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Wharton’s Jelly as a Reservoir of Peptide Growth Factors
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This study has assessed the amounts of insulin-like growth factor I (IGF-I), fibroblast growth factor (FGF), transforming growth

factor b (TGF-b), platelet-derived growth factor (PDGF) and epidermal growth factor (EGF) and their binding to extracellular

matrix components of Wharton’s jelly. Studies were performed on the umbilical cords taken from human newborns delivered by

healthy mothers. Wharton’s jelly was separated and submitted to homogenisation and extraction with acetic acid and TriseHCl

buffer. The assays of growth factors were carried out with the use of ELISA commercial kits, together with SDS/polyacrylamide

gel electrophoresis of tissue extracts followed by Western immunoblotting. Several growth factors, viz. acidic FGF, basic FGF,

EGF, IGF-I, PDGF and TGF-b were detected in Wharton’s jelly. The amounts of these factors per gram of tissue vary from

about 40 pg (EGF, PDGF) to about 200 ng (IGF-I). The amounts of peptide growth factors calculated per microgram of DNA are

distinctly higher in Wharton’s jelly in comparison to the umbilical cord artery. Western blot analysis demonstrated that almost the

entire amount of these factors is bound to high molecular weight components. Since the number of cells in Wharton’s jelly is very

low and the amounts of extracellular matrix components are very high, it is concluded that the cells are strongly stimulated by

peptide growth factors to produce large amounts of collagen and glycosaminoglycans.
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INTRODUCTION

Wharton’s jelly is a tissue, which surrounds the umbilical cord

vessels. It contains a very low number of cells and high

amounts of extracellular matrix (ECM) components, mainly

collagen, hyaluronic acid and several sulphated proteoglycans

[1,2]. The high amount of hyaluronic acid makes this tissue

highly hydrated and the high amount of collagen makes it

resistant to extension and compression evoked by fetal

movements and uterine contraction.

A large number of growth factors have been found to

associate with extracellular matrix proteins or with heparan

sulphate. Rapid and localized changes in the activity of these

factors can be induced by their release from matrix storage

and/or by activation of latent forms. These growth factors, in

turn, control cell proliferation, differentiation and synthesis

and remodelling of the extracellular matrix. This suggests that

ECM plays a major role in the control of growth factor

signalling [3].

The cells of Wharton’s jelly were previously described as

myofibroblasts [4,5], which possess ultrastructural character-

istics of both fibroblasts and smooth muscle cells. They can
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function in both fibrogenesis and contraction. They may

contribute to the elasticity of Wharton’s jelly by synthesising

collagen fibres and participate in the regulation of umbilical

blood flow by virtue of their contractile properties [4,5]. Mitchell

et al. [6] found that stromal cells of Wharton’s jelly have

properties of potentially multipotent stem cells. They can be

propagated in culture for more than 80 doublings. Treatment

with basic fibroblast growth factor (bFGF) induces these cells to

express a neural phenotype. The neuron-like cells stained

positively for several neuronal proteins. Some markers for

oligodendrocytes and astrocytes were also detected in these cells

[6]. Furthermore, mast cells were found inWharton’s jelly, most

frequently in close proximity to the umbilical cord vessels [7].

Since Wharton’s jelly contains a low number of cells and

very high amounts of extracellular matrix components it may

be concluded that the cells are strongly stimulated to

produce large amounts of collagen, hyaluronate and sulphated

proteoglycans. It is well known that biosynthesis of extracel-

lular matrix components is enhanced by several peptide

growth factors, mainly insulin-like growth factor (IGF) [8],

fibroblast growth factor (FGF) [9] and transforming growth

factor b (TGF-b) [10]. These growth factors may accumulate

within Wharton’s jelly to promote the synthesis of large

amounts of ECM.

Our previous papers reported that Wharton’s jelly accumu-

lates large amounts of IGF-I [11] and IGF-binding proteins
� 2004 Elsevier Ltd. All rights reserved.
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[12e14]. Therefore, we decided to measure the amounts of

some other peptide growth factors e FGF, TGF-b, platelet-
derived growth factor (PDGF) and epidermal growth factor

(EGF) e in Wharton’s jelly and to evaluate their binding to

extracellular matrix components.

MATERIAL AND METHODS

The protocol of study described in this paper was accepted by

the Committee for Ethics and Supervision on Human and

Animal Research of the Medical Academy of Bia1ystok.

Tissue material

Studies were performed on 12 umbilical cords of newborns

delivered by healthy mothers, aged 18e35 years, with normal

blood pressure (systolic 100e120 mm Hg, diastolic 70e90 mm

Hg), without edema and any symptoms of renal failure or

metabolic diseases. All babies were born between 38 and 41

weeks of gestation. Their mean body weight was

(3683G 520 g). Immediately after delivery, 20 cm sections of

the umbilical cords (beginning from their placental end) were

excised and submitted to isolation of Wharton’s jelly and

umbilical cord arteries using microsurgical technique. The

tissue samples were washed with 0.9% NaCl and stored at

�70 (C until assay. Tissue homogenates (10% w/v) were

prepared in 0.15 M TriseHCl buffer, pH 7.6 or in 0.15 M

acetic acid with the use of a knife homogeniser (20,000 rpm,

30 s, 0 (C). The homogenates were submitted to ultra-

sonification (20 kHz, 3! 15 s, 0 (C) and centrifugation at

10,000! g for 30 min at 4 (C. The supernatants (tissue

extracts) were collected and subsequently assayed for growth

factors using ELISA and Western blot analysis.

Growth factors assays

The following commercial kits for the assay of peptide growth

factors were provided by R&D Systems Inc, Minneapolis,

USA:

Quantikine human FGF acidic immunoassay (catalogue
number DFA00B)
Quantikine human FGF basic immunoassay (catalogue
number DFB50)
Quantikine human TGF-b immunoassay (catalogue
number DB100)
Quantikine human EGF immunoassay (catalogue num-
ber DEG00)
Quantikine human PDGF-AB immunoassay (catalogue
number DHD00BB)

The ELISA assays of the peptide growth factors aFGF,

bFGF, TGF-b, EGF, and PDGF in tissue extracts were

carried out according to instructions provided by the

manufacturer. Each assay was done in duplicate. The amounts

of all growth factors were expressed in nanograms or

picograms per gram of tissue and per microgram of DNA.
DNA assay

DNA was measured by a fluorimetric method, described by

Rengarajan et al. [15].

Sodium dodecyl sulphate/polyacrylamide gel

electrophoresis (SDS/PAGE)

Slab SDS/PAGE was performed according to the method of

Laemmli [16] in 10% polyacrylamide gel. The dried samples

were dissolved in 0.5 ml of sample buffer (0.0625 M

TriseHCl, pH 6.8, containing 20% glycerol and 5% SDS)

and 20 ml 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.

Western blot analysis

After SDS/PAGE, the gels were allowed to equilibrate for

5 min in 25 mM Tris, 0.2 M glycine in 20% (v/v) methanol.

The protein was transferred to 0.2 mm pore-sized nitrocellu-

lose at 100 mA for 1 h by using a Sigma� semi-dry blotter.

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 as

described [17].

The nitrocellulose was incubated with monoclonal anti-

bodies (R&D) for aFGF, bFGF, TGF-b, EGF, PDGF, IGF-

I at a concentration of 1:1000 in 5% dried milk in TBS-T

(20 mM TriseHCl buffer, pH 7.4, containing 150 mM NaCl

and 0.05% Tween 20) for 1 h. In order to analyse the proteins,

alkaline phosphatase conjugated second antibodies against

rabbit or mouse Fc IgG were added at concentrations of 1:5000

or 1:7500 in TBS-T, respectively. Incubation was continued

for 30 min with slow shaking. The nitrocellulose was washed

with TBS-T (5 times for 5 min) and submitted to Sigma

BCIP/NBT reagent.

Statistical analysis

In all ELISA experiments the mean values for 12 assaysG
standard deviations (S.D.) were calculated. The results were

submitted to statistical analysis with the use of Student’s t test,
accepting p! 0.05, as significant.

RESULTS

Several growth factors were detected in the extracts of

Wharton’s jelly, viz. aFGF, bFGF, EGF, PDGF and TGF-

b. It was not possible to apply one extracting solvent for

quantification of all the investigated growth factors. We found

that 0.15 M acetic acid was a good extracting solution for

TGF-b and PDGF (AB), whereas aFGF, bFGF and EGF

were better extracted with 0.15 M TriseHCl buffer, pH 7.6.

As we reported in our previous publication [11], the efficient

extraction of IGF-I required 1 M acetic acid. The amounts of

TGF-b, PDGF (AB), aFGF, bFGF and EGF were compared
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Table 1. The amounts of growth factors extracted from the umbilical cord arteries (UCAs) and from Wharton’s jelly

Growth factor Extracting solution

Content of growth factor

UCA Wharton’s jelly

TGF-b1 (ng/g) 0.15 M acetic acid 1.99G 0.7 14.39G 2.3
bFGF (ng/g) 0.15 M TriseHCl buffer, pH 7.6 7.50G 2.1 20.51G 3.5
EGF (pg/g) 0.15 M TriseHCl buffer, pH 7.6 38.14G 5.5 38.04G 4.3
PDGF-AB (pg/g) 0.15 M acetic acid 94.35G 29.1 52.22G 21.0
aFGF (ng/g) 0.15 M TriseHCl buffer, pH 7.6 32.50G 11.3 6.99G 2.5
IGF-I (ng/g)a 1 M acetic acid 145.3G 27.5 348.6G 98.7

The values were calculated per gram of fresh tissue. Mean values (nZ 12)G SD.
a Data taken from our previous publication [11].
with the amount of IGF-I, reported in our previous

publication [11].

It is apparent from Table 1 that IGF-I is the most abundant

growth factor of Wharton’s jelly. One gram of this tissue

contains almost 350 ng of IGF-I. TGF-b, aFGF and bFGF

also exist in nanograms, although their amounts are distinctly

lower. PDGF and EGF exist in picogram concentrations. The

amounts of these factors, calculated per gram of tissue, showed

variations for the extracts from the umbilical cord artery and

Wharton’s jelly. It is apparent from Table 1 that the amounts

of IGF-I, bFGF and TGF-b per gram of tissue are distinctly

higher in Wharton’s jelly than in the wall of the umbilical cord

artery. The amounts of EGF are similar in both tissues,

whereas the amounts of aFGF and PDGF are lower in

Wharton’s jelly than in the umbilical cord artery.

Since Wharton’s jelly contains distinctly fewer cells than the

umbilical cord arterial (UCA) walls, it was decided to compare

the amount of these growth factors per mg of DNA. As can be

seen from Figure 1, the amounts of DNA per gram of

Wharton’s jelly are about 6 times lower than in the UCA wall.

The amounts of specific growth factors per mg of DNA

demonstrate distinct differences between the umbilical cord

arterial wall and Wharton’s jelly. It is apparent from Figure 2

that the amounts of growth factors (except aFGF) in

Figure 1.DNA content in the umbilical cord artery (UCA) and in Wharton’s
jelly. Mean values (nZ 12)G SD.
Wharton’s jelly per microgram of DNA are several times

higher in comparison to those in the UCA.

It was of special interest that the Western immunoblotting

did not detect any of the investigated growth factors in a free

form. As can be seen from Figure 3, IGF-I, bFGF, aFGF,

TGF-b and PDGF, extracted from Wharton’s jelly, failed to

penetrate the polyacrylamide gel. EGF was the only growth

factor, which divided during SDS/PAGE into several

fractions to produce at least 3 distinct bands of gel penetrating

material. In no case was a band corresponding to a free growth

factor detected.

DISCUSSION

Growth factors exert their regulating roles on various cells by

their action on specific receptors. These may be present on the

surface of the same cell that produces growth factor (autocrine

action). Alternatively, the growth factor may work on other

cells, which are not themselves producers. In most cases the

target cells are close to the producer cell (paracrine regulation).

In some cases the target cells may also occur in distant parts of

the body, giving rise to a type of regulation analogous to the

mode of action of polypeptide hormones (endocrine regula-

tion) [18,19]. Most of the investigated growth factors exert

their regulatory effects by autocrine or paracrine mechanisms.

IGF-I is the only peptide growth factor which (in addition to

autocrine and endocrine actions) may be released in significant

amounts to bloodstream and transported to target cells located

in other organs [20].

Several authors have studied the growth factors of the

umbilical cord. Copland et al. [21] reported a high expression

of TGF-b3 in human umbilical cord and its reduction in pre-

eclampsia. Immunohistochemical studies reported by Stewart

et al. [22] demonstrated that TGF-b3 was localised in vascular

media, indicating that smooth muscle cells of the umbilical

cord vessels rather than Wharton’s jelly are a source of this

factor.

This study shows that Wharton’s jelly of term delivered

newborns, with its relatively few cells, contains several growth

factors in amounts comparable to or higher than those in the

umbilical cord arterial wall. Most of them are probably
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Figure 2. The amounts of growth factors in the umbilical cord artery (UCA) and Wharton’s jelly per microgram of DNA. Mean values (n Z 12)G SD.
produced by local cells present in this tissue. DNA content is

a good index of the number of cells in any tissue. When

specific growth factor content was related to microgram of

DNA, this revealed significant differences in growth factor

content between UCA wall and Wharton’s jelly. The amounts

of most growth factors per mg of DNA were found to be

distinctly higher in Wharton’s jelly compared to those in the

umbilical cord artery, strongly suggesting that few cells of

Wharton’s jelly produce larger amounts of several growth

factors.

The observation that the growth factors extracted from

Wharton’s jelly failed to penetrate the polyacrylamide gel

during SDS/PAGE may be explained by their binding to high

molecular weight compound(s) to form complexes with

extracellular matrix components [21]. Such complexes are

very stable; they do not dissociate in denaturing conditions

despite the presence of sodium dodecyl sulphate.
Some growth factoreECM interactions involve binding (e.g.

FGF, EGF) to glycosaminoglycan chains of heparin or heparan

sulphate proteoglycans [3,23]. Syndecan-2, a transmembrane

heparan sulphate proteoglycan, binds TGF-b through its core

protein [24]. Latent TGF-b-binding proteins are components

of the extracellular matrix, structurally related to fibrillin,

which are responsible for storage of latent TGF-b in the ECM

[25e27]. PDGF binds to a secreted protein acidic and rich in

cysteine (SPARC). SPARC is a pericellular matrix protein,

ubiquitously expressed during development. Its expression is

high in tissues undergoing remodelling or repair [3]. IGFs

associate with several extracellular binding proteins (IGF-BPs)

that regulate their tissue activity [28]. IGF-BP-5 was described

as a component of fibroblast ECM with localisation of IGFs

within tissues possibly being explained by IGF-BP-5 binding

to matrix [29]. EGF binds to decorin, a small leucine-rich

proteoglycan [30].
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Cells of Wharton’s jelly have a myofibroblastic phenotype

responsible for collagen synthesis as well as contractile

function, which modulate the vascular lumen and regulate

the umbilical cord blood flow [4,5]. Mitchell and co-workers

[6] suggest that myofibroblasts of Wharton’s jelly may be

a source of postnatal stem cells and/or they may be involved

in secretion of cytokines and growth factors involved in

Figure 3. Western immunoblot analysis for growth factors of Wharton’s
jelly, performed on pooled extracts from 12 samples of Wharton’s jelly. bFGF,
aFGF and EGF were extracted with TriseHCl buffer. TGF-b, PDGF and
IGF-I were extracted with acetic acid. The same amounts of protein (20 mg)
were run in each lane.
proliferation and differentiation of closely associated stem

cells.

Despite the low quantity of cells in Wharton’s jelly (about 6

times lower than in the UCA wall) they are able to produce

large amounts of extracellular matrix components. It was

reported by us in a previous paper [1] that Wharton’s jelly

contains about 4 times more collagen and twice as much

glycosaminoglycan in comparison with the UCA wall. This

suggests that the cells of Wharton’s jelly are much more

efficient at producing extracellular matrix components than

the cells of the UCA wall, probably as a result of strong

stimulation of the former by peptide growth factors. It is

known that biosynthesis of extracellular matrix components is

enhanced by growth factors such as IGF-I [8], FGF [9] and

TGF-b [10]. The action of proteases and/or glycosidases may

release and activate growth factors within the tissue, either

those complexed with matrix components or precursor forms,

to generate rapid and highly localised signals [3]. Such signals

may stimulate the cells of Wharton’s jelly to produce large

amounts of ECM components.

The accumulation of peptide growth factors in Wharton’s

jelly, followed by their release and activation, may strongly

promote the biosynthesis of collagen, hyaluronate and

sulphated proteoglycans in this tissue. These ECM compo-

nents would provide a strong mechanical resistance, elasticity

and a high degree of hydration to prevent the umbilical cord

vessels from occlusion, such as that induced by bending,

torsion or stretch evoked by uterine contraction or fetal

movement [31].
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[13] Bańkowski E, Pa1ka J, Jaworski S. An expression of IGF-binding proteins
in normal and pre-eclamptic human umbilical cord serum and tissues.
Mol Cell Biochem 2002;237:111e7.
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[27] Saharinen J, Hyytiäinen M, Taipale J, Keski-Oja J. Latent TGF-b
binding proteins (LTBPs)dstructural extracellular matrix proteins
for targeting TGF-b action. Cytokine Growth Factor Rev 1999;10:
99e117.

[28] Clemmons DR. Role of insulin-like growth factor binding proteins in
controlling IGF actions. Mol Cell Endocrinol 1998;140:19e24.

[29] Jones JI, Gockerman A, Busby WH, Camacho-Hubner C,
Clemmons DR. Extracellular matrix contains insulin-like growth factor
binding protein-5: potentiation of the effects of IGF-I. J Cell Biol 1993;
121:679e87.

[30] Santra M, Reed CC, Iozzo RV. Decorin binds to a narrow region of the
epidermal growth factor (EGF) receptor, partially overlapping but
distinct from EGF-binding epitope. J Biol Chem 2002;277:35671e81.

[31] Pennati G. Biomechanical properties of the human umbilical cord.
Biorheology 2001;38:355e66.


	Wharton’s jelly as a reservoir of peptide growth factors
	Introduction
	Material and methods
	Tissue material
	Growth factors assays
	DNA assay
	Sodium dodecyl sulphate/polyacrylamide gel electrophoresis (SDS/PAGE)
	Western blot analysis
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


