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Interferon regulatory factor 2-binding protein 2 (IRF2BP2) encodes a member of the 
IRF2BP family of transcriptional regulators, which includes IRF2BP1, IRF2BP2, and 
IRF2BPL (EAP1). IRF2BP2 was initially identified as a transcriptional corepressor that was 
dependent on Interferon regulatory factor-2 (IRF-2). The IRF2BP2 protein is found in 
different organisms and has been described as ubiquitously expressed in normal and 
tumor cells and tissues, indicating a possible role for this transcriptional cofactor in different 
cell signaling pathways. Recent data suggest the involvement of IRF2BP2 in the regulation 
of several cellular functions, such as the cell cycle, cell death, angiogenesis, inflammation 
and immune response, thereby contributing to physiological cell homeostasis. However, 
an imbalance in IRF2BP2 function may be related to the pathophysiology of cancer. Some 
studies have shown the association of IRF2BP2 expression in hematopoietic and solid 
tumors through mechanisms based on gene fusion and point mutations in gene coding 
sequences, and although the biological functions of these types of hybrid and mutant 
proteins are not yet known, they are thought to be involved in an increase in the likelihood 
of tumor development. In this review, we address the possible involvement of IRF2BP2 in 
tumorigenesis through its regulation of important pathways involved in tumor development.
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INTRODUCTION

The interferon regulatory factor 2-binding protein (IRF2BP) family of transcription regulators 
includes IRF2BP1, IRF2BP2, and IRF2BPL (also known as EAPI – enhanced at puberty 1), all 
three of which are nuclear proteins. IRF2BP2 proteins were first identified via a yeast two-hybrid 
assay as nuclear transcription corepressors of interferon regulatory factor-2 (IRF-2) that inhibit 
both enhancer-activated and basal transcription. More recently, IRF2BP2 was identified as a 
transcriptional repressor in several other biological contexts that do not require IRF-2 participation, 
suggesting that IRF2BP2 has IRF-2-independent functions (Childs and Goodbourn, 2003).

Interferon regulatory factor 2-binding protein 2 is encoded by a gene located on chromosome 
1q42.3  in humans and has two exons producing three alternatively spliced proteins, IRF2BP2A 
with 587 amino acids, IRF2BP2B with 571 amino acids and IRF2BP2C with 163 amino acids. 
IRF2BP2 isoforms A and B share high identity and display two conserved regions: a zinc 
finger domain at the N-terminus, which is missing in IRF2BP2 isoform C, and a CH3C4 real 
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interesting new gene (RING) domain at the C-terminus. The 
function of these domains in the IRF2BP2 isoforms is not 
fully understood, but both domains have been described as 
being important for their ability to mediate interactions between 
different proteins. Between these domains, there is a region 
formed by arginine and lysine residues (RKRK), with the 
nuclear localization signal (NLS), which is conserved among 
family members (Carneiro et  al., 2011; Teng et  al., 2011). 
Teng et  al. (2011) showed that phosphorylation of Ser360 near 
the NLS, as identified in IRF2BP2 isoform A, favors IRF2BP2 
nuclear localization (Teng et  al., 2011).

The IRF2BP2 protein is observed in different organisms 
and is ubiquitously expressed in different normal and tumor 
cells and tissues, as determined through analyses of the 
transcriptome and proteome, as related by Fagerberg et  al. 
(2014), that this transcriptional cofactor plays possible roles 
in different cell signaling pathways.

BIOLOGICAL FUNCTIONS OF IRF2BP2

Despite being identified as a transcriptional partner of IRF-2, 
the IRF2BP2 protein is also observed in organisms lacking 
this transcription factor, showing that this protein has IRF-2-
independent functions through interactions with other partners 
involved in transcriptional regulation (Childs and Goodbourn, 
2003). Although the majority of reports available in the literature 
propose a role for IRF2BP2 as a repressor in the regulation 
of diverse genes, some studies have shown that IRF2BP2 may 
also act as a positive regulator of gene expression (Teng et  al., 
2010; Chen et  al., 2015; Cruz et  al., 2017). Although IRF2BP2 
is an important regulator of gene expression, the mechanisms 
by which IRF2BP2 mediates its repression or induction have 
not been established and may involve interactions with different 
proteins that vary according to the context.

Interferon regulatory factor 2-binding protein 2 is extensively 
involved in regulating gene expression and other biological 
processes, including metabolic syndrome, nervous diseases, 
immunodeficiency disorders, and cancer. Recent data suggest 
the participation of IRF2BP2  in controlling various cellular 
functions, such as cell proliferation (Koeppel et al., 2009; Secca 
et  al., 2016; Manjur et  al., 2019; Yao et  al., 2019; Feng et  al., 
2020), apoptosis (Koeppel et  al., 2009; Tinnikov et  al., 2009; 
Yeung et al., 2011; Feng et al., 2020; Li et al., 2020), angiogenesis 
(Teng et  al., 2010), cell migration (Manjur et  al., 2019; Feng 
et  al., 2020), cell differentiation (Stadhouders et  al., 2015; Kim 
et  al., 2019; Wang et  al., 2020a), inflammation (Chen et  al., 
2015; Cruz et  al., 2017; Hari et  al., 2017; Feng et  al., 2020; 
Li et  al., 2020), and immune response (Blotta et  al., 2009; 
Carneiro et  al., 2011; Soliman et  al., 2014; Dorand et  al., 2016; 
Secca et al., 2016; Wu et al., 2019), contributing to physiological 
homeostasis and the hallmarks of oncogenesis (Figure  1). 
Different studies have shown the association of IRF2BP2 
expression in hematopoietic malignancies and solid tumors, 
such as breast cancer, leukemia and chondrosarcoma, through 
mechanisms of gene fusion and point mutations in gene coding 
sequences, but its exact role and the regulatory mechanism 

in cancers have not been explored. This review focuses on 
the involvement of IRF2BP2  in tumorigenesis through the 
regulation of important pathways in tumor development.

IRF2BP2 IN CELL PROLIFERATION

Tissue homeostasis is characterized by a delicate balance between 
cell proliferation and death, and several signaling mechanisms 
determine whether a particular cell remains quiescent, proliferates 
or dies. Therefore, proliferation is an important part of cancer 
development and progression and manifests with altered 
expression and/or activity of cell cycle-related proteins 
(Malumbres and Barbacid, 2001; Caglar and Avci, 2020).

Several studies have demonstrated the important function 
of IRF2BP2  in controlling the cell cycle and cell proliferation. 
Koeppel et al. (2009) identified IRF2BP2 as a novel gene directly 
targeted by the p53 protein, influencing cell fate. In this study, 
it was shown that in response to genotoxic stress, p53 binds 
to an upstream site in the IRF2BP2 promoter and activates its 
expression. Consequently, IRF2BP2 overexpression represses the 
p53-mediated transactivation of the p21 gene and can induce 
changes in the cell cycle of living cells, mainly changing the 
number of cells in the S-phase population, which decreases 
after actinomycin D (Act. D) treatment, favoring cell cycle arrest 
and survival of U2OS osteosarcoma cells (Koeppel et al., 2009).

Viola’s study demonstrated that the ectopic overexpression 
of IRF2BP2  in primary CD4 T cells leads to a decrease in 
cell proliferation upon activation and reduces the expression 
of the activation markers CD69 and CD25 in vitro. In addition, 
CD4 T cells overexpressing IRF2BP2 were transferred to 
sublethally irradiated C57/BL6 recipient mice to observe their 
expansion in vivo. The lymphocytes transduced with IRF2BP2 
showed reduced cell expansion, indicating that this protein had 
a negative effect on the survival of these cells (Secca et al., 2016).

Manjur et  al. (2019) analyzed the role of IRF2BP2  in the 
regulation of glucocorticoid (GC) signaling. For this study, IRF2BP2 
was silenced by siRNA in HEK293-GR cells, and gene expression 
was analyzed using RNA-seq. IRF2BP2 modulated the transcription 
of approximately one half of the GC-responsive genes, leading 
to a reduction in the proliferation of HEK293-GR cells. To 
investigate the predicted effect of IRF2BP2 silencing on HEK293-GR 
proliferation, a live-cell imaging assay was performed, and the 
results confirmed those obtained via RNA-seq, suggesting that 
IRF2BP2 acts as a positive regulator of cell proliferation and is 
part of the GR transcription regulatory complex and functions 
as a novel coregulator of a subset of target genes associated 
with glucocorticoid functions (Manjur et  al., 2019).

Another study found that IRF2BP2 is a direct target of 
components in the Hippo pathway, an evolutionarily conserved 
regulator of cell growth. Interestingly, IRF2BP2 overexpression 
in two hepatocellular carcinoma (HCC) cell lines (HepG2 and 
Huh7 cells) negatively regulated YAP activity and decreased 
the expression levels of YAP target genes. An MTT analysis 
of cell proliferation and a colony formation assay showed that 
cells stably overexpressing IRF2BP2 exhibited suppressed growth 
and reduced colony formation ability, respectively. In addition, 
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HCC cells overexpressing IRF2BP2 were inoculated in the 
flanks of nude mice, and interestingly, IRF2BP2 overexpression 
failed to lead to tumors formation, compared to their formation 
in control groups. To confirm these results, the authors examined 
the loss-of-function phenotypes of IRF2BP2  in HepG2 cells. 
IRF2BP2-deficient (IRF2BP2−/−) cells were established by the 
CRISPR-CAS9 technique. IRF2BP2 depletion led to enhanced 
cell growth and colony formation and promoted HepG2 xenograft 
tumor growth. Taken together, these results showed that IRF2BP2 
exhibits tumor-suppressor activity in the liver, inhibiting liver 
cancer cell growth and tumor formation (Feng et  al., 2020).

On the other hand, recent study showed an opposite effect 
of IRF2BP2 on cell proliferation. MTT and colony formation 
assay results suggested that knocking down IRF2BP2 by siRNAs 
significantly decreased the proliferation and colony formation 
rates of human gastric (GC) cell lines. Additionally, GC cells 
expressing IRF2BP2 shRNA were inoculated subcutaneously 
in mice to construct xenograft models, and the results showed 
that knocking down IRF2BP2 significantly inhibited tumor 
growth. This study demonstrated that IRF2BP2 knockdown 
decreased cell proliferation by inhibiting the binding of TEAD4 
to YAP1, which then could no longer promote the transcription 
of genes downstream of YAP1, such as CTCF, an important 
oncogene related to the promotion of GC cell proliferation 
(Yao et  al., 2019). It important to note that, the differences 

in cellular proliferation phenotypes observed in previous studies 
may be  associated with the different interaction partners and/
or target genes of the IRF2BP2, which may be  involved with 
the type of cell and tumor involved.

Furthermore, Barysch et al. (2021) investigated the functional 
consequences of endothelial growth factor (EGF)-dependent 
deSUMOylation of IRF2BP2 protein. They demonstrated that 
IRF2BP2 protein lost SUMO upon EGF treatment in HeLa 
cells and this deSUMOylation is very transient. Two SUMO 
motifs that were conserved within the family IRF2BP have 
been identified, one of which is located in the C-terminal 
region. IRF2BP2 knockdown in HeLa cells led to an upregulation 
of EGFR which may contribute to enhanced proliferation in 
response to EGF, a potent regulator of cellular growth as well 
as in cancer progression (Barysch et  al., 2021).

IRF2BP2 IN THE REGULATION OF 
APOPTOSIS

To prevent cell proliferation, programmed cell death processes 
follow ordered sequences of events that lead to cell death. 
The process of programmed cell death, or apoptosis, is generally 
characterized by distinct morphological characteristics and is 
considered a vital component of various processes, including 

FIGURE 1 | Important pathways for tumor development are regulated by interferon regulatory factor 2-binding protein 2 (IRF2BP2). IRF2BP2 proteins are involved 
in regulating positive or negative expression of genes related to various hallmarks of oncogenesis, such as cell proliferation, apoptosis, cell differentiation, 
angiogenesis, immune response, inflammation and invasion/metastasis in normal and cancer setting. Boxes indicate normal and tumor cells where IRF2BP2 protein 
acts as a positive (blue) or negative (red) regulator of different cell functions.
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normal cell turnover. However, inappropriate apoptosis is a 
factor in many human conditions, including different types of 
cancer (Elmore, 2007).

Koeppel et  al. (2009) showed that IRF2BP2, in addition to 
inhibiting the expression of the p21 gene, also acts as a repressor 
of p53-mediated transactivation of the BAX gene, a potent 
proapoptotic gene. U2OS cells were transfected with IRF2BP2 
and treated with doxorubicin to induce apoptosis. In the 
IRF2BP2-transfected cells, treatment with doxorubicin failed 
to induce an increase in the population of apoptotic cells (as 
indicated by the sub-G1 population). To investigate the function 
of IRF2BP2  in apoptosis under physiological conditions, 
endogenous levels of IRF2BP2 were downregulated by siRNAs 
in U2OS cells. Upon the treatment with Act. D and doxorubicin, 
the IRF2BP2-knockdown cells showed high levels of activated 
Caspase 3. According to the authors, these results suggest that 
IRF2BP2 is an important factor in the determination between 
cell survival and cell death (Koeppel et  al., 2009).

Interferon regulatory factor 2-binding protein 2 isoform A 
was identified in a yeast double-hybrid assay, revealing its 
interaction with NRIF3, which is a proapoptotic factor in breast 
cancer cells. In this study, different breast cancer cell lines 
were transfected with a siRNA that targets IRF2BP2A mRNA, 
and all of the cell lines exhibited an increased apoptosis rate, 
suggesting that IRF2BP2A acted to selectively repress proapoptotic 
genes and thus functioned as an anti-apoptotic factor (Tinnikov 
et  al., 2009). In 2011, the same group showed that IRF2BP2A 
performs this function by suppressing the proapoptotic gene 
FASTKD2. Through chromatin immunoprecipitation and mass 
spectrometry analyses, the IRF2BP2A protein was identified 
as one of the members of a large protein complex that also 
includes IRF2BP1 and EAP1 proteins. These proteins interact 
through their C4 zinc finger domains and bind to DNA near 
the transcription region of the FASTKD2 gene, repressing its 
transactivation and thus selectively modulating the cell survival 
and apoptosis of breast cancer cells (Yeung et  al., 2011).

Feng et  al. (2020) showed that IRF2BP2 overexpression not 
only inhibited cell growth and tumor formation but also induced 
apoptosis, as indicated by the elevated expression of cleaved 
PARP in HCC cell lines, suggesting that this protein plays 
the role of tumor suppressor in these cells (Feng et  al., 2020). 
A recent study reported that IRF2BP2 overexpression significantly 
suppressed cell death in lipopolysaccharide (LPS)-challenged 
mice, which was indicated by the reduced expression of 
proapoptotic Bax and cleaved caspase 3 and increased the 
expression of antiapoptotic Bcl2 (Li et  al., 2020).

IRF2BP2 IN ANGIOGENESIS

Angiogenesis is an important factor in the progression of cancer, 
and in the absence of vascular support, tumor may become 
necrotic or and tumor cells may even become apoptotic. 
Angiogenesis is stimulated when tumor tissues require nutrients 
and oxygen and is necessary for the metastatic spread of 
cancerous tissue (Nishida et al., 2006). Angiogenesis is regulated 
by both activator and inhibitor molecules, including vascular 

EGF (VEGF), a powerful angiogenic agent in neoplastic tissues, 
as well as in normal tissues (Liekens et  al., 2001).

A study developed by Stewart’s group identified IRF2BP2 
as a novel coactivator of VEGFA expression in muscle cells. 
It was demonstrated that IRF2BP2 participates in a transcriptional 
complex that includes TEAD4/VGLL4 proteins and coactivates 
VEGFA promoter expression. Interestingly, the co-expression 
of IRF2BP2 and TEAD1 was sufficient to coactivate the VEGFA 
promoter in myoblasts. Moreover, it was observed that IRF2BP2 
protein levels are increased in both ischemic skeletal and cardiac 
muscle, showing that IRF2BP2 plays an important role in the 
regulation of tissue angiogenesis (Teng et  al., 2010).

IRF2BP2 IN THE REGULATION OF 
INFLAMMATION

The inflammatory process is a cofactor in carcinogenesis. The 
inflammatory microenvironment of tumors is characterized by 
the presence of host leucocytes both in the supporting stroma 
and in tumor areas. Tumor-infiltrating lymphocytes may 
contribute to cancer growth and metastasis and to the 
immunosuppression associated with malignant disease (Coussens 
and Werb, 2002).

Several studies have demonstrated the importance of 
IRF2BP2  in regulating the inflammatory process. Feng et  al. 
(2020) demonstrated that hepatocyte-specific IRF2BP2-deficient 
mouse lines (IRF2BP2-HKO cells) showed hepatic steatosis, 
insulin resistance, and inflammation. Real-time PCR analysis 
of liver tissues in high-fat diet groups revealed that the mRNA 
levels of inflammatory cytokines, such as TNF, were higher 
in the IRF2BP2-HKO mice. In contrast to these results, IRF2BP2 
overexpression significantly alleviated hepatic and systemic 
inflammation. Moreover, complete depletion of IRF2BP2  in 
human hepatocytes (IRF2BP2-KO cells) led to an increase in 
the mRNA levels of inflammatory cytokines. This study provided 
evidence that IRF2BP2 regulates hepatocyte inflammation by 
repressing activating transcription factor 3 (ATF3) gene 
transcription through physical DNA binding; however, the 
mechanisms by which IRF2BP2 represses ATF3 gene expression 
are not yet clear (Feng et  al., 2020).

A study developed by Chen et  al. (2015) demonstrated the 
important function of IRF2BP2  in macrophage-mediated 
inflammation. They generated animals with IRF2BP2-deficient 
macrophages and observed the participation of IRF2BP2  in 
the polarization of macrophages. IRF2BP2 overexpression is 
involved in the differentiation of M2 type macrophages through 
the regulation of the expression of the anti-inflammatory 
transcription factor Krüppel-like factor 2 (KLF2). In addition, 
mice with IRF2BP2-deficient macrophages developed severe 
atherosclerosis (Chen et  al., 2015). In a more recent study 
from the same group, it was observed that the loss of IRF2BP2 in 
microglia was associated with the reduced activation of many 
M2 anti-inflammatory markers and increased expression of 
inflammatory cytokines. IRF2BP2 is necessary to mediate the 
anti-inflammatory and protective effects of IFN-β cytokines 
on stroke injury (Cruz et  al., 2017), and IRF2BP2-deficient 
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microglia block the anxiolytic effect of enhanced postnatal care 
(EPC) by reducing inflammatory cytokine expression in the 
hypothalamus (Hari et  al., 2017).

It is important to highlight the study performed by Li et  al. 
(2020) that reported IRF2BP2 as a negative regulator of septic 
cardiomyopathy. Overexpression of IRF2BP2  in the heart 
inhibited NF-κB signaling and blocked the production of 
proinflammatory cytokines. Additionally, IRF2BP2 reduced 
inflammatory cell infiltration by suppressing the accumulation 
of CD11b-positive cells in the heart after lipopolysaccharide 
(LPS) treatment (Li et  al., 2020).

IRF2BP2 IN CELL MIGRATION AND 
INVASION

Cell migration is required for many biological processes, 
such as tissue repair and regeneration. Aberrant regulation of 
cell migration drives the progression of many diseases, including 
cancer invasion and metastasis. Malignant cancer cells 
utilize their intrinsic migratory ability to invade adjacent 
tissues and the vasculature and ultimately to metastasize 
(Yamaguchi and Condeelis, 2007).

Manjur et al. (2019) used RNA-seq data and wound healing 
assays to demonstrate that the silencing of IRF2BP2 increased 
the migration of HEK293 cells upon dexamethasone treatment 
(Manjur et  al., 2019). On the basis of transwell and wound 
healing assays, another study showed that IRF2BP2 overexpression 
inhibited the migration of HCC cells. On the other hand, 
knocking out IRF2BP2 promoted cell migration and invasion. 
Together, these studies showed that IRF2BP2 may play an 
important role in controlling cell mobility (Feng et  al., 2020).

IRF2BP2 IN THE REGULATION OF CELL 
DIFFERENTIATION

Cell differentiation constitutes a complex biological process 
that regulates the expression of a large number of genes linked 
to the control of cell proliferation. Carcinogenesis, in turn, is 
characterized by the production of cell clones with genetic 
and epigenetic changes, which mainly result in loss of control 
over cell differentiation and proliferation (Chen and Dent, 2014).

Stadhouders et al. (2015) demonstrated that IRF2BP2 appears 
to be important for erythropoiesis and erythroid gene regulation 
in vitro and in vivo. IRF2BP2 interacts with the transcription 
factor ETO2 and favors its repressive activity in erythroid 
progenitor cells. The ETO2-IRF2BP2 axis recruits the NCOR1/
SMRT corepressor complex and suppresses the expression of 
the vast majority of erythroid genes and pathways involved 
in terminal differentiation. The functional relevance of IRF2BP2 
repressive activity was confirmed in vivo. It was observed that 
homozygous IRF2BP2-deficient mice have a lethal phenotype, 
dying during pregnancy or in the first weeks of life due to 
severe growth retardation (Stadhouders et  al., 2015).

Interferon regulatory factor 2-binding protein 2 was identified 
as a novel determinant in the fate of neutrophil-macrophage 

progenitor cells, favoring macrophage development during 
definitive myelopoiesis in zebrafish. IRF2BP2-deficient embryos 
showed a significant decrease in neutrophil markers and an 
increase in monocyte and macrophage markers. IRF2BP2 acts 
as a direct target of C/ebpa and represses pu.1 gene transcription 
by binding directly to its promoter, and the repressive activity 
of IRF2BP2 is dependent on SUMOylation (Wang et al., 2020a).

A study developed by Kim et al. (2019) revealed that IRF2BP2 
controls osteoclast and osteoblast differentiation via KLF2. 
IRF2BP2 overexpression increased KLF2 expression, significantly 
inhibited osteoclast differentiation and promoted osteoblast 
differentiation in bone marrow-derived macrophage cells 
(BMMs). Taken together, these results suggest that the IRF2BP2/
KLF2 axis regulates bone homeostasis and may be  a potential 
therapeutic target for various bone diseases (Kim et  al., 2019).

IRF2BP2 IN CANCER 
IMMUNOMODULATION

Immune checkpoints are known to be  essential regulators of 
immune responses. These factors are related to tumor cell 
escape mechanisms, for example, through the skewed regulation 
of the programmed death-ligand 1/programmed cell death 1 
(PD-L1/PD-1) axis (Garcia-Diaz et  al., 2017); this immune 
checkpoint promotes a break in T lymphocyte activation, leading 
to immune response suppression and culminating in the 
impairment of cytokine production and lymphocyte cytolytic 
activity (Garcia-Diaz et  al., 2017). PD-L1 overexpression is a 
relevant tumor feature in several tumor types. PD-L1 is a 
transmembrane protein that is regulated transcriptionally by 
IRF-1  in response to high IFN-γ levels. IRF-1 is an IRF-2 
antagonist, and these transcription factors are described as 
PD-L1 positive and negative regulators, respectively (Dorand 
et  al., 2016). The tumor microenvironment is an inflammatory 
milieu that contains cytokines, such as the TNF and IFN family 
members IL-6 and IL-17. This inflammatory microenvironment 
contributes to tumor initiation and establishment (Zhang et al., 
2018). In addition, IFN-γ in the microenvironment induces 
IRF-1-mediated PD-L1 transcription, establishing a critical 
tumor immune escape mechanism through the PD-L1/PD-1 
axis (Dorand et  al., 2016).

Dorand et al. (2016) observed an IRF-2 and IRF2BP2 increase 
in CD4 T cells deficient in Cdk5, a serine–threonine kinase 
that is highly active in many cancers and important in immune 
evasion of tumor cells. An IRF2BP2 increase is followed by 
hyperphosphorylation, which is essential for its nuclear 
localization and function (Dorand et  al., 2016). Furthermore, 
the same study identified IRF2BP2 as an indirect PD-L1 repressor 
via IRF-2 increases and posttranslational IRF2BP2 modification, 
even in the presence of persistent IFN-γ stimuli (Dorand et al., 
2016). Moreover, the relationship between PD-L1 and IRF2BP2 in 
cancer cells was also investigated by Soliman et  al. (2014), 
who associated low IRF2BP2 levels with high PD-L1 expression 
in breast cancer cells (Soliman et  al., 2014). Although many 
studies have demonstrated that IRF2BP2 participates in 
PD-L1 regulation, the mechanism involved in this pathway 
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FIGURE 2 | Interferon regulatory factor 2-binding protein 2 in cancer immunomodulation. IRF2BP2 was described as being involved in monoclonal gammopathy of 
undetermined significance (MGUS) transformation to multiple myeloma (MM) cells. When CDK5 is depleted programmed death-ligand 1 (PD-L1) is inhibited. In CD4 
T lymphocytes, IRF2BP2 is associated with restraining the IL-2 and IL-4 transcription mediated by NFAT1, decreasing the CD69 marker levels and inhibiting STAT5 
phosphorylation. CDK5 depletion leads to IRF2BP2 hyperphosphorylation. MGUS, monoclonal gammopathy of undetermined significance; MM, multiple myeloma.

remains unclear. It must be  further investigated due to its 
potential relevance and putative applicability in cancer 
immunotherapy; for example, the induction of PD-L1 
downregulation may control tumor development.

Additionally, VGLL4 was recently associated with IRF2BP2 in 
PD-L1 expression modulation. VGLL4 is a transcriptional 
suppressor that competes with YAP to bind TEADs, thereby 
restraining YAP-induced overgrowth and tumorigenesis. 
Furthermore, VGLL4 promotes IRF2BP2 stability, and Vgll4 
deficiency is followed by decreased PD-L1 expression (Wu 
et al., 2019). IRF2BP2 absence prevents the Cd274 transcription 
induced by IFN-γ, and consequently, its protein levels are 
reduced. Thus, VGLL4 appears to be  a PD-L1 expression 
regulator and plays a key role in the VGLL4 and YAP association 
in tumor immunity modulation. Therefore, the authors suggest 
that IFN-γ stimulation promotes IRF-2 release from the PD-L1 
promoter to favor IRF2BP2-IRF-2 binding, allowing PD-L1 
expression (Wu et  al., 2019). However, the mechanisms of this 
regulation need to be  further investigated to improve cancer 
therapy. For instance, VGLL4 is used as an inhibition target 
to promote indirect Cd274 transcription repression through 
IRF2BP2 stabilization.

Furthermore, another protein associated with several tumors 
is the transcription factor NFAT. The NFAT family is 
characterized as inducers of several cellular processes, including 
lymphocyte development, activation, and differentiation (Rao 
et  al., 1997). NFAT1-5 expression was identified at the mRNA 
and protein levels in several cell types in different tumors 
(Mancini and Toker, 2009). The NFAT family is expressed in 
several cancer cell types and plays roles in survival, invasive 
migration, angiogenesis, and inflammatory microenvironment 
maintenance (Ryeom et  al., 2008). In breast cancer cells, a 
member of the NFAT family, NFAT1, is ubiquitinated by 
the E3 ubiquitin ligase murine double minute 2 (MDM2) 
downstream of Akt and GSK-3 signaling (Wang et  al., 2020b). 

Activated NFAT1 promotes the migration and invasion of 
breast cancer cells in vitro (Jauliac et  al., 2002). Therefore, 
our group has identified IRF2BP2 as an NFAT1 protein 
interaction partner. Ectopic IRF2BP2 expression in CD4 T 
cells represses IL-2 and IL-4-induced NFAT1-mediated 
transcription; however, although these data suggest IRF2BP2 
is an important immune modulator, the mechanisms involved 
in these processes are unclear (Carneiro et  al., 2011).

Based on the importance of NFAT1 in the immune response 
and tumor cells, it is crucial to elucidate the repressor mechanisms 
mediated by IRF2BP2. Our group also demonstrated that 
IRF2BP2 overexpression in CD4 T lymphocytes repressed 
STAT5 phosphorylation and the expression of the IL-2 high-
affinity receptor 𝛼-chain (CD25). Moreover, IRF2BP2 
downregulates CD69 expression. Taken together, these data 
demonstrated that IRF2BP2 regulating CD4 T cell activation 
by repressing IL-2 signaling, and restraining CD4 T cells clonal 
expansion (Secca et  al., 2016).

To investigate new antigens capable of inducing a proper 
and efficient immune response and cell transformation control, 
Blotta et  al. (2009) performed a screening of a recombinant 
cDNA expression library from the serum of patients with 
monoclonal gammopathy of undetermined significance (MGUS). 
IRF2BP2 was identified among these newly tracked antigens. 
Nonetheless, the mechanisms involved in lining IRF2BP2 
expression to the malignancy of plasma cells during the 
evolution from MGUS to multiple myeloma (MM) were not 
explored (Blotta et  al., 2009).

These data are driving substantial demand for investigations 
of IRF2BP2  in cancer and immunological contexts. We  know 
that IRF2BP2 represses NFAT1 transcriptional activity, inhibits 
STAT5 phosphorylation, downregulates CD69, and indirectly 
re-primes PD-L1 transcription in Cdk5-deficient T CD4 cells, 
and plays other roles (Figure 2). Together, these findings indicate 
roles for IRF2BP2  in the cancer immune response and cancer 
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response, and this association must be  elucidated. Here, 
we  instigate a provocative and needed challenge to investigate 
this relationship more deeply.

ROLE OF IRF2BP2 AND ITS GENETIC 
VARIATIONS IN THE DEVELOPMENT OF 
TUMOR

The identification of molecular mechanisms and gene expression 
profiles necessary for tumor development and maintenance 
are fundamental and contribute to the diagnosis, prognosis 
and possible therapeutic interventions of cancer.

Some studies have reported the participation of IRF2BP2 in 
the development of different kinds of cancer (Figure 3) through 
gene fusion, copy number variations and mutations. To date, 
some reports have published studies on a novel fusion gene 
important for acute promyelocytic leukemia (APL) development. 
APL is characterized by the fusion of RARA with PML; 
however, a rare variant of this fusion gene, IRF2BP2-RARA, 
was identified in APL patients. This fusion gene caused some 
unusual clinical features and influenced the response to 
conventional treatment with all-trans-retinoic acid (ATRA; Yin 
et  al., 2015; Shimomura et  al., 2016; Jovanovic et  al., 2017; 
Mazharuddin et  al., 2018; Liu et  al., 2019).

Furthermore, a newly discovered fusion of genes encoding 
IRF2BP2 and the transcription factor CDX1 was reported 
in mesenchymal chondrosarcomas. This in-frame t(1;5)
(q42;q32) fusion results in an IRF2BP2-CDX1 translocation 
between exon 1 of the IRF2BP2 gene on chromosome 1 and 
intron 1 of the CDX1 gene on chromosome 5; however, the 
biological implications of this predicted fusion gene remain 
unknown (Nyquist et  al., 2012).

Fusion involving the IRF2BP2 gene has also been identified 
in lung adenocarcinoma. Through next-generation sequencing, 
tumor samples were subjected to mutational profiling, and an 
in-frame gene rearrangement involving IRF2BP2 exon 1 and 
NTRK1 exons 8–16 was identified. No other oncogenic alterations 
were identified, supporting the idea that the IRF2BP2-NTRK1 
fusion gene acts as a potent oncogenic driver (Wang et  al., 
2019). In thyroid carcinoma, a kinase involving IRF2BP2-NTRK1 
fusion was found in one patient (Chu et  al., 2020).

A study by He et  al. (2020) identified IRF2BP2 as a novel 
triple-negative breast cancer (TNBC) candidate driver gene 
by integrating DNA copy number changes and mRNA 
expression omics data. The biological function of IRF2BP2  in 
controlling TNBC cell proliferation was assessed by siRNA-
mediated loss-of-function screening of two TNBC cell lines 
(BT549 and SUM149T cells), and the results showed that 
IRF2BP2 is important in promoting proliferation in TNBC 
cells. In addition, copy number gain (CNG) recurrence of 
IRF2BP2 was found in 10/20 TNBC cell lines, indicating 
that this gene exhibited CNG/amplification and high expression 
in breast tumors (He et  al., 2020).

Mutations in the IRF2BP2 gene have also been identified 
in primary central nervous system lymphoma (PCNSL). IRF2BP2 
was sequenced to determine the coding exons by pyrosequencing, 
and somatic variations (nonsense mutations) were found in 
14% of the PCNSL cases (Bruno et  al., 2014). Alterations in 
the IRF2BP2 gene were predicted to be  a potential prognostic 
markers and therapeutic targets in the treatment and management 
of multiple myeloma (Ni et  al., 2012). A chromosomal gain 
was identified at region 1q42.3, which encodes IRF2BP2, in 
six of eight MM patients with the BCL1/JH t(11;14) translocation 
gene, with high penetrance (75%). Although the expression 
of IRF2BP2 at the mRNA level was not investigated, chromosome 

FIGURE 3 | Interferon regulatory factor 2-binding protein 2 in the malignancy of hematopoietic and solid tumors. Gene fusion, copy number changes and 
mutations in IRF2BP2 coding sequences were found in different kinds of cancer and are linked to an increased probability of cancer development.
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1q gain is frequently associated with poor prognosis for myeloma 
patients (Ni et  al., 2012).

CONCLUSION AND PERSPECTIVES

Initially, IRF2BP2 was described as a nuclear protein that interacts 
with IRF-2, although it has IRF-2-independent functions. Recently, 
IRF2BP2 has emerged as an important novel transcriptional cofactor 
in different biological systems, acting as a positive and negative 
regulator of gene expression. Although the IRF2BP2 protein is 
an important regulator of gene expression, little is known about 
how it exerts control. The details of IRF2BP2 regulation and the 
mechanism by which this protein regulates gene expression will 
be essential to understand its role in different biological processes. 
Recent data suggest the participation of IRF2BP2  in controlling 
various hallmarks of oncogenesis, acting as a tumor suppressor 
or oncogene depending on the cellular context and show the 
association of the expression of IRF2BP2 in hematopoietic and solid 
tumors. The details of IRF2BP2 regulation and the mechanisms 
involved in the relationship between the expression of 
IRF2BP2 and cell malignancy are not yet fully understood, 
and it is of great interest to understand how it influences the 
transcription of important genes for tumor development.
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