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Introduction: 

Human hair keratins (HHKs) consist mainly of alpha 
and gamma keratins. Previous work has shown that 
keratins can be extracted from human hair and processed 
into a hydrogel that promotes regeneration of peripheral 
nerves.  Mouse nerves treated with a crude gel consisting 
of alpha and gamma keratins resulted in a >300% 
improvement in conduction delay and ~150% increase in 
the compound muscle action potential (CMAP) at 6 
weeks1. We hypothesize that this rapid regeneration is due 
to keratin’s ability to stimulate Schwann cell (SC) 
activity. The mechanism of this activity is not known, but 
we postulate that it may be dependent on the primary 
amino acid (AA) structure of the keratins. Our aim in this 
study was to (1) evaluate the primary AA structure of 
known HHKs, (2) devise fractionation schemes that allow 
separation based on structural criteria, (3) investigate the 
effect that structural characteristics had on SC activity at a 
mechanistic level, and (4) assess the ability of a crude 
keratin gel to regenerate large peripheral nerve defects. 
 
Methods: 

Keratin proteins were prepared as described 
previously.1 The alpha and gamma fractions were 
separated by isoelectric precipitation at pH 4.6.2 Alpha 
and gamma keratins were further fractionated by anion 
exchange chromatography yielding acidic and basic alpha 
and gamma keratin preparations. All samples were 
dialyzed, concentrated, neutralized, and lyophilized. 
Published HHK sequences were analyzed for the presence 
of peptide domains that are known to promote cell 
adhesion. AA analysis was performed using the Pico-Tag 
method. Crude and fractionated keratins were analyzed by 
SDS-PAGE. The nature of the SC-keratin interaction was 
investigated by immunohistochemistry (IHC) and 
Western blot. IHC staining against Integrin β1, αV, 
pMAPK and MAPK was performed on cultured cells. 
Western blots were performed on total cell lysates. To 
assess the ability of a keratin gel to promote regeneration 
of large peripheral nerve gaps, a critical size defect model 
was developed in rabbits.  Following model development, 
35 rabbits were randomized into 3 groups: 1) Empty 
conduit, 2) Keratin-filled conduit, or 3) Autograft.  At 3 
months, nerves were tested by electrophysiology, 
harvested and assessed histologically.  
 
Results/Discussion: 

AA analysis showed that most HHKs have at least 
one peptide binding domain. These cell binding domains 
are most prevalent in alpha keratins, 74% of which were 
found to have at least one binding domain. Of those, 
100% of the acidic alpha keratins had at least one binding 
domain, with 23% containing two or more. AA analysis 
of keratin extracts showed a profile consistent with 

previously published data.2 SDS-PAGE confirmed the 
presence of high molecular weight proteins in crude and 
alpha fractions. Gamma fractions contained low 
molecular weight proteins. Western blot analysis showed 
upregulation of both β1 and αV integrins in SCs cultured 
on keratin substrates versus uncoated dishes. Cells grown 
on alpha, gamma and basic gamma keratin substrates had 
a 16-18 fold upregulation in integrin αV. pMAPK and 
MAPK levels showed distinct differences between keratin 
fractions. In the alpha fraction, there was a 2.6-fold 
increase in pMAPK to MAPK ratio compared to the 
gamma fraction. The acidic alpha fraction showed a 2.4-
fold increase in the pMAPK to MAPK ratio compared to 
the basic alpha fraction, suggesting a correlation between 
the binding motif-rich acidic alpha keratin fraction and a 
mitogen activated pathway.  Assessment of regeneration 
in a rabbit model showed that a gel composed of alpha 
and gamma keratins promotes functional recovery across 
a 2 cm defect.  At 3 months, keratin treated nerves had 
significantly better conduction delay (4.5% vs. 21%, Fig. 
1) and improved CMAP (51% vs. 36%) over empty 
conduit controls.   

             
Fig. 1. Conduction delay after 3 months regeneration across a 2 cm 
defect in a rabbit model. 
 
Conclusions: 

Keratins are a family of structural proteins that can be 
processed into biomaterial scaffolds for nerve 
regeneration. Here we show that keratins can be 
effectively separated based on structural criteria, and that 
these structural characteristics have an effect on the 
receptor mediated-signaling of Schwann cells. 
Furthermore, we show that a keratin gel composed of 
alpha and gamma keratins promotes regeneration across a 
critical sized defect in a rabbit model.  
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