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Introduction

Ovarian cancer (OC) is a fatal gynecologic disease.1 Due 
to the insidious onset and rapid progression, about 70% 
of patients suffer from advanced OC and only 20–30% of 
patients at advanced stages survive for more than five years.2 
The most common treatment for OC is surgical treatment 
combined with paclitaxel (PTX) and platinum-based chem-
otherapy. More than 80% of OC patients initially respond 
to anticancer drugs but most of them eventually develop 
relapse because of resistance to chemotherapy.3 Therefore, 

it needs to identify promising biomarkers for therapeutic 
intervention and prognostic prediction in OC.

Insulin-like growth factor 2 mRNA-binding protein 2 
(IGF2BP2, also known as IMP2) is involved in the localiza-
tion, stability, and translation of RNAs4 and plays a crucial 
role in the occurrence and development of tumors.5 Study 
has shown that IGF2BP2 up-regulation predicts short-
ened overall survival (OS) of pancreatic cancer patients.6 
However, there is limited knowledge regarding the biologi-
cal function, molecule mechanism, and therapeutic value 
of IGF2BP2 in OC.7 Our previous study showed that STAT1 
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Abstract
Ovarian cancer (OC) is a fatal gynecologic disease. The most common treatment 
for OC patients is surgery combined with chemotherapy but most patients at 
advanced stages eventually develop relapse due to chemoresistance. This study 
examined the role and function of insulin-like growth factor 2 mRNA-binding protein 
2 (IGF2BP2) in OC. We observed that the expression of IGF2BP2 mRNA and protein 
was up-regulated in OC cells and tissues using quantitative real-time polymerase 
chain reaction (qRT-PCR) and western blot, respectively. An increase in IGF2BP2 
expression at mRNA and protein levels was verified by the analyses of The Cancer 
Genome Atlas (TCGA) and Clinical Proteomic Tumor Analysis Consortium (CPTAC), 
respectively. Gene Expression Omnibus (GEO) and Cancer Cell Line Encyclopedia 
(CCLE) databases were applied to analyze the expression and clinical value of 
IGF2BP2. Gene set enrichment analysis (GSEA), Kyoto Encyclopedia of Genes 
and Genomes (KEGG), and Gene Ontology (GO) analyses explored biological 
functions and the involvement of IGF2BP2 in cell growth. Indeed, the knockdown 

of IGF2BP2 resulted in the inhibition of OC cell proliferation evaluated by the Cell Counting Kit-8 assay. Genomic amplification 
of IGF2BP2 partly accounted for its overexpression. High expression of IGF2BP2 was associated with signal transducer and 
activator of transcription 1 (STAT1) and drug sensitivity and was correlated with an unfavorable survival outcome in OC patients. 
Furthermore, the responsiveness of chemotherapy and immunotherapy were analyzed using the “pRRophetic” R package and 
The Cancer Immune Atlas (TCIA) database, respectively. The low expression of IGF2BP2 was associated with chemoresistance 
but with high tumor microenvironment scores and tumor-infiltrating immune cells, suggesting that immunotherapy may apply in 
chemoresistant patients. The alteration of IGF2BP2 expression may respond to chemotherapy and immunotherapy. Thus, IGF2BP2 
shows potential as a therapeutic target and diagnostic biomarker for OC.
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Ovarian cancer (OC) is a fatal gynecologic disease 
and is often resistant to chemotherapy. IGF2BP2 
is an oncogene but little is known about its role 
in paclitaxel resistance and the clinical progno-
sis of OC. This study identifies and characterizes 
IGF2BP2 as a potential therapeutic target and diag-
nostic biomarker for OC. It explores for the first time 
the responsibility and function of IGF2BP2 in OC. 
The outcomes obtained in the study substantiate 
that IGF2BP2 is associated with prognosis and can 
be an indicator for immunotherapy in chemoresist-
ant patients.
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was overexpressed in OC and stimulated cell proliferation, 
migration, and invasion.8 Besides, we also observed that 
STAT1 mRNA and protein expression was down-regulated 
in PTX-resistant OC cell lines and was with excessive meth-
ylation of CpG in the promoter region.9 The mechanism 
of differentially expressed STAT1 between PTX-sensitive 
and PTX-resistant cells is unknown. We speculated that 
the post-transcriptional modification may have a sig-
nificant impact on the differential expression of STAT1. 
N6-methyladenosine (m6A) methylation is a common post-
transcriptional RNA modification in epigenetic regulations 
and exhibits significant associations with the progression 
of malignant tumors.10 Referring to the bioinformatics pre-
diction, IGF2BP2 is a potential m6A “reader” that binds to 
STAT1 and regulates STAT1 expression. Furthermore, our 
previous work also showed that STAT1 was closely related 
to the immune microenvironment of tumorigenesis, and 
STAT1 overexpression was positively associated with up-
regulated programmed death-1 (PD-1) and PD-ligand 1 
(PD-L1) in OC.11 Nevertheless, the relationship between 
IGF2BP2 and STAT1, tumor immune, and chemoresistance 
remains unclear.

In this study, we explored the oncogenic role and charac-
teristics of IGF2BP2 in OC. The association of IGF2BP2 with 
STAT1 was conducted as well. Moreover, the multidatabase 
analyses of genetic alterations, prognosis, reactive sensitivity 
of chemotherapy and immunotherapy, and tumor-infiltrat-
ing cells with different levels of IGF2BP2 expression were 
also elucidated.

Materials and methods

Cell culture and transfection

All utilized cells were human-derived cells and authenticated 
using short tandem repeat (STR) analysis. Non-tumorous 
human immortalized ovarian surface epithelial cells (IOSE-
80) (ScienCell, Shanghai, China), ovarian endometrioid 
adenocarcinoma cells originally derived from the tumor tis-
sue (A2780) (Keygen Biotech, Nanjing, Jiangsu, China), and 
paired PTX-resistant cells (A2780-PTX) (Keygen Biotech) 
were grown in Dulbecco’s modified eagle medium (Gibco, 
Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal 
bovine serum (FBS, Invitrogen). Ovarian serous adenocarci-
noma cells originally derived from the ascites (OVCAR-3) 
and paired PTX-resistant cells (OV3R-PTX)9 were grown in 
RPMI-1640 medium (Gibco) supplemented with 20% FBS. 
Ovarian serous cystadenocarcinoma cells originally derived 
from the ascites (SK-OV-3) and paired PTX-resistant cells 
(SK3R-PTX)12 were grown in McCoy’s 5A medium (Gibco) 
supplemented with 10% FBS. Cells were transfected with 
IGF2BP2-small interfering RNA (siRNA) or negative control 
(NC)-siRNA synthesized by Shanghai GenePharma Co., Ltd 
(Shanghai, China) using X-tremeGENE siRNA Transfection 
Reagent (Roche Applied Science, Indianapolis, IN, USA). The 
sequences of siRNA (si-NC, si-IGF2BP2-1, and si-IGF2BP2-2) 
are shown in Supplementary Table S1. The IGF2BP2-
overexpressing plasmid was constructed by inserting a cod-
ing sequence (CDS) of the IGF2BP2 gene at positions 83-1882 
(GenBank Accession #: NM_006548.6) into the pCMV vector 
(Miaoling Biology, Wuhan, Hubei, China). Cells were seeded 

into a six-well plate and transfected with 2.5 μg/well plasmid 
using Lipo8000 (Beyotime Biotechnology, Shanghai, China). 
RNA and protein samples were obtained after 24 and 48 h 
transfection.

Cell viability detection

NC and IGF2BP2-siRNA-expressed cells (SK-OV-3 and 
A2780) were plated in a 96-well plate with a density of 
3 × 103/well and grown for 24, 48, and 72 h. The cell viabil-
ity was evaluated using the Cell Counting Kit-8 (CCK-8, 
Dojindo Laboratories, Kumanoto, Japan) kit. The relative 
cell number was calculated using the formula: Relative cell 
number = (TOD450 nm − ΔBOD450 nm) / (Δ0hT − COD450 nm) × 100%. 
TOD450 nm indicates the absorbance value at optical density 
(OD) 450 nm in the tested cells at 0, 24, 48, or 72 h. ΔBOD450 nm 
indicates the average of the absorbance value at OD450 nm 
in the blank without cells at 0, 24, 48, or 72 h. Δ0hT-COD450 nm 
indicates the average value of the tested cells minus the 
blank without cells at 0 h.

Quantitative real-time polymerase chain reaction

The RNA-Quick Purification Kit (Yishan Biotechnology 
Co., Ltd, Shanghai, China) and the qPCR RT Kit (Mei5 
Biotechnology Co., Ltd, Beijing, China) were utilized to 
extract total RNA and to perform polymerase chain reac-
tion (PCR), respectively, according to the manufacturer’s 
instructions. The sequences of PCR primer are shown in 
Supplementary Table S2. To ensure reliability, the levels of 
target gene expression were normalized to β-actin. To deter-
mine the threshold cycle (Ct), the 7300 real-time PCR sys-
tem (V1.4, Applied Biosystems, Waltham, MA, USA) was 
utilized.

Protein extraction and western blot analysis

Cell lysates were obtained after ultrasonic cracking with a 
lysis buffer containing sodium dodecyl sulfate (SDS), benzyl 
sulfonyl fluoride, and phosphatase inhibitors. Protein sam-
ples were run in SDS-polyacrylamide gel electrophoresis. 
The primary antibody of the rabbit anti-IGF2BP2 (1:1000 
dilution) was obtained from Proteintech (Wuhan, China); 
rabbit anti-STAT1 (1:1000 dilution) was obtained from Cell 
Signaling Technology, Inc. (Danvers, MA, USA); mouse 
anti-β-actin (1:5000 dilution), and the secondary antibod-
ies of goat antirabbit IgG and antimouse IgG labeled with 
horseradish peroxidase (both 1:5000 dilution) were obtained 
from Proteintech. The signals were detected by the chemilu-
minescence imaging system (Tanon Science & Technology, 
Shanghai, China). The relative optical density of protein 
bands was semi-quantified using ImageJ 1.6.0 (https://
imagej.nih.gov/ij/).

Data acquisition

Transcriptome RNA-sequencing data of OC were obtained 
from the databases of The Cancer Genome Atlas (TCGA) 
(https://portal.gdc.cancer.gov/) and the University of 
California-Santa Cruz Xena Browser (https://xena.ucsc.
edu/) combined with normal ovary tissues from the 
Genotype-Tissue Expression (GTEx) database (https://

https://imagej.nih.gov/ij/
https://imagej.nih.gov/ij/
https://portal.gdc.cancer.gov/
https://xena.ucsc.edu/
https://xena.ucsc.edu/
https://xenabrowser.net/datapages/
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xenabrowser.net/datapages/). Data from OC and normal 
ovarian samples were extracted from the Gene Expression 
Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/), 
including gene set enrichment (GSE)12470, GSE14407, 
GSE18520, GSE26712, GSE38666, and GSE40595 data sets. 
The selection criteria for the GSE series were based on search-
ing keywords that included OC, tumor subtype, expression 
profiling by array, and homo sapiens. The exclusive criteria 
were as follows: patients without additional treatment such 
as chemotherapy, lack of normal control, the knockdown of 
a gene, and case number less than 6 in a group. The pro-
tein data were obtained from the Clinical Proteomic Tumor 
Analysis Consortium (CPTAC) (http://ualcan.path.uab.
edu/analysis-prot.html).

Prognostic value analysis

The prognostic value of IGF2BP2 was analyzed using Kaplan–
Meier plotter (http://kmplot.com/analysis/) for OS and pro-
gression-free survival (PFS). The survival analysis of patients 
with IGF2BP2 expression in GEO data sets was performed by 
PrognoScan (http://dna00.bio.kyutech.ac.jp/PrognoScan/)13 
using the selection criteria by searching keywords IGF2BP2 
and OC. Case numbers less than 6 for each group and the 
probe ID other than #223963 were excluded. The UALCAN 
online tool (http://ualcan.path.uab.edu/index.html)14 was 
employed to examine the association of IGF2BP2 expression 
with clinical characteristics such as different stages and ages 
of OC patients. The effectiveness of a diagnostic IGF2BP2 and 
the selection of an optimal threshold value (cutoff point) for 
IGF2BP2 were measured by the Youden index (the Youden ind
ex = Sensitivity + Specificity − 1).15 The “pROC” and “ggplot2” 
R packages (https://www.bioconductor.org/) were used to 
plot the receiver operating characteristic (ROC) curve.

cBioPortal database analysis

An open-access cBioPortal (https://www.cbioportal.org/)16 
which incorporates multiple genomic data types from TCGA 
was used for analyzing somatic mutations and DNA copy-
number alterations (CNAs) of IGF2BP2.

Cancer Cell Line Encyclopedia

The multiomics maps of OC cell lines and information on 
genetic mutations, DNA methylation, RNA splicing, and his-
tone modification were extracted from the RNA-seq database 
of the Cancer Cell Line Encyclopedia (CCLE) (https://sites.
broadinstitute.org/ccle/). Gene sets significantly correlated 
with IGF2BP2 expression were screened out. The enrichment 
analyses were performed using the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) and Gene Ontology (GO) using 
R software (version 4.1.3).

Gene Set Enrichment Analysis

To clarify the activity of related functions and signal path-
ways in OC between the IGF2BP2-high and IGF2BP2-low 
groups (IGF2BP2high versus IGF2BP2low), KEGG gene set 
files in Gene set enrichment analysis (GSEA) (https://
www.gsea-msigdb.org/gsea/index.jsp) were downloaded 

and analyzed by GSEA 4.1.0 in OC samples. Multiple GSEA 
plots were performed through “plyr,” “ggplot2,” “grid,” and 
“gridExtra” R packages.

IGF2BP2 prediction in drug sensitivity

The “pRRophetic” R package (http://genemed.uchicago.
edu/~pgeeleher/pRRophetic/)17 was used to measure the 
difference in the half-maximal inhibitory concentration (IC50) 
between the IGF2BP2-high and IGF2BP2-low groups from 
TCGA-OV.

Tumor microenvironment and immune cell 
infiltration analysis

The tumor microenvironment (TME) of OC was scored by the 
ESTIMATE R package.18 The three final scores: stromal score, 
immune score, and ESTIMATE score were generated. The 
CIBERSORT algorithm generally deconvolutes the tumor 
tissue expression matrix by using the linear support vector 
regression method to analyze the content of various types 
of cells in the tissue.19 Therefore, this algorithm was utilized 
to obtain the related content of immune cells in TCGA-OC. 
The results of immune cell infiltration in each sample and the 
expression of IGF2BP2 in OC were analyzed.

Immunotherapy analysis

The immunotherapy scoring file of OC was downloaded 
from The Cancer Immunome Atlas (TCIA) database (www.
cancerimagingarchive.net), including two classical immune 
checkpoints: cytotoxic T-lymphocyte-associated protein 4 
(CTLA4) and PD-1. Immunotherapy scoring files from 
TCIA and IGF2BP2 expression files from TCGA-OV were 
integrated for immunotherapy analysis by “limma” and 
“ggpubr” R packages.

Statistical analysis

All statistical analyses were conducted utilizing GraphPad 
Prism 8.0 (https://www.graphpad.com/). Statistical sig-
nificance was assessed by the unpaired two-tailed Student’s 
t-test or one-way analysis of variance (ANOVA). Results 
with P < 0.05 were considered statistically significant.

Results

IGF2BP2 is overexpressed in OC

The levels of IGF2BP2 mRNA and protein expression were 
higher in OC cells (OVCAR-3, SK-OV-3, and A2780) com-
pared with non-tumorous IOSE-80 cells (Figure 1(A) to (C)) 
detected by quantitative real-time PCR (qRT-PCR) (n = 3) and 
western blot (n = 3), respectively. The analyzed data from 
GSE12470, GSE14407, GSE18520, GSE26712, GSE38666, and 
GSE40595 data sets also supported the fact that the level of 
IGF2BP2 mRNA expression was significantly elevated in 
OC tissues compared with normal ovarian tissues (Figure 
1(D) to (I)). By combining the RNA-seq data from TCGA 
and GTEx databases, we found that the levels of IGF2BP2 
mRNA expression were also high in OC tissues compared 
with normal tissues (Figure 1(J)). Furthermore, data analysis 
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http://ualcan.path.uab.edu/index.html
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Figure 1.  IGF2BP2 expression in OC cells and tissues: (A) the expression of IGF2BP2 mRNA was detected by quantitative real-time polymerase chain reaction in 
OC cells (OVCAR-3, SK-OV-3, and A2780) and non-tumorous IOSE-80 cells, and the experiment was repeated three times; (B) the expression of IGF2BP2 protein 
was detected by western blot in OC cells and IOSE-80 cells, and representative images of IGF2BP2 and ACTIN are shown (n = 3); (C) semi-quantitative analysis of 
the relative optical density of protein bands from B (n = 3); (D to I) the expression level of IGF2BP2 mRNA was elevated in OC tissues (tumor) compared with normal 
ovarian tissues (normal) from Gene Expression Omnibus data sets (GSE12470, GSE14407, GSE18520, GSE26712, GSE38666, and GSE40595); (J) the expression 
level of IGF2BP2 mRNA in OC tissues (tumor) and normal ovarian tissues (normal) from The Cancer Genome Atlas-OV; (K) the expression of IGF2BP2 protein in OC 
tissues (tumor) and normal ovarian tissues (normal) from Clinical Proteomic Tumor Analysis Consortium-OV.
OC: ovarian cancer; IGF2BP2: insulin-like growth factor 2 mRNA-binding protein 2; IOSE: immortalized ovarian surface epithelial cells; GSE: gene set enrichment.
*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.
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from the CPTAC database revealed a significant increase 
in IGF2BP2 protein in OV primary tumors compared with 
normal samples (Figure 1(K)).

Knockdown of IGF2BP2 inhibits cell proliferation 
in OC

The analyses of the RNA-seq data of 47 OC cell lines derived 
from CCLE showed that there were 76 genes significantly 
associated with IGF2BP2 expression by the correlation test 
(P < 0.001 with corFilter >0.5). KEGG pathway enrichment 
analysis exhibited that IGF2BP2 positively or negatively cor-
related genes gathered at the pathways regarding the process 
of DNA duplication and cell cycle, such as “mitotic cell cycle 
phase transition,” “signal transduction by p53 class media-
tor,” and “mitotic G2 DNA damage checkpoint signaling” 
(Figure 2(A)). The results of GO term analyses, including bio-
logical process (BP), cellular component (CC), and molecular 
function (MF) categories, disclosed that IGF2BP2-coexpressed 
genes were also involved in the “mitotic cell cycle transition,” 
“methyltransferase complex,” “translation regulator activity,” 
and “catalytic activity, acting on DNA” (Figure 2(B)). In addi-
tion, GSEA in OC from CCLE revealed that the up-regulated 
genes with high IGF2BP2 expression were enriched in cell 
cycle, DNA replication, and FcγR-mediated phagocytosis, 
whereas the down-regulated genes were gathered in ATP-
binding cassette (ABC) transporters, drug metabolism, and 
complement and coagulation cascades (Figure 2(C)). Based on 
the above analyses, we conducted the CCK-8 assay to evalu-
ate the influence of IGF2BP2 on OC cell proliferation. The 
inhibition of cell proliferation was observed upon IGF2BP2 
knockdown in SK-OV-3 and A2780 cells (Figure 2(D).

IGF2BP2 gene is amplified in OC

The cBioPortal online tool was utilized to figure out the 
close-up view of IGF2BP2 alteration frequency in pan-cancer. 
Amplification was found to be responsible for most genomic 
alterations in cancers, including OC (OV at the second posi-
tion) (Figure 3(A)). Further analysis of the DNA-seq data 
disclosed that the IGF2BP2 gene was altered in 105 of 585 
cases of OC (18%) and these alterations were amplified 
(Figure 3(B)). Further analyses revealed that IGF2BP2 pro-
tein expression was high in the chromatin modifier altered 
group (n = 66) and a group of others including DNA gene 
copy number variations and gene mutation (n = 13) com-
pared with the normal group (n = 25) (Figure 3(C)). Next, we 
found that patients with IGF2BP2 alterations had shorter OS 
compared with patients with unaltered IGF2BP2 based on 
the TCGA pan-cancer data sets (Figure 3(D)).

High-expressed IGF2BP2 is associated with poor 
prognosis and survival of OC patients

Additional survival analyses revealed that OC patients 
with high-expressed IGF2BP2 tended to have shorter OS 
and PFS compared with those with low-expressed IGF2BP2 
detected by the Kaplan–Meier plotter (Figure 4(A) and (B)). 
Furthermore, patients with up-regulated IGF2BP2 were unfa-
vorable to the OS found in the GSE9891 data set (Figure 4(C)) 
using PrognoScan. By analyzing CPTAC samples of OC, a 

positive correlation between the expression of IGF2BP2 pro-
tein and the tumor Stage 3 and more than 41 years of patients 
was observed (Figure 4(D) and (E)). The accuracy of the pre-
diction of the patient outcomes was estimated using the ROC 
curve. The true positive rate (TPR) and the false positive rate 
(FPR) were 0.712 (sensitivity) and 0.955 (specificity), respec-
tively, when the optimal cutoff value of IGF2BP2 was 3.960 
(the maximum value of the Youden index) (Figure 4(F)). The 
high area under the curve (AUC) value (0.852) demonstrated 
that IGF2BP2 as a biomarker had high accuracy in predicting 
the patient outcomes.

Expression of IGF2BP2 is positively correlated 
with STAT1 expression and chemoresistance

The IGF2BP2 mRNA and protein expression was lower in 
PTX-resistant OC cells (OV3R-PTX, SK3R-PTX, and A2780-
PTX) than in their counterpart-sensitive cells (OVCAR-3, 
SK-OV-3, and A2780) (Figure 5(A) to (C)). Coincidentally, 
the down-regulation of STAT1 mRNA and protein expres-
sion in PTX-resistant OC cells were also observed (Figure 
5(D) to (F)). With the inhibition of IGF2BP2 using two spe-
cific siRNA (si-IGF2BP2-1 and si-IGF2BP2-2), the expres-
sion of STAT1 was decreased at mRNA and protein levels 
synchronously in SK-OV-3 and A2780 cells (Figure 5(G) 
and (H)). Overexpression of IGF2BP2 led to an increase 
in STAT1 mRNA and protein expression (Supplementary 
Figure S1). Next, we analyzed the correlation of IGF2BP2 
expression with the sensitivity of nine anticancer drugs, 
including AZD.0530, bleomycin, cisplatin, docetaxel, doxo-
rubicin, etoposide, gemcitabine, pazopanib, and vinorelbine. 
The high IC50 values were observed in the IGF2BP2 low-
expression group compared with the high-expression group 
(Supplementary Figure S2), indicating that OC patients with 
low expression of IGF2BP2 tend to be less sensitive to these 
anticancer drugs.

IGF2BP2 expression is associated with the TME 
and sensitivity to immunotherapy

It has been shown that the TME exerts a significant influ-
ence on tumor progression and therapeutic response. GSEA 
showed that IGF2BP2 was associated with immune-related 
pathways. By assessing TMEs from TCGA-OV using the 
ESTIMATE algorithm, low IGF2BP2 expression was associ-
ated with high scores of stroma, immune, and ESTIMATE 
compared with high IGF2BP2 expression (Figure 6(A)). 
Further CIBERSORT analysis showed that six types of tumor-
infiltrating immune cells (TICs), including B-cell naive 
(P = 0.012), natural killer (NK) cells activated (P = 0.042), NK 
cells resting (P = 0.034), B-cell memory (P = 0.033), neutro-
phils (P = 0.030), and mast cells activated (P = 0.016) were sig-
nificantly correlated with IGF2BP2 expression (Figure 6(B); 
Supplementary Figure S3). Immunotherapeutic sensitivity 
analysis displayed that OC patients with the low expression 
of IGF2BP2 had high immune scores (Figure 6(C) to (F)), 
indicating that those patients may increase their sensitivity 
to the immunotherapy no matter the negative or positive of 
CTLA4 and PD-1 and suggesting that immunotherapy can 
be used in patients with the resistance of chemotherapy and 
low-expressed IGF2BP2.
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Figure 2.  The functional analysis of IGF2BP2 in OC: (A) the top 30 pathways were obtained from Kyoto Encyclopedia of Genes and Genomes pathway enrichment 
analysis of intersecting genes positively or negatively associated with IGF2BP2; (B) functional enrichment analyses of these genes listed on the bubble plot contained 
the top 10 significant elements enriched in the Gene Ontology term categories: biological process, cellular component, and molecular function; (C) multi-gene set 
enrichment analysis of OC cell samples with high or low expression of IGF2BP2 obtained from Cancer Cell Line Encyclopedia. Each of these curves with a unique 
color represented one specific gene set with a significant P value less than 0.05; (D) detection of SK-OV-3 and A2780 cell proliferation after IGF2BP2 knockdown by 
the Cell Counting Kit-8 assay.
OC: ovarian cancer; IGF2BP2: insulin-like growth factor 2 mRNA-binding protein 2; IOSE: immortalized ovarian surface epithelial cells; NES: Normalized Enrichment 
Score.
**P < 0.01; ***P < 0.001; ****P < 0.0001.
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Discussion

This study proved that IGF2BP2 was overexpressed in OC 
and had oncogenic functions. The unfavorable survival of OC 
patients was found to be correlated with elevated IGF2BP2 
expression. Furthermore, a positive correlation between 
IGF2BP2 expression and STAT1 expression and chemore-
sistance was observed. Moreover, IGF2BP2 expression was 
associated with TME and sensitivity to immunotherapy.

It has been shown that IGF2BP2 participates in a wide 
range of BPs and the dysregulation of IGF2BP2 leads to 
several metabolic diseases and cancers.5 Here, we demon-
strated that IGF2BP2 was overexpressed in OC cells com-
pared with non-tumorous ovarian cells. Indeed, an increase 
in IGF2BP2 expression has been observed in a series of can-
cers, including acute myeloid leukemia (AML),20 breast can-
cer (BRCA),21 colorectal cancer (CRC),22 low-grade glioma 
(LGG),23 hepatocellular carcinoma (HCC),24 head and neck 

Figure 3.  The genetic alterations of IGF2BP2: (A) alteration frequency of IGF2BP2 in TCGA pan-cancer data sets; (B) amplification of IGF2BP2 gene alteration in 
TCGA-OV by OncoPrint query; (C) the expression level of IGF2BP2 protein in the normal group, the chromatin modifier altered group, and others (DNA gene copy 
number alterations and gene mutation); (D) the overall survival of patients with ovarian cancer between the IGF2BP2 altered and unaltered groups by the Kaplan–
Meier plotter.
IGF2BP2: insulin-like growth factor 2 mRNA-binding protein 2; TCGA: The Cancer Genome Atlas.
**P < 0.01; ***P < 0.001.



Yuan et al.    IGF2BP2 is a therapeutic target    2205

squamous cell carcinoma (HNSCC),25 and pancreatic ductal 
adenocarcinoma (PDAC).6 These data indicate that IGF2BP2 
may have a diagnostic value for patients with malignant 
tumors. Interestingly, the expression of IGF2BP2 protein was 
relatively higher in endometrioid OC cells (A2780) than in 
serous OC cells (OVCAR-3 and SK-OV-3), suggesting that 
the expression of IGF2BP2 may differ depending on their 
subtypes. It has been reported that IGF2BP2 has a signifi-
cant effect on the regulation of the proliferation of SK-OV-3 
and A2780 cells26 and the chemoresistance of OC.27 High 
expression of IGF2BP2 is related to unfavorable survival of 
OC patients.28 This study demonstrated a remarkably high-
expression level of IGF2BP2 in OC cells/tissues compared 
with non-tumorous ovarian epithelial cells/normal ovar-
ian tissues, respectively, but was low in chemoresistant cells 
compared with chemosensitive cells. The high expression 
of IGF2BP2 was associated with low IC50, indicating that 
cells with IGF2BP2 overexpression were sensitive to chemo-
drugs. This expression pattern was similar to the expression 
of STAT1 observed in our previous work.29 By examination 
of the clinical data downloaded from UALCAN with statisti-
cal analysis, a positive correlation was found between Stage 
3 and normal groups. In comparison with the normal group, 
the IGF2BP2 protein expression in OC patients at Stages 1 
and 4 tended to be up-regulated but not significant. There 
was no Stage 2 data in the database. We speculated that at 

the early stage of the disease, cancer cells with high IGF2BP2 
are sensitive to chemotherapeutic agents such as PTX. After 
PTX treatment for a while, some OC cells die and others are 
transformed into resistant cells with a decrease in IGF2BP2 
expression. Cancer stem cells also start to grow and differ-
entiate, leading to chemoresistance.

This study showed that IGF2BP2 gene alteration in can-
cer was primarily distributed in the amplification of DNA 
gene copy number variations, predicting a worse prognosis. 
Furthermore, the gene alteration of IGF2BP2 in OC was in 
a large proportion, indicating that this chromatin modifier 
alteration might be a direct factor contributing to the high 
expression of IGF2BP2. DNA gene copy number variations 
are an essential factor for influencing gene expression and 
affect different BPs, and, therefore, account for the outcomes 
in cancer development and prognosis.30 Indeed, somatic copy 
number alterations can predict response to platinum-based 
chemotherapy in OC.31 Therefore, IGF2BP2 would potentially 
be a predictive marker for OC prognosis and chemotherapy. 
Further validation may be needed in the large cohort study.

Interestingly, a positive correlation between IGF2BP2 
expression and STAT1 expression was observed. Knockdown 
of IGF2BP2 decreased the expression of STAT1. Recently, the 
specific role of IGF2BP2 as an m6A regulatory factor con-
trolling the expression of target transcripts in cancer has 
attracted extensive attention.5 Furthermore, overexpression 

Figure 4.  The prognosis value of IGF2BP2 in OC (OV): (A and B) analyses of OS and progression-free survival between the high expression and low expression of 
IGF2BP2 in OC; (C) survival curves showing the difference between IGF2BP2high and IGF2BP2low by analyzing the GSE9891 data set; (D and E) the association of 
IGF2BP2 protein expression with the tumor stages and ages of patients in Clinical Proteomic Tumor Analysis Consortium-OV; (F) receiver operating characteristic 
curve of IGF2BP2 in The Cancer Genome Atlas-OV.
IGF2BP2: insulin-like growth factor 2 mRNA-binding protein 2; TCGA: The Cancer Genome Atlas; TPR: true positive rate; FPR: false positive rate; OC: ovarian cancer; 
GSE: gene set enrichment.
***P < 0.001 versus normal.
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of IGF2BP2 resulted in an increase in STAT1 mRNA and 
protein expression. Our preliminary analysis of IGF2BP2 
from the open-access database (http://rm2target.cancero-
mics.org/), a comprehensive database for targets of RNA 

methylation-related proteins, showed that IGF2BP2 was 
one of the binding m6A readers of STAT1 mRNA by RNA 
immunoprecipitation (RIP)-seq data analysis (GSE90639) in 
HEK293T cells,4 further supporting the IGF2BP2 associated 

Figure 5.  Association of IGF2BP2 with STAT1 and chemoresistant analyses: (A) detection of IGF2BP2 mRNA in OVCAR-3, SK-OV-3, and A2780 cells and their PTX-
resistant counterparts OV3R-PTX, SK3R-PTX, and A2780-PTX cells by qRT-PCR (n = 3); (B) detection of IGF2BP2 protein in OVCAR-3, SK-OV-3, A2780, OV3R-PTX, 
SK3R-PTX, and A2780-PTX cells by western blot. Representative images of IGF2BP2 and ACTIN are shown (n = 3); (C) semi-quantitative analysis of the relative 
optical density of protein bands in (B) (n = 3); (D) detection of STAT1 mRNA in OVCAR-3, SK-OV-3, A2780, OV3R-PTX, SK3R-PTX, and A2780-PTX cells by qRT-PCR 
(n = 3); (E) detection of STAT1 protein in OVCAR-3, SK-OV-3, A2780, OV3R-PTX, SK3R-PTX, and A2780-PTX cells by western blot. Representative images of STAT1 
and ACTIN are shown (n = 3); (F) semi-quantitative analysis of the relative optical density of protein bands in (E) (n = 3); (G and H) detection of STAT1 and IGF2BP2 
expression at mRNA and protein levels after the knockdown of IGF2BP2 in ovarian cancer cell lines SK-OV-3 and A2780 by qRT-PCR (n = 3) and western blot, in 
which representative images of STAT1, IGF2BP2, and ACTIN are shown (n = 2).
STAT1: signal transducer and activator of transcription 1; PTX: paclitaxel; qRT-PCR: quantitative real-time polymerase chain reaction; IGF2BP2: insulin-like growth 
factor 2 mRNA-binding protein 2.
**P < 0.01; ***P < 0.001; ****P < 0.0001.

http://rm2target.canceromics.org/
http://rm2target.canceromics.org/
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Figure 6.  The expression correlation between IGF2BP2 and immunity: (A) the association of IGF2BP2 expression with tumor microenvironment scores (stroma, 
immune, and ESTIMATE) in TCGA-ovarian cancer patients. Scores were calculated by the ESTIMATE algorithm; (B) the lollipop figure showed the ratio of the 
differentiation of 22 types of tumor-infiltrating immune cells among the TCGA-OV samples with high and low IGF2BP2 expression. Red numbers indicate P < 0.05; (C 
to F) the expression of IGF2BP2 was associated with the sensitivity of immunotherapy (cytotoxic T-lymphocyte-associated protein 4 and programmed death-1 positive 
or negative). The number above the bar indicates a P value.
IGF2BP2: insulin-like growth factor 2 mRNA-binding protein 2; TCGA: The Cancer Genome Atlas.
***P < 0.001.
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STAT1 expression. High-expressed STAT1 may trigger the 
expression of PD-L1 to regulate immune cell infiltration in 
the TME.32 Our previous work demonstrated that STAT1 and 
PD-L1 were up-regulated in OC but down-regulated in PTX-
resistant OC cells. However, there were no disparities of PD-1 
expression between OC and normal control and between 
PTX-resistant and sensitive cells.11 In the future, we need 
more clinical data to analyze and more validation to explore 
the interaction mechanism between IGF2BP2 and STAT1 
in OC chemotherapy and immunotherapy. Bioinformatics 
analysis of drug sensitivity showed that compared with the 
high expression of IGF2BP2, patients with low expression 
of IGF2BP2 were less sensitive to chemotherapeutic agents. 
Interestingly, in the prediction of immunotherapeutic sensi-
tivity, patients with low expression of IGF2BP2 were more 
sensitive to the immune checkpoint inhibitors (anti-CTLA4 
and anti-PD-1) compared with patients with high expres-
sion of IGF2BP2. It has been shown that the knockdown 
of IGF2BP2 inhibits PD-L1 expression in hypopharyngeal 
carcinoma cells and the interaction between IGF2BP2 and 
PD-L1 RNA is validated by RNA pull-down assays.33 These 
data suggest that high expression of IGF2BP2 favored the 
chemotherapy but low expression of IGF2BP2 was ben-
eficial to the immunotherapy. Our findings showed that 
IGF2BP2 expression was higher in OC cells but lower in 
PTX-resistant cells, implying that IGF2BP2 may be a key 
molecule involved in chemotherapy and immunotherapy. 
Indeed, it has been reported that IGF2BP2 interaction with 
circITGB6 can facilitate the stability of FGF9 mRNA, leading 
to the shift of macrophages toward the M2 phenotype in 
the TME in cisplatin-resistant OC.34 IGF2BP2 can enhance 
the stability of lncRNA-AC026356.1 in lung cancer A549-
cisplatin cells, whereas lncRNA-AC026356.1 positively cor-
relates with immune cells such as Th1 and Tem cells and 
negatively correlates with T-cell exhaustion.35 Recently, the 
remarkable advancements of immunotherapy have made 
revolutionary changes in the treatment of cancer because 
of the understanding of the characteristics of the immune 
microenvironment. Therefore, immune checkpoint inhibi-
tors, including CTLA-4 and its ligand B7/CD8, and PD-1 
and its ligand PD-L1,36 may apply to cancer patients. 
Previous reports show that the combining therapy of anti-
PD-1 and anti-CTLA-4 antibodies results in distinct immu-
nologic changes37 and is potentially used in OC.38 Our study 
explored, for the first time, the responsibility and function of 
IGF2BP2 in OC chemotherapy and immunotherapy.

The CIBERSORT analysis of this study revealed a remark-
able association between IGF2BP2 expression and TICs. 
In the TME, activated mast cells could exacerbate tumor 
immune suppression by releasing adenosine and increasing 
T-regulatory cells, thereby enhancing the suppression of T 
cells and NK cells in tumors.39 These data suggest that the sup-
pression of IGF2BP2 expression would reduce mast cell acti-
vation. The tumor-associated macrophages (TAMs) may also 
play an immunosuppressive role in the TME of high-grade 
serous OC.40 The neutrophils exhibited plasticity and could be 
polarized into antitumor (N1) or pro-tumor (N2) phenotypes 
depending on environmental factors41 but the specific role 
of neutrophils in OC remains to be explored. Furthermore, 
B cells and NK cells have been reported to exhibit beneficial 
impacts on antitumor immunity.29,42 Our study demonstrated 

that IGF2BP2 expression was positively correlated with the 
B-cell naive and NK cells activated, but negatively correlated 
with the B-cell memory and NK cells resting. Therefore, the 
significant relationship between TICs and IGF2BP2 expression 
implies the importance of IGF2BP2 in antitumor immunity 
and the tumor microenvironment.

Conclusions

Overexpression and genomic alteration of IGF2BP2 are 
found in OC cells. Knockdown of IGF2BP2 inhibits OC cell 
proliferation. High-expressed IGF2BP2 is correlated with 
STAT1 expression and unfavorable prognosis of OC patients. 
After PTX treatment for a while, some cancer cells died but 
resistant cells survived. The alteration of IGF2BP2 expres-
sion may respond to chemotherapy and immunotherapy, 
and IGF2BP2 shows potential as a therapeutic target and 
diagnostic biomarker for OC.
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