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Pre-eclampsia, the most common pregnancy associated syndrome, is connected with

remodelling of extracellular matrix of the umbilical cord tissues. Since the fibroblast

growth factor (FGF) is known to be a stimulator of collagen and glycosaminoglycan

biosynthesis, one may expect that it plays an important role in such a remodelling.

Studies performed on the umbilical cords of 10 control and 10 pre-eclamptic new-

borns demonstrated that both the umbilical cord arterial wall and Wharton’s jelly con-

tain FGF mainly in complexes with the components of different molecular mass.

Pre-eclampsia is associated with a decrease of endogenous FGF-binding by soluble

high molecular mass components of the umbilical cord. It is suggested that FGF re-

leased from these complexes may be actively bound by fibroblasts of the umbilical

cord, stimulating them to produce collagen and sulphated glycosaminoglycans.

It is known that the extracellular matrix

(ECM) is the place where growth factors, like

fibroblast growth factor (FGF), transforming

growth factor-� (TGF-�) and insulin-like

growth factors (IGFs) are concentrated and

stabilised in the vicinity of cells. The release of

these factors from matrix storage may in turn

control cell growth and differentiation and

stimulate the cells to produce the extracellular

matrix components. This suggests that both

binding and storage of growth factors by the

matrix are important mechanisms in the con-

trol of cellular metabolism (Taipale &

Keski-Oja, 1997; Hardingham & Fosang,

1992; Jackson et al., 1991; Ruoslahti &

Yamaguchi, 1991).

Pre-eclampsia (EPH-gestosis) is the most

common pathological syndrome observed in
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pregnancy. It is associated with a significant

increase in collagen content in the umbilical

cord arteries (UCAs) (Bañkowski et al., 1993;

1999; Romanowicz, 1998) and an early re-

placement of hyaluronic acid by sulphated

glycosaminoglycans (GAGs) both in UCA and

in Wharton’s jelly (Sobolewski et al., 1997).

Since some of these factors (IGF-I, FGF) are

known to stimulate collagen and GAGs

biosynthesis, one may expect that they play an

important role in remodelling of the umbilical

cord tissues (Zhang & Phan, 1996; Feld et al.,

1995; Thomas, 1987).

It has been reported in our recent papers

that both the UCA and Wharton’s jelly con-

tain IGF-binding proteins and that their

amount and the binding activities become al-

tered in pre-eclampsia (Pa³ka et al., 2000). On

the other hand, it is known that sulphated

GAGs, especially heparin sulphate and hepa-

rin in proteoglycans bind FGF (Hardingham

& Fosang, 1992; Jackson et al., 1991;

Ruoslahti & Yamaguchi, 1991). Binding of

bFGF by the umbilical cord tissues has not

been investigated so far. Therefore binding of

this factor by UCA and Wharton’s jelly was

evaluated in new borns from normal preg-

nancy and pre-eclampsia.

MATERIALS AND METHODS

Tissue material. Umbilical cords of 10 con-

trol and 10 pre-eclamptic newborns, delivered

between 38 and 41 weeks of gestation. The

control material was taken from newborns de-

livered by healthy mothers, aged 23–35, with

normal blood pressure (systolic 100–139 mm

Hg, diastolic 70–89 mm Hg). The mothers pre-

sented no symptoms of edema or renal fail-

ure. The mean body mass of newborns was

3.668 ± 371 g. The pre-eclamptic newborns

were delivered by mothers, aged 22–34, who

demonstrated an elevation of blood pressure

(systolic > 140 mm Hg, diastolic > 90 mm Hg),

proteinuria (> 500 mg/l) and edema after bed

rest. The patients with cardio-vascular, renal

and metabolic diseases were excluded. The

mean body mass of newborns was 3056 ± 498

g. In all cases, 20 cm long sections of the um-

bilical cords were excised beginning from

their placental end. The UCAs and Wharton’s

jelly were carefully separated.

Preparation of tissue extracts. The tissues

(200 mg) were homogenised in 2 ml of 1 M ace-

tic acid (acidic extract) or in 0.05 M Tris/HCl,

pH 7.6 (neutral extract) with the use of a me-

chanical homogenizer, and then submitted to

ultrasonification (20 kHz, 3 � 10 s, at 0�C).

The homogenates were centrifuged at 10000

� g for 10 min at 4�C. The supernatants were

collected and evaporated in a vacuum concen-

trator (Labconco).

Sodium dodecyl sulphate/polyacryla-

mide gel electrophoresis (SDS/PAGE).

Slab SDS/PAGE was performed according to

the method of Laemmli (1970) in 10%

polyacrylamide gel. The dried materials were

dissolved in 0.5 ml of sample buffer (0.0625 M

Tris/HCl, pH 6.8, containing 20% glycerol and

5% SDS), and 20 �l of each were applied to the

gel. The following Bio-Rad molecular mass

standards were used: 139.9 kDa, 86.8 kDa,

47.8 kDa, 33.3 kDa, 28.6 kDa and 20.7 kDa.

After SDS/PAGE, the gels were allowed to

equilibrate in a mixture of 0.025 M Tris and

0.2 M glycine in 20% (v/v) methanol for 5 min.

The protein was transferred to 0.2 �m

pore-sized nitrocellulose, at 100 mA for 1 h us-

ing a Sigma-Aldrich SV 20-SDB electrophore-

sis unit. Nitrocellulose was blocked with 3%

IGEPAL CA-630 in TBS for 30 min, then in 1%

bovine serum albumin (BSA) in TBS for 2 h

and finally in 0.1% Tween 20 in TBS for 10

min at room temperature, and submitted to

ligand binding (Hosenlopp et al., 1986).

Ligand blotting (
125

I-FGF binding).

FGF-binding by the components of tissue ex-

tract on the membrane was carried out as de-

scribed by Hosenlopp et al. (1986) with 1 �Ci

of 125I-bFGF (Sigma) in 10 ml of mixture con-

taining 1% BSA and 0.1% Tween 20 in TBS.

The membrane was washed twice with 20 ml

of 0.1% Tween 20 in TBS, 3 times with 20 ml
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of TBS, dried for 1 h and exposed to Kodak

X-Omat film for 3 days at –70�C.

Detection of bFGF in the extracts of the

UCA-wall and Wharton’s jelly. The extracts

were submitted to SDS/PAGE and ligand

blotting with the use of monoclonal anti-hu-

man bFGF, Clone FB-8 (Sigma) (Hosenlopp et

al., 1986).

All the experiments were performed on 20

tissue samples, taken from 10 control and 10

pre-eclamptic subjects. Representative electro-

phoregrams are presented.

RESULTS

Figure 1A shows the position of endogenous

bFGF in acetic acid extracts from UCA and

Wharton’s jelly. In control UCA two closely lo-

cated bands of about 85 kDa are apparent

(lane 1). Only a trace amount of this material

was detected in pre-eclamptic material

(lane 2). Also significant differences between

UCA and Wharton’s jelly are evident. The con-

trol Wharton’s jelly contains a large amount

of FGF bound to a high molecular mass com-

pound (lane 3), which does not penetrate the

separating gel. In contrast to control, only a

slight amount of endogenous FGF is bound to

this component of pre-eclamptic Wharton’s

jelly. Only trace amounts of endogenous FGF

are bound to the components of lower molecu-

lar mass (lane 4).

The neutral extract (Fig. 1B) from control

UCA contains more endogenous bFGF than

does the acidic extract. This factor forms com-

plexes with the components of different mo-

lecular mass. The band of the highest electro-

phoretic mobility corresponds to the molecu-

lar mass of free FGF, about 25 kDa (lane 1).

No significant differences between control

(lane 1) and pre-eclamptic (lane 2) UCA were

found. Less endogenous FGF was extracted

from both control (lane 3) and pre-eclamptic

(lane 4) Wharton’s jelly than from UCA. It

seems that in this tissue a part of FGF is

bound to high molecular mass component(s),

which hardly penetrated the separating gel

and only a part (a trace amount) corresponds

to free FGF (lanes 3 and 4).

It can be seen from Fig. 2A that the acetic

acid extract from the control UCA wall con-

tains at least two additional constituents, be-

sides those bound to endogenous bFGF, which

are able to bind exogenous, radioactive FGF.

One of them (30 kDa) is distinctly visible and
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Figure 1. The SDS/PAGE pattern of endogenous fibroblast growth factor (FGF) on acidic (A) and neutral

(B) extracts of umbilical cord artery (UCA) and Wharton’s jelly.

The ligand blotting procedure was performed as described in Materials and Methods. Control UCA (lane 1),

pre-eclamptic UCA (lane 2), control Wharton’s jelly (lane 3), pre-eclamptic Wharton’s jelly (lane 4).



the other (135 kDa) in less intensive (lane 1).

In pre-eclamptic UCA (lane 2) the 30 kDa-bin-

ding site is less intensively expressed. In con-

trast to UCA-wall, in the acidic extract from

Wharton’s jelly binding of exogenous
125I-FGF is not observed with the exception of

a compound of about 135 kDa (lane 3).

Pre-eclampsia does not affect binding of FGF

by Wharton’s jelly constituents (lane 4).

As can be seen from Fig. 2B the neutral ex-

tracts both from the UCA wall and Wharton’s

jelly contain several additional constituents

differing in molecular mass, which bind exog-

enous radioactive FGF. Some of them are of

high molecular mass and do not penetrate the

separating gel. In control UCA at least 5 com-

pounds which bind exogenous radioactive

FGF have been detected. Their molecular

mass varies from 30 kDa to at least 140 kDa

(lane 1). All the bands detected in control UCA

are apparent also in pre-eclamptic UCA. The

amount of 125I-FGF-binding component(s)

which do not penetrate the separating gel

seems be even higher than in control UCA.

Furthermore, the extract from pre-eclamptic

UCA contains some additional 125I-FGF bind-

ing compounds, which were not observed in

control UCA. In addition to the above men-

tioned high molecular mass components, two

low molecular mass (22–26 kDa) 125I-FGF

binding compounds are visible at the bottom

of the gel (lane 2). 125I-FGF-binding by the

neutral extracts of control Wharton’s jelly

(lane 3) is very similar to that exhibited by

control UCA extracts. Pre-eclampsia is associ-

ated with the disappearance of several

(mainly low-molecular) FGF-binding com-

pounds (lane 4).

DISCUSSION

Extracellular matrix is a place where various

growth factors are bound and immobilised

(Carey, 1997; Iozzo, 1998). Heparan sulphate

and heparin are known as the main

FGF-binding components (Jackson et al.,

1991; Tanaka et al., 1998). The sulphated

proteoglycans protect FGF against proteoly-

sis and allow concentration of significant

amounts of this factor in the vicinity of cells

(Tanaka et al., 1998; Gallagher, 1996).

It has been found that endogenous bFGF ex-

tracted by acetic acid either from the UCA or

Wharton’s jelly is bound to some components

of high molecular mass. Furthermore, these
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Figure 2. The SDS/PAGE pattern of FGF-binding compounds of acidic (A) and neutral (B) extracts of um-

bilical cord artery (UCA) and Wharton’s jelly submitted to the ligand blotting procedure.

Control UCA (lane 1), pre-eclamptic UCA (lane 2), control Wharton’s jelly (lane 3), pre-eclamptic Wharton’s jelly

(lane 4).



extracts contain some FGF-binding constitu-

ents, which are not fully saturated with endog-

enous FGF and are able to bind exogenous
125I-FGF.

The neutral extracts from control UCA and

Wharton’s jelly contain more endogenous

FGF associated with the components of differ-

ent molecular mass able to bind FGF. Further-

more, these extracts seem to contain some

free FGF. The sulphate-containing proteo-

glycans are strongly anionic substances (Jack-

son et al., 1991; Hardingham & Fosang, 1992).

Their solubility in neutral solutions is dis-

tinctly higher than in acidic conditions. This

seems be the reason why the amount of

proteoglycan-bound bFGF in neutral extracts

is higher than in acidic conditions.

It is worthy of note that neutral extracts,

similarly as acidic extracts, contain the con-

stituents which are not saturated with endoge-

nous FGF and can bind to exogenous 125I-FGF

in the experimental conditions.

Our experiments proved that the extracts

from UCA or Wharton’s jelly contain several

soluble FGF-binding compounds. It can not be

excluded that the examined tissues contain

other FGF-binding components which are not

extracted in the experimental conditions. It is

known that high molecular mass proteo-

glycans are extracted by the concentrated so-

lutions of guanidine hydrochloride (Yana-

gishita et al., 1987). However, it would be im-

possible to perform the FGF-binding reaction

in concentrated guanidine-HCl since the exist-

ing complexes would dissociate. The

extractability of FGF-binding compounds de-

pends on the pH of extracting solution. Dis-

tinctly more FGF-binding material has been

extracted by neutral buffer than by acidic so-

lution.

It is of interest that the high molecular mass

components extracted with acidic solutions ei-

ther from the UCA wall or Wharton’s jelly of

pre-eclamptic newborns contain less bound

endogenous FGF than controls. Such differ-

ences were not observed in neutral extracts.

Basing on the presented results one may

conclude that pre-eclampsia is associated with

a decrease of endogenous FGF-binding by

high molecular mass components of the um-

bilical cord. Also it may be suggested that free

FGF (released from high molecular mass com-

plexes) can be actively bound by fibroblasts of

the umbilical cord, stimulating them to pro-

duce collagen and sulphated GAGs.

Various FGF-binding compounds of the UCA

wall and Wharton’s jelly differ in affinity to

FGF and preference for binding endogenous

FGF. The binding compounds saturated with

endogenous FGF may be in accessible to exog-

enous FGF.

It is known that the umbilical cord, espe-

cially Wharton’s jelly, contains a low number

of cells (mainly myofibroblasts) and large

amounts of collagen, hyaluronic acid and

sulphated glycosaminoglycans. These cells

must be strongly stimulated to produce such a

large amount of extracellular matrix compo-

nents (Sobolewski et al., 1997; Bañkowski et

al., 1996). Both IGF-I (Pa³ka et al., 2000) and

FGF seem to be responsible for such stimula-

tion. The immobilisation and concentration of

these growth factors by binding constituents

may be the mechanisms which promote the

biosynthesis of extracellular matrix compo-

nents of the umbilical cord.
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