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Evidence from observational and in vitro studies suggests that insulin growth-factor-binding pro-tein type 2
(IGFBP2) is a promising protein in non-communicable diseases, such as obesity, insulin resistance, metabolic
syndrome, or type 2 diabetes. Accordingly, great efforts have been carried out to explore the role of IGFBP2 in

obesity state and insulin-related diseases, which it is typically found decreased.

IGFBP2 obesity insulin resistance lifestyle modification epigenetic

| 1. Introduction

Insulin-like growth factors (IGFs) are growth peptides, that are implicated in mammalian development, growth and
cell proliferation and differentiation [l. IGFs are usually bound to IGF-binding proteins (IGFBPs), and mediate their
actions by regulating their bioavailability [2. There are six well characterized high-affinity IGFBP members,
designated IGFBP1 through 6. The IGFBP family members share similar structure and molecular organization,
which is suggestive of similar mechanism of action, whereas they have different modes of regulation and distinct
expression patterns Bl In this wise, IGFBP2 is a key member that participates in different physiological and

metabolic processes.

The physiological role of IGFBP2 on metabolic disorders are controversial and less defined, although there is
growing evidence for a solid association . Therefore, understanding metabolic regulation of IGFBP2 and its

influence on metabolic diseases could provide new insights that can be applied as therapeutic targets.

| 2. Building the Molecular Structure of IGFBP2

The human IGFBP2 gene is located in chromosome 2035 and has four exons and three introns B, 8 The
combination of exons and introns provides up to five splice variants. However, only the first transcript variant
encodes for the functional isoform, that it is usually found to be involved in its main physiological role . The
IGFBP2 gene expression is modulated by the interaction of a number of transcription factors at the regulatory
elements in the promoter region. The IGFBP2 promoter is located between the position -674 upstream up to the
transcription start site (TSS), localized into 113+2 Bl [Bl |n 2006, Sato and collaborators, by studying
dedifferentiated lung cancer cells, suggested that the structure of the human IGFBP2 promoter can be organized
into three elements, represented as the distal (localized between -674 and -314, which apparently acts as an
enhancer element), middle (extends from -314 to -134, and seems to be an inhibitor/silencer), and proximal

regulatory element (extends from -134 to the transcription start site, and apparently acts as a regulator of
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transcriptional activity). It is worth mentioning that the proximal regulatory element lacks TATA or CAAT boxes and

contains high-GC sequences, meaning that this element may participate in epigenetic regulation (Figure 1A) [&l.
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Figure 1. Human representative of IGFBPZ2 genetic and molecular structure. (A) Human representative of genetic
structure of IGFBP2. There are three regulatory elements, ranging from distal, middle to proximal elements. The
structure gene contains four exons and three introns. The product is a mature mRNA of 1414 pb. (B) Human
representative structure of IGFBP2 protein domain for the mature protein of 289 amino acids residues. There are
three principal domains. The N-terminal domain, the middle domain or the middle region and the C-terminal
domain. The N- (extracted from Galea C. et al. ) and C-terminal (PDB: 2H7T for the C-domain of IGFBP2)
domain are presented. Both N- and C-terminal domains contain IGF binding sites, which suggests that these
domains are highly conserved. However, the middle region has a proteolytic cleavage and phosphorylation sites,
which indicates that this domain may be implicated in the regulation of bioavailability of IGF1 and stability of the
protein structure.

In human, a wide number of transcription factors can bind to the IGFBP2 promoter and activate its transcription
activity in vitro. In 2006, Sato et al. and Grimberg et al. found by analyzing lung cancer cells, that the IGFBP2
promoter has putative binding sites for early growth response protein 1 (EGR1) and transformation-related protein
53 (p53), that are crucial for its transactivation &, 19 |n addition, in small-cell lung cancer cells, Yazawa et al.
(2009) demonstrated that neurogenic differentiation (NEUROD)—a helix-loop-helix (HLH) transcription factor—

binds to the enhancer box (E-box) sequence, located at the distal element and regulates its activation . Further,
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Mireuta and colleagues (2010) argued that the proximal regulatory element is a potential target for specificity
protein 1 (Spl) 12, In 2017, Lee and collaborators showed in MCF-7 epithelial breast tumor cells, that nuclear
factor IA (NFIA) binds to the E-box sequence, to potentially enhance IGFBP2 transcription as well 13, Recently, our
group, by studying nuclear extracts from visceral adipose tissue, demonstrated that peroxisome-proliferator
activated receptor y2 (PPARy2) (through PPARy2-retinoid X receptor a (RXRa) heterodimer) physically interacts
with the IGFBP2 promoter through PPAR responsive element (PPRE) domain 14,

Accordingly, comparative studies in animal models reveal a large number of metabolic transcription factors that can
bind to the igfbp2 promoter, such as multiple endocrine neoplasia type 1 (MEN1), Spl, PPARa, CCAAT-enhancer-
binding protein a (C/EBPa), or hypoxia-inducible factor 1 (HIF1) and nuclear factor kappa B (NFkB) 3. Therefore,
these transcription factors could predict the physiological role of IGFBP2, at least at transcriptional and
transductional levels. The fact that the IGFBP2 has PPAR, NEUROD, and NFkB binding sites places it as an
important mediator of metabolic and inflammatory processes. Conversely, the notion of the interaction with
transcription factors, such as p53, spl, EGR1, and MEN1, provides an idea of its role in cell cycle, cell proliferation,

and growth.

Overall, the IGFBP2 gene encodes for a final mature IGFBP2 protein, that contains 289 amino acid residues of
31.4 kDa of molecular weight. Its structure has three principal domains: the N-terminal, middle region, and the C-
terminal domain. The N- and C-terminal domains are conserved regions between the IGFBP family members,
whereas the middle region shows high variability. This region, therefore, contributes for a singular identity and

specific functions (Figure 1B).

The N-terminal domain of IGFBP2 protein, encoded by the exon 1, contains 98 amino acid residues and shares
approximately 58% of sequence between the IGFBP family members. This domain is characterized by containing a
highly conserved cysteine-rich region, which allows to form up to six disulphide bonds. The N-domain contains an
additional 16-residue Pro/Ala-rich, situated between Pro21 and Arg36 residues, that is not found in the other
members. This motif forms a solvent-exposed loop on the three-dimensional structure of the protein, and may
comprise a potential -SH3 domain interaction site for binding to other proteins. Within this domain, another local
motif (GCGCCxxC) is found, which may be crucial in the interaction of IGFBP2 with IGFs. The N-terminal domain
has an IGFs-binding domain, that is involved in high-affinity binding to IGFs.

The middle region (called L-domain) is encoded by the exon 2 and links the N- to the C-terminal domains. This
domain extends approximately for 85 amino acids residues, and its sequence appears to be unique and singular
among the IGFBP members. It is susceptible to proteolytic cleavage and inactivation of IGFBP2 protein, since
specific proteases separate the N- and C-domains, and decrease the affinity of IGFBP2 by IGFs. The middle
region has various predicted phosphorylated sites 18 and it is often phosphorylated in serine at the position 106
(171, The purpose of phosphorylation is still unknown, but may contribute to the resistance to proteolysis. Within the
L-domain, there is another subdomain called heparin-binding domain 1 (HBD1), located between 179 and 184. The
principal function of the HBD1 domain is to bind to extracellular matrix components (as glycosaminoglycans,

integrins, etc.,). The HBD1 domain can act as a ligand, by binding to the tyrosine phosphatase  (RPTP[3) receptor
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(28] and mimic the nuclear localization signal (NLS) to translocate into the nucleus as well 22, Therefore, this motif

is required for specific recognition and interaction binding.

Finally, the C-terminal region is encoded by the exon 3 and 4 and contains 107 amino acid residues. Interestingly,
the sequence of this domain shares high similarity with the thyroglobulin-type-I domain 29, This domain is
conserved between IGFBP members and characterized by highly conserved six cysteine residues 21, The main
function of C-domain is involved in high-affinity binding to IGFs, which contains a specific region to bind to IGFs.
Within this domain, an RGD (Arg-Gly-Asp) sequence, located on 265 and 267 residues, can bind to integrins 22,
and activate many physiological and cell cycle processes, such as cell invasion and proliferation, by inducing -
catenin and further affecting Wnt signaling (23], The C-terminal domain contains an HBD motif as well, called HBD2.
The interaction of HBD2 to proteoglycans leads to regulate many of cell cycle processes as cell adhesion,

proliferation, and migration 241,

Classically, the molecular structure of IGFBP2 is designed to bind to IGFs, but also can act as a ligand, through
different domains located within the protein. This fact places IGFBP2 as a versatile molecule that could participate
in a wide range of metabolic and cell cycle processes. Nonetheless, despite the aforementioned findings, many of
the molecular pathways of IGFBP2 remain unknown. Investigating the molecular pathways of IGFBP2 could help to

better understand the role that IGFBP2 plays in metabolic diseases.

| 3. Mechanism of Action of IGFBP2 and its Physiological Role

IGFBP2 acts systematically following two main action models, known as IGF-dependent model (IGFBP2 binds and
regulates the bioavailability of IGFs) and IGF-independent model (IGFBP2 acts as a ligand by binding to receptors
at the cell surface and to extracellular matrix) (Figure 2) (23], Likewise, the principal function of IGFBP2 starts with
its binding to IGFs (they form a binary complex) and modulates their actions at systemic levels. The colocalization
of IGF type 1 or 2 with IGFBP2 has frequently been questioned, suggesting a possible leaning for each one.
Interestingly, IGFBP2 has more pronounced affinity for IGF2, up to 10-20-fold greater than IGF1, which may be its
primary ligand 28, The binding of IGFBP2 to IGF1 seems to locally modulate IGF1 signaling, under various
conditions [ZZ. However, as discussed below, the biological meaning of the IGF2/IGFBP2 complex is to increase its

affinity by the extracellular matrix 28],
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Figure 2. The cellular action of IGFBP2 is mediated by two principal models. The IGF-dependent model (A)
modulates the activity and bioavailability of IGFs, which prevents the binding of IGFs to their receptor. The IGF-
independent model (B) constitutes the physical interaction between IGFBP2 and specific receptors at the cell
surface and extracellular matrix, which acts as a ligand. The main function of both models is regulating cell cycle,

insulin, and glucose metabolism and angiogenesis.

The IGF-dependent model is responsible for the regulation of the phosphatidylinositol 3-kinase (PI3K)/ alpha
serine/threonine-protein kinase (Akt) signalling pathway. The activation of PI3K/Akt pathway starts with the specific
proteolysis and release of IGFBP2 from IGF1 or IGF2 and the binding of IGFs to IGF1 receptor (IGF1R) 22 The
complex IGFs/IGF1R leads to conformational changes in the IGF1R, which auto-phosphorylates their subunits 3.
The auto-phosphorylation of the IGF1R causes the activation of PI3K, which further induces the phosphorylation
and activation of Akt. The active Akt has a wide number of target genes related with cell cycle and glucose
metabolism, such as mechanistic target of rapamycin complex 1 (mTORC1), BCL2 associated agonist of cell death
(BAD) and translocation of glucose transporter 4 (GLUT4), and also inhibits a large number of genes, as tuberous
sclerosis 1 (TSC1) or glycogen synthase kinase 3 B (GSK3p) Y. On the other hand, the phosphorylated IGF1R
can also induce the recruitment of SHC adaptor protein (Shc), growth factor receptor-bound protein 2 (Grb2), Son
of Sevenless (SOS), and rat sarcoma (Ras), which leads to stimulate the mitogen activated protein kinase (MAPK)
signalling pathway. The MAPK pathway is responsible for growth processes, such as development, cell
proliferation, differentiation, and migration, as well as inhibition of apoptosis Bl (Figure 2A). As for the IGF2R, it
has been thought that it does not have apparent intracellular signalling activity and it is believed to act as a
scavenger receptor for IGF2 32, However, a study carried out by Chu et al. (2008), showed that IGF2R in H9c2
cardiomyoblast cell cultures, activates the protein kinase C (PKC)/calcium/calmodulin-dependent protein kinase I
(CaMKIl) signalling pathway, which is dependent on the IGF2R 23], This may result in GLUT4 translocation to the
plasma membrane, characterizing an insulin-independent pathway 24!,
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As for the IGF-independent model, IGFBP2 acts as a potential ligand that binds to different targets. In particular,
IGFBP2 binds to integrins through RGD domain, and stimulates cell migration and proliferation, adhesion, as well
as cell differentiation 2!, The activation of IGFBP2/integrin complex increases the phosphorylation and inactivation
of phosphatase and tensin homolog (PTEN), which leads to the stimulation of Akt signaling B% (it is worth noting
that despite the IGFBP2/integrin inactivates PTEN, there are also other mechanisms that regulate PTEN in this
context). Moreover, IGFBP2 binds to extracellular matrix, which this interaction is mediated by HBD. Its biological
function is to modulate the bioavailability of IGFs in the extracellular space and also acts as an active and local
reservoir of IGFs to regulate cell adhesion, migration, proliferation, and differentiation 7. The HBD domain is used
to bind to RPTP[ receptor, being a receptor with tyrosine phosphatase activity. The IGFBP2/RPTPf leads to its
dimerization and further inactivates its phosphatase function. The inactivation of RPTPf3, cooperatively with IGF1
triggers to increase the phosphorylation of PTEN and further stimulate Akt B8, In addition, the binding of IGF2 to
IGFBP2 greatly increases the affinity for O-sulfated glycosaminoglycans, heparin, and heparan sulfate.
Accordingly, Lund et al. (2014) demonstrated in vitro that the HBD1 and HBD2 contribute differentially to
glycosaminoglycans binding and increase the affinity of both free IGFBP2 and the IGF2/IGFBP2 protein complex
for heparin.

Interestingly, IGFBP2 can be located within the cells as well. A study pointed out that IGFBP2 intracellularly
interacts with cyclin-dependent kinase inhibitor 1 (p21), to modulate cell proliferation in vivo in mouse lung
epithelial cell line B2, IGFBP2 also interacts with Pim-1-associated protein-1 (PAPAL) in the human prostate cancer
cell line (LNCaP). The binding of IGFBP2 to PAPA1 seems to have a role in growth-promoting effect. The inhibition
of PAPA1l enhances cell growth, suggesting that the proliferative effect of IGFBP2 may be regulated by its
intracellular interaction with PAPA1 9. But IGFBP2 may act at intranuclear levels. A study demonstrated that
IGFBP2 can be located into the nucleus in several common cancer cells. This is possible because of the HBD1
motif (HBD1 can mimic the NLS domain). Within the nucleus, IGFBP2 can act as a transcription modulator, which
contributes to the activation of the expression of vascular endothelial growth factor (VEGF), an essential gene for
angiogenesis (Figure 2B).

As already noted, IGFBP2 modulates the IGF signaling, binds to the extracellular matrix, and interacts with the cell
surface receptor to modulate the PI3K/Akt signaling pathway. Given that IGFBP2 regulates the bioavailability of
IGFs, it is worth noting that IGFBP2 is a key factor in cell proliferation and growth. The IGFs/IGFBP2 is closely
related with glucose/insulin metabolism (through PTEN/Akt signaling) and cell cycle (trough MAPK pathway) as
well, which could explain the dual role of IGFBP2 to act in such processes. Thus, the metabolic role of IGFBP2
could place it as a potential regulator in metabolic disorders, either by IGFs/IGFBP2-dependent and independent
model.
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