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Insulin-like growth factor binding proteins (IGFBPs) are major regulators of insulin-like growth factor bioavailability and activity in

metabolic signaling. Seven IGFBP family isoforms have been identified. Recent studies have shown that IGFBPs play a pivotal role

in metabolic signaling and disease, including the pathogenesis of obesity, diabetes, and cancer. Although many studies have docu-

mented the various roles played by IGFBPs, transcriptional regulation of IGFBPs is not well understood. In this review, we focus on

the regulatory mechanisms of IGFBP gene expression, and we summarize the findings of transcription factor activity in the IGFBP

promoter region.
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INTRODUCTION

Insulin-like growth factor binding proteins (IGFBPs) are a super-
family member of homologous proteins present in serum [1]. All
members of the IGFBP family include a cysteine-rich domain,
which contains the GCGCCXXC motif in the N-terminal and C-
terminal domains [2]. Insulin-like growth factors (IGFs) are cen-
tral hormones involved in metabolic signaling, affecting glucose
uptake, lipogenesis, glycogen storage, and suppression of protein
degradation [3]. Studies have shown that IGFBPs have IGF-de-
pendent and IGF-independent functions [1]. Within the IGFBP
family, IGFBP-2 is a protein encoded by the IGFBP-2 gene [4].
Observations on the identification and function of IGFBP-2 in
metabolic signaling and disease are discussed in this review.
These data provide new insights into our understanding of the
pathophysiology of metabolic syndrome and have important
clinical implications, although additional research is required.

TISSUE SURVEY OF IGFBP-2 GENE
EXPRESSION

IGFBP-2 is a 36-kDa protein that it is mainly expressed during
embryonic development; it is also expressed in adult liver and
adipocytes, and in the central nervous and reproductive systems
[5]. Tissue survey data have elucidated the IGFBP-2 gene ex-
pression profile (Fig. 1). These data show that IGFBP-2 is main-
ly expressed in the liver, heart, kidney, and prostate.

COMPARISON OF IGFBP-2 GENE
SEQUENCES BETWEEN SPECIES

When the IGFBP-2 sequence was compared between species,
several regions of high similarity between promoter sequences
were observed (Fig. 2). The IGFBP-2 gene is identical in 49.4%
of sequences between humans, rats, and mice. Similarly, exon

Received: 18 November 2016, Revised: 13 December 2016,

Accepted: 20 December 2016

Corresponding author: Seung-Soon Im

Department of Physiology, Keimyung University School of Medicine, 1095
Dalgubeol-daero, Dalseo-gu, Daegu 42601, Korea

Tel: +82-53-580-3863, Fax: +82-53-580-3795, E-mail: ssim73@kmu.ac.kr

Copyright © 2017 Korean Endocrine Society

This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original work is properly
cited.

www.e-enm.org 'I 'I


http://crossmark.crossref.org/dialog/?doi=10.3803/EnM.2017.32.11&domain=pdf&date_stamp=2017-03-20

140

120

100

80

60

Relative mRNA expression

40

N EM D

Normal human tissues for IGFBP-2 gene

Fig. 1. Insulin-like growth factor binding protein 2 (IGFBP-2) expression profile from Genecards database (www.genecards.org).

sequences for the IGFBP-2 gene are about 42.2% identical
across species (Fig. 3). In particular, consensus sequences for
the major transcription factors match significantly between hu-
mans, mice, and rats. Moreover, the IGFBP-2 gene C-terminal
domain, including the consensus sequence for IGF binding and
the CWCV (cysteine-tryptophan-cysteine-valine) domain, is
highly conserved across a variety of species [6]. These data in-
dicate that IGFBP-2 may have high binding affinity with IGFs.

TRANSCRIPTIONAL REGULATION OF
IGFBP-2

Although the secretion of IGFBP-2 protein is well established
in metabolic signaling, the molecular mechanisms of the
IGFBP-2 gene have only recently been elucidated. A few tran-
scription factors, including peroxisome proliferation-activator
receptor o (PPARa), multiple endocrine neoplasia type 1
(MEN1), CCAAT-enhancer-binding protein o (C/EBPa), and
hypoxia-inducible factor 1 (HIF-1), have been identified on the
IGFBP-2 promoter (Fig. 4).

One study found that IGFBP-2 expression increased during
prolonged fasting, and the plasma concentration of IGFBP-2 was
consistently induced for 48 hours with no change postprandial or
after glucose challenge [7]. Increased IGFBP-2 expression dur-
ing fasting is regulated by PPARa [8,9]. The PPARa response el-
ement (PPRE) was identified on a mouse IGFBP-2 promoter, in-
dicating that IGFBP-2 is a direct target of PPARa. Moreover,
mRNA expression of the IGFBP-2 gene is activated by metfor-
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min, which is an antidiabetic drug for patients with diabetes and
obesity, and the serum level of IGFBP-2 is stimulated in metfor-
min-challenged diabetic patients [10]. A recent study in humans
suggested that the circulating concentration of IGFBP-2 is asso-
ciated with metabolic syndrome, including insulin resistance and
obesity [11,12]. These results suggest that overexpression of the
IGFBP-2 gene plays a protective role against insulin resistance.
Previous studies found that insulin suppresses induction of
IGFBP-2, as well as IGFBP-1 [13]. Moreover, hepatic IGFBP-2
expression is decreased by insulin infusion, whereas IGFBP-1
mRNA recovers to baseline within 1 hour postinsulin challenge.
These results suggest that IGFBP-2 expression level is very im-
portant for modulating insulin and IGF-1 sensitivity. In addition,
the expression level of IGFBP-2 could potentially serve as a bio-
marker of metabolic disease, such as diabetes or insulin resis-
tance. Although IGFBP-2 is mainly expressed in the liver, tran-
scriptional regulation of the IGFBP-2 gene has been studied in
other tissues [11,14,15]. In particular, IGFBP-2 gene expression
in 3T3-L1 adipocytes is regulated by C/EBPa, even though
IGFBP-2 is expressed at a very low level in white adipose tissue
[16]. Compared to the liver, insulin stimulated IGFBP-2 gene
expression in adipocytes. Insulin activates IGFBP-2 expression
in 3T3-L1 adipocytes and MCF-7 (Michigan Cancer Founda-
tion 7) breast cancer cell lines through the phosphoinositide
3-kinase/mechanistic target of rapamycin signaling axis [16,17].
These findings indicate that insulin signaling might increase
IGFBP-2 secretion by activating insulin-induced, adipocyte-
specific expression of the C/EBPa gene in differentiated 3T3-
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HumanIGFBF2 (1) TGGTCCACCTGTCACCCAAGGAATCTCTCTGA-CAGGEGTCTTTGTTAGGGTCACACCCCAGG-AGATG—GT-——TGATTATGGCTGAGTCC
Mouse IGFBF2 (1)

RatIGFBF2 (1) AGACGCCTCACTGAGCARRGGTCTTTGT TAAGGTCACAACCCAGGCAGAGGAGTCAATAATTAAGGTCCTGTCC
Consensus (1) AG  CIC CTGA CA GGICTTTGITA GGTCACA CCCAGG AGA G GT T ATTA GG  GICC
©3) 93 100 110 120 130 140 150 160 170 184

Humen IGFBF2  (87) AGCCTGGARTGATGGGGEITGEEGECAGCT TEEGTAGATGACT CAGTAART CAAACAGAACAATGAAAGGAGGTCATGCTTGICCATCTCCA
Mouse IGFBF2 (1) TGGGTEATTCAAT TGGAACAAAGEAGGEAGE-CACTCTTTTCTATTTGAR
RatIGFBF2  (75) GTGCIGGAGTGA - ——G-GITGEEEECAGCTAGE - —— - ———CTGAGTGACT CAATCAGAACAATGEAGGCAGE -CTCACGTTTCEGTITETG
Consensus (@3)  CTGGA TGA G GTTGGGGGCAGCT GG CTGAGTGA TCAATCAGAACAATGGAGGCAGC CAC CTTTTCCATTTG A
(185 185 190 200 210 220 230 240 250 260 276

Humen IGFBP? (179) TTATTGAAGACAGCCATARATGGECCTTACCCCAGAGCGGGTCTGTCACACCTGEAGAG——————-——--CTGATCTGACCTCICCARGACC

Mouse IGFBF2  (50) AACCTGA-GCGAGCTICTAATCAGCCTAGCGCTAGGGCIT-TCTCTARTACCTGGGEAGGEEGETGGGTGICTAAT CTGACCTITTCARGACC
Rat IGFBF2 (154) TACCTGG-GCGAGCICTAATCAGCCTAGCGCTAGGGCTIT-TCTCACATACGTGGGARGEGEGETG————TCTAATCTGACCTTTICAAGACC
Consensus (185) TACCTGE GCGAGCTCTAATCAGCCTAGCGCTAGGGCTT TCTCTCATACCTGGGGAGGGGGETG TCTAATCTGACCTTTTCAAGACC

@77 277 290 300 310 320 330 340 350 368

Human IGFBP2 (259) CCTGCAAC——-TGAGTGT TCTGGGATCT-GTCCIGCARCARGTGCCTC-GAGATT TGTAGGT GGGGGCCCAGGET ———GCTAA———————GG
Mouse IGFBP2  (140) C-TTCRAGTGGETGTGICTTCAGACGTCT—————GGGGEEGGEECAGGEE———————GGGEAGAGT T GTGTAAR GETGEGCGAATARGGCAGC
Rat IGFBF2 240) CCTTCAGTGGGETGTGICTTCGGEACT TCT TEGGGT GEGAGGECGECGETGTGTGTTTGCGEECAGTGTGTGI TGEEETGGGCARATACAGCAGE

G @77) CCTTCAGTGGGTGTGTCTTC GAC TCT G  TGGGAGG GGG GIC G G TTGGGGGGAGTGTGTGTAGGGGTGGGC AATA GCAGG
(369) 369 380 390 400 410 420 430 440 450 460

Human IGFBP2 (336) GATTAT TT-TAGCGGGCGGAGARGGGAGGCEGTCTGCAGAC—GARGGGGECAGGT TTTGCGGEG—CACTTAGE————— GTTCTCATAGE

Mouse IGFBP2  218) GTTTGTGGATGGTGACCCGGETCTCTAGGGGATTAGAGGGCT TGTGGEGCAGAGET TTGTGAGGCACCAGGALACACACCAGGTTTCATTAC
Rat IGFBP2 (332) GT TTGTGGATGGTGACCGGAGICTCTAGGGGATTAGAGCTC--GIGGGGTGEAGCTTTATAAGGCAT CAGGARRGACACCAGGTITCATCTG
Consensus (369) GTTTGTGGATGGTGACCGGAGTCTCTAGGGGATTAGAGG C  GTGGGG GGAGGTTT T AGGCA CAGGAAAGACACCAGGITTCAT G

461) 461 470 480 450 500 510 520 530 540 552

Humen IGFBF2 (17) TTGTAGTCACGAGCTCCCAGGTITGGARAACTGCAATAGT CACTAAGACCATTCGGGGCTGTTTGGGTCTAGC TTGGTCTAGACGGGTCTGR
Mouse IGFBP2 (310) TTGCAGCGGETGAGCTCT--GGGCTGGEARACT GRAGTTGTTGCTAGGA——————GGIGCTGTCTGGGRCGAGCCTGGTCTAGARGGA-CTGA
Rat IGFBF2 422) TTGTCGCCGIGAGCTCIT-—-GGCTITGGEARAATGAAGTIGTIGCTACGA—————GGIGCCCTTTGGGACGAGCET GGTCTAGABGGA-CTGA
Consensus (461) TTGTAGCCGTGAGCTCT GG TTGGGAAACTGAAGTTGTTGCTA GA GGTGCTGTTTGGGACGAGCCTGGTCTAGRRGGA CTGA

(553) 553 560 570 580 590 600 610 620 630 644

Human IGFBP2 (508) AACTCCGCAGGACCCACCCARCAAGRAAGTCATTGTTCCAAGCCACGTGTCAGTGGTGGGTGATACCCCAGGATGGAAGGAGT TGGTATGAGT
Mouse IGFBP2 (393) GCGTCCGCEGEACTCACTCAAG-————GTCATTGTTCCTAGCAACACG——AGBGCTETEGEG————————————————— GAGTCGGTGTGAGC
Rat IGFBF2 (505) ACT TCCTCGGGACTCACTCARG———GTCATTGTTCCTAGCAACACG—AGGGCTGIGTG TGAGC
Consensus (553) AC TCCGCGGGACTCACTCARG GTCATTGTTCCTAGCAACACG AGGGCTGTGTG GAGT GGT TGAGC

@3n 137 150 160 70 780 790 800 810 828

Humen IGFBF2  §92) ARRCGAAGTCCTCGC—————GAACTGAACT———GAGAGCAGACARAAGCACGBCGCTCTTCTCCACCGCCACGCCGGTCCTACCCARACCCG
Mouse IGFBP2 (538) AAACTAAGTCCTTCCARATCGAACTARACTARARGACAGGAGACARRAGCACAGGCTCTT-TCCCACTCCACGCCGRTTICTACCCACGCTTG
Rat IGFBF2 @41) ARACTAAGTCCTTCCAARTCGAACTARACTARRAGACAGRAGACAARAGCACBEGCTCTT-TCCTACTCCACGCCGATTCTACCCACGCTGG
Consensus (737) AAACTAAGTCCTTCCARATCGAACTAAACTAARAGACAGGAGACAARAGCACGGGCTCTT TCC ACTCCACGCCGATTCTACCCACGCT G

(829) 829 840 850 860 870 880 890 900 910 920

Humen IGFBP2 (775) CGAGTTATCCGTATICTCCTICAGGAGTCATAGICAGGCCAGARGAGTGCGGAGGGACGGEECCCGGGARGAGCAGGGA-ACCCCCA—GAGT
Mouse IGFBP2  (629) CARGTTATTCTTACTCTCCCGGAGCGGACA-AACCCAGGCTGRAAGGGAGCARAG——TCCTARACCAGGGRAGARACAGAGGGGTCCGCTTGAAT
Rat IGFBF2 (732) CAAGTTATTICITACTCTCTCTGAGCAGGCG-ATTCCAGGCTGAAGGGAGCARAG——TCCTGGCTAGGGARAGAGTAGGGGGACCCGCC—GRAT
Consensus (829) CAAGTTATTCTTACTCTCCCTGAGCAG CA A TCCAGGCTGAAGGGAGCAAAG TCCTGGCCAGGGRAAGAGCAGGGGGACCCGC GAAT

©@21) 921 930 940 950 960 970 980 990 1000 1012

Humen IGFBP2 (@65) CCGCAGCCARCGCGEAGGTGEECEAGCGEECGTECGCECACTCACTTGCCGGCGCGAGEGAGTETE
Mouse IGFBP2 (718) CCCCTAGGAACGTAG-GGTGGECEAGTGEGCGTGTGCACAAGCACGTGCCCTCACGCARGAGTGCGGGGGEGEECGGTGCGGGGGEEGECEE
Rat IGFBF2 (820) CCCCTRAGTAACGTAG-GGTGGGECARGTGGECGTETGCECARGCACGTGCTCTCACGCAGGAGTGCCTT.
Consensus (921) CCCCTAG AACGTAG GGTGGGCGAGTGGGCGTGTGCGCARGCACGTGCCCTCACGCAGGAGTGCC Q
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Fig. 2. Homology comparison of the insulin-like growth factor binding protein 2 (IGFBP-2) promoter region between species which show
highly conserved regions with yellow color. (A) Alignment of human, mouse and rat IGFBP-2 promoter sequences between —1,000 and 1
bp from transcription start site. (B) Similarity plots of aligned IGFBP-2 promoter sequences between species.
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(
Huren IGFBP2 (1) MLPRVGCEALPLPPPPLLPLI FLLLLLLGASGGGGGARAEVI FRCPPCUPERLAACGPPEVAPPARVARV
Mouse IGFBP2 (1
RatIGFBP2 (1) ————-] MLPRLGGEALPLLLPSILLLLLLGAGGCGPGVRAEVL FRCPPCTPERLAACGPPP—-———-————
Consensus (1 PL P PLL  LLLLLIGA G G G RAEVLFRCPPCTPERLAACGPPP
@) 1 80 90 100 110 120 130 140

Hurren IGFBP2 (71 GGARMPCAELVREPGCGCCSVCARLEGEACGVYUPRC‘QGIRCYPHPGSELPLQALVMGEGUCEKRRDA

Mouse IGFBP2 (1

Rat|GFBP2 (56) ———DAPCAELVREPGCGCCSVCARQEGEACGVY T PRCBOTI RCYPNPGSELPLKALVTGAGTCEKRR——
Consensus (71 PCAELVREPGCGCCSVCAR EGEACGVY PRCAQ LRCYP PGSELPL ALV G GTCEKRR

(141) 141 150 160 170 180 190 200 210

Hurren |GFBP2 (141) EYGASPEQVADNGDDHSEGGLVENHVDSUMNMLGGGGSAGRKPLKSGMKELAVFREKVUEQHROMGKGEK

Rat |GFBP2 (120) ~VGATPQQVADSEDDHSEGGL VENHVDGTMNMI GG-SSAGRKPPKSCMKEL AVEREKVNECHRQMGKGAK
Consensus(141)  GASP QVAD DDHSEGGIVENHVD TMNMLGGGSSAGRKPLKSGMKEIAVFREKVNECHRQMGKGAK
@11) 211 220 230 240 250 260 270 280
Humen IGFBP2 (211 HHLGLEEPKKLRPPPARUPCQQELDQVLERISUMRLP]jRGPLEHLYSLHIPNCDKHGLYNIKQCKMSLN
Mouse IGFBP2 {42) —~HL,SLEEPKKLRPPPARTPCOCELDOVLERTSTMRLPDDRGPLEHLYSLHTPNCDKHGRYNI KQCKMSLN
Rat|GFBP2(188) —HT.STEEPKKLRPPPARTPCOQETDOVIERTSTMRT PDDRGPTLEHTYSTHT PNCDRHGLYNT KQCKMSTN
Consensus(211)  HLSLEEPKKLRPPPARTPCCOELDQVIERTSTMRLPDDRGPLEHLYSTHT PNCDKHGL YNI KQCKMSLN
(281) 281 290 300 310 328
Huren IGFBP2(281) GORGECWCVNPNUGKL TQGAPUTRGDPECHLFYNEQQEARGVHUQRMQ
Mouse IGFBP2(111) GQRCECHCVNPNTGKPTQGAPTTRGDPECHLFYNEQQOETGGAHAQSVQ
Rat IGFBP2 (257) GQRGECWCVNPNTGKPIQGAPTIRGDPECHLFYNEQQENDGAHAQRVY
Consensus(281) GORGECWCVNPNTGKPTQGAPTTRGDPECHLEYNEQQOE ~ GAHAQRVQ (A
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Fig. 3. Comparison of insulin-like growth factor binding protein 2 (IGFBP-2) exon regions between species which represent highly conserved
regions with yellow color. (A) Alignment of human, mouse and rat IGFBP-2 exon sequences. (B) Similarity plots of aligned IGFBP-2 amino
acids sequences between species.
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Fig. 4. Summary of transaction factor binding to the promoter regions of the insulin-like growth factor binding protein 2 (IGFBP-2) gene for
human and mouse. PPAR, peroxisome proliferation-activator receptor; PPRE, PPAR response element; C/EBPa, CCA AT-enhancer-binding

protein o; RXRa, retinoid X receptor o.
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L1 adipocytes.

Transcriptional regulation of the IGFBP-2 gene also occurs in
tumorigenesis [8,18-20]. During tumor growth, IGFBP-2 ex-
pression is regulated by the transcription factor HIF-1a in hy-
poxic conditions [8]. In addition, IGFBP-2 mRNA is upregulated
by the tumor suppressor gene p53 in a dose-dependent manner,
indicating that IGFBP-2 is a p53 target [20]. Also, the IGFBP-2
gene was upregulated by disruption of the menin gene in an ani-
mal model and stable cell lines [21,22]. Menin is a nuclear pro-
tein-encoded Men1 gene, which is mutated in patients with
MENI [22]. MENT1 is a syndrome characterized by tumorigene-
sis in multiple endocrine organs (e.g., pancreas and parathyroids)
[22]. Menin is required to repress endogenous IGFBP-2 expres-
sion by modifying the chromatin structure surrounding the
IGFBP-2 gene promoter. Although IGFBP-2 promoter activity is
decreased by overexpression of menin, the regulatory mecha-
nism by which menin affects the IGFBP-2 promoter remains un-
known.

FUNCTION OF IGFBPS IN METABOLIC
SIGNALING

In a transgenic mouse model, overexpression of IGFBP-2 was
associated with increased fat accumulation and reduced muscle
weight [23]. Although IGFBP-2 is a secondary protein among
the circulation binding proteins, the regulatory and functional
roles of IGFBP-2 are not well understood compared to those of
IGFBP-1. A recent study determined the role of IGFBP-2 to be
a pleiotropic oncogenic protein in cancer development [24].
IGFBP-2 stimulates the nuclear form of epidermal growth fac-
tor receptor (EGFR), increasing the activated transcription fac-
tor 3 (STAT3) pathway. Moreover, overexpression of exogenous
IGFBP-2 protein inhibits EGFR activity through suppression of
nuclear EGFR signaling [24]. These results demonstrate a
strong association between IGFBP-2 and STAT3 and suggest a
novel tumor-inducing role for IGFBP2 by providing a linkage
between IGFBP-2 and cancer development.

A novel function of IGFBP-2 has been reported in Duchenne
muscular dystrophy (DMD) [14]. One study injected IGFBP-2
into the muscles of dystrophic mice and found that muscle-spe-
cific upregulation of IGFBP-2 inhibited muscular dystrophy
and protected against dystrophic pathophysiology. Although
these discoveries could eventually lead to gene therapy for
DMD, it is not yet possible to directly address the muscle atro-
phy resulting from neuromuscular disorders such as DMD. IGF-
1 signaling slows progression of DMD [25-27], and studies

Copyright © 2017 Korean Endocrine Society

have found that overexpression of IGFBP-2 can assist in dystro-
phic treatment by reducing muscle composition in a muscle-
dystrophic animal model and patients with DMD.

CLINICAL RELEVANCE OF IGFBP-2
LEVELS IN HUMAN SERUM

Chronic hyperinsulinemia reduces IGFBP-2 secretion, resulting
in increased availability of IGF-1 [28]. Studies have shown that
IGFBPs serve a critical function in the metabolic system and rep-
resent an important link between the IGF system and insulin sig-
naling [29]. In recent years, in vivo and in vitro assays, as well as
studies in human subjects, have focused on the functional pro-
gression of IGFBPs. These investigations have confirmed the
role of IGFBPs in metabolic syndrome, including fatty liver, in-
sulin resistance, and obesity [30]. Production of IGFBP-2 is de-
creased in obese people compared with nonobese individuals,
and concentrations of serum IGFBP-2 decrease with increasing
body mass index [13]. Several reports have demonstrated that
circulating IGFBP-2 concentrations are lower in patients with
type 2 diabetes mellitus or obesity [10,31]. Because overexpres-
sion of IGFBP-2 leads to recovered blood glucose levels in dia-
betic animal models, and because the antidiabetic drug, metfor-
min, can recover serum IGFBP-2 levels in diabetic patients [10],
decreased IGFBP-2 levels may lead to the development of diabe-
tes in humans. Thus, IGFBP-2 may be useful as a biomarker of
metabolic disease.

CONCLUSIONS

IGFBP-2 has been shown to be a key regulator of metabolic
diseases, such as diabetes and obesity, as well as cancer metabo-
lism. Although IGFBP-2 gene transcription is regulated by sev-
eral metabolic conditions in endocrine organs, the underlying
regulatory mechanism of IGFBP-2 gene expression remains un-
known, and further studies are needed. Moreover, the functional
roles of IGFBP-2 in metabolic diseases and signaling are still
unclear and controversial. Therefore, the relevance of IGFBP-2
to metabolic diseases could be a main driver in the investigation
of IGFBP-2’s underlying physiological function.
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