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and their receptors in the porcine umbilical cord
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Abstract: The fibroblast growth factors (FGFs) are multifunctional proteins that, among other roles, regulate structural reorganization of uterine and placental vascular bed during pregnancy. Thus, we analyzed mRNA and protein expression and
immunohistochemical localization of FGF-1 and FGF-2, and their receptors (FGFR-1 and FGFR-2) in the developing
umbilical cord (UC) on days 40, 60, 75 and 90 of pregnancy and after the physiological delivery in the pig (day 114). qPCR
analysis demonstrated an increase in FGF-1 and FGF-2 mRNA levels beginning on day 75 and on day 114 of pregnancy,
respectively. In addition, significantly increased FGFR-1IIIc mRNA expression was also found on day 114. On the other
hand, no significant changes in FGFR-2IIIb mRNA expression were observed. Western Blot analysis revealed a decrease in
FGF-1 and FGFR-2 protein expression after day 40. Beside an increased protein expression of FGF-2 on day 60, no significant changes in FGFR-1 protein expression were detected. Immunohistochemical staining enabled detection of FGF-FGFR
system, with different intensity of immunoreaction in endothelial and tunica media cells of the umbilical vessels and in
allantoic duct and amniotic epithelium as well as in myofibroblasts. In conclusion, our results show that members of FGFFGFR system are expressed specifically in UC structures. Furthermore their day of pregnancy-related expression suggest
that they may be an important players during UC formation and development.
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Introduction
The normal umbilical cord (UC) growth is an essential
prerequisite for dynamic fetal development during
pregnancy. Regular exchange of nutritional substances, respiratory gases and biologically active factors by the umbilical and placental vessels protect the
fetus from intrauterine growth retardation and death.
UC in several species contains two arteries, one vein
and the allantoic duct, which are surrounded by specific embryonic tissue named Wharton's jelly. The
whole UC is covered by the amniotic epithelium,
which undergoes structural reorganization from single
layer at the beginning to a multilayered structure at
term [1]. Blood circulated in UC vessels do not only
provide transport for nutritional substances and respi-
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ratory gases but also is an important source of stem
cells which can be used to treat hematopoietic and
genetic disorders [2]. The major limitation to a wider
use of this source of stem cells is their relative low
number after isolation from single unit of cord blood
[3]. Collagen, elastin, hyaluronic acid and several sulphated proteolgycans are major extracellular components of Wharton's jelly, which contains low number
of cells [4,5]. High amounts of these compounds in the
Wharton's jelly have been suggested to be responsible
for resistance after stretching or compression evoked
by fetal movements and uterine contraction [1,6,7].
Formation of UC structures during early stage of pregnancy and their growth are correlated with size of the
fetus [1,8]. Structural dysfunction related especially
with the umbilical vessels and Wharton's jelly may
result in a decrease in efficiency of the umbilical and
placental circulation, which can affect fetus intra-uterine mortality and post-partum survival of piglets. Furthermore, intrapartum stillbirth accounts for 20% of all
prenatal mortality in pigs and it is predominantly
a result of fetal asphyxiation associated with prema-
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ture rupture of the UC [9-11]. Higher frequency of
piglet asphyxiation is usually the consequence of UCs
that are too short and too thin in comparison to the distance from the ovarian end of the uterine horn to the
vulva, and fetus weight [8].
Mechanisms controlling UC development are still
poorly known. However, formation and dynamic
growth of UC seem to be controlled by the locally produced growth factors, among others, numerous and
still expanding fibroblast growth factor (FGF) family
and their receptors. FGFs represent multifunctional
heparan-like glycosaminoglycans-binding mitogens
that stimulate migration, differentiation and proliferation of cells of mesenchymal and neuroectodermal origin [12,13]. Among the 22 different FGFs family
members, FGF-1 and FGF-2 with molecular weight of
18-24 kDa, are well characterized. The mitogenic and
angiogenic effect of FGFs observed in target cells is
the result of their interactions with receptors of four
major known transmembrane tyrosine kinase receptors
– FGFR1-4 [14,15]. Alternative splicing resulting in
the formation of IIIb or IIIc isoforms of FGFR-1, -2
and -3 specifies the sequence of the Ig domain III
[16,17]. The two alternative forms display different
ligand-binding characteristic. It has been shown that
FGFR-1IIIc isoform is expressed in cells of mesenchymal orgin (vascular endothelium), while FGFR2IIIb is exclusively expressed in epithelial cells [18].
Participation of FGF-FGFR system in UC formation and development is possible given its stimulatory
influence especially on placental vascular adaptation
during pregnancy [19,20]. Furthermore, FGF-1 and
FGF-2 probably regulate production of large amounts of
collagen and glycosaminoglycans by miofibroblasts
what affects on UC elasticity and degree of hydration
[21,22]. Therefore, in the present study we have compared mRNA and protein expression levels of FGF-1
and FGF-2 as well as two respective receptors FGFR1IIIc and FGFR-2IIIb and their immunohistochemical
localization, in the porcine UCs on days 40, 60, 75, and
90 of pregnancy and on the day of parturition (day 114).

Materials and methods
The porcine umbilical cords. The UCs were obtained from 60
piglets (parents: Large White x Polish Landrace) classified into five
groups according to gestation age: days 40 (n=12), 60 (n=12), 75
(n=12), 90 (n=12) of pregnancy and one postnatal group – 114, arbitrary day of pregnancy (n=12). The UCs from gilts in 40, 60, 75 and
90 day of pregnancy were obtained just after slaughter at a local
slaughterhouse. However, the UCs from animals classified into postnatal group were collected directly from piglets during natural parturition. The gilts from this group were continuously monitored until
the end of pregnancy. Additionally, the UCs from animals on days
60, 75, 90 of pregnancy and from postnatal group were divided into
three parts: periplacental, middle and perifetal. The selected fragments of UCs for Western Blot and qPCR analyses were snap
frozen in liquid nitrogen, before storage at -80°C. For immunohistochemical staining, the tissues were fixed in 4% paraformaldehyde
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in 0.1M phosphate buffer (PB, pH 7.4) for 4 h at 4°C, washed in 0.1M
PB and stored in 30% sucrose for cryoprotection.
All animals were housed and used according to the animal care
guidelines. All experimental procedures had been previously submitted to and approved by the Local Research Committee and conducted according to the national guidelines for agricultural animal care.
Total RNA isolation and reverse transcription. The frozen UCs
placed in Lysing Matrix D tubs (MP Biomedicals Inc. Solon, OH,
USA) with Fenozol (A&A Biotechnology, Gdañsk, Poland) were
mechanically homogenized in FastPrep®-24 homogenizer (MP
Biomedicals Inc. Solon, OH, USA). Next, total RNA was extracted from tissues homogenates by Total RNA Kit (A&A Biotechnology, Gdañsk, Poland) according to the manufacturer's protocol.
The quality of total RNA was determined by both the ratio of
A260/A280 and RNA gel electrophoresis.
Before the reverse transcription reaction, constant amount of
1μg of total RNA were treated with DNase I (Sigma Aldrich,
Munich, Germany). The reverse transcription reaction was performed with using Reverse Transcription System kit (Promega,
Madison, WI, USA) according to the manufacturer's protocol.
qPCR. Primers for qPCR were designed by Primer 3 software
(http://frodo.wi.mit.edu/; FGF-1, FGF-2) and Primer Express 2.0
(Applied Biosystems, Foster City, CA, USA; FGFR-IIIc, FGFR2IIIb) using cDNA sequences from Gene-Bank. Primers for β-actin
were used according to the literature [23]. Forward and reverse
primer sequences used to amplify mRNA for FGF-1, FGF-2,
FGFR-1IIIc, FGFR-2IIIb and β-actin genes and expected product
size were placed in Table 1. All qPCR analysis was performed
with a ABI Prism 7300 sequence detection system using SYBR
Green PCR master mix (Applied Biosystems). Serial dilutions of
the appropriate cDNA were used as standard curves for gene
quantification. The cycling conditions were as follows: initial
denaturation 95°C for 10 min, followed by 40 amplification
cycles at denaturation in 95°C for 15 s, annealing 59°C (for
FGFR-1IIIc) and 60°C at 45 s (for FGF-1, FGF-2, FGFR-2IIIb
and β-actin) followed by extension at 72°C for 45 s. After each
PCR reaction, melting curves were obtained by stepwise increases in the temperature from 60 to 95°C to ensure single product
amplification. The specificity of RT-PCR products was confirmed by gel electrophoresis and sequencing. Expression level
for investigated factors was normalized to the expression of
housekeeping gene β-actin to obtain arbitrary units of relative
amount of the PCR product.
Western Blot. The cytosol and membrane fractions for Western
Blot analysis were obtained from 60 UC segments (twelve per
group). Tissue were placed in the homogenization buffer (50mM
Tris-HCl, pH 7.4; 10mM EDTA, 150mM NaCl, 1% Triton X100, 1μM pepstatin A, 5μg/ml leupeptin, 5μg/ml aprotinin,
100mM PMSF) and mechanically homogenized on ice.
Homogenates were centrifuged at 2500 x g for 10 min at 4°C and
the collected supernatant was centrifuged additionally at 105 000
× g for 1 h at 8°C in order to separate cytosol and membrane fractions, which were kept frozen at -80°C to future analyses. The
protein level was spectrophotometrically determined by Bradford's method [24]. An equal amount (30μg) of cytosol (FGF-1,
FGF-2, β-actin); and membrane (FGFR-1, FGFR-2) fractions
were separated using SDS-PAGE gel and transferred onto a
0.2μm nitrocellulose membrane (Sigma Aldrich). After transfer,
non-specific protein binding was blocked by incubation of
nitrocellulose membranes with 5% non-fat dry milk in TBS-T
buffer (50 mM Tris-HCl, pH 7.4; 150 mM NaCl, 0.1% Tween-20)
for 1 h at room temperature. The membranes were then incubated
with rabbit polyclonal antibody raised against FGF-1 (sc-7910;
1:400), FGF-2 (sc-79; 1:400), FGFR-1 (sc-121; 1:350), FGFR-2 (sc
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Table 1. Summary of qPCR primers sequences, products size and GeneBank Accession Numbers and/or references for investigated factors and receptors.

-122; 1:350) or β-actin (sc-47778; 1:1500) used as a reference protein (Santa Cruz Biotechnology, Santa Cruz, CA, USA), in TBS-T
buffer overnight at 4°C. After several washings with TBS-T the
membranes were incubated for 1 h with goat anti-rabbit IgG biotinlabeled antibody in dilution 1/700 (FGF-1, FGF-2), 1/600 (FGFR1, FGFR-2) and 1/3000 (β-actin), (Vector Laboratories Inc.
Burlingame, CA, USA). Additionally, to test the specificity of the
FGF-2 and FGFR-1 and FGFR-2 antisera, primary antibodies (1
μg) were incubated with specific blocking peptides (6 μg) (Santa
Cruz Biotechnology) in TBS-T buffer for 2 h at room temperature
with gentle shaking. Immunoreactive bands were detected using the
avidin-biotin-peroxidase method (ABC Reagent, Vectastain® Kit,
Vector Laboratories Inc.) in combination with 3,3'-diaminobenzidine (Sigma Aldrich). The intensity of the Western Blot bands were

analysed with the Kodak 1D software v. 3.5 visual quantitative system (Eastman Kodak, Rochester, NY, USA).
Immunohistochemistry. Cryostat sections (10 μm) from different parts of UC (periplacental, middle and perifetal) were mounted on chromogelatin-precoated Superfrost plus® slides (MenzelGalaser, Braunschweig, Germany). Endogenous peroxidase
activity was blocked by incubating tissue sections in methanol
with 3% H2O2 for 30 min at room temperature. Then tissue sections were incubated with 10% normal goat serum for 1 h at room
temperature (NGS, Vector Laboratories Inc.) to reduce non-specific background staining. Afterwards, they were incubated
overnight at room temperature with the same antibodies used for
Western Blot diluted as follows: 1/200 FGF-1, FGF-2 and 1/150

Fig. 1. qPCR analysis of mRNA FGF-1 (a), FGF-2 (b), FGFR-1IIIc (c) and FGFR-2IIIb (d) expression in porcine umbilical cord on days
40, 60, 75, 90 and 114 of pregnancy. Data are presented as mean ± SEM relative to b-actin gene expression (n=12). Different small letters indicate significant differences (P < 0.05). (e) Representative photography of the agarose electrophoresis gel of the qPCR amplification products for: line M – molecular mass standard, line 1 – FGF-1 (209 bp), line 2 – FGF-2 (219 bp), line 3 – FGFR-1IIIc (52 bp), line
4 – FGFR-2IIIb (54 bp) resolved by 2% agarose gel.
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Fig. 2. (a-d) Western Blot analysis of
FGF-1 (a), FGF-2 (b), FGFR-1 (c)
and FGFR-2 (d) in the porcine umbilical cord on days 40, 60, 75, 90 and
114 of pregnancy. Upper panels: representative blots of tissue homogenates
(30 µg) resolved by 15% (FGF-1,
FGF-2) and 10% (FGFR-1), and 6%
(FGFR-2) SDS-PAGE and immunoblotted with FGF, FGFR and β-actin
as a reference protein antibody.
Lower panels: results of densitometric quantification of bands (KODAK
ID v. 3.5; Eastman). All values are
the mean ± SEM of the protein level
in the UC (n=12). Protein expression
level for investigated factors and
receptors were normalized to the reference protein β-actin. Different
small letters indicate significant differences (P < 0.05). (e-g) Western
blot analysis of FGF-2 (e), FGFR-1
(f) and FGFR-2 (g) antibody specificity in the umbilical cord tissue
homogenates (30 µg) form day 75
and 90 of pregnancy in absence (nonblocked) or presence of blocking
peptides (blocked). NSB – nonspecific binding.

FGFR-1, FGFR-2. Primary antibodies of FGFs and FGFRs were
detected with goat anti-rabbit IgG biotin conjugate secondary
antibody (Vector Laboratories Inc.) in dilution 1/500 for FGF and
1/400 for FGFR for 1 h at room temperature. Next, sections were
rinsed in phosphate buffer saline (PBS) and incubated in strepavidin-biotin-peroxidase complex solution (ABC Reagent, Vectastain® Kit, Vector Laboratories Inc.). The reaction product was
visualized using 3,3-diaminobenzidine (DAB, Sigma Aldrich).
Two types of controls were performed to determine the specificity of immunohistochemical staining: (1) the primary antibody
was omitted during the immunostainig procedure; (2) the primary
antibody was substituted with nonspecific IgG. The sections were
cover-slipped with DPX mounting medium (Park Scientific Ltd.,
Northampton, UK). Twelve sections from each group which contained all analyzed structures (umbilical vein, arteries, amniotic
epithelium, allantoic duct and Wharton's jelly) were selected.
Finally, the sections were photographed and visible color products of FGF-1, FGF-2, FGFR-1, and FGFR-2 immunoreactions
were examined according to the standard 4 point scale for intensity: (-) negative, (+) week reaction, (++) strong reaction and
(+++) very strong reaction [25].
Statistical analysis. The Real Time PCR and Western Blot numerical data are expressed as mean ±SEM. Significant differences
were analyzed using one-way ANOVA followed by the Bonferroni
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multiple-comparison test (GraphPad PRISM v.4.0, GraphPad Software, Inc., San Diego, CA). The differences were considered to be
significant at p<0.05.

Results
mRNA expression of FGF-1, FGF-2,
FGFR-1IIIc and FGFR-2IIIb
Preliminary analysis of mRNA expression of examined members of FGF-FGFR system did not show significant differences between periplacental, middle and
perifetal parts of UCs. Therefore, numerical data
obtained from mentioned fragments of UCs were analyzed together. Gel electrophoresis of the qPCR amplification products demonstrated single transcripts for
the two isoforms of FGF (FGF-1 – 209 bp, FGF-2 –
219 bp) and FGF receptors (FGFR-1IIIc – 52 bp,
FGFR-2IIIb – 54 bp) (Fig. 1e). FGF-1 mRNA
increased (p<0.01) from days 40 and 60 to day 75 of
pregnancy, but did not change between days 75, 90 and
114 of pregnancy (Fig. 1a) whereas the abundance of
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FGF-2 mRNA was greatest (p<0.05) on days 60 and
114 of pregnancy (Fig. 1b). FGFR-1IIIc mRNA in UC
was most abundance on day 114 (p<0.01; Fig. 1c)
whereas there was no effect of day of pregnancy on values for FGFR-2IIIb (Fig. 1d).
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Table 2. Schematic presentation of FGF-1, FGF-2, FGFR-1 and
FGFR-2 immunoreactivity changes on day 40, 60, 75, 90 and 114
of pregnancy in structures of porcine umbilical cord. Immunostaining score: (-) negative, (+) weak reaction, (++) strong reaction,
(+++) very strong reaction.

Protein expression of FGF-1, FGF-2, FGFR-1
and FGFR-2
Protein expression of FGF-FGFR system members,
similarly to mRNA expression did not show significant
differences between periplacental, middle and perifetal
parts of UCs. Numerical data obtained from mentioned
above fragments of UCs were pooled and analyzed
together. The FGF-1 protein was detected at approximately 20 kDa (Fig. 2a). The greatest expression of
FGF-1 was on day 40 (p<0.001; 40 vs. 90; p<0.01;
40 vs. 60, 75 and 114). Furthermore, a decrease in FGF1 protein was detected on day 90 as compared to days
60 and 75 of pregnancy (p<0.01). The antibody to FGF2 detected a protein at approximately 19 kDa (Fig. 2e).
Expression of FGF-2 increased only on day 60 as compared to day 75 of pregnancy (p<0.05) (Fig. 2b). The
antibody FGFR-1 recognized a protein of 90 kDa as
expected (Fig. 2f), but expression of this protein was no
affected by day of pregnancy (Fig. 2c). The antibody to
FGFR-2 detected a protein of 120 kDa, as expected
(Fig. 2g) and this protein was most abundant on day 40
of pregnancy (p<0.001), but was also more abundant on
day 75 and 90 than on days 60 and 114 (Fig. 2d).

Immunohistochemical localization of FGF-1,
FGF-2, FGFR-1 and FGFR-2
Tissue sections of UCs stained for FGF-1 (Fig. 3a-h),
FGF-2 (Fig. 3i-p) along with FGFR-1 (Fig. 4a-h) and
FGFR-2 (Fig. 4i-p) demonstrated positive reaction in
the endothelium and tunica media of the UC vein (Fig.
3/4a,e,i,m) and artery (Fig. 3/4b,f,j,n) in the amniotic
epithelium (Fig. 3/4c,g,k,o) and allantoic duct (Fig.
3/4d,h,l,p), and in myofibroblasts of Wharton's jelly
(Fig. 3/4c,g,k,o). No staining for studied factors and
receptors was observed in negative control slides (data
not shown).
Strong intensity of immunohistochemical reaction
for FGF-1 was detected in the endothelium of umbilical vein and arteries, and in the amniotic epithelium,
and allantoic duct (Table 2). On the other side, weaker
but still strong reaction for FGF-1 was observed in tunica media of umbilical vessels and in myofibriblasts of
Wharton's jelly. Immunoreactivity of the FGF-2 was
very strong in all the analyzed structures for all the days
of pregnancy observed (Table 2). Similar to the FGF-1,
FGFR-1 immunoreaction was more intensive in the
endothelium of vein and arteries as well as in amniotic
epithelium and allantoic duct when compared with the
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VE – venous endothelium, AE – arterial endothelium, TMUV – tunica
media of umbilical vein, TMUA – tunica media of umbilical artery, AE –
amniotic epithelium, ADE – allantoic duct epithelium, M – myofibroblasts.

tunica media of the umbilical vessels (Table 2). As for
FGFR-2, the highest intensity of immunoreaction was
observed in endothelium of umbilical vessels, in the
amniotic epithelium, allantoic duct and in myofibroblasts of Wharton's jelly, too. Immunoreactivity for
FGFR-2 in tunica media of vein and arteries was weaker in comparison with the above mentioned structures
(Table 2).

Discussion
Results of this study are the first to describe changes in
expression of FGF-1, FGF-2, FGFR-1IIIc and FGFR2IIIb with respect to cellular localization of mRNAs
and proteins in tissues of the UC of the pigs during
pregnancy and on the day of parturition. Earlier
reports indicated expression of FGFs and FGFRs in
various cells of human and ovine placenta
[19,20,26,27] which suggest that they may act as
important regulators of UC function, especially functions related to blood circulation in the UC. High
level of FGF-1 and FGFR-1 protein expression on
day 40 of pregnancy and modest increase in expres-
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Fig. 3. Immunohistochemical localization of FGF-1 (a-h) and FGF-2 (i-p) in structures of the porcine umbilical cord (UC) on days 40 (ad/i-l) and 114 of pregnancy (e-h/m-p). Positive staining for FGF-1 as well as FGF-2 was observed in the endothelium (arrows) and muscular layer (asterisks) of the UC vein (a, e, i, m) and artery (b, f, j, n), in the amniotic epithelium (arrowheads; c, g, k, o), allantoic duct
(triangle frames; d, h, l, p) and myofibroblasts of Wharton's jelly (circles; c, g, k, o).

sion of FGF2 suggest that they play important role in
UC formation. On the other hand, higher expression
of FGF-1, FGF-2 and FGFRIIIc on mRNA level
within second half of pregnancy or only on day 114
suggests that we should also observe increase of protein expression for these factors and receptor. Given
standard models wherein protein level should be correlate with mRNA expression the discrepancy
between mRNA and protein expression occurring in
our study disturbs the results. However, protein and
RNA represent different steps of the multi-stepped
cellular genetic information flow process, in witch
they are dynamically produced and degraded. Wang
[28] based partially on results of Le Roch et al. [29],
Griffin et al. [30] and Tian et al. [31] described four
scenarios of differential changes in mRNA and protein levels: steady RNA, lower protein; steady RNA,
higher protein; lower RNA, steady protein; higher
RNA, steady protein. Based on these findings and
given that there is no similar study, the discrepancy
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between protein and mRNA abundance which we
have observed is most likely a result of the biology of
gene expression rather than the measurement errors.
Because posttranscriptional, translational, or posttranslational regulations are not well understood further studies are needed in order to clarify the molecular mechanisms underlying FGF-FGFR system
expression during umbilical cord development.
Besides low number of myofibroblasts, Wharton's
jelly produces and accumulates significant amounts of
different growth factors (FGF-2, EGF, TGF-β, PDGF,
IGF-I) in comparison with the umbilical arteries. Concentration among the mentioned structures of the
umbilical cord was not different for FGF-1 [21]. The
high amounts of growth factors may strongly stimulate
cells of Wharton's jelly to biosynthesize collagen,
hyaluronate and sulphated proteoglycans [32-34]. Previous study of Sobolewski and coworkers [4] showed
that Wharton's jelly contains about four times more
collagen and twice as much glycosaminoglycan com-
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Fig. 4. Immunohistochemical localization of FGFR-1 (a-h) and FGFR-2 (i-p) in structures of the porcine umbilical cord (UC) on days 40
(a-d/i-l) and 114 of pregnancy (e-h/m-p). Positive staining for FGFR-1 as well as FGFR-2 was observed in the endothelium (arrows) and
muscular layer (asterisks) of the UC vein (a e i, m) and artery (b, f, j, n), in the amniotic epithelium (arrowheads; c, g, k, o), allantoic duct
(triangle frames; d, h, l, p) and myofibroblasts of Wharton's jelly (circles; c, g, k, o).

pared to the umbilical cord artery wall. The major role
of FGF-1 as well as FGF-2 in umbilical cord could be
the stimulation of myofibroblasts and smooth muscle
cells to produce extracellular matrix components [33].
Increases in concentration of extracellular matrix components of Wharton's jelly might influence mechanical
properties of the UC (resistance to blood flow, elasticity, degree of hydration) that prevent occlusion and
rupture of umbilical vessels [21,35].
The umbilical vessels are major structures of UC
affecting fetus growth. The hemodynamic changes in
feto-placental circulation during pregnancy require
structural adaptation of the umbilical vessels [36, 37].
Expression of FGF (FGF-1 and FGF-2) and FGFR1/FGFR-1IIIc in umbilical vessels is probably associated with structural and functional regulation of endothelial and smooth muscle cells. Earlier studies have
proven that mostly FGF-1/-2, through activation FGFR1, induces proliferation of the endothelial cell and
©Polish Histochemical et Cytochemical Society
Folia Histochem Cytobiol. 2010:48(4): 578 (572-580)
Doi: 10.2478/v10042-010-0073-4

migration in different type of vessels [38,39]. In addition, FGF-1 and FGF-2 represent effective mitogens for
smooth muscle cells. Growth of vessels wall is mainly
controlled by TGF-β and PDGF [40]. However, Millette
and coworkers [41] presented a novel mechanism by
which PDGF-BB induces the release of FGF-2 and activation of FGFR-1 followed by the sustained activation
of ERK and proliferation of human smooth muscle
cells. Moreover, action of FGF-1 and FGF-2 in regulation of the umbilical vessels growth can be also related
with the stimulation of endothelial cells for the production of different types of metalloproteinases (MMP-1,
MMP-3), which are involved in the breakdown of extracellular matrix during tissue remodeling [42,43].
According to Murakami and coworkers [44], FGFs signaling plays a key role in the maintenance of vascular
integrity. Contrary to VEGF-VEGFR system, the inhibition of FGF-FGFR system activity leads to dissociation of the VE-cadherin/p120-catenin complex and dis-
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assembly of adherens tight junctions. Increase in the
VE-cadherin/p120-catenin binding, through FGF-1 and
FGF-2 – FGFR signaling, induces the decrease in vessels permeability [44,45].
Strong immunoreactivity especially for FGF-1
and FGFR-2, observed in the amniotic epithelium
and allantoic duct, as well as expression of FGFR2IIIb mRNA transcript suggests their role in structural reorganization and function of these structures of
UC. Similar to its role in regulation of vascular
integrity, the FGF-1-FGFR-2IIIb system might be a
key player for maintenance of epithelial cell morphology and permeability. The amniotic epithelium
and allantoic duct epithelium of umbilical cord during the pig pregnancy is transformed from a single
layer (epithelium simplex cuboideum) at the beginning to a multilayered structure (stratified squamous
epithelium and multilayer epithelium with superficial
cells, respectively) at term [1]. FGF-1, similar to the
FGF-7 (keratinocyte growth factor) may be a potent
regulator, which modulates the proliferation, differentiation and stratification of umbilical cord epitheliums by FGFR-2IIIb [46]. In turn, the effect of FGFFGFR system on UC epithelium permeability, similar
to the endothelial barrier, appears to participate in
regulation of adherence junction formation determined by interactions between epithelial-type of cadherin (E-cadherin), p120-catenin and β-catenin
[47,48].
Cell shape, orientation and alignment, as well as
cytoskeleton reorganization, in vivo and in vitro, can
be regulated by blood flow, blood pressure and fetus
movements which affect the UC tension [49]. Even
though the molecular signaling of mechano-transduction is not clearly understood, it is known that
endothelial and smooth muscle cells undergoing
long-term stretching produce not only different
growth factors (TGF-β, PDGF, FGF) but also structural and functional proteins, such as collagen, elastin
and integrins [50].
In conclusion, our results demonstrate that both
FGF-1 and FGF-2 as well as FGFR-1 and FGFR-2 are
biosynthesized by UC structures. Furthermore, FGF-1FGFR-2 system supported by FGF-2 may be an important stimulator and/or regulator of UC formation. On
account of discrepancy between mRNA and protein
abundance additional studies will be needed, however,
to clarify the molecular mechanisms underlying FGFFGFR system expression during UC development.

References
[ 1] Chruœciel M, Postek A, Andronowska A. Histological analyses of the porcine umbilical cord. Med Weter.
2008;64(4B):602-607 (In polish).
[ 2] Harris DT, Rogers I. Umbilical cord blood: a unique source of
pluripotent stem cells for regenerative medicine. Curr Stem
Cell Res Ther. 2007;2:301-309.
©Polish Histochemical et Cytochemical Society
Folia Histochem Cytobiol. 2010:48(4): 579 (572-580)
Doi: 10.2478/v10042-010-0073-4

579
[ 3] Halasa M, Baskiewicz-Masiuk M, Dabkowska E,
Machalinski B. An efficient two-step method to purify very
small embryonic-like (VSEL) stem cells from umbilical
cord blood (UCB). Folia Histochem Cytobiol. 2008;46:
239-243.
[ 4] Sobolewski K, Bañkowski E, Chyczewski L, Jaworski S. Collagen and glycosaminoglycans of Wharton's jelly. Biol
Neonate. 1997;71:11-21.
[ 5] Franc S, Rousseau JC, Garrone R, van der Rest M, MoramiAmeli M. Microfibrillar composition of umbilical cord
matrix: characterization of fibrillin, collagen VI and intact
collagen V. Placenta. 1998;19:95-104.
[ 6] Takechi K, Kuwabara Y, Mizuno M. Ultrastructural and
immunohistochemical studies of Wharton's jelly umbilical
cord cells. Placenta. 1993;14:235-245.
[ 7] Nanaev AK, Kohnen G, Milovanov AP, Domogatsky SP,
Kaufmann P. Stromal differentiation and architecture of the
human umbilical cord. placenta 1997;18:53-64.
[ 8] Randall GCB. Form and development of the umbilical cord in
pigs and their association with delivery of viable pigs. Am J
Vet Res. 1989;50:1512-1515.
[ 9] Randall GCB. Observations on parturition in the sow. II. Factors influencing stillbirth and prenatal mortality. Vet Rec.
1972;90:183-186.
[10] Randall GCB. Studies on the effect of acute asphyxia on the
fetal pig in utero. Biol Neonate. 1979;36:63-69.
[11] Svendsen J, Svendsen LS, Bengtsson A-C. Reducing perinatal mortality in pigs. In: Morrow DA, ed. Current therapy in
theriogenology. 2end edition. Philadelphia, WB Saunders Co;
1986:939-946.
[12] Basilico C, Moscatelli D. The FGF family of growth factors
and oncogenes. Adv Cancer Res. 1992;59:115-165.
[13] Powers CJ, McLeskey SW, Wellstein A. Fibroblast growth
factors, their receptors and signaling. Endocr Relat Cancer.
2000;7:165-197.
[14] Lee PL, Johnson DE, Cousens LS, Fried VA, Williams LT.
Purification and complementary DNA cloning of a receptor
for basic fibroblast growth factor. Science. 1989;245:57-60.
[15] Johnson DE, Lu J, Chen H, Werner S, Williams LT. The
human fibroblast growth factor receptor genes: a common
structural arrangement underlies the mechanisms for generating receptor forms that differ in their third immunoglobulin
domain. Mol Cell Biol. 1991;11:4627-4634.
[16] Avivi A, Yayon A, Givol D. A novel form of FGF receptor-3
using an alternative exon in the immunoglobulin domain III.
FEBS Let. 1993;330:249-252.
[17] Chellaiah AT, McEwen DG, Werner S, Xu J, Ornitz DM.
Fibroblast growth factor receptor (FGFR) 3. J Biol Chem.
1994;269:11620-11627.
[18] Orr-Urtreger A, Bedford MT, Burakova T, Arman E, Zimmer
Y, Yayon A, Givol D, Lonai P. Developmental localization of
the splicing alternatives of fibroblast growth factor receptor-2
(FGFR2). Dev Biol. 1993;158(2):475-486.
[19] Ferriani RA, Ahmed A, Sharkey A, Smith SK. Co-localization
of acidic and basic fibroblast growth factor (FGF) in human
placenta and the cellular effects of bFGF in trophoblast cell
line JEG-3. Growth Factors. 1994;10:259-268.
[20] Zheng J, Vagnoni KE, Bird IM, Magness RR. Expression of
basic fibroblast growth factor, endothelial mitogenic activity,
and angiotensin II type-1 receptor in the ovine placenta during the third trimester of pregnancy. Biol Reprod.
1997;56:1189-1197.
[21] Sobolewski K, Ma³kowski A, Bañkowski E, Jaworski S.
Wharton's jelly as a reservoir of peptide growth factors. Placenta. 2005;26:747-752.
[22] Malkowski A, Sobolewski K, Jaworski S, Bankowski E. FGF
binding by extracellular matrix components of Wharton's
jelly. Acta Biochim Pol. 2007;54:357-363.

580
[23] Spagnuolo-Weaver M, Fuerst R, Campbell ST, Meehan BM,
McNeilly F, Adair B, Allan G. A fluorimeter-based RT-PCR
method for the detection and quantitation of porcine
cytokines. J Immunol Methods. 1999;230:19-27.
[24] Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle
of protein-dye binding. Anal Biochem.1976;72:248-254.
[25] Adams EJ, Green JA, Clark AH, Youngson JH. Comparison
of different scoring systems for immunohistochemical staining. J Clin pathol. 1999;52:75-77.
[26] Cattini PA, Nickel B, Bock M Kardami E. Immunolocalization of Basic fibroblast growth factor (bFGF) in growing and
growth-inhibited placenta cells: a possible role for bFGF in
placenta cell development. Placenta. 1991;12:341-352.
[27] Shams M, Ahmed A. Localization of mRNA for basic fibroblast growth factor in human placenta. Growth Factors.
1994;11:105-111.
[28] Wang D. Discrepancy between mRNA and protein abundance: insight from information retrieval process in computers. Comput Biol Chem. 2008;32:462-468.
[29] Le Roch KG, Johnson JR, Florens L, Zhou Y, Santrosyan A,
Grainger M, Yan SF, Williamson KC, Holder AA, Carucci DJ,
Yates JR 3rd, Winzeler EA. Global analysis of transcript and
protein levels across the Plasmodium falciparum life cycle.
Genome Res. 2004;11:2308-2318.
[30] Griffin TJ, Gygi SP, Ideker T, Rist B, Eng J, Hood L, Aebersold R. Complementary profiling of gene expression at the
transcriptome and proteome levels in Saccharomyces cerevisiae. Mol Cell Proteomics. 2002;1:323-333.
[31] Tian Q, Stepaniants SB, Mao M, Weng L, Feetham MC,
Doyle MJ, Yi EC, Dai H, Thorsson V, Eng J, Goodlett D,
Berger JP, Gunter B, Linseley PS, Stoughton RB, Aebersold
R, Collins SJ, Hanlon WA, Hood LE. Integrated genomic and
proteomic analyses of gene expression in Mammalian cells.
Mol Cell proteomics. 2004;3: 960-969.
[32] Edmondson SR, Thumiger SP, Werther GA, Wraight CJ. Epidermal homeostasis: the role of the growth hormone and
insulin-like growth factor systems. Endocrine Rev. 2003;
24:737-764.
[33] Yu C, Wang F, Jin C, Huang X, Miller DL, Basilico C, McKeehan WL. Role of fibroblast growth factor type 1 and 2 in
carbon tetrachloride-induced hepatic injury and fibrogensesis.
Am J patho. 2003;163:1653-1662.
[34] Shalitin N, Schlesinger H, Levy MJ, Kessler E, Kessler-Icekson G. Expression of procollagen C-proteinase enhancer in
cultured rat heart fibroblasts: evidence for coregulation with
type I collagen. J Cell Biochem. 2003;90:397-407.
[35] Pennati G. Biomechanical properties of the human umbilical
cord. Biorheology. 2001;38:355-366.
[36] Macdonald AA, Colenbrander B, Wensing CJ. The effects of
gestational age and chronic fetal decapitation on arterial
blood pressure in the pig fetus. Eur J Obstet Gynecol Reprod
Biol. 1983;16:63-70.

©Polish Histochemical et Cytochemical Society
Folia Histochem Cytobiol. 2010:48(4): 580 (572-580)
Doi: 10.2478/v10042-010-0073-4

M. Chrusciel et al.
[37] Stehbens WE, Wakefield JS, Gilbert-Barness F, Zuccollo JM.
Histopathology and ultrastructure of human umbilical blood
vessels. Fetal Pediatr pathol. 2005;2:297-315.
[38] Terranova VP, DiFlorio R, Lyall RM, Hic S, Friesel R, Maciag
T. Human endothelial cells are chemotactic to endothelial cell
growth factor and heparin. J Cell Biol. 1985;101:2330-2334.
[39] Stokes CL, Rupnick MA, Williams SK, Lauffenburger DA.
Chemotaxis of human microvessel endothelial cells in
response to acidic fibroblast growth factor. Lab Invest. 1990;
63:657-668.
[40] Conway EM, Collen D, Carmeliet P. Molecular mechanisms
of blood vessel growth. Cardiovasc Res. 2001;49:507-521.
[41] Millette E, Rauch BH, Defawe O, Kenagy RD, Daum G,
Clowes AW. Platelet-derived growth factor-BB-induced human
smooth muscle cell proliferation depends on basic FGF release
and FGFR-1 activation. Circ Res.2005;96:172-179.
[42] Pintucci G, Yu PJ, Sharony R, Baumann FG, Saponara F,
Frasca A, Galloway AC, Moscatelli D, Mignatti P. Induction
of stromelysin-1 (MMP-3) by fibroblast growth factor-2
(FGF-2) in FGF-2-/- microvascular endothelial cells requires
prolonged activation of extracellular signal-regulated kinases1 and -2 (ERK-1/2). J Cell Biochem. 2003;90:1015-1025.
[43] Mignatti P, Rifkin DB. Nonenzymatic interactions between proteinases and the cell surface: novel roles in normal and malignant cell physiology. Adv Cancer Res. 2000;78:103-157.
[44] Murakami M, Nguyen LT, Zhang ZW, Moodie KL, Carmeliet P, Stan RV, Simons M. The FGF system has a key role in
regulating vascular integrity. J Cli Invest. 2008;118:33553366.
[45] Cao R, Eriksson A, Kubo H, Alitalo K, Cao Y, Thyberg J.
Comparative evaluation of FGF-2-, VEGF-A-, and VEGF-Cinduced angiogenesis, lymphangiogenesis, vascular fenestrations, and permeability. Circ Res. 2004;94:664-670.
[46] Tash JA, David SG, Vaughan ED ED, Herzlinger DA. Fibroblast growth factor-7 regulates stratification of the bladder
urothelium. J Urol. 2001;166:2536-2541.
[47] Davis MA, Ireton RC, Reynolds AB. A core functions for
p120-catenin in cadherin turnover. J Cell Biol. 2003;163:
525-534.
[48] Ireton RC, Davis MA, van Hengel J, Mariner DJ, Barnes K,
Thoreson MA, Anastasiadis PZ, Matrisian L, Bundy LM,
Sealy L, Gilbert B, van Roy F, Reynolds AB. A novel role for
p120 catenin in E-cadherin function. J Cell Biol. 2002;159:
465-476.
[49] Yoshigi M, Clark EB, Yost H. Quantification of stretchinduced cytoskeletal remodeling in vascular endothelial cells
by image processing. Cytometry. A 2003;55:109-118.
[50] Haga JH, Li YS, Chien S. Molecular basis of the effects of
mechanical stretch on vascular smooth muscle cells. J
Biomech. 2007;40:947-960; Errata in: J Biomech. 2008;41:
2331.
Submitted: 19 June, 2010
Accepted after reviews: 20 September, 2010

