
Fibrinogen is a plasma glycoprotein and one of the

principle participants in blood coagulation. It is a 340-

kDa dimer composed of two identical monomers, each

containing polypeptide chains Aα, Bβ, and γ, linked by

29 disulfide bonds [1]. Its plasma concentration ranges

from 2 to 4 g/liter, and its half-life is approximately four

days [2]. Upon tissue injury, fibrinogen is cleaved by

thrombin, and the resulting peptides associate into insol-

uble fibrils that are further cross-linked and stabilized by

the action of the coagulation factor XIIIa. Fibrin, togeth-

er with blood cells, forms a clot that prevents blood loss

[3]. Upon tissue healing, fibrinolysis by plasmin causes

degradation of fibrin and the clot, establishing blood flow

again. Fibrinogen is also an acute-phase reactant whose

concentration increases in response to inflammation,

infection, or injury [2]. Several types of coagulopathies

are known, some of genetic origin and others acquired,

resulting in either increased bleeding or increased fibri-

nolysis time [4, 5]. Molecular changes in fibrinogen affect

the structure and stability of fibrin fibrils. Gene polymor-

phism, posttranslational modifications, and interactions

with other proteins influence the structure and stability of

fibrinogen and fibrin [6-9].

Fibrinogen and/or fibrin interact with many pro-

teins, and an array of them is found in fibrin clot [7, 10-

14]. Several growth factors were identified as clot con-

stituents, including insulin-like growth factors (IGFs)

and their binding proteins (IGFBP) 3 and 5 [15]. It is

generally accepted that growth factors participate in

wound healing by stimulating re-epithelialization [16,

17].

IGFs are involved in cellular growth, proliferation,

migration, and differentiation, and they enhance tissue

repair [18]. IGF bioavailability is regulated by six

IGFBPs whose distribution is tissue-specific [19, 20].

IGFBP-3 is the major binding protein in the circulation,

followed by IGFBP-2, and then the others. IGFBP-1 is

the only one whose concentration changes several-fold

during the day, as its secretion is regulated by insulin [21].

IGFBP proteolysis is a mechanism to liberate IGFs

enabling their action, and plasmin was confirmed to be an
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IGFBP protease [22, 23]. Both IGFBP-3 and IGFBP-5

possess a heparin-binding domain that interacts with the

components of the extracellular matrix, and in vitro

experiments have confirmed their binding to fibrinogen

[15, 24]. Other IGFBPs do not have a heparin-binding

domain.

Huang and Lord [25] found that fibrinogen isolated

from plasma, recombinant fibrinogen, and engineered

variant Aα251 exhibit some differences upon polymeriza-

tion. They demonstrated that fibrinogen complexes exist

as minor fractions in all fibrinogens, but they are not

exactly the same. Their presence changed the kinetics of

polymerization and disturbed the formation of fibrin fib-

rils [25]. Taking into account these conclusions and the

possibility that the presence of pre-formed fibrinogen

complexes may affect clot stability, it seemed relevant to

investigate whether fibrinogen in human plasma interacts

with IGFBPs independently of the tissue injury or coag-

ulation process.

MATERIALS AND METHODS

Plasma samples. Human plasma was obtained from

healthy adult volunteers (n = 30), who agreed that their

samples could be used for this study. Venous blood was

collected from each person after overnight fasting into a

vacutainer containing sodium-EDTA as anticoagulant.

Plasma was separated from blood cells within 1 h and

used for the isolation of fibrinogen within the next 2 h.

The concentration of fibrinogen in plasma ranged from

2.5 to 3.7 g/liter. Three pools of plasma were made by

using equal volumes of 10 different plasma samples.

Isolation of fibrinogen from plasma. Fibrinogen was

isolated from each plasma pool using the procedure for

the preparation of the first Cohn fraction [26]. Fibrinogen

was precipitated from 1 ml of plasma by the addition of

176 µl of 53.3% ethanol and 1 µl of 0.8 M sodium acetate

buffer, pH 4.0. The mixture was left at 4°C for 1 h and

then centrifuged at 10,000g for 2 min. Fibrinogen was dis-

solved in 0.15 M citrate buffer, pH 6.1, and the precipita-

tion repeated to purify the protein. Isolated fibrinogen

was dissolved in the same citrate buffer (4 g/liter) and

used immediately in the experiments. The concentration

of fibrinogen was determined by two reagents: Fowell

(specific for fibrinogen [27]) and bicinchoninic acid

(BCA, general for proteins; Abcam, UK).

Electrophoresis and Western immunoblotting.

Fibrinogen samples diluted to 0.4 g/liter were analyzed by

polyacrylamide native (nPAGE) and SDS electrophoresis

under reducing conditions (rSDS-PAGE) using 8% gels.

Proteins were either stained in gels by Coomassie brilliant

blue solution or transferred to nitrocellulose membrane

and immunoblotted with a panel of primary antibodies:

anti-fibrinogen (Abcam), anti-IGFBP-1, anti-alpha-2-

macroglobulin (AbD Serotec, UK), anti-IGFBP-2

(Biogenesis, UK), anti-IGFBP-3 (DSL, USA), and anti-

IGFBP-4 (Santa Cruz Biotechnology, USA). Bio-

tinylated secondary antibody coupled with HRP-conju-

gated avidin (Vector, USA) or HRP-conjugated second-

ary antibody (AbD Serotec) and ECL reagent (Pierce

Biotechnology, USA) were used for immunodetection.

Fig. 1. rSDS-PAGE (a) and nPAGE (b) of isolated fibrinogen from human plasma stained with Coomassie brilliant blue. Immunoblot of the

isolated fibrinogen with anti-fibrinogen (c), anti-IGFBP-1 (d), anti-IGFBP-2 (e), anti-IGFBP-3 (f), and IGFBP-4 (g) antibody. Immuno-

blot of plasma sample (h) and rhIGFBP-1 (i) with anti-IGFBP-1 antibody.

a                b      c                        d     e      f  g     h                       i
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Immunoreactive proteins were visualized by autoradio-

graphy employing Roentgen film and the appropriate

developing reagents (Kodak, France).

Immunoprecipitation. Immunoprecipitation of pro-

tein complexes fibrinogen/IGFBP-1 was performed

using Pierce® Co-Immunoprecipitation Kit (Pierce

Biotechnology). Following the manufacturer’s instruc-

tions, 5 µg of anti-fibrinogen or anti-IGFBP-1 antibody

was separately immobilized to AminoLink®Plus Coupling

Resin (50 µl) in spin columns. Isolated fibrinogen samples

at 0.4 g/liter in 200 µl of PBS (provided within the kit)

were incubated with each immunoaffinity resin at 4°C

overnight. Unbound proteins were washed away by PBS

(8 × 200 µl), specifically bound proteins were eluted with

110 µl (10 µl + 2 × 50 µl) of the elution buffer with pH 2.8

(provided within the kit) and immediately neutralized

with 2 µl of 2 M Tris-HCl buffer, pH 8.9. Immunoprecip-

itated proteins were analyzed by immunoblotting.

Lectin affinity chromatography. Lectin affinity chro-

matography using agarose-immobilized ConA (lectin

from Canavalia ensiformis; Vector, USA) was performed

according to the producer’s manual. Isolated fibrinogen

samples at 0.4 g/liter in 1 ml of 0.02 M HEPES buffer, pH

7.5 (containing 0.15 M NaCl and 1 mM calcium-, mag-

nesium-, and manganese chloride each), were incubated

with 2 ml of lectin resin, first by recirculation at room

temperature for 1 h, and then at 4°C overnight. Unbound

proteins were washed away with the same HEPES buffer

(30 ml), whereas bound proteins were eluted with 0.05 M

acetate buffer, pH 5.0 (containing 1 M NaCl, 15 × 1 ml),

and neutralized using 2 µl of 2 M Tris buffer, pH 8.9. The

fraction with the greatest amount of protein (assessed by

measuring A280) was analyzed by immunoblotting.

RESULTS AND DISCUSSION

Before testing the reactivity of fibrinogen with

IGFBPs, the purity of the isolated fibrinogen preparations

was analyzed. Two electrophoretic approaches (nPAGE

and rSDS-PAGE) showed that there were no visible pro-

tein bands in the gels except those originating from fib-

rinogen: three bands in rSDS-PAGE (Fig. 1a, a represen-

tative example) and one band in nPAGE (Fig. 1b). Thus,

isolated fibrinogen samples were either completely pure or

contained minute quantities of other plasma proteins.

Immunoblotting with anti-fibrinogen antibody confirmed

the identity of the isolated protein (Fig. 1c).

In the second set of experiments, the possible exis-

tence of complexes formed under physiological condi-

tions between fibrinogen and the most abundant plasma

IGFBPs was tested. Isolated fibrinogen samples were

immunoblotted with anti-IGFBP-1, -2, -3, and -4 anti-

bodies after nPAGE (representative results are shown in

Fig. 1, d-g). The only immunoreactive band was detected

with anti-IGFBP-1 antibody (Fig. 1d). Since fibrino-

gen/IGFBP-1 complexes were not previously identified,

the specificity of anti-IGFBP-1 antibody was re-evaluat-

ed (apart from the producer’s declaration) using entire

plasma (Fig. 1h) and rhIGFBP-1 (Fig. 1i) as samples.

Immunoblotting with rhIGFBP-1 resulted in one protein

band originating from IGFBP-1 monomer, whereas sev-

eral immunoreactive proteins were detected in plasma

corresponding to IGFBP-1 monomer, dimer, oligomers,

and/or complexes [28]. According to these results, isolat-

ed fibrinogen preparations contained small quantities of

fibrinogen/IGFBP-1 complexes that were formed in vivo.

In the third set of experiments, fibrinogen was isolat-

ed from individual plasma samples (not pools) and

immunoblotted to investigate whether the existence of

fibrinogen/IGFBP-1 complexes is a general feature.

Immunoblotting results for four representative individual

fibrinogen preparations are shown in Fig. 2a (with anti-

fibrinogen) and Fig. 2b (with anti-IGFBP-1 antibody).

IGFBP-1 immunoreactive protein bands were detected

in all individual fibrinogen samples.

To confirm that fibrinogen/IGFBP-1 complexes

exist, immunoprecipitation with anti-fibrinogen or anti-

IGFBP-1 antibody of the isolated fibrinogen samples fol-

lowed by immunoblotting was performed. As seen in Figs.

3a and 3b (representative results), proteins specifically

eluted from fibrinogen immunoaffinity resin were

IGFBP-1 immunoreactive (with anti-fibrinogen and

anti-IGFBP-1 antibody, respectively), and those eluted

from IGFBP-1 immunoaffinity resin were fibrinogen

immunoreactive (Fig. 3c).

Since IGFBP-1 forms complexes with α-2-

macroglobulin [29-31] and associates into oligomers [31-

33], which all have high molecular masses, the last set of

Fig. 2. Immunoblot of isolated fibrinogen from four individual

plasma samples with anti-fibrinogen (a) and anti-IGFBP-1 (b)

antibody.

a                           b
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experiments was conducted to exclude the doubt that

these molecules were present in fibrinogen preparations.

Immunoblotting with anti-α-2-macroglobulin antibody

resulted in no signal (Fig. 3d), which is in accordance

with the literature data referring to α-2-macroglobulin as

a protein isolated in the third Cohn fraction [34].

To eliminate IGFBP-1 oligomers as contributors to

the IGFBP-1 signal in fibrinogen preparations, two

experiments were performed. In the first one, a pooled

serum sample (known to contain a majority of IGFBP-1

oligomers, but no fibrinogen) was subjected to ethanol

precipitation in the same way as plasma. Practically no

sediment was formed. After aspiration of the liquid, the

rest of the procedure imitating dissolution of fibrinogen

was carried out, and IGFBP-1 immunoblotting resulted

in no signal (data not shown). Therefore, IGFBP-1

oligomers did not precipitate under conditions that

caused precipitation of fibrinogen.

Finally, a fibrinogen sample was subjected to ConA

affinity chromatography, followed by fibrinogen or

IGFBP-1 immunoblotting of the specifically bound pro-

teins. Fibrinogen is a glycoprotein whose β and γ chains

are N-glycosylated and the most dominant glycan struc-

tures are of the biantennary type containing core man-

nose residues [35]. Since ConA specifically recognizes

such glycans [36], it was applied to re-test previous find-

ings. The ConA-eluted fraction was found to be both fib-

rinogen (Fig. 3e) and IGFBP-1 immunoreactive (Fig.

3f), confirming co-isolation of IGFBP-1 with fibrinogen.

IGFBP-1 oligomers could not be isolated by lectin chro-

matography, as IGFBP-1 is not a glycoprotein [37].

The experiments described in this work have identi-

fied IGFBP-1 as a complex-forming partner of fibrino-

gen under physiological conditions and independent of

the coagulation process. On the other hand, the fibrino-

gen molecule isolated from human plasma did not exhib-

it IGFBP-2, IGFBP-3, or IGFBP-4 immunoreactivity.

Campbell and coworkers [24] reported that rhIGFBP-3

interacted with commercial fibrinogen immobilized on a

plate, and IGFBP-1 was unable to disturb that interac-

tion. Martino and his group [15] found that rhIGFBP-3

immobilized on a plate bound recombinant HBD of fib-

rinogen. It is, however, questionable whether these and

our results can be compared as Huang and Lord [25] have

shown that the isolated, commercial, and engineered fib-

rinogen molecules behaved differently. Since most

IGFBPs are posttranslationally modified under physio-

logical conditions [38], they are also expected to react

differently to some extent from the recombinant variants.

The possible role of fibrinogen/IGFBP-1 complexes

is still unknown. IGFBP-1 is a 30-kDa protein posttrans-

lationally modified by phosphorylation [37]. Five iso-

forms were identified with variable degree of phosphory-

lation [39]. Dephosphorylation of IGFBP-1 reduces its

affinity for IGFs potentiating their activity [20, 21, 32].

IGFBP-1 synthesis occurs mainly in the liver of non-

pregnant adults [21] and is inversely correlated to insulin

[40]. IGFBP-1 contains the RGD sequence enabling its

binding to the α5β1 integrin and stimulating cell migra-

tion [41, 42].

IGFBP-1 was identified among molecules of the fib-

rin clot formed in vivo [43, 44], and it is a substrate for

plasmin [23]. Besides playing a general role as a regulator

of IGF activity or cell migration, IGFBP-1 may perform

some other functions, possibly related to insulin and glu-

cose metabolism. The concentration of IGFBP-1 in plas-

ma correlates with insulin sensitivity, and in patients with

diabetes mellitus type 2 negative feedback control

between insulin and IGFBP-1 can be lost [45]. On the

other hand, vascular diseases and compromised coagula-

tion are complications frequently occurring in patients

with diabetes mellitus type 2 [46]. Further investigation

on the fibrinogen/IGFBP-1 complexes in individuals

expressing both impaired glucose control and coagulopa-

thy should contribute to identification and understanding

of the physiological role of these complexes.

This work was supported by the Ministry of

Education, Science, and Technology of the Republic of

Serbia (grant No. 173042).

Fig. 3. Immunoblot of molecules isolated by immunoprecipitation

with immobilized anti-fibrinogen (a, b) or anti-IGFBP-1 anti-

body (c) detected with anti-fibrinogen (a, c) or anti-IGFBP-1 (b)

antibody. Immunoblot of isolated fibrinogen with α-2-macroglob-

ulin antibody (d). Immunoblot of molecules isolated by ConA

lectin chromatography with anti-fibrinogen (e) or anti-IGFBP-1

(f) antibody.

a         b          c          d        e          f
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