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Abstract

In vivo tissue engineering has been explored as a method to repopulate scaffolds with autologous
cells to create a functional, living, and non-immunogenic tissue substitute. In this study, we describe
an approach to in vivo cellular repopulation of a tissue-derived tubular elastin scaffold. Pure elastin
scaffolds were prepared from porcine carotid arteries (elastin tubes). Elastin tubes were filled with
agarose gel containing basic fibroblast growth factor (bFGF) to allow sustained release of growth
factor. These tubes were implanted in subdermal pouches in adult rats. The elastin tubes with growth
factor had significantly more cell infiltration at 28 days than those without growth factor.
Immunohistochemical staining indicated that most of these cells were fibroblasts, of which a few
were activated fibroblasts (myofibroblasts). Microvasculature was also observed within the scaffolds.
Macrophage infiltration was seen at 7 days, which diminished by 28 days of implantation. None of
the elastin tubes with bFGF calcified. These results demonstrated that the sustained release of bFGF
brings about repopulation of elastin scaffolds in vivo while inhibiting calcification. Results showing
myofibroblast infiltration and vascularization are encouraging since such an in vivo implantation
technique could be used for autologous cell repopulation of elastin scaffolds for vascular graft
applications.

Introduction

Cardiovascular diseases are the leading cause of death in the US. More than 500,000 bypass
surgeries are performed annually [1]. Typically, autologous saphenous veins or internal
mammary arteries are used for these procedures; however, limited availability has urged the
need for synthetic replacements. In small diameter arterial replacements (<6mm), synthetic
grafts often fail due to thrombosis-related occlusion. Tissue engineering of small diameter
arteries has been the holy grail of research in the last decade. Since the overall goal is to mimic
natural arteries, extracellular matrix (ECM) materials have been widely researched. Due to its
abundance in the ECM, collagen is the most common matrix component utilized for vascular
tissue engineering. On gelation, soluble collagen assembles into linear filaments which
aggregate to form fibers. This fibrillar form is conducive to cell mediated remodeling and is
remodeled over time as the cells lay down their own matrix [2]. However, these gels have
inadequate mechanical properties to withstand hemodynamic pressures and shear stresses [3].
These collagen-based grafts also lack the elastin required to withstand continual pulsatile flow.
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Other materials being researched for vascular graft tissue engineering are decellularized
arteries (porcine, canine, ovine) containing the native collagen and elastin networks [4-6].
Advantages of using decellularized xenogeneic arteries as vascular grafts include ready
availability, ease of procurement from donors, and the preservation of the ECM which is
important for strength and cell attachment [5]. However, cellular repopulation in decellularized
arteries has been shown to be incomplete [7,8]. We hypothesized that this lack of cellular
infiltration is related to the lower porosity of tissue due to dense collagen-elastin networks, and
that the removal of collagen from the artery, in addition to cells, would increase the porosity
of the scaffold. In our previous study, small square elastin scaffolds made from porcine aortic
wall showed better in vivo repopulation compared to patches of decellularized aorta when
implanted subdermally in rats [9].

In the present study, we wanted to test if small diameter tubular elastin scaffolds could be
repopulated in vivo, in a rat subdermal implant model, for vascular graft applications. We also
wanted to test if controlled release of bioactive molecules such as bFGF would enhance cellular
infiltration in these scaffolds. The results demonstrated that the sustained release of bFGF
brings about enhanced repopulation of elastin scaffolds while inhibiting calcification. Such an
in vivo repopulation technique could be used as a minimally invasive method for autologous
cell repopulation of elastin scaffolds for vascular grafts in bypass surgeries.

Materials and methods

Tubular scaffold preparation

Porcine carotid arteries (5-7mm diameter) were harvested at a local slaughterhouse, rinsed in
cold phosphate buffered saline (PBS) and transported to the laboratory on ice. They were then
cleaned of adherent tissue and fat and rinsed in cold PBS. Tissues were subsequently processed
for the preparation of tubular elastin scaffolds, by cyanogen bromide (CNBr) treatment, to
remove cells, collagen and other ECM components except elastic fibers [10]. Briefly, fresh
tubular carotid artery samples were treated with 50 mg/ml CNBr (Acros Organics; Morris
Plains, NJ) in 70% formic acid (Acros Organics; Morris Plains, NJ )(8 ml/cm?) for 19 h at 20°
C with gentle stirring, followed by 1 h at 60° C and boiling for 5 min to inactivate CNBr. The
scaffolds were then stored in 70% ethanol as a disinfectant. This method produced pure elastin
scaffolds (shown in previous publication [9]). For the subdermal implant study, samples were
further washed in sterile saline.

Preparation of bFGF loaded elastin tubes

Human recombinant basic fibroblast growth factor (bFGF, PeproTech Inc, Rocky Hill, NJ)
was reconstituted in 5mM Tris buffered saline (TBS) (pH = 7.6) and diluted in the same buffer
to a working concentration of 6.6 ug/ml. Agarose (MP Biomedicals; Solon, OH) solution (2%)
was made in TBS, microwaved for 2 minutes to dissolve the agarose and maintained at 40°C
on a heating plate. This solution was mixed with the working solution of bFGF in a 1:1 ratio
to give a final agarose solution of 1% containing 3.3 ug/ml bFGF. For the experimental (EL-
Gel-FGF group), 300 pl of this solution was pipetted into tubular elastin scaffolds. The agarose
gel solidified immediately and then both sides of the scaffold were tied with a suture to keep
the gel within the scaffold for the entire duration of implants. For the control (EL-Gel group),
elastin tubes were filled with 1% agarose gel only. This entire procedure was done under sterile
conditions. The scaffolds (n = 6 per group per time point) were prepared 1-2 hours before use
and were stored in sterile conditions until implanted.

In vitro bFGF release

To evaluate the sustained release of bFGF from agarose gel within the elastin scaffold, we
prepared bFGF loaded tubes in the same way as described above. These samples were then
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immersed separately in Iml TBS (pH 7.6 containing sodium azide) in centrifuge tubes and
gently shaken at 37°C for 28 days. Solutions were replaced at regular time points with fresh
TBS. The quantity of bFGF released in solution was evaluated using a bFGF ELISA kit
(Calbiochem; San Diego, California).

Subdermal implantation of tubular elastin scaffolds

Histology

EL-Gel-FGF and EL-Gel samples were implanted subdermally (n = 6 per group per time point)
in adult male Sprague Dawley CD rats weighing 250-300g, placed under general anesthesia,
as described earlier [11]. Briefly, a 1 cm wide skin incision was made on the back of the rats,
and two subcutaneous pouches were created in each rat by blunt dissection. One scaffold (~20
mm long, containing 300ul gel) was placed into each pouch and the incision closed with
surgical staples. Animals were recovered and provided with food and water ad libitum. Upon
recovery, analgesic (buprenorphine, 0.05 mg/kg, s.c.) was provided. After 7 and 28 days,
animals were euthanized by CO, asphyxiation and the implants along with surrounding
capsules were retrieved for analysis. The agarose gel was removed from all samples and stored
separately.

Explanted elastin tubes were rinsed with phosphate buffered saline (PBS), embedded in Tissue
Tek OCT compound (Sakura Finetek, U.S.A. Inc., Torrance, CA), and frozen at —80°C. 6 um
thick sections were cut using a cryostat (Microm HM 505 N, Mikron Instruments, Inc.) and
collected on glass slides. The samples were evaluated using hematoxylin and eosin (H&E)
staining for general morphology and Gomori’s one step trichrome (Gomori’s) stain for matrix
formation. Dahl’s Alizarin stain was used for identifying calcium deposits. Verhoff-Van
Gieson stain (VVG) was used to evaluate the integrity of elastic fibers. For explant analysis,
digital pictures were taken from each section at 200X magnification and cell infiltration depth
was measured using the Spot Advanced software (Diagnostic Instruments Inc., Sterling
Heights, MI). Cells populated elastin scaffolds from outside in and thus infiltration depths were
measured as the distance (in micrometers) between the innermost cellularized layer and the
outer (abluminal) edge of the scaffold. Six measurements were taken from each slide for each
implant. (n = 3 slides per group; 18 measurements per group)

Immunohistochemistry

Cryosections (n = 3 per group) were immunostained using anti-rat prolyl-4-hydroxylase
primary antibody (1:500 dilution) for fibroblasts (Sigma, St. Louis, MO), anti-rat macrophage
(1:200 dilution) (Chemicon, Temecula, CA), anti-a-smooth muscle actin (1:200 dilution) for
myofibroblasts (Sigma, St. Louis, MO) and anti-rat smooth muscle heavy chain myosin
(1:3000 dilution) for smooth muscle cells. Vectastain Elite ABC Kit for mouse 1gG and DAB
substrate were used to visualize the specific staining (Vector Laboratories, Burlingame, CA).
To minimize cross reactivity, rat-adsorbed biotinylated anti-mouse IgG at 5 mg/ml (Vector
Laboratories) was used in place of the biotinylated secondary antibody provided with the
staining kit. Negative controls were included with the omission of the primary antibodies.
Sections were counterstained with hematoxylin.

Protein extraction and analysis

Elastin scaffolds and gels (5 samples each) were separately weighed and homogenized on ice
for two minutes in 300ul of extraction buffer (5mM TBS pH 7.6, 0.05% Triton X-100, 1mM
proteinase inhibitor cocktail (Sigma Aldrich)). The homogenate was left on ice for 2 hrs after
which it was ultracentrifuged (10,000 rpm, 20 minutes at 4°C). The supernatant was collected
and analyzed for total protein content using BCA assay, bFGF content using an ELISA kit
(Calbiochem) and matrix degrading enzymes such as MMPs using gelatin zymography.
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Mechanical testing

2-3 mm wide rings of fresh porcine carotid arteries, tubular elastin scaffolds (before implant,
after 7 and 28 days of subdermal implantation) (n = 6 each) were subjected to radial tensile
testing at a strain rate of 5 mm/s until failure on an MTS (Synergie 100) machine. Stress strain
characteristics were plotted and the ultimate stress and engineering strain values were
calculated. Young’s modulus was calculated between 10 and 20% strain on the stress strain
curve since this is the maximum strain usually experienced by arteries.

Calcium assay

Quantitative analysis of calcium content in explanted scaffolds was performed according to a
previously described procedure [12]. Briefly, a section of the capsule-free scaffold (n = 6 per
group) was lyophilized, weighed and digested in 1ml of 6N HCI at 95 °C for 10 h. Digested
samples were evaporated under a continuous stream of nitrogen gas until dry, and the residual
material was dissolved in 1ml of 0.01N HCI. Calcium concentration was determined using an
atomic absorption spectrophotometer (PerkinElmer, Norwalk, CT) and expressed as pg Ca/mg
dry tissue.

2.10 DNA assay

Quantitative DNA analysis for the scaffolds was done using the DNeasy® tissue kit (Qiagen
Inc. Valencia, CA). The protocol for DNA purification from rodent tails was used as described
in the kit since the expected yield was 1 — 4ug DNA/mg wet tissue. Absorption was measured
and the quantity of DNA calculated. Values are expressed as ug DNA/mg wet sample weight
(n=6).

2.11 Statistical data analysis

Results

Results are expressed as means + standard error of the mean (SEM). Statistical analyses of the
data were performed using single-factor analysis of variance (ANOVA). Subsequently,
differences between means were determined using the least significant difference (LSD) with
an alpha value of 0.05.

The purity of elastin scaffolds prepared by the CNBr treatment, evaluated by histology, SEM
and other assays has been described in detail previously [13]. In the current study we attempted
to repopulate tubular elastin scaffolds with cells by implanting them in a rat subdermal model.
We developed an agarose gel system for the sustained delivery of bFGF within the scaffolds
to improve cell infiltration.

Release of bFGF from agarose gels

In vitro release studies of bFGF from 1% agarose gels showed a steady release of bFGF up to
~92% in 10 days (Figure 1A). Quantification of bFGF extracted from explanted scaffolds and
gels showed that the growth factor was gradually released over 28 days from the agarose gel
in the lumen and it moved into the elastin scaffold (Figure 1B). There was a 70% release from
the gel in 7 days and a total 80% release in 28 days. Thus, in vivo release of bFGF correlated
well with in vitro release.

Cellular infiltration and neo-matrix deposition in subdermal implants

Macroscopically, the explants maintained their tubular structure and were covered by a very

thin capsule that could be removed easily (Figure 2A and 2B). Agarose gels placed in the lumen
were intact and could be removed easily. H&E staining showed that at 7 days there was almost
no cellular infiltration in the EL-Gel group whereas there was a little infiltration in the EL-Gel-
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FGF group (Figure 2C and 2D). At 28 days, EL-Gel showed similar infiltration as EL-Gel-
FGF at 7 days whereas EL-Gel-FGF showed dense, organized infiltration halfway into the
tissue (Figure 2E). Infiltration depth measurements (Table 1) showed significantly higher
infiltration at 28 days in the EL-Gel-FGF group (45.59% =+ 1.98) as compared to all other
groups. Gomori’s trichrome staining (Figure 2F) for collagen showed organized collagen
deposition within spaces between the sheets of the elastin only in the 28d EL-Gel-FGF
scaffolds. There was hardly any collagen deposition in the remaining groups (data not shown)
probably due to little cellular infiltration.

The majority of infiltrating cells in both groups at both time points were fibroblasts of which
some stained positive for smooth muscle a-actin indicating their myofibroblastic phenotype
(Figure 3A and 3B). Significant macrophage infiltration was observed at 7 days which reduced
considerably at 28 days (Figure 3C and 3D). However, there were no smooth muscle cells as
observed by the absence of smooth muscle heavy chain myosin staining (data not shown).
Quantification of DNA (Figure 4) indicated twice as much DNA in the 28d EL-Gel-FGF group
(0.3 £ 0.04 pg/mg) as compared to 28d EL-Gel as well as 7d EL-Gel-FGF (both ~ 0.16 + 0.05
ug /mg). The value for 28d FGF group was statistically different from all other groups (p<
0.05).

Changes in mechanical properties

Uniaxial radial tensile testing of rings of fresh porcine carotid arteries, elastin scaffolds (before
implantation) and samples explanted at 7 and 28 days was done up to failure (Figure 5). Fresh
carotid arteries showed typical biphasic characteristics with low modulus (150-200 kPa) up to
~ 50% strains and high modulus (3.5 — 4MPa) from 100 — 150% strain. The ultimate stress
ranged from 1.76 — 2.64 MPa whereas the maximum strain ranged from 110% to 200%. Elastin
scaffolds showed perfectly linear stress strain characteristics with a modulus ~400 kPa. The
ultimate stress ranged between 0.42 and 0.85 MPa for strains between 80 — 140%. These
characteristics are very much within the range of mechanical properties of pure elastin. [14]
Both the EL-Gel and EL-Gel-FGF groups after 7 day subdermal implantation had exactly the
same characteristics as the unimplanted elastin scaffold. However, after 28 days of
implantation, both groups were stiffer with moduli ranging 1.3 — 1.65 MPa and had reduced
elasticity. EL-Gel-FGF scaffolds could be strained upto ~80% whereas EL-Gel scaffolds were
even less elastic and could only be strained upto ~50%. MMP-2 was detected in both groups
at both 7 and 28 days whereas MMP-9 was detected in both groups only at day 7 (Figure 6A).
Elastic fiber degradation was also seen on the outer (abluminal) side of the scaffolds (Figure
6B).

Absence of calcification in subdermal implants

Calcification of implants was evaluated using quantitative calcium assay. None of the samples
calcified in EL-Gel-FGF group (values ranged between 0 and 0.25 + 0.1 pug/mg dry weight),
while 2 out of 6 samples in the 28d EL-Gel group calcified significantly (8.1 and 15.8 pug/mg
dry weight). Dahl’s Alizarin staining of scaffolds did not show calcium deposits in EL-Gel-
FGF group at both time points but there were a few spots in the EL-Gel group which was
consistent with the quantitative studies (data not shown). The value for 28d EL-Gel group was
statistically different from the 28d EL-Gel-FGF group (p< 0.05).

Discussion

Tissue engineering of blood vessels has been focused on the search for the ideal material that
will encourage regeneration to provide both a structural and functional replacement. The ideal
vascular graft should be non-thrombogenic, non-antigenic, biodegradable and should have

mechanical properties similar to the native artery (collagen for strength and elastin for recoil).
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Most attempts to engineer small diameter blood vessels however, have failed clinically due to
lack of one of the above characteristics. To eliminate immunorejection, a number of researchers
have utilized the idea of in vivo tissue engineering of vascular grafts. Over 3 decades ago, Eiken
[15], Schilling et al. [16,17], and most well known, Sparks, [18,19] first suggested the
subcutaneous implantation of a mandril to allow a fibrocollagenous capsule to grow around it
in 3—4 weeks. The mandril was removed and the tube that formed around it was used for
vascular replacements. Though this method provided a completely autologous vessel, a follow
up study by Hallin et al., [20] showed that the tubes occluded very quickly due to thrombus
formation mainly due to the exposure of collagen fibers to blood. More recently, this idea of
growing a blood vessel in the body was revived by Campbell etal., [21,22] when they implanted
polymer tubing into the peritoneal and pleural cavities of animals to grow vessels similar to
natural arteries. The collagenous capsule mainly contained myofibroblasts and was covered
by a confluent layer of mesothelial cells. Before implantation as carotid interposition grafts in
rabbits, the tubes were everted so that the mesothelium lined the lumen. This allowed the grafts
to remain patent for at least 4 months. Although all these methods eliminated immunogenic
problems (and later, thrombogenicity), two main questions arise. First, since the formation of
a capsule is the body’s way of sealing off a foreign body, these fibrocollagenous tubes that
form in vivo are relatively avascular and thus may reduce exchange between cells and blood
when implanted intravascularly. Second, these “biotubes” are rich only in collagen. Collagen
provides tensile strength to arteries however, in order to sustain continual pulsatile flow and
prevent dilatation (aneurysm formation), elastin is a necessary component [23]. Unfortunately,
elastogenesis in tissue engineered constructs has been very limited [24], [25].

In the present studies we used porous elastin tubes carrying bFGF releasing gel for in vivo
cellular repopulation. The bFGF releasing gel was contained within the lumen of the tubes by
tying both edges of the tubular scaffold. This allowed cellular infiltration through only the
abluminal side. The purpose of these studies was to provide intraluminal growth factor release
to allow quicker abluminal cellular infiltration. On implanting these repopulated scaffolds into
vasculature, elastin would provide the necessary elasticity to the graft.

Therelease of bFGF improved cell infiltration significantly. By 28 days, EL-Gel-FGF scaffolds
were densely repopulated with host fibroblasts which synthesized new collagen within the
elastic fiber network. Some of these fibroblasts showed a myofibroblast marker (smooth
muscle a-actin) but were negative for smooth muscle heavy chain myosin staining (data not
shown). These results are similar to those shown by others, who also showed a majority of
myofibroblasts after implantation of 1 month[21,22,26]. These myofibroblastic cells have been
shown to express strong smooth muscle cell markers under pulsatile flow either in vitro [27]
or in vivo [22]. Thus, after implantation of such tubular scaffolds in the vasculature,
myofibroblasts in the scaffolds may show SMC behavior.

Cellular infiltration within scaffolds in the EL-Gel-FGF group however, was incomplete and
did not reach the intimal side, which could be advantageous for vascular applications for several
reasons. First, adventitial fibroblast infiltration would mimic native adventitia and collagen
deposition would provide adequate mechanical strength to the scaffold. Second, elastin will
be exposed to the blood flow after vascular implantation which will minimize thrombus related
failure. Tieche et al., [28] have shown that elastic laminae possess anti-thrombotic and anti-
inflammatory properties and show significantly lower leukocyte adhesion when in contact with
blood. Carr et al., [29] have also shown that elastin exhibits a four fold delay in clotting time
when compared to synthetic biomaterials. Third, the space in the media that is not invaded by
myofibroblasts during subdermal implantation could be infiltrated by smooth muscle cells
laterally from the native artery after vascular implantation thus allowing a seamless interface
with the native tissue.
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We also observed microvasculature within the EL-Gel-FGF scaffolds. This observation is very
important as cells need nutrients during neo-tissue development and many in vitro tissue
engineering approaches fail due to inadequate nutrient supply deep within the scaffolds.
Inadequate neovascularization of prosthetic vascular grafts often leads to infection, one of the
most common causes of graft failure [30]. The observed microvasculature could be due to the
release of bFGF, which is a well documented angiogenic growth factor [31,32].

One of the important aspects for vascular tissue engineering is appropriate mechanical strength
of scaffolds prior to vascular implantation. We performed uniaxial tensile testing of rings of
scaffolds after subdermal implantation to ensure that the scaffolds could still withstand
physiological strains (arteries experience 1-4% strain and in extreme cases, 10% strain).
[33]. The ultimate stress for the elastin scaffolds even before implantation is ~1/3'd that of fresh
carotid arteries. This is due to the removal of collagen which provides tensile strength. After
7 days of subdermal implantation mechanical properties were comparable to the unimplanted
elastin scaffolds This may be because there was very little cellular infiltration and little
degradation of the scaffold. After 28 days of implantation, scaffolds from both groups became
stiffer and less elastic. Synthesis of new collagen by infiltrating cells may be the cause of the
increased stiffness whereas matrix degrading enzymes responsible for elastin remodeling may
have reduced its elasticity. Moreover, though we tried to remove the fibrous capsule
surrounding the elastin implant before mechanical tests were performed, there may have been
some fibrous tissue remaining, which may account for the increase in stiffness in both EL-Gel
and EL-Gel-FGF groups. EL-Gel scaffolds could be strained between 30 and 50% after 28
days whereas EL-Gel-FGF scaffolds could be strained between 50 and 80% before failure.
Synthetic polymer scaffolds possess much lower ultimate strain even before implantation.
Electrospun scaffolds composed of PLGA-elastin-collagen had a maximum strain of 40% at
failure [34]. For the tissue engineering of blood vessels, burst pressure and compliance
measurement are more important than static mechanical tests presented here. Although an
extensive study was not performed to evaluate the burst pressure of the present scaffolds, water
was pressurized through one EL-Gel-FGF scaffold after 28 days of implantation which burst
at 300 mmHg. A wide range of burst pressures from 240 mmHg [35] to 650 mmHg [2] and in
many cases in excess of 1000 mmHg [22,36] have been measured by different researchers.
Native arteries have shown burst pressures between 2000 and 6000 mmHg depending on the
animal and the vessel tested [37,38]. Detailed studies of burst pressure of EL scaffolds will be
undertaken in the future.

An additional concern for vascular implants is pathologic calcification. We and others showed
earlier that elastin based scaffolds are prone to calcification [39-41]. Cellular remnants are
usually the nodes where calcification begins; however in some cases, even decellularization
does not completely eliminate calcium deposition [42]. Attempts to alleviate elastin
calcification have met with limited success even in adult rat models in which calcification is
usually lesser than in juvenile animals[40,43].. In the present studies, interestingly, controlled
release of bFGF suppressed elastin calcification while the control scaffolds without bFGF
showed some calcification (statistically significant difference, p< 0.05). The role of bFGF in
physiologic calcification is controversial. Some studies, mostly with bone, have shown that
bFGF decreases mineralization by inducing hypophosphatemia [44]. The addition of bFGF to
dentin pulp cultures suppressed the increases in ALPase activity, SPARC synthesis, and their
mRNA levels [45]. However, other studies have shown that bFGF is associated with osteogenic
properties especially when used in combination with bone forming proteins such as BMPs
[46,47]. Our present studies, however, are the first to show suppression of elastin calcification
by bFGF at 28 days in subdermal implantation model; however, whether this holds true for
long-term studies and in the circulatory environment is unknown and needs further study in
the future.
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We have extensively studied mechanisms of elastin calcification and have shown that matrix
degrading enzymes such as MMPs are involved in elastin calcification [12,48]. In this study,
an initial inflammatory response (macrophage infiltration) seen at 7 days was reduced by 28
days. Macrophages were present in the surrounding capsule even at 28 days and MMPs were
present in the scaffold (as seen by zymography). This led to some elastic fiber degradation on
the outer edges of the scaffolds, but in EL-Gel-FGF scaffolds such MMP activity did not cause
calcification. The mechanisms by which bFGF prevented elastin calcification in the rat
subdermal implantation model would need further investigation.

Conclusions

Subdermal implantation of elastin tubes loaded with bFGF releasing agarose gel provided a
sustained release of growth factor which improved cell infiltration while preventing
calcification of elastin. Although comprehensive mechanical testing of the scaffolds is required
before implantation into the vascular system, this method provides a minimally invasive
technique to prepare mechanically sound, autologous grafts that can be used as vascular
replacements.
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Figure 1.

In vitro release of bFGF from agarose gels (A) shows 70% release in 7 days. In vivo release of
bFGF (shown as triangles) matches well with in vitro results. The total release in vitro was
~92% in 10 days. Fig 1(B) shows the gradual decrease of bFGF in the gel and a corresponding
increase in the surrounding scaffold showing the sustained release through the gel and into the
scaffold.
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Figure 2.

Macroscopic and histological features of explanted EL scaffolds (A) shows the thin capsule
over the explants (B) shows the structural integrity of the explants. 7d EL-Gel (C), 7d EL-Gel-
FGF (D) and 28d EL-Gel-FGF (E) representative images. Host cells could only infiltrate
scaffolds by abluminal side. There is visibly reduced cell infiltration in EL-Gel group.
Gomori’s trichrome staining (F) shows new collagen fibers between layers of elastin only in
the 28d EL-Gel-FGF group. The red lines indicate the scaffold-capsule interface. H&E stain
(cell nuclei are dark blue and matrix is pink), Gomori’s trichrome stain (cell nuclei are dark
blue, collagen is blue — green and elastin is pink. Original magnifications (C -E) 200 X and
(F) 400 X.
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Figure 3.

Immunohistochemical characterization of infiltrating cells in EL-Gel-FGF scaffold. A)
immunostained for fibroblasts at 28 day, B) immunostained for smooth muscle a-actin at 28
day, C) immunostaining for macrophages at 7 day, D) immunostaining for macrophages at 28
day. The red lines indicate the scaffold-capsule interface. Insets show negative stains. Original
magnifications 400 X.
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Figure 4.
Quantification of DNA within explanted scaffolds. At 28 days EL-Gel-FGF scaffolds had
significantly more DNA (p<0.05)
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Figure 5.

Uniaxial tensile testing of fresh artery and scaffold rings. By 28 days, EL scaffolds were stiffer

and less elastic.
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Figure 6.

Degradation of EL scaffolds in vivo. A) Gel image showing MMPs 2 and 9 in EL-Gel scaffolds
7day (Lane 1), EL-Gel scaffolds 28day (Lane 2), EL-Gel-FGF scaffolds 7day (Lane 3) and
EL-Gel-FGF scaffolds 28day (Lane 4). B) VVG stain for elastic fibers. Arrows indicate
degraded fibers on abluminal side (EL-Gel-FGF) at 28 days. Degradation was observed in both
EL-Gel and EL-Gel-FGF samples at 28 days. Original magnification 200 X.
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Depth of cellular infiltration into the scaffold. There was significantly more repopulation in the 28d EL-Gel-FGF

Table |

scaffolds as compared to EL-Gel scaffolds (p<0.01).

sample description infiltration depth(um) tissue thickness(um) % infiltration depth SEM
7 day EL-Gel 9.74 218.58 4.46 0.93
7 day EL-Gel-FGF 27.48 212.96 12.91 291
28 day EL -Gel 41.92 243.32 17.23 1.86
28 day EL-Gel-FGH 107.43 235.66 45.59 1.98
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