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Objec4ve	  

•  Goal:	  Develop	  a	  nanofiber	  matrix	  to	  reconnect	  lacerated	  or	  
avulsed	  nerves	  to	  skeletal	  muscle	  and	  prevent	  involuJon	  of	  
the	  neuromuscular	  juncJon	  while	  recovery	  occurs	  
	  

Delay	  in	  regeneraJon	   NF	  Matrix	  RegeneraJon	  Success	  

Neuromuscular	  
JuncJon	  

Axon	  

Myelin	  Sheath	  

Muscle	  Fiber	  

RBM-‐PCL	  Mesh	  with	  	  
differen4ated	  ADSCs	  	  
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 BM-basal media  DM-dorsomorphin BMP pathway inhibitor 

 SB-SB431542 TGFβ pathway inhibitor DM+SB 

hADSCs	  express	  neurite	  outgrowths	  with	  inhibiJon	  of	  TGFβ	  and	  BMP	  pathways-‐	  
Length	  of	  neurite	  outgrowths	  significantly	  longer	  in	  DM+SB	  group	  	  

100	  μm	  
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 SB-14% DM+SB-85%  BM  DM 

hADSCs	  express	  neuron	  specific	  enolase	  upon	  dual	  inhibiJon	  of	  TGFβ	  and	  BMP	  inhibiJon	  



0 

10 

20 

30 

40 

50 

BM DM SB DM+SB 

Tu
bu

lin
 II

Ib
/1

8S
 ra

tio
 

0 

0.05 

0.1 

0.15 

0.2 

0.25 

0.3 

BM DM SB DM+SB 

N
F2

00
/1

8S
 ra

tio
 

0 

2 

4 

6 

8 

BM DM SB DM+SB 

Pa
x6

/1
8S

 ra
tio

 

0 

3 

6 

9 

12 

15 

18 

BM DM SB DM+SB 

14 days 21 days 

So
x1

/1
8S

 ra
tio

 

p=0.014 

p=0.01 

p=0.03 

p=0.004 
p=0.01 

p=0.005 

p=0.08 

mRNA	  expression	  of	  neuronal	  markers	  in	  hADSCs	  increases	  with	  inhibiJon	  of	  TGFβ	  
and	  BMP	  pathways	  



0 

1 

2 

Day7 Day 14 Day7 Day 14 

BM DM SB D+S 

N
or

m
al

iz
ed

 to
 G

A
P

D
H

 

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
pErk1 

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
pErk2 

0 

1 

2 

Day7 Day 14 Day7 Day 14 
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

pPI3K (p60) 
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

pPI3K (p85) 

N
or

m
al

iz
ed

 to
 G

A
P

D
H

 
0 

1 

2 

BM DM SB D+S 

Day7 Day 14 

N
or

m
al

iz
ed

 to
 G

A
P

D
H

 

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
pP38 

                   Day 7                                  Day 14 
    -------------------------------       
----------------------------------- 
  BM       DM    SB    DM+SB  BM   DM      SB  DM
+SB             

p-Erk1/2 

p-P38 

p-PI3K 

p-Akt1/2/3 

GAPDH 

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
pAkt2 

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
pAkt1/3 

N
or

m
al

iz
ed

 to
 G

A
P

D
H

 
0 

1 

2 

Day7 Day 14 Day7 Day 14 



University	  of	  Virginia	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Orthopaedic	  Surgery	  

InhibiJon	  of	  TGFβ	  and	  BMP	  signaling	  pathways	  acJvates	  p38	  in	  hADSCs.	  	  A	  dynamic	  
balance	  between	  acJvaJon	  of	  p38	  and	  other	  kinases	  is	  known	  to	  control	  neuronal	  
differenJaJon	  of	  stem	  cells	  
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Coulter	  Grant	  Applica4on	  

Overview	  of	  milestones:	  
•	  Milestone	  1	  (q1):	  Assess	  the	  ability	  of	  single	  
compound/nanoscaffold	  formulaJons	  to	  
preventdegeneraJon,	  promote	  regrowth,	  or	  support	  
survival	  of	  injured	  neurons.	  
•	  Milestone	  2	  (q2):	  Assess	  the	  ability	  of	  combinaJon	  of	  
the	  most	  effecJve	  compounds	  from	  milestone	  1	  to	  
prevent	  degeneraJon,	  promote	  regrowth,	  and	  support	  
survival	  of	  injured	  neurons.	  
•	  Milestone	  3	  (q3):	  Test	  candidate	  nanoscaffold	  
formulaJons	  in	  a	  preclinical	  rat	  nerve	  injury	  model.	  
•	  Milestone	  4	  (q4):	  Move	  toward	  tesJng	  promising	  
candidates	  in	  a	  clinical	  secng.	  
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Coulter	  Grant	  Applica4on	  	  

•  InhibiJon	  of	  
Wallerian	  
degeneraJon	  using	  
proprietary	  
compound	  
discovered	  by	  Dr.	  
Chris	  Deppman	  in	  
the	  Biology	  
Department	  
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Building	  the	  Scaffold	  

• Simple	  star4ng	  materials	  (common	  molecules	  found	  in	  all	  cells).	  
• No	  assembly	  required!	  (self-‐assembly)	  
• Flexible	  (mul4ple)	  payloads	  
• Concentra4on	  effect	  
	  

Protein	  
(business	  end)	  

Lipids	  	  
(structural)	  

Wound	  site	  
	  

Time	  scale	  in	  seconds	  

Enhancing	  drug	  

Polar	  	  
(water)	  

Non-‐polar	  
(oil)	  



 
 

Approach:  
Succeeding where others have failed 
 

1.	  Injury	  

2.	  Axon	  DegeneraJon	  

3.	  Axon	  regrowth	  inhibited	  at	  
the	  injury	  scar	  

4.	  Target	  Atrophy	  

5.	  Cell	  death	  

Rapidly	  deliverable	  porous	  scaffold	  to	  
cross	  scarred	  Jssue	  

Established	  growth	  factors	  and	  small	  
molecules	  to	  promote	  axon	  
regrowth	  and	  maintain	  cell	  viability	  

Proprietary	  compound(s)	  that	  
prevent	  axon	  degeneraJon	  
	  

• Path to therapy: 

Cell cultureàAnimal modelàHuman trials 
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Coulter	  Grant	  

•  Rapidly	  deliverable	  porous	  scaffold	  to	  
cross	  scarred	  Jssue-‐self	  assembling	  
pepJde	  

•  Established	  growth	  factors	  and	  small	  
molecules	  to	  promote	  axon	  regrowth	  and	  
maintain	  cell	  viability	  

•  Proprietary	  compound(s)	  that	  prevent	  
axon	  degeneraJon	  
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Coulter	  Grant	  Applica4on	  

Deppmann and Spano, A novel treatment for nerve injury 

 4 

 
Pre-clinical testing of scaffolds in rodent models of injury: 
As a model for injury we will first focus our effort on transected sciatic nerve.  This is an excellent 
model since it contains both sensory axons from the peripheral nervous system and motor neurons 
from the central nervous system (Figure 2).  We will perform transection surgeries on Sprague-
Dawley rats as described previously, in consultation with Dr. Nicole Deal in the Department of 
Orthopedic Surgery (see attached letter) (Bauder and Ferguson, 2012).  After the nerve cut, we will 
inject peptide-drug mixtures at the site of injury and allow the animal to recover for several weeks.  
We will test first for functional recovery using a variety of behavioral assay including measuring gait, 
as well as assessing sensitivity to touch and heat.  Anatomical recovery will then be examined on 
cross-sections of sciatic nerve by staining for laminin and by performing electron microscopy to 
visualize axon bundles.  We will also perform whole-mount staining of muscles to examine 
denervation of the neuromuscular junction as well as re-establishment of these connections.  At first 
the nanoscaffold formulations will be surgically applied to transected sciatic nerve.  If we observe 
successful recovery in that context, we will move to a non-surgical, ultrasound guided injection of 
nano-scaffolds to the site of injury in collaboration with physician-scientists here at UVa. 

 
Figure 2: Schematic of Preclinical Strategy for Nerve Repair 

Future Directions and Clinical Validation   
The goal of this proposal is singular and ambitious: to improve treatment of patients with nerve 
damage. This proposal represents a first and essential step toward realizing this goal.  We have the 
infrastructure and expertise to make significant progress on this proposal over the next year.  
Eventually, we hope to collaborate with colleagues like Dr. Nicole Deal (see letter of support) to test 
these treatments in humans suffering from nervous system injury.  Because this platform is so 
flexible, we will also seek to validate this strategy for other paradigms such traumatic brain injury. 

• Biocompa4ble	  –	  minimal	  immune	  response;	  biodegradable	  	  
	  	  

compounds	  
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Axogen	  Trial	  

•  Allograe	  digital	  nerves	  
•  15	  Centers	  
•  10	  paJents	  per	  site	  
•  Common	  or	  proper	  
digital	  nerves	  

•  15-‐30	  mm	  defects	  
•  Beginning	  in	  July	  
(hopefully)…	  
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Acellular Allograft 

•  Abundant supply, no 
donor site morbidity, 
decreased surgical time 

•  Processing advances 
–  Removal of debris 

(chondroitin sulfate 
proteoglycans) 

–  Remove Schwann cells 
–  Preserve architecture 
–  Immunotolerant 
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Acellular Allograft 

•  Animal data clearly better 
than conduits 
–  Almost as good as autograft 
–  Up to 3-5cm (87% M3 or 

better) 
–  Schwann cell migration is 

length limiting obstacle 
–  Human controlled clinical 

trial data needed 
(multicenter prospective trial 
comparing allograft vs 
collagen conduit beginning 
soon) 
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Acellular Allograft 

Rat Model comparison of autograft, allograft and 
collagen conduit 
At 12 weeks, the mean muscle force as compared with 
that on the contralateral (control) side: 
•  autograft group 45.2% ± 15.0%  
•  allograft group 43.4% ± 18.0% 
•  collagen group 7.0% ± 9.2% 

GiusJ	  G,	  Willems	  WF,	  Kremer	  T,	  Friedrich	  PF,	  Bishop	  AT,	  Shin	  AY.	  Return	  of	  
motor	  funcJon	  aeer	  segmental	  nerve	  loss	  in	  a	  rat	  model:	  comparison	  of	  
autogenous	  nerve	  grae,	  collagen	  conduit,	  and	  processed	  allograe	  
(AxoGen).	  J.	  Bone	  Joint	  Surg.	  Am.,	  2012;	  94:	  410-‐7.	  
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Acellular Allograft 

Retrospective Chart Review of the RANGER database 
(allograft database) upper extremity nerve grafts 56 
subjects/ 71 nerves 
Meaningful recovery (S3/M3) was reported in:  
•  31 of 35 digital nerve repairs (89%) 
•  6 of 8 median nerve repairs (75%),  
•  2 of 3 ulnar nerve repairs (67%) 
•  For 100% of all nerve gaps under 15mm 

Cho	  MS,	  Rinker	  BD,	  Weber	  RV,	  Chao	  JD,	  Ingari	  JV,	  Brooks	  D,	  Buncke	  GM.	  
FuncJonal	  outcome	  following	  nerve	  repair	  in	  the	  upper	  extremity	  using	  processed	  
nerve	  allograe.	  J.	  Hand	  Surg.	  Am.,	  2012;	  37:	  2340-‐9.	  
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Acellular Allograft 

•  14 patients with 18 digital nerve lacerations 
•  Defect averaged 11mm (5-30mm) 
•  Graded using the Taras scale (incorporates static and 

moving 2 pt discrimination) 
–  Excellent Results: 7 (39%) 
–  Good Results: 8 (44%) 
–  Fair Results: 3 (17%) 
–  Poor results: 0 

•  Small sample size but promising 

J	  Hand	  Surg	  Am.	  2013	  Oct;38(10):1965-‐71.AllograV	  reconstruc4on	  for	  digital	  nerve	  loss.	  
Taras	  JS1,	  Amin	  N,	  Patel	  N,	  McCabe	  LA.	  
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QuesJons	  


