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INSULIN-LIKE GROWTH FACTOR BINDING PROTEINS AND THEIR
FUNCTIONS (MINIREVIEW)
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Insulin-like growth factor (IGF) action is influenced by the insulin-like growth factor binding
proteins (IGFBPs). Since 1988 eight forms of IGFBPs have been found which differ in molecular
weight, amino acid composition, distribution in biological fluids and influence upon IGF activity.
An important biological property of the IGFBPs is their ability to increase the half-life of the IGFs
in the blood. They are able to act as potentiators of IGFs activity on the cell proliferation. As
IGFBPs bind to cell surfaces, they may act either to deliver the IGFs to those surfaces either for the
activation of specific receptors or cell responses independently of receptor activation. Posttransla-
tion modification such as phosphorylation, glycosylation and proteolysis of IGFBPs influence
their affinity to IGFs. In addition, the IGFBPs may also act as inhibitors to block the activity of the

IGFs by preventing cell-surface binding.
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One variable that provides IGFs control at the
extracellular level is the presence of high-affinity,
soluble IGFBPs. Their ability to form complexes
with IGFs influences IGFs transport to membrane
receptors and thus also IGFs effects on cell prolif-
eration (McCusker and CLEMMONS 1992). IGFBPs
are proteins of different size which are produced
by many different tissues and they bind to IGF-I,
IGF-II, but not to insulin. The affinity constants
of the six IGFBPs are similar for IGF-I and IGF-II
(2-20 and 3-30 x 10°1/mol, respectively) with the
exception of IGFBP-6, which has a 20- to 70-fold
higher affinity for IGF-II than for IGF-I (ZarF
1995). IGFBPs molecules contain 18 cysteine res-
idues, six of them being located on carboxy ter-
minus and twelve on amino terminus. IGFBPs
modulate IGFs effects by endocrine, paracrine and
autocrine mechanisms. The origin of this regula-
tion may depend on IGFBPs recognition such as
glycosylated binding protein or posttranslation
modification such as phosphorylation (MarTIN and
BaxTER 1992).

Individual IGF Binding Proteins

There are eight well characterized forms of 1G-
FBPs with different molecular weight, amino acid
composition, binding properties and distribution in
biological fluids.

IGFBP-1 (25-34 kDa). Growth hormone indepen-
dent IGFBP-1 was originally isolated from human pla-
centa as placental protein 12. PP 12 has the same amino
acid sequence on N-terminus (Ala-Pro-Trp-Gln-) as
IGFBP-1 obtained from human amniotic fluid
(KorsTiNeN et al. 1986). IGFBP-1 was found also in
serum in 100-fold lower concentration than IGFBP-3.
It seems that complex IGF-IGFBP-1 (30-40 kDa) in
amniotic fluid is identical with a similar complex in
serum. IGFBP-1 (28 kDa) of amniotic fluid binds with
both IGFs with high affinity: K = 6.55 + 2.24 1/nmol
for IGF-Iand K =3.23 + 1.05 I/nmol for IGF-II (Bax-
TER et al. 1987).

Non-phosphorylated and phosphorylated forms
of IGFBPs have already been found in human amni-
otic fluid, fetal serum and decidua. Degree of phos-
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phorylation of IGFBP-1 is increasing with time of
pregnancy (KoisTiNeN et al. 1993). BusBy et al. (1988)
isolated two forms of IGFBP-1 (31 kDa) from amni-
otic fluid with different biological effects: the first
one had inhibitory effect on *H-thymidine incorpo-
ration into smooth muscle cell DNA and the second
one worked as activator.

In animals (sheep and goats) there are besides
IGFs also proteins with higher molecular weight,
which are mitogenically active in BP-A31 cell cul-
ture (BLanoVEC et al. 1997). It seems that their prop-
erties are the same or very similar to that of human
IGFBP-1 and IGFBP-3 (BLAHOVEC et al. 1999).

IGFBP-2 (32-34 kDa) is present in human cere-
brospinal fluid, seminal plasma and lymph, in rat
amniotic and cerebrospinal fluid, in chicken vitreal
fluid (ScHOEN et al. 1992) and in porcine follicular
fluid (MonDscHEIN et al. 1990).

High concentrations of IGFBP-2 in rat fetal tis-
sues and in porcine fetal serum decrease in postnatal
life (RusseLL and Van Wyk 1995; Lk et al., 1993).
IGFBP-2 preferentially binds to IGF-II which is the
important regulator in fetal growth (HossnEr et al.
1997).

IGFBP-3 (53 kDa) is growth hormone depen-
dent. Its acid stable subunit of 150 kDa complex
binds to IGF-I or IGF-II with high affinity and can
function either as inhibitor or activator of IGF-I
stimulated DNA synthesis. Molecular weight of
IGFBP-3 depends on glycosylation degree. Thus,
non-glycosylated form has 29 480 Da, while glyc-
osylated one has 54 kDa (RusseLL and VAN Wyk
1995). Glycosylated IGFBP-3 is able to bind to cell
surfaces by a weak non-covalent sugar-sugar inter-
action. Free IGFBP-3 has 3- to 10-fold higher af-
finity to ligand than cell surface-associated 1G-
FBP-3 (McCusker and CLEMMONS 1992). IGFBP-3
is the dominant binding protein in blood in 40-fold
higher concentration than IGFBP-1 and with high-
er affinity to IGF-1. The majority of circulatory
IGF-I is bound to IGFBP-3. IGFBP-3 serum levels
are 10-fold higher than these in lymph (McCusker
and CLEmMMons 1992). IGFBP-3 is present also in
cerebrospinal fluid, in human and rat lymph, in por-
cine and rat colostrum and milk, in human and por-
cine follicular fluid, in human seminal plasma and

last trimester amniotic fluid. Human amniotic flu-
id IGFBP (28 kDa) and IGFBP (53 kDa) show
a high affinity to IGF-I and IGF-II and their con-
centrations decrease with fetal development (Bax-
TER et al., 1987). IGF-I and IGFBP-3 concentrations
in porcine serum are low during fetal life, but they
increase in postnatal life. During the whole fetal
development IGF-II levels are higher than 1GF-I
levels (LEE et al. 1993).

IGFBP-4 was isolated in two forms with differ-
ent molecular weight (29 kDa and 24 kDa) from ovine
blood plasma. IGFBP-4 with higher molecular weight
is N-glycosylated like ovine IGFBP-3 (HossnEr et
al. 1997). IGFBP-4 (24 kDa) was found also in hu-
man, rat and porcine serum (McCusker and CLEM-
MONs 1992). Smooth muscle cells of rat vessels pro-
duce IGFBP-4 (24 kDa) and its 5- to 6-fold increas-
ing is caused by PDGF isoforms (GiaNELLA-NETO et
al. 1992). IGFBP-4 blocks the effects of exogenous-
ly added IGF-I to the cells (RusseLL and VAN Wyk
1995).

IGFBP-5 (23 kDa) was purified by ANDREss and
BirnBAUM (1992) from human osteoblast derived
culture which increases mitogenesis by coincubation
with IGF-I or IGF-II. IGFBP-5 stimulates osteoblast
mitogenesis not only by association with IGF, but
also with osteoblast surfaces (extracellular matrix)
either without IGF presence or interaction with IGF
receptor. IGFBP-5 is present in rat blood serum to-
gether with IGFBP-6 and also in the kidney, bone
and endocrine tissues. It is important for lung devel-
opment (WALLEN et al. 1997).

IGFBP-6 (30-32 kDa) was isolated from human
cerebrospinal fluid and his affinity is 10-fold higher
to IGF-II than to IGF-I. It is present in human and
rat tissues (RusseLL and VAN WYk 1995). It contains
O-glycosidic bond. Enzymatic deglycosylation does
not change affinity properties of IGFBP-6 to IGFs.
Glycosylation is probably important for the secre-
tion, stability and localization of IGFBP-6 (BacH et
al. 1992).

IGFBP-7 together with IGFBP-8 show a low af-
finity to IGFs. IGFBP-8 is probably connective tis-
sue growth factor (K et al. 1997).
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Functions of IGF Binding Proteins

IGFBPs carrier IGFs in circulatory system, they
can caused inhibition of IGFs effects or total inacti-
vation of growth factor. In certain situation they are
able to potentiate the IGFs effects, too. They not only
transport IGFs molecules to their receptors but also
adhere to cell surface.

1. Carrier function. IGFs circulate in blood se-
rum as macromolecules. As much as 75-90 % of to-
tal IGF-I (1 pg/ml in human adults) in serum are
bound to ternary protein complex with molecular
weight about 150 kDa and with long half-life (12-16
hours). 10-25 % of total IGFs form binary complex
with molecular weight 28-35 kDa and with short
half-life (about 30 min) (MARrTIN and BaXTER 1992;
GOURMELEN et al. 1994; Zapr 1997). Less than 1 %
of total IGF-I circulates in free form (BLum et al.
1989) and its half-life is about 10 minutes (McCUSKER
and CLEMMONS 1992).

Ternary complex consists of IGFBP-3 (binding
or B-subunit), acid-labile subunit (ALS, a-subunit)
and IGF-I or IGF-II (y-subunit). a-Subunit is
N-glycosylated protein with molecular weight 84-86
kDa. It is able to form complexes not only with IG-
FBP-3 (50 kDa), but also with smaller forms of IG-
FBP-3 which explains the existence of 120-kDa ter-
nary complex.

Binary complex consisting of one form of IGFBPs
and IGF-I or -II, is able to cross capillary barrier and
transport IGFs to target cells where the IGFs effect is
modulated by IGFBPs (stimulation or inhibition), ei-
ther directly by interaction with IGF-receptor or by
the change in phosphorylation (Zapr 1995).

High levels of IGFBP-3 and IGFBP-1 in chorion
fluid and low levels in amniotic fluid mean that am-
nion is an effective barrier for transport of binding
proteins from chorion to amniotic fluid (NoNosHITA
et al. 1994).

IFGBP-2 is able to cross endothelial barriers and
it works as IGFs transporter (McCusker and CLEM-
MONS 1992).

2. Potentiation of IGFs effects. Potentiation phe-
nomenon of IGFs effects is characterized by (Zapr
1995): 1. phosphorylation (IGFBP-1); 2. association
with cell surface (IGFBP-3); 3. association with ex-

tracellular matrix (IGFBP-5); 4. proteolysis (IG-
FBP-3 and -5).

Posttranslation modifications of IGFBPs can in-
fluence their biological activity. These modifications
of IGFBPs such as phosphorylation result in the
change of their affinity to IGFs. More phosphory-
lated form of IGFBP-1 of human amniotic fluid and
decidua has higher binding affinity to IGFs than less
phosphorylated form (KoisTiNen et al. 1993). There
are known phosphorylated forms of IGFBP-1 which
potentiate mitogenic activity of IGF-I.

There is more and more information about possi-
ble mechanisms which explain how IGFBPs contact
to cells. Then it leads to signal transmission either
by means of IGF receptor type I, or IGF receptor
type I independent pathways of mitogenic signal
transduction (HossNer et al. 1997). IGFBP-1 and -2
contain integrin recognition sequence Arg-Gly-Asp
(RGD) which causes their binding to o B integrin
(fibronectin) receptor. Both these effects depend on
presence of RGD sequence but not IGF-I (Jones et
al., 1993).

On the other hand, IGFBP-3 and -5 do not con-
tain RGD sequence and are able to associate with
the cell surface. IGFBP-5 binds to extracellular ma-
trix and IGFBP-3 interacts with membrane gly-
cosaminoglycans. Cell-associated IGFBPs show low-
er affinity to IGFs and potentiate IGFs effects (Hoss-
NER et al. 1997).

Proteolysis of IGFBP-3, -4 and -5 decreases their
affinity to IGF-I for 50-100-fold. IGFBP-3 protease
which is present in chorion fluid and maternal se-
rum, but not that in amniotic fluid, cleaves IGFBP-3
into two fragments with molecular weight 18 and 15
kDa, which further regulate IGF-II amounts for tar-
get chorion and amnion cells (NoNosHITa et al., 1994).
IGFBPs proteolysis may be an important mechanisms
in releasing of biological active molecules of IGFs
which increases their ability of interaction with their
receptors on cell surfaces.

3. Inhibition of IGFs effects. The binding of 1G-
FBPs to IGFs inhibits IGFs association with target
cells and thus the resulting IGFs effect is weak (Rus-
SELL and VAN Wyk 1995).

IGFBP-1 inhibits IGF effect on human osteosar-
coma cells (CampBELL and Novak 1991). Rat serum
IGFBP-3 shows an inhibitory effect on the growth
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of chicken embryonal fibroblasts which was stimu-
lated by IGF-I, IGF-II and whole human blood se-
rum (Liu et al. 1992).

Increased concentration of IGFBP-3 inhibits the
proliferation of breast cancer cell line MCF, either
directly or by competition for IGF receptors. Thus,
IGFBPs possibly work as antimitogens and IGF's are
potential promotors of cancer growth (Zapr 1995).
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