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Abstract
Extracellular matrix (ECM)-based biomaterials have an established place as medical devices for wound heaiing
and tissue regeneration. In the search for biomaterials we have produced ovine forestomach matrix (OFM), an
ECM which is biochemically diverse and biologically functional. OFM was shown to retain residual basement
membrane components, such as laminin and collagen IV and a collagenous microarchitecture comprised of
fibronectin, glycosaminoglycans, and elastin. OFM is shown to retain bicactive factors such as fibroblast growth
factor 2 (FGF2) using a pheochromocytoma cell (PC12) model of differentiation. OFM was non-toxic to
mammalian cells and supported fibroblast and keratinocyte migration, differentiation and infiltration. OFM stimulated endothelial cell
migration in a HUYEC wound scratch assay and increased microvasculature in an aortic ring model. Blood vessel area and vascular
sprouting increased in response to OFMin an ex ovo chicken chorioallantoic membrane (CAM) assay. The OFM biomaterial was shown
to undergo remodelling in a pordine full thickness excisional model and gave rise to significantly more blood vessels than small
intestinal submucosa (SIS)-treated or untreated wounds. The ability of OFM to encourage blood vessel growth and angiogenesis is a
property thatlends itself well to dlinical applications in wound healing and tissue regeneration.

OFM Biochemical Composition 7
The major and minor biochemical components of OFM were ‘
quantified using established techniques. OFM was shown to be a rich /

biological matrix containing connective, adhesion and signaling proteins,
all of which play aitical roles in cell adhesion as well as differentiation and
proliferation (Figure 1). The matrix was composed mainly of collagen,
induding types | and lll. Structural ECM components included elastin and 0.19%.
fibronectin and sulphated GAGs. Proteins important in cell adhesion and
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Figure 1. Major bochemica componertsf CFI.

OFM Supports Cellular Infiltration

Human fibroblasts (D551) were seeded ontohydrated OFM and cultured for up to 10 days with fresh media being added every other day. OFM was
formalin fixed, sectioned and stained with DAPI then visualized using fluorescent microscopy. Fibroblasts were seen to have infiltrated into the
OFM within 12 hours post-seeding (Figure 2A) and extensive infiltration could be observed after 10 days (Figure 20) .

OFM Stimulates Cell Differentiation via Bioactive FGF2

To explore the stimulatory activity of OFM on mammalian cells as a result of bioactive FGF2, studies were conducted using
pheochromocytoma cells of the rat adrenal medulla (PC12). PC12 cells were exposed to OFM extracted into basal media, and
the cellular differentiation was quantified . In the presence of bioactive growth factors, PC12 will differentiate i.e sprout
neuronal processes (Figure 3A). Untreated cells exhibited no differentiation (Figure 3B) yet OFM extracts promoted cell
differentiation (Figure 3C)in a dose dependent manner (Figure 3D).
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To examine the effect of bioactive FGF2 on PC12 differentiation, FGF2 activity was blocked using an anti-FGF2 antibody (Figure
44A). Cell differentiation was partially inhibited (Figure 4B) by the anti-FGF2 antibody, demonstrating that FGF2 was present in a
bioactive form.
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OFM Stimulates Angiogenesis In Vitro

The rat aortic ring model is an assay for is in vitro. A fibrin clot was prepared either as a OFM
suspension or an OFM extract and used to surround a freshly harvested rat aortic ring. Aorticrings were imaged at days 0, 3, 5 and
7, and the extent of vascularization was visualized using Image J (Figures 5B, 5D). Microvasculature extending from OFM-treated
rings (Figure 5C) was significantly increased relative to the untreated control (Figure 5E).
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The HUVEC wound scratch assay is an established assay for assessing endothelial migration and proliferation. HUVEC monolayers
were scratched using a pipette tip, and extracts of OFM, SIS, cross-linked OFM (OFM-X) and Promogran® (PG) in media were added
to the monolayer then scratches were imaged at 0 h, 4 h and 8 h. OFM-treated cells showed greater cellular infill relative to
untreated controls in the absence of mitomycin C (Figure 6A, B). The extent of cellular migration alone was then assessed by
arresting proliferation. OFM-treated wells (Figure 6C, D) demonstrated significant increases in migration relative to untreated
controls (Figure 6A, B) and compared to SIS, OFM-X and PG (Figure 6E).
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OFM Stimulates Angiogenesis £x Ovo.

The ex ovo chick CAM assay is an established assay for quantifying angiogenesis in vivo. Fertilised eggs were incubated (38.5 °C)
for 3 days before being cracked into a petri dish and incubated at 37.5 °C for 3 days. PBS extracts of OFM, SIS, OFM-X and PG were
dosed onto the developing vessels of the CAM. Each dose site was photographed at 24 h, 48 h and 72 h post-dosing and the
vascular area and branchpoint numbers were quantified. OFM-treated CAM showed inaeases in both vascular area {(Figure 7D)
and branchpoint number (+; Figure 7C) compared to PBS controls (Figure 7 A, B). OFM-treated sites showed signifiantly higher
vascular area (Figure 7D) than SIS, OFM-X and PG (P<0.01) as well as significantincreases in branchpoint number at all time points
(data not shown).
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OFM Stimulates Remodeling and Angiogenesis in Vivo.

In order to evaluate the in vivo tolerance of OFM and determine its ability to stimulate S

tissue ion and to undergo ing, we conducted a comprehensive wound

healing study in pigs. On day 0 of the study, a total of 20 full thickness 20 mm diameter

wounds were surgically aeated on the badk of a 6 week old anesthetized female pig

(approx. 18-20 kg) using a dermal punch. Each of the wounds were either untreated, or

treated with sterile OFM or SIS. On days 0, 3, 7, 14, 28 and 42 all wounds were digitally

imaged (Figure 8) and a single row of wounds from each animal was biopsied under D © i (s o (et

anesthesia. All biopsies were formalin fixed, mounted, sectioned and stained for analysis. thickness excisonal wounds at day O before treating
with CFH 4] end Day 42 ofte treatment with CFHl
®

Remodeling

An examination of Gomori's trichrome stained tissue biopsies taken during the course of the study provided evidence that OFM
was infiltrated by cells during the healing process (Figure 9). OFM appeared as green ribbons espedally prominent at day 7. Cells
were clearly visible within the exogenous ECM collagen scaffold at day 7. Both OFM and SIS were visible for approximately 14-28
days, after which time mature collagen had been laid down and the matrices were not visible within the wound bed. A variety of
immune cells were observed within and surrounding the matrices and this immune response had resolved by day 42.
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Angiogenesis

Sections were stained with anti-CD34 antibody, labelled with DAB and the vasaulature quantified. There was a statistically
significantinaease in the number of blood vessels in wounds treated with OFM (Figure 10A), relative to untreated wounds (Figure
10B). The average total number of vessels counted per frameisgiven in Figure 10C. The inarease in total blood vessels was evident
on days 14, 28 and 42 (P<0.01). In comparison, SIS-treated wounds showed no significant increase in blood vessels relative to the
untreated control.
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