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1. Abstract
1.1. Background: N6-methyladenosine [m6A] is the most preva-
lent type of RNA modification of eukaryotic mRNAs. It is known 
to have broad effects on malignant tumors by acting as oncogenes 
or anti-oncogenes, and participating in tumor proliferation, tum-
origenesis, differentiation, metastasis and invasion. However, the 
effects of m6A modification on in cancers have been rarely inves-
tigated. In this study, we performed integrative analysis to inves-
tigate the function of IGF2BP3, an essential regulator of m6A in 
the invasion and transmission of HPV in cervical squamous cell 
carcinoma [CESC]. We hypothesized that the tumors will express 
high level of IGF2BP3 and that this is probably associated with a 

poor prognosis in CESC. 

1.2. Methods: We investigated the expression levels of IGF2BP3 
and its prognostic value in CESC in multiple datasets including the 
TCGA, GTEx and TIMER.  GO and KEGG analyses of differen-
tially expressed genes were performed using GOplot, org.Hs.eg.
db and clusterProfiler packages and visualized using the ggplot2 
package in R language.

1.3. Results: In HPV-positive tumors, IGF2BP3 was positively 
associated with tumor HPV status. Further analysis demonstrated 
that the high levels of IGF2BP3 were correlated with signaling 
pathways related to cell-cell and cell-extracellular matrix [ECM] 
interactions. These interactions participated in receptor ligand ac-

Keywords: 
N6-methyladenosine; IGF2BP3; Human 
papillomavirus; Cervical squamous cell carcinoma;
Tight junction

Abbreviations: 

IGF2BP3: insulin like growth factor 2 mRNA binding protein 3; HPV: human papillomavirus; CESC: cervical squamous cell carcinoma; m6A: 
N6-methyladenosine; IGF2BP2: insulin like growth factor 2 mRNA binding protein 2; TCGA: The Cancer; Genome Atlas; CETx: Genotype-Tissue 
Expression; TJ: tight junction; GO: Gene ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; ACC: adenoid cystic carcinoma; BLCA: 
bladder cancer; TIMER: Tumor IMmune Estimation Resource; CLIN: cervical intraepithelial neoplasia; DEGs: differentially expressed genes; ECM: 
extracellular matrix; GSEA: Gene Set Enrichment Analysis; TJP1: tight Junction Protein 1; TJP2: tight Junction Protein 2; CLDN11: Claudin 11; 
CLDN12: Claudin 12; MARVELD2: MARVEL [Membrane-Associating] Domain Containing 2; MARVELD3: MARVEL [Membrane-Associating] 
Domain Containing 3, OCLN: Occludin; MAGI-1: Membrane-Associated Guanylate Kinase, WW And PDZ Domain-Containing Protein 1; MAGI2: 
Membrane-Associated Guanylate Kinase, WW And PDZ Domain-Containing Protein 2; LAMA3: Laminin Subunit Alpha 3; LAMC2: Laminin Sub-
unit Gamma 2; ITGB4: Integrin Subunit Beta 4; TJAP1: Tight Junction Associated Protein 1; ZO-2: Zona Occludens 2 also known as TJP2; MDCK: 
Madin-Darby canine kidney



United Prime Publications., https://clinicsofoncology.org/                                                                                                                                                                                                2

Volume 7 Issue 1 -2023                                                                                                                                                                                                                                       Research Article

tivity, neuroactive ligand receptor interaction and chemical car-
cinogenesis receptor activation. Moreover, correlation analysis 
showed that IGF2BP3 would impair the formation of cell polar-
ity and cell-cell contacts by dysregulating the expression of tight 
junction molecules.

1.4. Conclusions: Analysis demonstrated that high expression 
levels of IGF2BP3 were associated with HPV status and were 
predictive of a poor prognosis. In addition, we demonstrated 
that IGF2BP3 serves as a mediator of tight junction formation in 
HPV-associated CESC by regulating the function of cell-cell and 
cell-ECM interactions. Collectively, our analysis provided a prom-
ising target for the development of noval anti-cancer therapeutics.

2. Introduction
Cervical cancer is the fourth most common cancer among women 
globally; global analysis estimated that there would be 604 000 
new cases and 342 000 deaths in 2020 [1]. Approximately 90% 
of the new global cases and deaths in 2020 occured in low- and 
middle-income nations [2]. The development of cervical cancer is 
closely associated with strains of the human papillomavirus [HPV] 
infection [3]. In general, most HPV infections are transient; and 
are probably cleared by the immune system within 6 - 18 months 
[4]. However, some patients with continuous infection may de-
velop premalignant lesions and cancer as a consequence of serval 
risk factors, including age, immunodeficiency, smoking, oral con-
traceptives and chlamydia trachomatis [5, 6]. Several factors have 
been showed to be involved in the development and progression 
of cervical squamous cell carcinoma [CESC], including genetic 
and epigenetic alterations, abnormalities in key cellular signaling 
pathways, the cervicovaginal microbiome, and immune escape [7, 
8]. Although countless efforts have attempted to identify new op-
tions for CESC, the prognosis and postoperative survival of pa-
tients with CESC are not yet accepteable. Furthermore, the soecif-
ic pathogenic mechanism underlying the developments of CESC 
have yet to be fully elucidated; consequently, there is a significant 
need for the identification and development of therapeutic targets 
for CESC.

Over recent years, there has been a significant increase in number 
of studies investigating the link between epigenetics and carcino-
genic mechanisms [9]. N6-methyladenosine [m6A] is the most 
prevalent type of RNA modification of eukaryotic mRNAs [10]. 
It is well accepted that m6A plays an important role in many bio-
logical processes, including tissue development, the differentiation 
of naive pluripotency stem cells, heat shock response and DNA 
damage [11]. m6A is also known to be involved in many cellular 
RNA processes, such as transcription, splicing, translation, nuclear 
transport and degradation [12, 13]. There are several known reg-
ulators of m6A, including ‘writers’, ‘erasers’ and ‘readers’; these 
execute the installation, demethylation and recognition of m6A, 
respectively [13]. Previous research showed that the writer meth-

yltransferase installs m6A methylation on target RNAs [14] and 
that erasers catalyze the removal of m6A on RNAs [15]. Read-
ers with recognization functionality have also been shown to bind 
to m6A-RNAs to control their fate [16]. Given the growing body 
of evidence indicating that m6A modification is involved in the 
homeostasis of hosts and microbes [mostly viruses and bacteria] 
[17-21], we hypothesized that m6A or m6A regulators would par-
ticipate in HPV-related CESC. Previous studies have demonstrated 
that m6A regulators are associated with HPV status and the immu-
nosuppressive microenvironment of HPV-related cancers [22, 23]. 
A previous study determined that m6A modifications of circE7 
led to preferential localization to the cytoplasm, associated with 
polysomes, and then translation to produce E7 oncoprotein. This 
finding provided novel insights into how HPV regulates infection 
and tumorigenesis [24]. In addition, E6/E7 have been linked to 
the promotion of aerobic glycolysis and the progression of CESC 
by regulating MYC methylation sites by activating IGF2BP2 [25]. 
However, the specific relationship between HPV and m6A methyl-
ation has yet to be eluciated. Furthemore, it is important to gain en-
hanced knowledge of the mechanism underlying how m6A plays a 
role in the progression of HPV-induced CESC. 

Here, we investigated the expression patterns, prognostic rele-
vance, and correlations of IGF2BP3, an established regulator of 
m6A, with HPV status. We found that IGF2BP3 expression lev-
els were associated with HPV status and a poor prognosis by in-
vestigating paired specimens from the The Cancer Genome Atlas 
Program [TCGA], Genotype Tissue Expression [GTEx] datasets. 
Previous studies have showed that some viruses are able to hi-
jack the different components of tight junctions [TJs] to initiate 
their infections by impairing the formation of cell polarity and 
cell-cell contacts [26-28]. Hence, we used correlation analysis to 
investigate the association between IGF2BP3 and TJ proteins. We 
hope to identify promising targets for the development of noval 
anti-cancer therapeutics by targeting IGF2BP3 and tight junction 
barriers in CESC. 

3. Materials and Methods
3.1. Sample Data Acquisition

Integrated expression profile and clinical features were obtained 
from the TCGA and GTEx datasets. Raw data were downloaded 
from UCSC Xena [https://xena.ucsc.edu/]; data relating to 305 and 
10 samples were downloaded from TCGA and GTEx data, respec-
tively. The CESC data, companied with detailed HPV infection 
status, were used to investigate the correlation between IGF2BP3 
expression and HPV infection [29]

3.2. Enrichment Analysis

The samples were ranked according to IGF2BP3 expression and 
divided into IGF2BP3-high and IGF2BP3-low expression group. 
The top 50% of patients were in the IGF2BP3-high group; the 
remaining patients were classified into the IGF2BP3-low group. 
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The DESeq2 [v1.26.0] package in R was used to identify differ-
entially expressed genes [DEGs] in the two groups [30]. The sig-
nificance thresholds for DEGs were adjusted [Adj] P value <0.05 
and |logFC| >2. Gene ontology [GO] and Kyoto Encyclopedia of 
Genes and Genomes [KEGG] analyses of DEGs were performed 
using GOplot, org.Hs.eg.db and clusterProfiler packages and then 
visualized using the ggplot2 package [31]. Gene Set Enrichment 
Analysis [GSEA] was also performed to investigate the potential 
mechanisms related to the signature genes.

3.3. Statistical Analysis

Data are presented as mean ± standard deviations [SD]. All statis-
tical analyses were performed in GraphPad Prism version 8.0.2. 
Survival analysis was performed by Kaplan-Meier curve and test-
ed by the log-rank test. Spearman’s correlation analysis was used 
to evaluated correlations between two key parameters. The two 
experimental groups were compared by the Student’s t-test for un-
paired data. P < 0.05 was considered significant. P values are indi-
cated as *, P < 0.05; **, P < 0.01; and ***, P < 0.001.

4. Results
4.1. Expression Profiles of IGF2BP3 in CESC and Clinical Rel-
evance

We investigated the expression profiles of IGF2BP3 in pan-cancer, 

including adenoid cystic carcinoma, bladder cancer, CESC and so 
on, across all TCGA tumors by Tumor IMmune Estimation Re-
source [TIMER] (Figure S1). As shown in (Figure S1), IGF2BP3 
was over-expressed in multiple tumor tissues, for example, blad-
der urothelial carcinoma, esophageal cancer, cholangiocarcinoma 
and CESC. To further verify the expression profile of IGF2BP3 
in CESC, we compared the expression levels between tumors and 
adjacent normal tissues in the TCGA and GTEx datasets. The ex-
pression of IGF2BP3 was higher in tumors [n=305] than in normal 
tissues [n=10] in CESC (Figure 1A) [P <0.0001].  The contribution 
of IGF2BP3 to the survival of patients with CESC is given in a 
survival map (Figure 1B). Then, we plotted survival probability 
against time [days] and generated two curves: blue for low ex-
pression levels of IGF2BP3 and red for high levels of IGF2BP3. 
The overall survival  [OS], disease-specific survival [DSS] and 
progression free interval survival [PFS] curves of the two cohorts 
overlapped to some extent [P > 0.05], indicating the expression 
levels of  IGF2BP3 was not associated with the survival of pa-
tients. ROC curve analysis showed that IGF2BP3 levels could 
representent a significant predictor of CESC [AUC > 0.8] (Fig-
ure 1C), thus indicating that IGF2BP3 was associated with a poor 
prognosis in CESC patients. 

Figure 1: Expression pattern of IGF2BP3 in CESC and clinical relevance.
A: The expression of IGF2BP3 in CESC and normal tissue;
B: Kaplan-Meier curve of IGF2BP3 in CESC;
C: The ROC curve of IGF2BP3 in CESC patients.
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4.2. IGF2BP3 was Associated with HPV Infection in HPV Re-
lated CESC

HPV infection is considered to be a causative factor for malignant 
cervical lesions [32]. Next, we aimed to identify the specific re-
lationship between IGF2BP3 expression and HPV infection; for 
thus, we used CESC data and HPV infection status [29]. Analysis 
demonstrated that the expression levels of IGF2BP3 were signif-

icantly higher in patients with HPV infection when compared to 
those without HPV infection (Figure 2A) [P < 0.05]. Moreover, the 
levels of IGF2BP3 variy according to CLIN: e6_cat_k4 and CLIN: 
e6ratio_cat_k4. (Figure 2B). IGF2BP3 expression was higher in 
CLIN: e6_cat_k4_C2 and CLIN: e6ratio_cat_k4_C2. E6 cate-
gory [32=C1, 33=C2, 31=C3, 32=C4], and the E6 ratio category 
[33=C1, 34=C2, 30=C3, 31=C4] [P < 0.05] 

Figure 2: IGF2BP3 was associated with HPV infection in HPV related cancer
A: IGF2BP3 expression in the HPV -/+ group of CESC;
B-C: IGF2BP3 expression in different categories of CLIN: e6_cat_k4 (E6 category) and CLIN: e6ratio_cat_k4 (E6 ratio category). E6 category 
(32=C1, 33=C2, 31=C3, 32=C4), E6 ratio category (33=C1, 34=C2, 30=C3, 31=C4). C1-4 represent different E6 categories.

Figure S1: The expression profile of IGF2BP3 in pan-cancer, the expression profile of IGF2BP3 in pan-cancer across all TCGA tumors using TIMER 
2.0. IGF2BP3 was over-expressed in multiple tumor tissues including CESC.

4.3. IGF2BP3 was Involved in Cell-Cell and Cell-ECM Inter-
actions in HPV-Related CESC

In order to investigate the specific role of IGF2BP3 expression 
levels on HPV-associated CESC, we first ranked patients accord-
ing to IGF2BP3 expression.The top 50% of patients were classfied 
into the IGF2BP3-high group, while the remaining patients were 
classified into the IGF2BP3-low group. Next, we performed GO 
and KEGG enrichment analysis using DEGs between the IGF-
2BP3-high group and IGF2BP3-low group in CESC. GO analysis 
showed that the enrichment of DEGs was detected in several path-
ways related to intrinsic cell-cell contacts and cell-extracellular 

matrix [ECM] interactions. These pathways involve receptor li-
gand activity, signaling receptor activator activity, carboxylic acid 
binding and peptidase inhibitor activity (Figure 3A). In addition, 
KEGG analysis identified several differential enriched pathways, 
including neuroactive ligand receptor interaction, the calcium sig-
naling pathway, chemical carcinogenesis receptor activation and 
retinol metabolism (Figure 3B). All of these pathways identified 
by GO/KEGG focused on receptor-ligand activity or molecular 
binding; these processes are known to play important roles in cell-
cell or cell-ECM interactions [33]. Next, we performed Gene Set 
Enrichment Analysis [GSEA] in CESC to further investigate the 
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Figure 3: IGF2BP3 was involved in cell-cell and cell-ECM interactions in HPV-related CESC
A-B: GO and KEGG enrichment analysis of differential genes in CESC;
C: GSEA analysis of differential genes in CESC.

enrichment of DEGs in cell-cell or cell-ECM interactions. The 
DEGs were significantly associated with ECM organization, genes 
encoding structural ECM glycoproteins, transmission across chem-
ical synapses, the suit of genes encoding the core extracellular ma-
trix, the neuronal system, nuclear receptors meta-pathwaysm and 

neuroactive ligand-receptor interaction (Figure 3C). Thus, DEGs 
were highly associated with ECM formation and ligand-receptor 
interaction. Therefore, our data indicated that IGF2BP3 plays a 
key role in cell-cell contacts and cell-ECM interactions in HPV-re-
lated cancer.  

4.4. IGF2BP3 was Related to Tight Junction Formations in 
HPV-Related CESC

Our earlier enrichment analysis suggested that IGF2BP3 was as-
sociated with receptor ligand activity, extracellular matrix organi-
zation and transmission across chemical synapses, thus playing a 
key role in cell-cell contacts and cell-ECM interactions [34, 35]. 
Moreover, it has been confirmed that tight junctions are continus-
ly associated with cell-cell contacts and cell-extracellular matrix 
interactions throughout plasticity in the endometrium [36, 37]. 
Accordingly, we analyzed the relationship between IGF2BP3 
expression and TJs to investigate how IGF2BP3 might influence 
these interactions. We investigate the expression profile of 27 TJ 
molecules in CESC using TCGA data (Figure 4A) and identified 

17 DEGs in CESC (Figure 4A). The expression levels of these 
17 DEGs between normal and tumor tissues are shown in (Figure 
S2). The expression profiles of these TJs molecules were similar 
to those of IGF2BP3 in CESC, as determined by the co-expression 
heatmaps (Figure 4B). In addition, we used TCGA data to perform 
correlation analyses of the expression of the TJ molecules and IGF-
2BP3 in CESC (Figure 4C). Then, patients were ranked according 
to IGF2BP3 expression levels: the top 50% of patients expressed 
high levels of IGF2BP3, while remaining patients expressed low 
levels of IGF2BP3. In CESC, we found that samples with high ex-
pression levels of IGF2BP3 also expressed higher levels of TJP1, 
TJP2, CLDN11, CLDN12, MARVELD2, MARVELD3, OCLN, 
MAGI2, LAMA3, LAMC2, ITGB4 and TJAP1. 
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Figure 4: IGF2BP3 was related to the tight junctions in HPV-related CESC
A: The expression spectrum of IGF2BP3 in CESC and normal tissue;
B: The co-expression heatmap of IGF2BP3 with DEGs in CESC;
C: Correlation analysis of TJ molecules and METTL3 expression in CESC.

Figure S2: The expression of TJ molecules in CESC
A: Expression levels of the 17 differentially expressed TJ molecules between normal and rumor in CESC.
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5. Discussion
m6A RNA modification is widely known to exert broad effects on 
malignant tumors by participating in tumor proliferation [38, 39], 
differentiation [40, 41], tumorigenesis [42], invasion and metasta-
sis [43, 44], as either oncogenes [45, 46] or anti-oncogenes [47]. 
However, the specific effects of microbed on cancer formation, 
prognosis, and treatment have been rarely investigated. Due to the 
increasing evidence for the involvement of HPV in cancer, the di-
agnosis and treatment of microbe-related cancer has improved no-
tably over recent years [48, 49]. There is an urgent need to develop 
new therapeutic approaches for HPV-related cancers; this will re-
quire the discovery of precise and effective targets related to HPV 
invasion [50] and DNA viruses’ transmission [51]. In the present 
study, we revealed that IGF2BP3, one of the main m6A regulators, 
was closely associated with the progression and development of 
HPV-related CESC. High levels of IGF2BP3led to disturbances in 
cell-cell and cell-ECM interactions. Therefore, targeting IGF2BP3 
may interfere with viral infection by affecting the tight junction in 
HPV-related CESC. 

Tight junctions preserve the integrity and stability of the epi-
thelial barrier by regulating the paracellular flow of micro- and 
macromolecules between epithelial cells [52]. Previous research-
es demonstrated that tight junctions might play an import role in 
HPV-related diseases. E7 oncoprotein from human papillomavirus 
16 has been shown to alter the expression levels of claudins and 
the closure of epithelial tight junctions, this process was shown to 
specifically include the reduced expression of claudins -1, -2 and 
-10, and an increase in the expresion of claudin-4 [53]. In addi-
tion, in HPV-positive tumor cells, E6-mediated the suppression of 
MAGI-1 function and contributed to HPV-induced malignancy by 
disrupting tight junction formation and by concurrently stimulat-
ing proliferation and inhibiting apoptosis [54, 55]. 

High expression levels of MARVELD3 is regarded as a potential 
prognostic biomarker for oral squamous cell carcinoma [56]. Fur-
thermore, HPV infection results in the reduced expression of genes 
in tight junctions and can exert potential impact on HIV infection 
[57]. TJ proteins exert their functional role as integral proteins to 
form barriers in the physiology and disease biology of HPV infec-
tion, cervical intraepithelial neoplasia [CIN] and cervical cancer 
[58, 59]. In our data, the expression levels of most TJs were sig-
nificantly higher in tumors than that in normal or para-carcinoma 
tissues, thus indicating potential causative role of tight junction 
abnormalities in CESC (Figure S2). This data concurs with previ-
ous studies involving cell line experiments and paired specimens 
from patients [60-63]. Furthermore, correlation analyses showed 
that IGF2BP3 was positively correlated with specific TJ proteins, 
including TJP1, TJP2, CLDN11, CLDN12, MARVELD2, MAR-
VELD3, OCLN, MAGI2, LAMA3, LAMC2, ITGB4 and TJAP1 
(Figure 4B, 4C). Collectively, these data indicated that IGF2BP3 

might play a specific role in the formation of tight junction func-
tions. In other studies, oncogenic HPV proteins were shown to 
trigger the mislocalization of ZO-2 TJ proteins from the cell bor-
ders to the cytoplasm and nucleus in MDCK cells [64]. Similarly, 
in another subcellular fractionation experiment, E6 oncoprotein 
was able to bind and induce the mislocalisation of Par3 protein 
in a PDZ-dependent manner without significant reduction in the 
protein levels of Par3 [65]. These results suggest that TJ proteins 
can also be expressed outside the tight junctions and play impor-
tant functional roles in signaling, trafficking and the regulation of 
gene expression [66]. Therefore, the complex expression profile 
of TJ proteins in cells indicates that researchers should take the 
subcellular cytosolic or nuclear pool into consideration when in-
vestigating the causative role in pathogenesis of cancer.

It is important to consider that there are some limitations to our 
research. We should have collected our own clinical data to inves-
tigate the role of IGF2BP3 in the prognosis of patients of CESC. 
There were no More in-depth studies are needed to elucidate how 
HPV infection affects the expression of IGF2BP3. Furthermore, 
further research is needed to identify how IGF2BP3 plays a role 
in the HPV-mediated mechanisms that interfere with polarization 
machinery and signaling networks during viral replication and tu-
mor development.

6. Conclusion
In this study, we investigated the association between IGF2BP3 
and HPV status via several integrative analyses. We found that 
changes in IGF2BP3 influenced the cell-cell and cell-ECM in-
teractions which may be responsible for CIN and an increased 
vulnerability to CESC. Furthermore, HPV infection may disrup 
the formation of junction barriers via IGF2BP3. High expression 
levels of IGF2BP3 in targets cell makes them more susceptible 
to HPV infection; consequently, IGF2BP3 represents a potential 
therapeutic target for anticancer therapy. 
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