate the relative expression level of each gene.

Statistical Methods
GraphPad Prism 7.00 was used for data analysis. F-test was used for multi-comparison of the three groups, and an 
independent sample t-test was used for a comparison of two of the groups. P < 0.05 indicated that the difference was 
statistically significant and was marked as *P < 0.05, **P < 0.01, and ***P < 0.001.

Table 1 Primer Sequences

Gene Primer Sequence

β-actin F-AACAGTCCGCCTAGAAGCAC

R-CGTTGACATCCGTAAAGACC

IGF2BP2 F-ACCCTCTCGGGTAAAGTGGA

R-TGTGTCTGTGTTGACTTGTTCC

IFIT2 F-CCTGCCGAACAGCTGAGAAT

R-AGGCCAGTAGGTTGCACATT

CCL5 F-CCTGCAGAGGATCAAGACAGC

R-CGCAGAGGGCAGTAGCAAT

CCL20 F-TGGGTGAAATATATTGTGCGTCT

R-GCAAGTGAAACCTCCAACCC

CXCL10 F-GCTGTACCTGCATCAGCATT

R-AGCACTGCATCGATTTTGCTC

ITGA6 F-TGATGTTGCTGTTGGTTCCCT

R-CTGTTTTCTGGCGGAGGTCA

ERCC1 F-GCTTGTCCAGGTGGATGTGA

R-GTCCGCTGGTTTCTGCTCAT

HMGA2 F-GAGGAATTCTTTCCCCGCCT

R-CGGGTTGGGATCAGGAGTTG

YAP1 F-AACACTGGAGCAGGATGGTG

R-GGGTTCGAGGGACACTGTAG
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Results
The Screening of the Differentially Expressed Genes
The confirmatory data showing the expression profile of IGF2BP2 is shown in Figure 1A. The differential gene 
expression level is shown in Figure 1B volcano map and Figure 1C heat map. The results show that compared with 
the control group, 67 genes were up-regulated and 87 genes were down-regulated in the IGF2BP2 Ov group. The gene 
with the most significant up-regulation was PROX1, and the gene with the most significant down-regulation was 
CRYBA4. The top 10 differentially expressed genes up-regulated and down-regulated in breast cancer cells over-
expressing IGF2BP2 are shown in Table 2. The gene expression levels in this study and the findings of previous 
studies10–13 suggest that the genes of IFIT2, CCL20, CCL5, and CXCL10 may play a role in breast cancer.

GO Enrichment Analysis of the Differentially Expressed Genes
GO enrichment analysis was performed to analyze the functions of the differentially expressed genes, and the top 10 GO 
terms are displayed. The enriched GO term in the molecular function of up-regulated differentially expressed genes was 
mainly protein binding, and, in the cellular component, it was cell membrane as shown in Figure 2A. There was no 
enriched term with respect to the biological process. The molecular functions of down-regulated differentially expressed 
genes are mainly enriched in ion binding, cellular components are mainly enriched in cytoplasm, and biological 
processes are mainly enriched in response to viruses as shown in Figure 2B.

KEGG Pathway Enrichment Analysis of the Differentially Expressed Genes
KEGG pathway enrichment analysis showed that the differentially expressed genes participated in 68 classical signaling 
pathways, 17 of which were statistically significant. The up-regulated differential genes are mainly concentrated in the 
protein processing of endoplasmic reticulum, including HSPA2, TXNDC5 and actin cytoskeleton regulation, including 
APC2, ITGA7 and other genes as shown in Table 3 and Figure 3. The down-regulated differential genes were mainly 
enriched in rheumatoid arthritis, including ATP6V1B1, CCL20, CCL3L3, and CCL5, chemokine signaling pathways, 
including CCL20, CXCL10, CCL3L3, CCL5, and other genes, toll-like receptor signaling pathways, including CXCL10, 
CCL3L3, CCL5, and other genes, TNF signaling pathways, including CCL20, CXCL10, CCL5, and other genes, 
cytokine-cytokine receptor interaction, including CCL20, CXCL10, CCL3L3, CCL5, and other genes, and Notch 
signaling pathways, including DLL1, DLL3, and other genes as shown in Table 3 and Figure 3.

Relationship Between Differential Genes and Immune Cell Infiltration and 
Kaplan-Meier Plotter Survival Analysis
As shown in Figure 4A, the expression of IGF2BP2, IFIT2, CCL20, CCL5, and CXCL10 was positively correlated 
with the degree of infiltration of B Cell, CD8+ T Cell, CD4+ T Cell, Macrophage, Neutrophil, Dendritic Cell, partila. 
cor > 0, P < 0 05. The Kaplan-Meier Plotter survival analysis of downstream (Figure 4B) differentially expressed genes 

Figure 1 The analysis of differentially expressed genes. (A) Western blot quality test: IGF2BP2 protein signal was detected in OE samples, and IGF2BP2 protein was 
overexpressed successfully, which can be used for downstream experiments. (B) A volcano plot of differentially expressed genes. (C) A heat map of differentially expressed 
genes. Red indicates that the expression level of the gene is relatively up-regulated, and blue indicates that the expression level of the gene is relatively down-regulated.
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IFIT2, CCL20, CCL5, and CXCL10 showed that the high expression of CCL20 could improve the 5-year survival rate 
of breast cancer patients. The high expression of IFIT2, CCL5 and CXCL10 decreased the 5-year survival rate of 
patients.

The Proliferation of MDA-MB-231 Cells
The results of the CCK-8 assay are shown in Figure 5. The cell proliferation in the IGF2BP2 Ov group was significantly 
higher than that in the control group, P < 0.01. This indicates that overexpression of IGF2BP2 could promote the 
proliferation of MDA-MB-231 cells.

The Invasion Ability of MDA-MB-231 Cells
The Transwell assay detected cell invasion ability, and the results are shown in Figure 6. Compared with the control 
group and the IGF2BP2 Ov NC group, the IGF2BP2 Ov group had significantly more cells passing through the basement 
membrane of the chamber, P < 0.01. This indicates that overexpression of IGF2BP2 can enhance the invasion ability of 
MDA-MB-231 cells.

Table 2 The Top 10 Differentially Expressed Genes (Up-Regulated and Down-Regulated) in Breast Cancer 
Cells Overexpressing IGF2BP2

Gene Symbol Fold Change P FDR Regulation

CRYBA4 −4.91346322137076 0.001 0.657457600265985 Down

OVOL1 −4.47201201373557 0.008 1

DLL1 −3.15520482886206 0.004 1

RINL −2.85638159250971 0.001 0.617592414691444

DLL3 −2.77044520238608 0.001 0.788482329828543

MMEL1 −2.16976401569318 0.009 1

PRR34 −1.52741098195681 0.009 1

SH2D6 −1.37041855901624 0.006 1

CXCL10 −1.09952113380292 0.0008 0.560346971601871

CARD14 −1.06917936488462 0.009 1

PROX1 4.79742282320748 0.002 0.891208964462989 Up

SAMD15 4.65259301919388 0.004 1

PCDHA7 4.49159738656545 0.008 1

UPK3B 3.296056194458 0.002 0.891208964462989

GOLGA6L9 3.06195756310304 0.007 1

NR4A3 2.50940658067004 0.009 1

SNAP25 2.37898488965383 0.003 1

AQP5 2.15907259531988 0.003 1

FMO5 2.00422997400505 0.009 1

ASTN1 1.95539984797734 0.003 0.891208964462989
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RT-qPCR Verification of IFIT2, CCL20, CCL5, and CXCL10
So as to further verify the relationship between IGF2BP2 and its downstream target genes, RT-qPCR was performed to 
evaluate the breast cancer-related genes of IGF2BP2, IFIT2, CCL20, CCL5, and CXCL10. The F-test results showed that 
the levels of the IGF2BP2, IFIT2, and CLCL10 genes were significantly higher in the IGF2BP2 Ov group than in the 
control group or the IGF2BP2 Ov NC group as shown in Figure 7, P < 0.05. The CCL20 gene was significantly increased 
in the IGF2BP2 Ov group compared to the control group, P < 0.05. However, there was no significant change in the 
CCL5 gene, P > 0.05.

Discussion
IGF2BP2 is a member of the IGF2BP protein family, which is composed of IGF2BP1–3, and it is also known as IMP-2 
or VICKZ2. IGF2BP2 is an RNA-binding protein, which can bind to the 5’ untranslated region of IGF2 mRNA and 

Figure 2 The gene oncology (GO) enrichment analysis of differentially expressed genes. (A) GO analysis of up-regulated genes. (B) GO analysis of down-regulated genes. 
The top 10 terms are shown. The enriched GO term in the molecular function of up-regulated differentially expressed genes was mainly protein binding, and, in the cellular 
component, it was cell membrane. There was no enriched term with respect to the biological process. The molecular functions of down-regulated differentially expressed 
genes are mainly enriched in ion binding, cellular components are mainly enriched in cytoplasm, and biological processes are mainly enriched in response to viruses.

Table 3 The Top 5 Enriched Signaling Pathways of Up-Regulated and Down-Regulated Differential 
Genes

Signaling Pathway P Genes ID Regulation

Rheumatoid arthritis <0.001 4 hsa05323 Down
Chemokine signaling pathway <0.001 4 hsa04062

Toll-like receptor signaling pathway 0.001 3 hsa04620

TNF signaling pathway 0.001 3 hsa04668
Cytokine-cytokine receptor interaction 0.002 4 hsa04060

Protein processing in endoplasmic reticulum 0.021 2 hsa04141 Up

Regulation of actin cytoskeleton 0.035 2 hsa04810
Endometrial cancer 0.071 1 hsa05213

Basal cell carcinoma 0.075 1 hsa05217

Legionellosis 0.075 1 hsa05134
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regulate its translation. IGF2BP2 plays an important role in metabolism.14 It has been reported that the up-regulation of 
IGF2BP2 expression can lead to poor prognosis of patients with pancreatic ductal adenocarcinoma.15 In colorectal 
cancer, LncRNA 91H can promote IGF2 expression, by interacting with IGF2BP2, and promote tumor invasion and 
metastasis.16 In liver cancer, RHPN1-AS1 can promote the expression of IGF2BP2 and accelerate the proliferation and 
metastasis of liver cancer cells.17 The above studies indicate that IGF2BP2 is involved in various cancers, and, as an 

Figure 3 The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of differentially expressed genes. The analysis of up-regulated and down- 
regulated genes are shown, with the top 10 terms. (A) The up-regulated differential genes are mainly concentrated in the protein processing of endoplasmic reticulum, and 
actin cytoskeleton regulation. (B) The down-regulated differential genes were mainly enriched in rheumatoid arthritis, chemokine signaling pathways, toll-like receptor 
signaling pathways, TNF signaling pathways, cytokine-cytokine receptor interaction, and Notch signaling pathways.

Figure 4 Continued.
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oncogene, it may be a molecular target for cancer treatment. However, the mechanism of IGF2BP2 in breast cancer has 
been less clear.

In this study, in breast cancer cells with IGF2BP2 overexpression, RNA sequencing identified 67 up-regulated 
differential genes and 87 down-regulated differential genes, of which PROX1 was the most significantly up-regulated 
and CRYBA4 was the most significantly down-regulated. In addition, it has been reported that the expression of Prox1 in 
breast cancer is decreased, and it is related to lymph node metastasis, TNM stage and differentiation.18 It is of great 
significance for clinical evaluation of patients’ condition, and it is also a new direction of targeted drug therapy research 
and development. It has been reported that CRYBA4 can be used as a prognostic marker in renal clear cell carcinoma, 
but no related studies have been found in breast cancer.19 Through GO functional enrichment of these differentially 
expressed genes, it was found that they were mainly enriched in protein binding, ion binding, the cell membrane, and 
cytoplasm. KEGG enrichment analysis showed that differentially expressed genes were involved in 68 signaling path-
ways, of which 17 signaling pathways were statistically significant, including protein processing in the endoplasmic 
reticulum, actin cytoskeleton regulation, the rheumatoid arthritis signaling pathway, the chemokine signaling pathway, 
the Toll-like receptor signaling pathway, the TNF signaling pathway, and the Notch signaling pathway. The other 51 
signal pathways were not statistically significant. The Notch signaling pathway is already known to play an important 
role in breast cancer. Recently, Zhu et al reported20 that after silencing Linc-OIP5, the expression of Notch signaling 
ligand Jagged1 was down-regulated, thus reducing Notch signaling, and promoting the apoptosis of breast cancer MDA- 
MB-231 cells. A Toll-like receptor is a type of pattern recognition receptor and when stimulated by corresponding 

Figure 4 (A) Relationship between differential genes and immune Cell infiltration and (B) Kaplan-Meier Plotter Survival Analysis.Partila.cor is the correlation coefficient, 
Abscissa is the degree of cell infiltration, ordinate is the level of gene expression. P < 0.05 was statistically significant.
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Figure 5 Cell proliferation analysis after IGF2BP2 overexpression. The Cell Counting Kit-8 was used to analyze cell proliferation. The cell proliferation in the IGF2BP2 Ov 
group was significantly higher than that in the control group, P < 0.01. This indicates that overexpression of IGF2BP2 could promote the proliferation of MDA-MB-231 cells. 
(**P < 0.01; ***P < 0.001).

Figure 6 Cell invasion analysis after IGF2BP2 overexpression. A Transwell assay was used to detect cell invasion ability. (A) Representative images of the control group, the 
IGF2BP2 overexpression group, and the IGF2BP2 overexpression negative control group. (B) The number of invaded cells. Compared with the control group and the 
IGF2BP2 Ov NC group, the IGF2BP2 Ov group had significantly more cells passing through the basement membrane of the chamber, P < 0.01. This indicates that 
overexpression of IGF2BP2 can enhance the invasion ability of MDA-MB-231 cells. (**P < 0.01).
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ligands, these receptors can activate downstream signaling pathways and release a large number of cytokines. They have 
anti-pathogen infection and anti-tumor effects, and they can also change the tumor microenvironment and promote the 
angiogenesis of tumor tissues and the proliferation and metastasis of tumor cells.21

There have been many studies concerning breast cancer-related genes. One study has shown that the flavonoid 
compound baicalein can inhibit radiotherapy and chemotherapy resistance in breast cancer by up-regulating IFIT2. It is 
known that CCL20 regulates cell migration and MMP-9 expression by activating PKC-α through Src kinase, thereby 
activating downstream the Akt, JNK, and NF-κB pathways.22 It can also promote the transcription of c-fos and c-myc 
and participate in the proliferation of breast cancer cells. The chemokine CXCL10 and its receptor CXCR3 play an 
important role in breast cancer bone metastasis and osteoclast activation and can mediate the NF-κB signaling pathway.23 

CCL5 is an inflammatory mediator with carcinogenic activity in breast cancer.24 In this study, IGF2BP2 was over-
expressed in breast cancer MDA-MB-231 cells. The CCK-8 and Transwell experiments showed that IGF2BP2 sig-
nificantly promoted cell proliferation and invasion. The genes of IFIT2, CCL20, CCL5, and CXCL10 were verified by 
RT-qPCR, and the results suggested that the expression of IFIT2, CCL20, and CXCL10 in the IGF2BP2 Ov group was 
significantly higher. However, the CCL5 gene was not significantly changed.

Conclusion
In summary, this study has found that IGF2BP2 may promote the invasion and proliferation of human breast cancer cells 
by up-regulating breast cancer-related genes, such as IFIT2, CCL20, and CXCL10. The results provide experimental 
evidence explaining the pathogenesis of breast cancer, which could lead to the development of treatment targets for this 
disease.

Abbreviation
IGF2BP2, insulin-like growth factor 2 mRNA binding protein 2; IFIT2, tetratricopeptide repeats 2; CCL20, chemokine 
C-C motif ligand 20; CCL5, chemokine C-C motif ligand 5; CXCL10, chemokine C-X-C motif ligand 10; PROX1, 
Homeobox protein 1; CRYBA4, Acidic β-crystallin 4; GO, gene ontology; RT-qPCR, real-time reverse transcriptase- 

Figure 7 The expression levels of IGF2BP2, IFIT2, CCL20, CCL5, and CXCL10 in the control group, the IGF2BP2 overexpression group, and the IGF2BP2 negative control 
group. RT-qPCR was used to measure the gene levels. The levels of the IGF2BP2, IFIT2, CCL20, and CLCL10 genes were significantly higher in the IGF2BP2 Ov group than in 
the control group or the IGF2BP2 Ov NC group, P < 0.05. There was no significant change in the CCL5 gene, P > 0.05. (*P < 0.05, ***P < 0.01, ****P < 0.001 vs control 
group; ###P < 0.001; ####P < 0.0001 vs IGF2BP2 Ov NC group).
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polymerase chain reaction; Ov, overexpression; NC, negative control; DMEM, Dulbecco’s Modified Eagle Medium; 
cDNA, complementary deoxyribonucleic acid; KEGG, Kyoto Encyclopedia of Genes and Genomes; CCK-8, Cell 
Counting Kit-8; PBS, phosphate-buffered saline; F-test, A one-way analysis of variance; TNF, tumor necrosis factor.
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