Bulgarian Journal of Veterinary Medicine (2013), 16, No 3, 208-216

PROTEIN EXPRESSION IN MYOCARDIUM USING BASIC-
FIBROBLAST GROWTH FACTOR LOADED GEL IN AN
OVINE MODEL

E. FATHI

Department of Clinical Sciences, Faculty of Veterinary Medicine,
University of Tabriz, Iran

Summary

Fathi, E., 2013. Protein expression in myocardium using basic-fibroblast growth factor
loaded gel in an ovine model. Bulg. J. Vet. Med., 16, No 3, 208-216.

In this survey, protein expression was examined in both posterior noninfarct zone and infarct border
zone (pre-infarct) of myocardium using polyvinyl alcohol-dextran (PVA—Dex) blend hydrogel incor-
porating basic-fibroblast growth factor (bFGF). Also, the effect of bFGF on angiogenesis in an ovine
model of experimental acute myocardial infarction (MI) was evaluated. Eight sheep were divided into
two groups — group I (control without bFGF loaded patch) and group II (patch incorporating 100 mg
bFGF) (n=4 each). All animals were subjected to coronary artery ligation (the second diagonal branch
of the left anterior descending coronary artery) after lateral thoracotomy, and then the patches were
implanted on the heart surface in the infarcted area 30 min after MI. The animals were sacrificed 2
months after implantation and the heart lysates were subjected to protein expression analysis through
western blotting. Two months after implantation, the bFGF level was markedly higher in both the
posterior noninfarct zone and infarct border zone in group II compared with group I (P<0.05). The
results showed that sustained release of bFGF using PVA-Dex blend hydrogel strongly stimulated
angiogenesis in the infarcted myocardium. In conclusion, the slow release of bFGF using PVA—Dex
gel augmented angiogenesis and it can be used as a sustained release construct for therapeutic angio-
genesis in ischaemic heart disease.

Key words: basic-fibroblast growth factor, myocardial infarction, ovine model

INTRODUCTION

Therapeutic angiogenesis with angiogenic
factors is undoubtedly valuable for the
treatment of ischaemic cardiovascular
diseases (Bougioukas et al., 2007). Sev-
eral studies suggest that new therapeutic
strategies may be valuable in the man-
agement of patients with underperfused
and incompletely revascularized regions
(Laham et al., 2000; Vale et al., 2001;
Dogan et al., 2005). Recently, therapeutic
angiogenesis using a variety of hydrogels
loaded with angiogenic growth factors has

entered the spotlight in experimental stud-
ies for the treatment of ischemic disease
(Isner et al., 1996; Losordo et al., 1998;
Morishita et al., 1999; Silva & Mooney,
2007; Cao et al., 2009; Emerich et al.,
2010). Among these growth factors, basic
fibroblast growth factor (bFGF) is a po-
tent angiogenic protein and considered as
key inducer of angiogenesis (Carmeliet,
2000; Doi et al., 2007). Sustained release
of this protein can help to keep its angio-
genic activity in vivo during the required



length of therapy time due to bFGF’s
short biological half-life (Post et al.,
2001). In our previous work, we have
developed a new sustained release device
of bFGF using polyvinyl alcohol-dextran
(PVA-Dex) blend hydrogel that offers
good opportunities as protein delivery
systems or tissue engineering scaffolds
owing to an inherent biocompatibility
(Fathi et al., 2011). Incorporation into this
biodegradable hydrogel provides the sus-
tained release of bFGF.

This study was designed to evaluate
protein expression in the both posterior
noninfarct zone and infarct border zone
using this hydrogel in an ovine model of
experimental acute myocardial infarction
(MI). Also the effect of bFGF on angio-
genesis was examined in this animal
model of acute infarct.

MATERIALS AND METHODS

PVA and dextran were obtained from
Merck (Darmstadt, Germany) and Phar-
macosoms A/S (Holbeak, Denmark), re-
spectively. Human recombinant bFGF was
supplied by Peprotech (USA). Blend xe-
rogels containing 30% w/w dextran were
prepared as described previously (Fathi et
al., 2011). Drug loading was accom-
plished by adding 1ml bFGF solution to
the mixture under aseptic conditions. The
gels were 3 cm wide and 3 mm thick (Fig.
1) (Peppas, 1975; Fathi et al., 2011).
Eight healthy sheep weighing 28-32
kg were used in this study, which was
performed in accordance with guidelines
published in the Guide for the Care and
Use of Laboratory Animals (NIH Publica-
tion No. 85-23, revised 1996). The study
protocol was approved by the Animal
Care Committee of Tehran Heart Centre.
Surgical procedures were performed un-
der general anaesthesia and electrocardio-

BIVM, 16, No 3

E. Fathi

graphic monitoring (Kim et al., 2005;
Rabbani ef al., 2008).

dlu
Fig. 1. The blend gel with good properties was

provided after freeze-drying under vacuum at
—56 °C.

Acute MI was inducted by ligation of
the second diagonal branch of the left
anterior descending coronary artery, as
described previously (Rabbani et al.,
2008). Occlusion of the coronary artery
was confirmed by the cyanotic appearance
of the ischemic area (Fig. 2). The animals
were randomized into two experimental
groups (n=4 each): group I (control with-
out bFGF loaded patch) and group II
(patch incorporating 100 mg bFGF). Then
the patch was implanted on the ischemic
area with a 5-0 prolene suture, 20—30 min
after MI (Fig. 3).

Lysates obtained from anterior (pre-
infarct or infarct border zone) and poste-
rior areas (non-infarct zone) were pre-
pared using lysis buffer for western blot
analysis of bFGF expression in cardiac
tissues (Santiago et al., 2011). Equal
amounts of proteins (15 mg protein/lane)
were subjected to 10% SDS-PAGE. The
immunoreactive bands were detected on
nitrocellulose sheet using an antibody for
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Fig. 2. Appearance of an area indicating induction of myocardial infarction (arrows).

Fig. 3. Implantation of the patch on the ischemic area in all groups with a 5-0 prolene suture.

bFGF (Peprotech, USA) according to the
standard procedure provided by the kit
supplier (Dako). Quantification of the
bFGF band was accomplished by the cor-
responding densitometry of the actin
band, using PhotoEp software. The per-
centage of area under the curve of the
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bFGF band was divided by the correspon-
ding percentage of area under the curve of
the actin band, and the values were statis-
tically compared between groups.

For histological study the animals
were sacrificed using a lethal dose of pen-
tobarbital two months after implantation.
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Table 1. Expression of bFGF in the posterior noninfarct zone and infarct border zone (pre-infarct) in
each group 60 days after myocardial infarction. Data are presented as the mean value + SD; n=4

Posterior

Infarct border

Groups noninfarct zone (pre-infarct) zone P value
Group I: hydrogel without bFGF 9.21+4.09 4.06+3.02 0.06
Group II: bFGF+ hydrogel 11.03+5.58 8.78 +£5.80 0.54

20 kDa

80 kDa

100 kDa

Fig. 4. Two immunoreactive bands with different molecular weight were detected on
nitrocellulose sheet using an antibody for bFGF.

The hearts were excised at small propor-
tions for western blot experiments, and
then the hearts were fixed in PBS buffer
containing 10% v/v formaldehyde for 3
days. The areas from the anterior and pos-
terior left ventricular (LV) walls of all
three groups were cut into eight transverse
slices from apex to base. The transmural
slices were cut into 7 mm sections after
embedding in paraffin.

To detect angiogenic activity, endothe-
lial cells were stained using a monoclonal
antibody against von Willebrand factor
(vWF; Dako, Glostrup, Denmark). Small
arteries were stained using an antibody to
a-smooth muscle actin (a-SMA; Dako).
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RESULTS

Western blot analysis

In the infarcted and non-infarcted myo-
cardium of all groups, bFGF expression
was examined by immunoblotting. Inter-
estingly, 2 months after implantation the
protein level was markedly higher in the
anterior and posterior areas in group II
compared with group I, although it did not
reach the level of significance (Table 1).
The immunoreactive bands were deter-
mined on nitrocellulose sheet using an
antibody for bFGF (Fig. 4). The bFGF
band concentration based on the percen-
tage of area under the curve was deter-
mined by densitometry of the actin band.
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Fig. 5. Strong angiogenesis in the border zone area with bFGF-loaded hydrogel (A) and very poor
angiogenesis in the non-bFGF groups (B), 60 days after myocardial infarction.
Capillary density was markedly augmented in the bFGF-gel group.

Histological analysis

Strong angiogenesis was seen in the bor-
der zone area in bFGF-loaded hydrogel
group II (vice versa, poor angiogenesis in
the same area in group I) (Fig. 5A, B). In
comparison, the capillary density of in-
fracted and border zone areas in bFGF
releasing patch group (group II) was
higher than in control group I (P=0.003
for border zone capillaries, and P=0.013
for infarcted capillaries) (Fig. 6). Arterio-
lar density (Table 2) was much higher in
the infarcted area in group II compared to
the control group (59.45+ 6.30 vs.
41.2242.34, respectively; P<0.05).

Table 2. Arteriolar counts of the infarct area in
each group 60 days after myocardial infarc-
tion. Data are presented as the mean value +
SD; n=4.

Groups Smooth muscle
actin

Group I: 41.22 £2.34

hydrogel without bFGF

Group 1I: 59.45+6.30

bFGF + hydrogel

P value <0.05
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DISCUSSION

This survey investigates the application of
bFGF loaded PVA-Dex hydrogel in in-
duction of angiogenesis and also evalu-
ated the expression of this protein in the
posterior noninfarct zone and anterior of
myocardium in an ovine model of MI.
There are two terms in relation to the new
blood formation; angiogenesis and vascu-
logenesis (Kassmeyer et al., 2009). The
former describes the generation of vessels
by sprouting of new capillaries from pre-
existing vessels. It is characterised by ex-
pansion of the endothelium by prolifera-
tion, migration and remodeling. Angio-
genesis is a dynamic multistep process,
which involves retraction of mural cells
(pericytes in medium-sized and smooth
muscle cells in large vessels), release of
proteases from the activated endothelial
cells (EC), degradation of the extra cellu-
lar matrix, EC migration toward an angio-
genic stimulus and their proliferation, fu-
sion of the formed vessels and initiation of
blood flow. The term vasculogenesis (mo-
bilisation of bone marrow-derived endo-
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Fig. 6. Comparison of the vascular counts in the center and the border zone of the infarct area in
each group 60 days after myocardial infarction. VWF — von Willebrand factor.

thelial stem cells) describes the de novo
emergence of a vascular network by endo-
thelial progenitors (Kassmeyer et al,
2009). Several mechanisms mediating
pathological blood vessel growth resemble
those during embryogenesis. However,
evidence is emerging that distinct mecha-
nisms may govern adult blood vessel for-
mation; although some of these apparent
differences may reflect our incomplete
understanding.

It has been reported that therapeutic
angiogenesis influences cell proliferation,
motility, survival and morphogenesis, and
induces a rapid blood supply to the
ischemic myocardium (Laham et al.,
2000; Kamura et al., 2010; Rodrigues et
al., 2010). The effects of intramyocardial
injections of slow release bFGF on angio-
genesis in a rat model of infarction have
been previously investigated (Doi et al.,
2007). Controlled delivery of angiogenic
growth factors will be of great interest in
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tissue-engineering procedures. Alginate
microsphere and gelatin hydrogels have
been previously reported as carriers for
the sustained release of bFGF in rat and
porcine infarct models (Lopez et al,
1997; Shao et al., 2006). In our previous
work we introduced a novel PVA-Dex
blend hydrogel with good properties by a
freeze—thawed cycling method, which acts
as a biocompatible scaffold with clinically
acceptable thermal and mechanical pro-
perties, as previously explained in detail
(Fathi et al., 2011). The most important
limitation of the protein therapy approach,
specifically by bFGF, is thought to be the
limited biological half-life of bFGF. To
promote myocardial revascularisation by
protein therapy, a continuous delivery of
proteins to cellular targets is required to
achieve the desired effects (Kim et al.,
2007). For this purpose, slow-release pro-
tein delivery systems provide an opportu-
nity to positively control the long-term
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cellular and extracellular processes re-
quired for vascular development. In the
present study, we demonstrated that the
implantation of PVA-Dex hydrogels in-
corporating bFGF significantly induced
angiogenesis in an ovine model of ex-
perimental MI. Our delivery system can
increase the half-life of bFGF up to a few
weeks, control the local release of growth
factor and fulfil an extended tissue expo-
sure to the growth factor in vivo. In the
present study, expression of bFGF was
examined by immunoblotting. Interes-
tingly, two immunoreactive bands with
different molecular weight (17.5 KD and
65 KD) were detected on nitrocellulose
sheet in the infarcted and non-infarcted
myocardium of all groups. The protein
level was markedly higher in the anterior
and posterior areas in group II compared
with groups I, although it did not reach the
significance level. Echocardiography sho-
wed no change in ejection fraction (EF)
among groups, although a remarkably
higher wall thickness index was recorded
in bFGF-treated animals (data not shown).
The patch also significantly attenuated the
increase in left ventricular end-systolic
diameter, but it did not improve cardiac
function within 2 months of MI. Recently
it has been shown that controlled delivery
of bFGF through putative gelatin hydrogel
enhances cardiosphere- derived cell en-
graftment and differentiation, and this
strategy can improve ventricular function
and reduce infarct size after experimental
MI (Takehara et al., 2008). In the present
study, the increased vascular density seen
in the bFGF-loaded patch implantation
group was not accompanied by improved
LV function. Our results showed that,
compared with non-bFGF group, in the
number of vWF-positive microvessels the
bFGF patch-implanted group was much
higher than SMA-positive, larger-calibre
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arteries, suggestive of sprouting angio-
genesis (Table 2). This is due to increas-
ing expression of bFGF in the infarct bor-
der zone or pre-infarct area. To author's
knowledge, despite the low angiogenesis
in posterior areas, high protein expression
in this area could be related to endoge-
nous bFGF with heavy chain molecular
weight, however, further investigations
are needed in this scope.

In conclusion, the properties of the
patch in this study may make this device a
good candidate for the repair of myocar-
dial defects, which are extremely impor-
tant therapeutic targets.
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