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Abstract
The insulin-like growth factor (IGF) system consists of growth factors, receptors and binding proteins, and overlaps significantly with insulin signalling pathways. 
IGF-1 and IGF-2 are essential for growth and development and have also been shown to play a key role in insulin sensitivity, obesity, endothelial dysfunction, 
angiogenesis and tumorigenesis. They are tightly regulated by a family of six binding proteins (IGFBP) which form complexes with IGF, with only 1% of IGF free in 
the circulation. Despite this apparently predominantly inhibitory role, IGFBPs have been shown to have a variety of effects on cell growth, proliferation, angiogenesis 
and metabolism, with both IGF dependent and independent effects observed. IGFBP-2 in particular has been shown in several studies to be linked to tumour 
metastasis and poorer outcomes in cancer, and has been shown to promote tube formation, proliferation, migration and angiogenesis in vitro, through a variety of 
pathways. Higher circulating levels of IGFBP-2 have also been shown to protect against obesity and improve insulin sensitivity. In this brief review we will look at 
some of these actions in more detail, and describe a potential future role for IGFBP-2 incorporation in cell based therapies.
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Introduction
The insulin-like growth factor (IGF) system is a complex hierarchy 

of growth factors, receptors and binding proteins, and exhibits 
significant overlap with traditional insulin signalling pathways. IGF-I 
share common ancestry with insulin and have a nearly homologous 
structure [1]. They therefore not only interact with IGF receptors, 
but also insulin and hybrid receptors [1]. IGF synthesis is primarily 
mediated by growth hormone rather than blood glucose, though free 
IGF-1 does play a role in blood glucose homeostasis [2]. Through 
these interactions, they promote cell growth and survival and are 
indispensable in normal development and whole-body metabolism 
[3]. However, dysregulation of both IGF activity and IGF-1 receptor 
expression has also been implicated in tumorigenesis, cardiovascular 
disease and diabetes mellitus [4,5].

Less than 1% of IGF is unbound in plasma, with activity tightly 
modulated by the insulin-like growth factor binding proteins 
(IGFBPs). These are a family of six structurally similar proteins, acting 
primarily to regulate the activity of IGFs through the binding and 
transport of these proteins within the vasculature and into peripheral 
tissues [6]. Through this binding, they increase IGF half-life and 
inhibit receptor interactions. They may additionally stimulate IGF 
activity by transporting directly to the IGF-1 receptor [7], and certain 
IGFBPs have reduced affinity for IGF when they are bound to cellular 
membrane receptors, increasing IGF bioavailability in the pericellular 
environment [8]. Although each binding protein has complementary 
structure and binding domains, this apparent paradoxical activity 
relates to the differing nature of interactions between the IGFs and each 
binding protein [9].

Evidence is also emerging that the IGFBPs can both potentiate the 
action of IGF and act independently [10,11], and the dependent and 
independent effects of IGFBP-2 in particular will be explored further 
in this mini review. 

IGFBP-2 is the second most abundant of the IGFBPs, and has 
been strongly associated with metastasis and angiogenesis in the 
context of malignancies [12]. It has been shown to promote glioma 
progression and invasion [13] and is positively associated with both 
prostate and breast cancer grade and metastasis [14,15].  Furthermore, 
knockdown of IGFBP-2 in mice has been shown to reduce breast 
cancer metastatic colonisation of the lungs as well as tumour vascular 
density[16]. However, IGFBP-2 has also been shown to have protective 
effects against diet-induced obesity and enhance insulin sensitivity, 
independent of IGF-1 activity [17].  

Structure
IGFBP-2 is a 36kDa protein with three distinct structural regions 

in common with the other IGFBPs: a N-terminal cysteine rich region, 
C-terminal cysteine rich region and link region [18]. Both the N and C 
terminals bind IGFs, with affinity of each to IGF varying between the 
IGFBPs [18]. In addition, IGFBP-2 possesses a heparin binding domain 
(HBD) and integrin binding domain (RGD), which are found in the 
link region and C-terminal region respectively.  Both of these motifs 
are functional and mediate both IGF-dependent and -independent 
actions, with the RGD motif predominantly mediating cell membrane 
integrin interactions [19]. In contrast, the HBD motif in the link region 
interacts with components of the extra cellular matrix (ECM) and 
promotes cell proliferation and migration [20]. An additional HBD 
domain has been identified in the C-terminal region, although less is 
known about its interactions [21].
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IGF-dependent actions
IGFBP-2 has been shown as a major regulator of angiogenesis in 

malignant melanomas. It appears to be induced by the expression of 
mda-9/syntenin, a protein associated with melanoma progression and 
metastasis [22]. In the context of human umbilical vein endothelial cells 
(HUVECs), addition of recombinant human IGFBP-2 augments cell 
proliferation and tube formation in vitro, and this effect is negated by 
an IGFBP-2 neutralising antibody [23]. Although this pro-angiogenic 
effect appears to be mediated by interaction with the integrin receptor 
aVβ3, IGF-1 receptor knockdown significantly attenuates the effects of 
IGFBP-2, suggesting an inter-dependent relationship between IGF-1 
and IGF-1 receptor [23]. Interestingly, IGFBP-2 downregulates IGF-
mediated proliferation of cells in the context of breast carcinoma 
through interactions with the same integrin receptor, suggesting that 
observed effects may be determined by environmental milieu [24].

Others have shown complementary findings, with IGFBP-2 
shown to bind to receptor protein tyrosine phosphatase β (RPTPβ) 
via its HBD domain in the link region [25]. This caused inactivation 
of RPTPβ and inhibited transcription of the tumour suppressor gene 
PTEN. Inhibition of PTEN enables downstream activation of the PI3K/
AKT pathway and promotes vascular smooth muscle cell (VSMC) 
proliferation. However, inhibition of IGF-1 receptor expression 
prevented RPTPβ inactivation, suggesting that effects of IGFBP-2 on 
PTEN phosphorylation require coordination of IGFBP-2, IGF-1 and 
its receptor [25]. 

The role of microRNA-126 in silencing IGFBP-2 induced metastatic 
angiogenesis has also been demonstrated in endothelial cells [16]. 
IGFBP-2 secreted by breast carcinoma cells positively modulated IGF-1 
mediated activation of IGF-1 receptors on endothelial cells, promoting 
their recruitment. This interaction was suppressed by miRNA-126, and 
enhanced with miRNA-126 knockdown.

IGF-independent actions
The interaction of IGFBP-2 with integrins and ECM components 

is well established [26]. However, others have shown IGFBP-2 to 
localise to the nuclei of neuroblastoma cells, subsequently promoting 
angiogenesis through upregulation of VEGF mRNA transcription as 
well as upregulating activation of other protumorigenic genes [27]. This 
upregulation was only seen in the presence of intracellular IGFBP-2, 
with no role observed for IGF or its receptor. The same group later 
showed that nuclear translocation was mediated through a nuclear 
localisation signal sequence within the IGFBP-2 link domain, and 
that an IGFBP-2 mutant that could not enter the nucleus was unable 
to upregulate VEGF expression in the same fashion [28]. Nuclear 
translocation of IGFBP-2 was also seen in breast and prostate cancer 
cells in addition to neuroblastoma, indicating the potential for a similar 
role across several cancer types [28].

IGFBP-2 levels also appear to be regulated by hypoxia-inducible 
factor-1α (HIF-1α) [29], a growth factor strongly associated with the 
metastatic phenotype [30]. This association would be consistent with 
the role of IGFBP-2 in tumour angiogenesis.

A key role for IGBP-2 in the development and progression of 
lymphangioleiomyomatosis (LAM) has also been demonstrated [31]. 
This is an unusual disease affecting mainly young women, in which 
LAM cells – a histologically benign appearing smooth muscle-like 
cell - proliferate and metastasize to the lungs, causing progressive 
remodelling and emphysematous-like lung disease [32]. IGFBP-2 was 

found to accumulate in the nucleus of these cells independently of IGF-
1, with nuclear translocation mediated by estrogen-receptor alpha (ER-
α). Knockdown of IGFBP-2 by siRNA reduced LAM cell proliferation, 
migration and invasiveness, indicating the importance of IGFBP-2 
in these tumorigenic actions. Additionally, IGFBP-2 knockdown 
abrogated mitogen-activated protein kinase (MAPK) phosphorylation, 
explaining a potential mechanism for its tumorigenic effects [31]. 

Summary
IGFBP-2 exhibits significant effects in a wide range of cell types, 

although the majority of studies thus far have assessed its role in the 
context of tumorigenesis. Effects appear to be both IGF-dependent 
and -independent, with function and activity affected by cell type as 
well as receptor activation and nuclear localisation. Its pro-angiogenic 
potential and upregulation in hypoxic conditions lends IGFBP-2 to be 
potentially reparative in disorders such as ischaemic heart disease or 
peripheral arterial disease. Nonetheless, further studies to scrutinise 
this potential are warranted.

References
1.	 Annunziata M, Granata R, Ghigo E (2011) The IGF system. Acta Diabetol 48: 1-9. 

[Crossref] 

2.	 Monzavi R, Cohen P (2002) IGFs and IGFBPs: role in health and disease. Best Pract 
Res Clin Endocrinol Metab 16: 433-447. [Crossref] 

3.	 Pollak M (2008) Insulin and insulin-like growth factor signalling in neoplasia. Nat Rev 
Cancer 8: 915-928. [Crossref] 

4.	 Clemmons DR (2007) Modifying IGF1 activity: an approach to treat endocrine 
disorders, atherosclerosis and cancer. Nat Rev Drug Discov 6: 821-833. [Crossref] 

5.	 Cubbon RM, Kearney MT, Wheatcroft SB (2016) Endothelial IGF-1 Receptor 
Signalling in Diabetes and Insulin Resistance. Trends Endocrinol Metab 27: 96-104. 
[Crossref] 

6.	 Duan C, Ren H, Gao S (2010) Insulin-like growth factors (IGFs), IGF receptors, and 
IGF-binding proteins: roles in skeletal muscle growth and differentiation. Gen Comp 
Endocrinol 167: 344-351. [Crossref] 

7.	 Hjortebjerg R, Flyvbjerg A, Frystyk J (2014) Insulin growth factor binding proteins as 
therapeutic targets in type 2 diabetes. Expert Opin Ther Targets 18: 209-224. 

8.	 Jones JI, Clemmons DR (1995) Insulin-like growth factors and their binding proteins: 
Biological actions. Endocrine Rev 16: 3-34. [Crossref]

9.	 Firth SM, Baxter RC (2002) Cellular actions of the insulin-like growth factor binding 
proteins. Endocr Rev 23: 824-854. [Crossref] 

10.	Clemmons DR (2016) Role of IGF Binding Proteins in Regulating Metabolism. Trends 
Endocrinol Metab 27: 375-391. [Crossref] 

11.	 Bach LA (2018) What Happened to the IGF Binding Proteins? Endocrinology 159: 
570-578. [Crossref] 

12.	Yau SW, Azar WJ, Sabin MA, Werther GA, Russo VC (2015) IGFBP-2 - taking the 
lead in growth, metabolism and cancer. J Cell Commun Signal 9: 125-142. [Crossref] 

13.	Wang H, Wang H, Shen W, Huang H, Hu L, et al. (2003) Insulin-like growth factor 
binding protein 2 enhances glioblastoma invasion by activating invasion-enhancing 
genes. Cancer Res 63: 4315-4321. [Crossref]

14.	Cohen P, Peehl DM, Stamey TA, Wilson KF, Clemmons DR, et al. (1993) Elevated 
levels of insulin-like growth factor-binding protein-2 in the serum of prostate cancer 
patients. J Clin Endocrinol Metab 76: 1031-1035. [Crossref]

15.	Wang H, Arun BK, Wang H, Fuller GN, Zhang W, et al. (2008) IGFBP2 and 
IGFBP5 overexpression correlates with the lymph node metastasis in T1 breast 
carcinomas. Breast J 14: 261-267. [Crossref] 

16.	Png KJ, Halberg N, Yoshida M, Tavazoie SF (2012) A microRNA regulon that 
mediates endothelial recruitment and metastasis by cancer cells. Nature 481: 190-196. 
[Crossref]

17.	Wheatcroft SB, Kearney MT, Shah AM, Ezzat VA, Miell JR, et al. (2007) 
IGF-binding protein-2 protects against the development of obesity and insulin 
resistance. Diabetes 56: 285-294. [Crossref] 

http://www.ncbi.nlm.nih.gov/pubmed/21042815
http://www.ncbi.nlm.nih.gov/pubmed/12464227
http://www.ncbi.nlm.nih.gov/pubmed/19029956
http://www.ncbi.nlm.nih.gov/pubmed/17906644
http://www.ncbi.nlm.nih.gov/pubmed/26712712
http://www.ncbi.nlm.nih.gov/pubmed/20403355
https://www.ncbi.nlm.nih.gov/pubmed/7758431
http://www.ncbi.nlm.nih.gov/pubmed/12466191
http://www.ncbi.nlm.nih.gov/pubmed/27117513
http://www.ncbi.nlm.nih.gov/pubmed/29165552
http://www.ncbi.nlm.nih.gov/pubmed/25617050
https://www.ncbi.nlm.nih.gov/pubmed/12907597
https://www.ncbi.nlm.nih.gov/pubmed/7682560
http://www.ncbi.nlm.nih.gov/pubmed/18373644
https://www.ncbi.nlm.nih.gov/pubmed/22170610
http://www.ncbi.nlm.nih.gov/pubmed/17259371


Slater TA (2018) Structure and actions of insulin-like growth factor binding protein-2 (IGFBP-2)

 Volume 2(3): 3-3Med Res Innov, 2018         doi: 10.15761/MRI.1000144

18.	Galea CA, Mobli M, McNeil KA, Mulhern TD, Wallace JC, et al. (2012) Insulin-like 
growth factor binding protein-2: NMR analysis and structural characterization of the 
N-terminal domain. Biochimie 94: 608-616. [Crossref]

19.	Song SW, Fuller GN, Khan A, Kong S, Shen W, et al. (2003) IIp45, an insulin-like 
growth factor binding protein 2 (IGFBP-2) binding protein, antagonizes IGFBP-2 
stimulation of glioma cell invasion. Proc Natl Acad Sci U S A 100: 13970-13975. 
[Crossref]

20.	Russo VC, Schütt BS, Andaloro E, Ymer SI, Hoeflich A, et al. (2005) Insulin-like 
growth factor binding protein-2 binding to extracellular matrix plays a critical role in 
neuroblastoma cell proliferation, migration, and invasion. Endocrinology 146: 4445-
4455. [Crossref]

21.	Kuang Z, Yao S, Keizer DW, Wang CC, Bach LA, et al. (2006) Structure, Dynamics 
and Heparin Binding of the C-terminal Domain of Insulin-like Growth Factor-binding 
Protein-2 (IGFBP-2). J Mol Biol 364: 690-704. [Crossref]

22.	Das SK, Bhutia SK, Kegelman TP, Peachy L, Oyesanya RA, et al. (2012) MDA-9/
syntenin: a positive gatekeeper of melanoma metastasis.  Front Biosci (Landmark 
Ed) 17: 1-15. [Crossref] 

23.	Das SK, Bhutia SK, Azab B, Kegelman TP, Peachy L, et al. (2013) MDA-9/syntenin 
and IGFBP-2 promote angiogenesis in human melanoma.  Cancer Res  73: 844-854. 
[Crossref] 

24.	Pereira JJ, Meyer T, Docherty SE, Reid HH, Marshall J, et al. (2004) Bimolecular 
interaction of insulin-like growth factor (IGF) binding protein-2 with alpha v beta 3 
negatively modulates IGF- I-mediated migration and tumor growth. Cancer Res 64: 
977-984. [Crossref]

25.	Shen X, Xi G, Maile LA, Wai C, Rosen CJ, et al. (2012) Insulin-like growth factor (IGF) 
binding protein 2 functions coordinately with receptor protein tyrosine phosphatase ß 
and the IGF-I receptor to regulate IGF-I-stimulated signaling. Mol Cell Biol 32: 4116-
4130. [Crossref]

26.	26 Wheatcroft SB, Kearney MT (2009) IGF-dependent and IGF-independent actions 
of IGF-binding protein-1 and -2: implications for metabolic homeostasis. Trends 
Endocrinol Metab 20: 153-162. [Crossref]

27.	Azar WJ, Azar SH, Higgins S, Hu JF, Hoffman AR, et al. (2011) IGFBP-2 enhances 
VEGF gene promoter activity and consequent promotion of angiogenesis by 
neuroblastoma cells. Endocrinology 152: 3332-3342. [Crossref] 

28.	Azar WJ, Zivkovic S, Werther GA, Russo VC (2014) IGFBP-2 nuclear translocation is 
mediated by a functional NLS sequence and is essential for its pro-tumorigenic actions 
in cancer cells. Oncogene 33: 578-588. [Crossref] 

29.	Feldser D, Agani F, Iyer NV, Pak B, Ferreira G, et al. (1999) Reciprocal Positive 
Regulation of Hypoxia-inducible Factor 1 a and Insulin-like Growth Factor 2 Growth 
Factor 2. Cancer Res 59: 3915-3918. [Crossref]

30.	Poomthavorn P, Wong S, Higgins S, Werther GA, Russo VC (2009) Activation of a 
prometastatic gene expression program in hypoxic neuroblastoma cells. Endocr Relat 
Cancer 16: 991-1004. [Crossref]

31.	Li X, Liu X, Zhang L, Li C, Zhang E, et al. (2017) Insulin growth factor binding protein 
2 mediates the progression of lymphangioleiomyomatosis. Oncotarget 8: 36628-
36638. [Crossref]

32.	Taveira-DaSilva AM, Moss J (2015) Clinical features, epidemiology, and therapy of 
lymphangioleiomyomatosis. Clin Epidemiol 7: 249-257. [Crossref] 

Copyright: ©2018 Slater TA. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited.

https://www.ncbi.nlm.nih.gov/pubmed/21951978
https://www.ncbi.nlm.nih.gov/pubmed/14617774
https://www.ncbi.nlm.nih.gov/pubmed/15994346
https://www.ncbi.nlm.nih.gov/pubmed/17020769
http://www.ncbi.nlm.nih.gov/pubmed/22201728
http://www.ncbi.nlm.nih.gov/pubmed/23233738
https://www.ncbi.nlm.nih.gov/pubmed/14871828
https://www.ncbi.nlm.nih.gov/pubmed/22869525
https://www.ncbi.nlm.nih.gov/pubmed/19349193
http://www.ncbi.nlm.nih.gov/pubmed/21750048
http://www.ncbi.nlm.nih.gov/pubmed/23435424
https://www.ncbi.nlm.nih.gov/pubmed/10463582
https://www.ncbi.nlm.nih.gov/pubmed/19423615
https://www.ncbi.nlm.nih.gov/pubmed/28410230
http://www.ncbi.nlm.nih.gov/pubmed/25897262

	Title
	Correspondence
	Abstract
	Introduction
	Structure
	IGF-dependent actions 
	IGF-independent actions 
	Summary
	References

