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Enzyme Triggered Drug Delivery for Graft 
Targeted Immunosuppression and 

Neuroregeneration after VCA 

CA Fries, SD Lawson, LC Wang, R Cindass, K Wu, VS 
Gorantla, N Desai, J Fisher, J Karp, S Little, MR Davis 

Sharon Lawson, MD 
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RESTOR™ Program, 59th Medical Wing, JBSA Lackland AFB 



Disclaimer 

The opinions or assertions contained herein are the private views 
of the author and are not to be construed as official or as 

reflecting the views of the Department of Defense. 

The experiments reported herein were conducted according to the principles 
set forth in the National Institute of Health Publication 80-23, Guide for 
the Care and Use of Laboratory Animals and the Animal Welfare Act of 

1966, as amended 



~ ~ ,,, At t· \, ~\ i:.orcP.. 

Impact of Military Trauma Care and Research 

• Improved combat casualty 
care 

Increased injury 
severity score 

Decreased case fatality 
rate 
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New rung on the reconstructive ladder 

Regional flaps 
eg, posterior interosseous 

Local flap 
eg, rotational/transposition 

Skin graft 

Secondary closure 

Reproduced from Lawson R, Levin LS: Principles 
of free tissue transfer in orthopaedic practice. J 

. Am Acad Orthop Surg 2007;15(5):290-299. 



Vascularized Composite Allotransplantation (VCA) 

• Current challenges and limitations 

- A life-enhancing but not a life-saving procedure 

• Requires lifelong systemic immunosuppression 

- Opportunistic infections: 88°/o 

- Metabolic complications: 70°/o 

- ~1 episode of acute rejection within 1st year: 
85°/o 

- Requires highly motivated patients to comply with 
. . 
1mmunosuppress1on 

- Limited donor pool 

Murphy, B. o., et of (2013). Vascularized composite allotransplantation: An update on medical and surgical progress and remaining chanllenges. JPRAS, 66, 1449-1455. 



Background 

• Forelimb model ofVCA 

- analogous to human hand transplant 

• Evaluation of a drug eluting hydrogel for localized 
• • 
1mmunosuppress1on 
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A-Axillary Artery 
B - Radia l Artery 
C- lnterosseous Branch (of Fries) 
D - Median Artery) 

VA - Vascular Anastomosis 
Ost - Osteotomy Site 





Enzyme Activated Drug Eluting Hydrogel 
RESEARCH ARTIC LE 

TRANSPLANTAT I ON 

A single localized dose of enzyme-responsive hydrogel 
improves long-term survival of a vascularized 
composite allograft 
Thusitha Gajanayake, 1·2* Radu Ola rlu, 1·2* Franck M. Le clere, 1'

2 Ashlsh Dhayani, 3 Zljlang Yang, 4 

Anjan K. Bongonl,i.s Yara Banz,6 Mihal A. Constant lnescu,1
•
2 Jeffrey M. Karp,4

t 

Praveen Kumar Vemula1 3 t Robert Rieben, 2t Esthe r Vogelin 1'
2 

Curre ntly, syst·emic immunosuppression is us@d In vascula rizf!d composite allotransplantation (VCA). This treatment 
has considerable side effects and reduces the qua lity of life of VCA recipients. We loaded the immunosuppressive 
drug tacrolimus into a self-assembled hydroget which releases the drug in response to proteolytic enzymes that are 
overexpress@d during inflammatio n. A one·time local injection of t he tacrolimus-laden hydrogel significantly pro,.. 
longed graft survival in a Brown Norway- to-Lewis rat hindlimb transplant.ation model, lead ing to a median g raft 
survival of > 100 days compared to 335 days in t.acroDmus only- treated recipients. Control groups with no treat­
ment or hydrogel only showed a g raft survival of 11 days. Histopathological evaluation, induding anti~graft antir 
bodies and complement O, revealed significantly reduced immune responses in the tacrolimus-hydrogel group 
compared with tacrolimus only. In conclusion, a single-<iose local injection of an enzyme-responsive taaolimus­
hydrogel is capabJe of preventing VCA rejeoction for > 100 days in a rat model and may offer a new approach for 
immunosuppression in VCA. 



Enzyme Activated Drug Eluting Hydrogel 



Methods 
• Three groups 

- Group 1: Controls - no immunosuppression 

- Group 2: High dose tacrolimus eluting hydrogel (8 lmg) 

- Group 3: Low dose tacrolimus eluting hydrogel ( 49mg) 

• 1 swine leukocyte antigen (SLA) donor-recipient mismatch 

• No systemic immunosuppression 

• Hydrogel injected in the subcutaneous layer following 

revascularization 

• AST, LDH, CK, TNF-a, IL-6, myoglobin, and biopsies were 

assessed for signs of systemic toxicity and/or acute rejection 

• End-point - Banff grade 4 acute rejection or post-operative day 100 



~11tn1c~L~1if' BANFF Rejection scale 

• Grade 0 • Grade 4 



Results 

• Controls (2) - Grade IV Acute rejection 

mean POD 6 

• Intervention (6) - Healed beyond POD 28 

with no clinical or pathological rejection 
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Results 
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Nerve Conduction Study 

• Initial nerve conduction studies 

- Performed on two low dose swine from POD 57 

• Software/Equipment: Grass Technologies S88 Dual Output, Square Pulse Stimulator, National 

Instruments USB-6009, Data Acquisition Board, LABVIEW 

- Conduction velocity in mid-distal limb approximately 20 

mis (nl 50-70 m/s) 



Conclusions 

• Graft embedded macrophage responsive hydrogels 

successfully achieved successful prevention of acute rejection 

in VCA. 

- prolongation of survival beyond 4 weeks 

- negligible I undetectable systemic tacrolimus levels 

- electrophysiologic evidence of nerve regeneration 



Future direction 

• Future hydrogel protocols 

- Optimize dosing regimen 

- Analyze gel depletion and re-loading of the gel 

- Increase survival duration to evaluate longer term rejection 

and side effects profile 
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