
1. Vascular smooth muscle cells can be isolated from aortic tissue 

using collagenase, a promising strategy to isolate patient cells in 

future studies.

• Vascular graft failure is an unmet need: 

40% synthetic peripheral bypass grafts 

fail by 5 years, leading to amputation 

and mortality [1].

• Vascular smooth muscle cells (VSMC) 

switch from a contractile phenotype to a 

synthetic phenotype [2] to cause 

narrowing of the graft lumen at the 

anastomosis.

1. Mechanism: Vascular smooth muscle cells respond to nerve signals in 

dose-dependent ways to regulate metabolism, with α-adrenergic signaling 

driving proliferation.

2. Regeneration in vivo: Though biocompatible, bulk delivery of 

neurotrophic factors in fibrin gels is insufficient to stimulate sympathetic 

nerve regeneration.

3. Sustained Release: Encapsulation of sympathetic growth factors, 

agonists, or antagonists in PLGA microspheres localized around the graft 

anastomosis in a hydrogel is a novel therapeutic strategy.
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Introduction

2. Norepinephrine treatment has dose-dependent metabolic effects on 

HAoSMCs, while α-adrenergic antagonist phenylephrine treatment 

yields consistent increases across concentrations.

IMPACT: Engineering sympathetic regulation of vascular smooth muscle 

cells during vascular graft remodeling will inform the development of 

therapies that enable robust blood flow for a patient’s lifetime.
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Conclusions & Future Directions

4. PLGA microspheres with BSA and netrin-1 were formulated with 

≤23% encapsulation efficiency but show burst release. Netrin-1 

solution has a dose-dependent metabolic effect on endothelial cells.

3. Subcutaneous fibrin gels with artemin and netrin-1 degraded within 

two weeks, and no differences in sympathetic nerve regeneration or 

vascular density were observed “within” the infiltrated fibrin gels. 
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• Healthy arteries are innervated by the sympathetic nervous system to not only 

regulate VSMC contractility and tension, but also to regulate arterial maturation [3].
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GOAL: Design perivascular therapies that modulate 

sympathetic nerve regeneration around vascular grafts to 

promote healthy remodeling. 

GAP: Vascular grafts used clinically lack innervation, a 

key regulator of vascular smooth muscle cells that drive 

remodeling

DESIGN: Fibrin hydrogel containing nerve growth factors 

encapsulated in PLGA microspheres for extended release. 
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2. VSMC Culture with Norepinephrine 

(NE) & Phenylephrine (PE)

7 Days

Human Aortic Smooth Muscle Cells (HAoSMC) in 

Growth Media [0 nM], NE [100 nM, 100 uM, 1 mM], 

or PE [100 uM, 1 mM] 

Resazurin Assay & Immunocytochemistry
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3. Subcutaneous Implantation of Fibrin 

Gels with Nerve Growth Factors

2 Weeks

Fibrinogen: 20 mg/mL

Thrombin: 2.5 U/mL

Netrin-1: 1 µg/mL

Artemin: 100 ng/mL

Histology & Immunofluorescence

Male Sprague-Dawley Rats

1. VSMC Isolation from Porcine Aorta 

Tissue

DMEM + FBS + P/S + 0.1 

– 0.2% (w/v) Collagenase

1.5 hr 0.2% 

Collagenase, 24 hr 0.1% 
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4. Bovine Serum Albumin + Netrin-1 

Microsphere Characterization

Live/Dead, Resazurin, 

& DAF-FM DA

24 HoursHuman Umbilical Vein 

Endothelial Cells (HUVEC) 

in Basal Media with 0 – 

1000 ng/mL Netrin-1 or 20 

ng/mL VEGF

PLGA (50:50, Mw 7-17 

kDa)
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Drug Loading: 5%

Encapsulation 

Efficiency: 23%
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