Controlled delivery of angiogenic factors from biodegradable amino acid-based
fibersfor therapeutic angiogenesis
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Introduction: Notwithstanding the rapid advances in treatmenipapt cardiovascular diseases are
the leading cause of death in developed countRegér et al. 2012). In 2008, ischemic heart disease
accounted for 7.3 million deaths worldwide (Gaziagtoal. 2010). Many ischemic heart disease
patients are ineligible for standard revasculaigratechniques such as angioplasty or bypass surger
(Williams et al. 2010). In these patients, the lgraje to improve blood flow to the ischemic heart
has led to extensive research and innovative appesain the field of vascular regenerative
medicine including therapeutic angiogenesis; wicthe administration of growth factors (GFs) to
induce new vessel formation. Angiogenic growth destwere commonly delivered either by bolus
injection or infusion into systemic circulation thre tissues of interest, but the short half-liferefse
proteins usually resulted in their low local avhilsdy and diminished efficacy (Cao and Mooney
2007). One approach to overcome such limitatiorteassustained delivery of growth factors at the
desired site from electrospun fibers (Said et @L.3). We hypothesize that poly(ester amide) (PEA)
electrospun fibers can act as a controlled deliveygtem for GFs promoting therapeutic
angiogenesis. Our goal is to optimize the electrospg parameters of GFs-loaded PEA fibers and
characterize the fabricated fibers in terms of rhotpgical properties andn vitro scaffold
degradation. Also, then vitro GFs release kinetics were studied together witbumg the
bioactivity of the released GF.

Materials and M ethods: Biodegradable electrospun PEAs fibers were falediaind loaded with a
model protein, bovine serum albumin (BSA) usingnblend emulsion electrospinning techniques,
before the actual fibroblast growth factor-9 (FGE®#)ding. Morphological analysis was carried out
using scanning electron microscopy (SEM). In-visoaffold degradation of PEA fibers was
examined in phosphate buffer saline (PBS; pH A 8)7&C for a period up to 4 weeks, qualitatively
using SEM and quantitatively by % mass loss detemtion method and molecular weight analysis
using gel permeation chromatography. Moreoueritro scaffold degradation was carried out in a
conditioned smooth muscle cells culture media (SM@w37 °C and examined qualitatively using
SEM. Thein vitro release kinetics of BSA and FGF9 from loaded Pbar§ was studied in PBS
(pH 7.4) at 37 °C over a period of 28 days. At ptedmined time intervals, samples were assayed
for the released BSA and FGF9 using BCA and ELI8& despectively.

Results: Scanning electron micrographs of PEA electrospberé revealed non-woven mats of
uniform fiber diameter distribution (200-500 nm)splaying high surface area-to-volume ratio and



considerable porosity. The effect of PBS (pH 7#434a °C on scaffolds degradation was minimal
over the 4-week study period in comparison wittsticachanges in case of the conditioned SMCM.
Quantitative analysis showed 21% mass loss over28iday study period together with initial
decrease in the molecular weight (MW) in week llpfeed by no change in MW over the following

3 weeks in PBS (pH 7.4) at 37 °C. BSA and FGF94daBEA fibers exhibited controlled-release
profile over 28 days with limited initial burst efft and 90% BSA liberation for the blend
electrsopun BSA-loaded PEA fibers and 30% FGF9rditien for the blend electrsopun FGF9-
loaded PEA fibers. For emulsion electrospun fib#re,release profile showed decreased BSA and
FGF9 release rates, reaching 37% and 15% resplgciiveay 28.

Discussion: Defect-free fibers, of mean fiber diameter ~250 rand uniform fiber diameter
distribution were produced using a binary solveydtem of chloroform (CHG) and dimethyl
sulfoxide (DMSO) (9:1). The use of a binary solveystem of CHGIDMSO (9:1) instead of 100%
CHCI; resulted in getting rid of the beads, which cdugdattributed to the high dielectric constant of
DMSO (=46.6) contributing to the increased conductivitylee polymer solution. In-vitro scaffold
degradation in PBS (pH 7.4) at 37 °C showed thaffaics preserved their fibrous structure over the
4-week study period, with minimal degradation whempared to the drastic changes that took
place in the degradation study in SMCM with lossilefous structure starting from week 2. In case
of degradation in PBS (pH 7.4), the decrease insnsasipled with constant MW may indicate that
the PEA scaffolds degradation in PBS (pH 7.4) ismhated by surface erosioBSA and FGF9
release was sustained over the 28-day study withiged burst effect. Absence of extensive burst
release pointed out BSA/FGF9 compatibility with fh@ymer solution while the sustained release
pattern confirmed adequate structural integritytloé fibers throughout the study. The reduced
release rate in case of emulsion electrospun filas predictable based on the notion that the
protein is encapsulated in the aqueous vesiclegshwiequire the degradation of the polymeric
matrix, followed by subsequent diffusion of the tein from the vesicles. These data support the
premise of growth factor(s) sustained release fi@EA electrospun fibers for their potential
application in therapeutic angiogenesis.

References:

Cao, L. and D. J. Mooney (2007). "Spatiotemporalticd over growth factor signaling for
therapeutic neovascularization.” Adv Drug Deliv F&¢13): 1340-50.

Gaziano, T. A,, et al. (2010). "Growing epidemiacofonary heart disease in low- and middle-
income countries.” Curr Probl Cardigh(2): 72-115.

Roger, V. L., et al. (2012). "Heart disease andk&tistatistics--2012 update: a report from the
American Heart Association." Circulatidi25(1): e2-e220.

Said, S. S, et al. (2013). "Advances in growtlidadelivery for therapeutic angiogenesis." J Vasc
Res50(1): 35-51.

Williams, B., et al. (2010). "Patients with coropartery disease not amenable to traditional
revascularization: prevalence and 3-year mortal@atheter Cardiovasc Intei@db(6): 886-
91.




