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Abstract: The biological activities of IGF-I and —II are mediated mainly by the type 1 IGF
receptor (IGF 1R) and controlled by their interaction with soluble proteins, the IGF binding
proteins (IGFBPs). Although there is a growing body of evidence that some IGFBPs may be cell
surface-bound, published data concerning cell association of IGFBP-1 are scarce and none of
them concern placental cells. The cell membranes used in this study were isolated from term
human placentae. Detergent-solubilized membranes were shown to contain two types of IGF
binding structures that were separated by gel filtration on a Sephadex G-100 column. Proteins in
the first peak were eluted at ¥, (M, > 100 kD) and they bound IGF-I with greater specificity and
affinity than IGF-II and insulin. Most likely, they represented the IGF 1R. Small proteins (M, =
45 kD) were eluted with the membrane proteins in the second maximum. They were able to bind
IGF-I and IGF-I1, but not insulin. The identity of these proteins was shown to be IGFBP-1 on the
basis of their reaction with specific anti-IGFBP-1 antibodies. To the best of our knowledge, the
existence of IGFBP-1 associated with human placental cell membranes has not been reported in
the literature before. Colocalisation of IGFBP-1 with IGF 1R in cell membranes could provide
efficient modulation of IGF 1R receptor-ligand interactions.
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INTRODUCTION

The insulin-like growth factors, IGF-I and IGF-II, are polypeptides with structural
homology to proinsulin, affecting growth, differentiation, and various metabolic processes in
an endocrine and autocrine/paracrine fashion. The signalling of both IGFs is mediated by the
type 1 IGF receptor (IGR 1R), a heterotetrameric glycoprotein composed of two
ligand-binding a-subunits and two transmembrane [3-subunits (M, 350 kD). It shares struc-
tural and functional homology with the well-characterized insulin receptor.! The IGF 1R
binds IGF-I with high affinity, IGF-II with several fold lower affinity and insulin with more
than 100-fold lower affinity.2 IGF-II also binds to a type 2 IGF receptor (IGF 2R), a sin-
gle-chain membrane-spanning glycoprotein (M, 300 kD), which is selective for IGF-II and
has no affinity for insulin. Its role in IGF-II signal transduction is still a matter of debate.3
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Finally, the actions of the IGFs are modulated by a superfamily of six IGF-binding
proteins (IGFBPs), IGFBP-1 through IGFBP-6, and a growing number of related proteins
(IGFBP-1Ps) whose physiological relevance has yet to be established. IGFBPs bind the
IGFs with equal or even greater affinities than do the IGF receptors, and therefore are
placed in a critical regulatory position between IGFs and their cell surface receptors. While
some IGFBPs have been shown to inhibit IGF actions by preventing them from gaining
access to the IGF receptors, others potentiate IGF actions by facilitating the ligand-receptor
interaction.* Recent studies indicated that some IGFBPs have their own receptors that
mediate IGF-independent actions. IGFBP-1 and IGFBP-2 contain intergrin recognition
sequences, Arg-Gly-Asp (RGD), which is the minimum requirement for interaction with
integrins on the cell surface. IGFBP-3 was shown to possess its own receptor and binds to
heparin.’

The aim of this work was to investigate the membrane-associated IGF binding struc-
tures in human placental cell membranes.

EXPERIMENTAL
Materials

Sephadex G-100 was obtained from Pharmacia Biotech AB, Sweden. Human IGF-I and IGF-II were
from ICN Biomedicals, USA. Porcine insulin was from Novo Research Institute, Denmark. Na!25T was sup-
plied by Polatom, Poland. Goat anti-hIGFBP-1 antiserum was obtained from Diagnostic Systems Labora-
tories Inc., USA. All other employed chemicals were purchased from Sigma Chemicals, USA.

Tracer

IGF-I, IGF-II and insulin were iodinated by the chloramine T method.® The specific activities of the
1251 labelled peptides were approximately 100 uCi/ug.

Preparation of placental membranes

Placental membranes were prepared by a modification of the procedure given by Perdue ez al.” Term
human placenta was collected immediately after delivery, placed in ice-cold 50 mM phosphate buffered sa-
line (pH 7.5) and washed extensively with the same buffer. The placenta was dissected free from large ves-
sels, amniotic and chorionic membranes. The remaining tissue was minced and homogenized in a polytron
homogenizer with 5 volumes of 50 mM HEPES buffer (pH 7.5) containing 250 mM sucrose, 1 mM EDTA
and 2 mM phenylmethylsulphonyl fluoride. The homogenate was centrifuged at 600 x g for 15 min. The pel-
let was discarded and the supernatant centrifuged at 18 000 x g for 30 min. The supernatant obtained was fur-
ther centrifuged at 100 000 x g for 60 min to yield a pellet designated as placental membranes. The crude
membrane pellet was washed twice and finally resuspended in membrane buffer (50 mM HEPES, pH 7.5,
containing 4 mM MgCl,). Aliquots were stored frozen at — 80 °C.

Solubilization of placental membranes

Membranes (20 mg of membrane proteins) were solubilized for 2 h at 4 °C in 5 mL of 2 % Triton X-100
in membrane buffer. After centrifugation at 100 000 x g for 90 min, the insoluble pellet was discarded and the
clarified extract (solubilizate) was divided into aliquots and stored frozen at —80 °C until use.

The membrane protein concentration was determined by the method of Lowry,® and in Triton
solubilizates by the method of Bradford.?

Gel filtration

Solubilized membrane proteins (1 mg) were incubated with 0.5 pmol '25-IGF-I (500 000 cpm) in the
presence or absence of unlabelled ligands (65 pmol IGF-I, or 65 pmol IGF-II or 170 nmol insulin) at 4 °C
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overnight and chromatographed in 50 mM sodium phosphate buffer containing 100 mM NaCl and 0.1 % Tri-
ton X-100 (pH 7.5) on a Sephadex G-100 column (1.8 x 60 cm). The flow rate was 20 mL/h. 1 mL fractions
were collected and their radioactivity (cpm) measured in a y-counter (APEX Auto Gamma Counter,
Micromedic Systems Inc.). The same experiments were performed with 125T-IGF-II and '2I-insulin as trac-
ers. The column was calibrated using Blue Dextran 2000, egg albumin (EA, 45 kD) and IGF-I (7.5 kD).

Gel filtration was also used for the separation of the IGF binding structures. The solubilizate (4 mg of
membrane proteins) was chromatographed without tracer and the proteins eluting between fractions 36 and
46 were collected and designated “peak 1 preparation”, while those eluting between fractions 52 and 72 were
designated “peak 2 preparation”. The proteins present in peaks 1 and 2 were concentrated 2-5-fold and stored
at 4 °C. The proteins from the peak 1 preparation were used in competitive ligand binding assays, while the
proteins from the peak 2 preparation were used in immunoaffinity interactions. The proteins from the peak 2
preparation (0.5 mL) were incubated with 0.5 pmol 125T-IGF-I (or 125T-IGF-II) in the presence or absence of
goat anti-IGFBP-1 antiserum at 4 °C overnight and analysed by gel filtration on the Sephadex G-100 column
as described.

Competitive ligand binding assays

100 pg of membrane proteins (from placental membranes or solubilizate) or 0.1 mL of proteins from
the peak 1 preparation were incubated with 17 fimol '25T-IGF-I or —II (= 20 000 cpm) and increasing
concentrations of unlabelled ligands (IGF-L, -II or insulin) in a final volume of 0.5 mL of membrane buffer
containing 2 mg/mL BSA, at 4 °C overnight. Triton X-100 at a final concentration of 0.04 % was present in all
binding assays. Following incubation, 1.5 mL of 20 % (w/v) polyethylene glycol 6000 (PEG) was added. The
tubes were vortex-mixed vigorously, left at 4 °C for 20 min, then centrifuged (3000 x g, for 40 min) and the
supernatants were discarded. Precipitated radioactivity was measured in the y-counter. Nonspecific binding
(NSB) was determined by incubating '2°T-IGF with binding buffer without membrane proteins. The specific
binding was calculated as the difference between the total binding and the NSB.!? The data were expressed as
ICs( (concentration of the competing ligand that inhibited labelled ligand-specific binding by 50 %) and
analysed by the method of Scatchard.!!

RESULTS

Detergent solubilized IGF-I binding structures from placental cell membranes were
resolved into two components on a Sephadex G-100 column (Fig. 1a). The first peak,
designated peak 1, appeared at an elution volume (V) of 41 mL which was equivalent to
the void volume of the column, V,,. The second peak, designated peak 2, eluted at V, of 62
mL, which is the ¥, of egg albumin, indicating that proteins in this peak had a molecular
weight of approximately 45 kD. Proteins in the second maximum bound approximately
three times more 125I-IGF-I than proteins in the first peak. The third radioactive maximum
in the elution profile (¥, ~ 99 mL) represented unbound !25I-IGF-I. (Fig. 1a)

The 1251-IGF-I binding to the proteins present in peaks 1 and 2 was specific, as both
peaks disappeared upon gel filtration in the presence of 65 pmol of unlabelled IGF-I.
IGF-II was an equally potent inhibitor of the 125I-IGF-I binding (results not shown), while
insulin at a 2000-fold greater concentration could displace only about 30 % of the radioac-
tivity initially bound in peak 1 (Fig. 1b). This pattern of crossreactivity is characteristic of
placental IGF 1R and it suggested the presence of this receptor in peak 1.12 Proteins in
peak 2, however, bound more 125I-IGF-I in the presence of insulin than in its absence (Fig.
1b). It is probable that insulin occupied a proportion of the IGF-I binding sites on IGF 1R,
allowing 125I-IGF-I to bind to a greater extent to proteins in peak 2.
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Fig. 1. Gel filtration of solubilized placental membrane proteins, preincubated with 125T-IGF-I, without
competing ligand (@) or in the presence of unlabelled competitor (O): a) IGF-I; b) insulin.

As decidua is the primary source of IGFBP-1 in pregnant women!3 and as IGFBP-1 is
the predominant IGFBP in amniotic fluid,!4 the interaction between specific anti-IGFBP-1
antibodies and proteins in peak 2 was tested. Proteins in peak 2 were separated by gel
filtration, equilibrated with 125I-IGF-I in the presence or absence of anti-IGFBP-1 antibodies
and, again, analysed by gel filtration. The elution profiles obtained are given in Fig. 2. In the
presence of anti-IGFBP-1 antibodies the peak at a V,, of 62 mL disappeared from the elution
profile and a new peak, expected to represent the !25I-IGF-I/IGFBP-1/anti-IGFBP-1 anti-
body complex, appeared at V. The experiment was also performed with 125I-IGF-II as a
tracer and similar elution profiles were obtained, while 123I-insulin did not interact at all (data
not shown). These results strongly indicated the presence of IGFBP-1 in the placental mem-
branes. The possibility that peak 2 reflected the presence of contaminating soluble IGFBP-1
was ruled out, since repeated washing of the membranes prior to solubilization did not alter
the magnitude of the peak.

The displacement of 125I-IGF-I from crude placental membranes, membrane so-
lubilizates or proteins in peak 1, separated by gel filtration, by competitive binding assays
with unlabelled IGF-I, IGF-II and insulin was examined and the ICs(, values obtained are
summarized in Table I. The pattern of crossreactivity was again characteristic of the IGF
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IR: IGF-1 > IGF-II >> insulin.!2 Moreover, each successive step in the IGF 1R separation
(membrane solubilization and chromatographic separation of IGF 1R) caused the ICs
values for all unlabelled ligands to decrease.

TABLE I. Binding of '5I-IGF-I to crude placental membranes, solubilized membranes and proteins in peak
1 separated by gel filtration in competition with the unlabelled ligands: IGF-I, IGF-II and insulin

IG5, (nM)
IGF-1 IGF-1I INSULIN
Crude membranes 0.4 0.8 1000
Solubilizates 0.1 0.6 72
Peak 1 proteins 0.05 0.3 8.3

The IC5( values obtained could be attributed to the interaction of ligands with the IGF
IR, because IGFBP-1/125[-IGF-I complexes were not precipitated by PEG (results not
shown). Scatchard analysis of the [GF-I binding to solubilized membrane proteins resulted
in a curvilinear plot, providing evidence that both high affinity and low affinity binding
sites existed (Fig. 3). The dissociation constant (K,) that characterized high affinity
interaction was estimated to be 0.08 nM, and the binding capacity (R,) was approximately
0.05 pmol/mg membrane protein. The slope of the curve representing the low affinity
binding system was very flat on the Scatchard plot and could not be clearly distinguished
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Fig. 3. Scatchard plot of IGF-I binding to placental membrane solubilizates. The ordinate represents the ratio of
bound to free IGF-I (B/F). The contribution of the low affinity binding sites was extrapolated (———) and
subtracted from the total binding (®) to yield the line representing the high affinity binding system (). The
displacement of '25T-IGF-I bound to membrane solubilizate by increasing concentrations of IGF-I is inserted
as a curve (®).
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from nonspecific binding. In binding studies using !25I-IGF-I and proteins in peak 1 (IGF
IR), insulin in low doses caused enhancement of 125I-IGF-I binding to IGF 1R compared
to the degree of binding in the absence of this competitor, demonstrating that the affinity of
IGF 1R is influenced by interaction with other proteins (Fig. 4).

DISCUSSION

Two IGF-I binding species were detected in human placental cell membranes and
solubilizates and separated by gel filtration. The first IGF-I binding structure bound IGF-I
with high affinity (IC5n = 0.05). The specific interaction could be inhibited by IGF-II and
insulin in a pattern characteristic of placental IGF 1R.12 The second site of 125I-IGF-I (and
125.IGF-II) binding was shown to be IGFBP-1. Widely recognised as soluble proteins,
IGFBPs have been recently shown to associate with cell surfaces and components of the
extracellular matrix.5 Specific binding of IGFBP-1 to the a5B1 integrin (fibronectin
receptor) in Chinese hamster ovary cells has been demonstrated. !5 In this study evidence is
provided that IGFBP-1 is associated with human placental cell membranes. However, it is
premature to speculate about the nature of this association.

It has recently been postulated that IGFBP-1 is a key regulator of IGF-I activity within
the local environment of the placenta. !0 IGFBP-1 is synthesised in decidual cells, while the
highest levels occur in amniotic fluid.!13.14 Therefore, it is reasonable to speculate that
decidual IGFBP-1 is transported through the trophoblast cells of the placenta to the
amniotic fluid. The mechanism of transport is still unknown.

It has been noted in this study that IGF-1, IGF-II and insulin bind with higher affinity to
solubilized receptors compared to crude membranes and that the proteins in peak 1 (pre-
sumed to be IGF 1R) exhibited an even greater difference in their binding properties when
separated from IGFBP-1 by gel filtration. One possible explanation of this phenomenon
would be a conformational change in the receptor structure, due to the artificial experimental
milieu, which resulted in a high-affinity state of the IGF 1R.!7 It should be noted that the in-
sulin receptor does not exhibit a comparable change in properties following solubilization.!8

Data from our laboratory support an alternative hypothesis, that a competitive binder,
IGFBP-1, positioned in the proximity of IGF IR, in the placental cell membranes, regu-
lates the affinity of IGF 1R for its ligands. The concept of an affinity regulator, whose ac-
tivity might be modulated by physiological circumstances, although attractive, needs fur-
ther investigation.

Acknowledgements: This work was supported by the Ministry of Science, Technology and Develop-
ment of Serbia, project 1504: Glycobiological aspects of physiological and pathophysiological processes.



818 MASNIKOSA, NIKOLIC and NEDIC

U3BO

BE3VYJYRE CTPYKTYPE 3A MHCYJIMHY CIIMYHE ®AKTOPE PACTA (IGF) Y
MEMBPAHAMA ITNTAUEHTAJIHMX REJIMJA

POMAHA MACHHKOCA, I1. AHA HUKOJIITh u OJITMIIA HEOTh
UHEII — Uncitiuitiyisi 3a tpumery Hykeaapre enepzuje, banaiticka 31 b, 11080, beozpao-3emyn

IGF-I n IGF-II noctizKy cBoje Grosorike eeKre MPBEHCTBEHO MyTeM Be3nBama 3a i 1 IGF
peuenropa (IGF 1R), a y uHTepakipju n3mehy OBHX NMENTHJIA U PELENTOpa MOCPEy]y CrelupuIHn
pacrBopru nporenHy, IGF Besyjyhn nporensn (IGFBPs). Y nurepatypu je cBe BHIle HOfaTaka o
BesuBamwy nojepuHux IGFBP 3a hemmjcke moBplvHe, Mafa je MaJlo pajioBa KOjU CE OfHOCE Ha
Be3uBambe IGFBP-1 3a henmje. hemmjcke mem6pane, Koje cy KopriitheHe y OBOM pajty, M30JI0BaHe Cy
U3 TKMBA TEPMUHCKE XyMaHe TutaneHTe. HakoH conyOunisanpje MeMOpaHa, ref-(puiTpaiyjoM Ha
Sephadex-y G-100 pa3aBojeHe cy ABe Bpcre IpoTenHa Koje Be3yjy IGF monexyie. ITporeunn y nppom
MaKCIMyMy, €IyHpaHd y HyJITOj 3anpeMuHu Komoue (), BesmBamm cy IGF-I ca Behom crerm-
¢prunonthy u acdunuTeTOM Y NIOpebewy ca IGF-11 n nHcymMHOM 1 HajBepoBaTHHje npefcTasibajy IGF
IR. Y okBuUpy MEMOpaHCKUX NPOTEHHA €IYMPAHUX y APYTOM MAaKCHMyMY JIE€TEKTOBAHH Cy Marbu
npotentn (M, ~ 45 kD), koju cy Be3usamu IGF-1 u IGF-II, amm He u wHCcymH. Ha OCHOBY HsHXOBE
peakTuBHOCTH ca aHTU-IGFBP-1 anTuTeMMa, yrBpheHo je na ce pagu o IGFBP-1. Konuko je Hama
[I03HATO, OBAj paji IpefcTaB/ba NpBY NOTBpAY npucycrBa IGFBP-1 y MemOpaHama IUTALEHTHUX
hemmja. IIpucyctBo momekyna IGFBP-1 y 6mmuan Mem6pancku ycuapeHor IGF 1R mormo 6m
06e30eauTH eprkacHy MOAyJIAl|jy HHTEpaKiyja m3Meby perienrropa u ofropapajyher nurasua.

(IIpumsbeno 21 ebpyapa, pesugupano 20 jyna 2003)
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