Remotely-activated injectable materials for restoring thinning corneas

Marcelo Munoz”! and Aidan J. MacAdam?1, Jinane El Hage!, Kevin Hu!, Alex Ross?!, Astha Chandra!, Jodi D. Edwards=3,
Zian Shahid?, Sophia Mourcos!, Maxime E. Comtois-Bona!, Alejandro Juarez*®, Marc Groleau®, Delali Shana Dégué®’,
Mohamed Dijallali®, Marilyse Piché>, Mathieu Thériault, Michel Grenier, May Giriffith =%/, Isabelle Brunette™4, Emilio I.

Alarcon™s

U N ‘ V E R S ‘ TY O F O TT A W A IBioengineering and Therapeutic Solutions (BEaTS) program, University of Ottawa Heart Institute, 40 Ruskin Street, Ottawa, Ontario, K1Y4W7, Canada
’Brain and Heart Nexus Research Program, University of Ottawa Heart Institute, 40 Ruskin Street, Ottawa, Ontario, K1Y4W?7, Canada

H E A R T I N S T I T U T E 3School of Epidemiology and Public Health, University of Ottawa, Ottawa, Ontario, K1H 8M5, Canada
“Centre Universitaire d’Ophtalmologie de 1’Université de Montréal a I'Hopital Maisonneuve-Rosemont, Montreal, QC, H1T 2M4, Canada

>Maisonneuve-Rosemont Hospital Research Center, Montreal, QC, H1T 2M4, Canada
INSTITUT DE CARDIOLOG IE SDepartment of Ophthalmology, Université de Montréal, Montreal, QC, H3C 3J7, Canada
- "Institute of Biomedical Engineering, Université de Montréal, Montreal, QC, H3C 3J7, Canada
DE I-’ U N ‘VE RS‘TE D’OTTAWA 8Department of Biochemistry, Microbiology, and Immunology, University of Ottawa, Ottawa, Ontario, K1H 8M5, Canada

Property of UOHIRC: reproduction is not allowed

BACKGROUND RESULTS
Preop Surgery Week 2 Week 6
Keratoconus is an example of a common corneal thinning disease that affects
21 per 1000 men and 18 per 1000 women.!1 While the etiology beyond both PXL energy dose [J o] = Transmittance [%] swelling (%)
genetic and environmental origins is unclear, inflammation and oxidative stress S0 ivmer A o- ' -150 _ e -90 -35- ' _50
have roles in disease development and progression. 21 The hallmarks of OPOYMEIA 025 o 1 SopoymerA T % 05 1 A .
keratoconus are excessive degradation of the collagen fibers by matrix '

metalloproteases and loss of corneal stromal keratocytes.l3] Currently, the early
stages of keratoconus are managed with therapeutic contact lenses, while later
stages are treated by corneal crosslinking to stabilize remaining collagen and
prevent further degradation. However, in severe cases, corneal transplantation
(keratoplasty) is needed. [* Although corneal transplantation for severe
keratoconus where collagen crosslinking cannot be performed is successful,
complications include severe postoperative astigmatism, delayed visual
rehabilitation, and graft rejection. Furthermore, a lack of donor corneas,
particularly in developing countries, results in less than 5% of individuals iIn
need receiving a corneal transplant.’l Even though biomaterial-based
alternatives, such as our solid corneal implants made from recombinant human
collagen which stimulate corneal tissue regeneration, offer an alternative to
donor human corneal transplantation,[®’] they require invasive surgery. Here,
we expanded on the concept of using an injectable peptide-based material but as
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Figure 8. Peptide-based materials remained stable overtime after intracorneal injection in
a rat model. OCT images of rat corneas (G44-A and B; G50-D and F) at different time
points before and after surgery illustrate retention of the injected hydrogels within the
corneal stroma 6 weeks post operation.
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Figure 3: Physical characterization of hydrogels with varying concentrations of
biopolymers and custom-made peptides.
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a bulking agent to rebuild corneal stromas with advanced thinning instead of
only trying to stabilize them with UV crosslinking or replacing them with an
Invasive donor cornea transplantation. As these thinned corneas have an
abnormal extracellular matrix, we will substitute not just the collagen but the —~ 10
corqegl extracellular matrix which cont_ains a signi_ficant proportion_ of water- g o —e—G44 _ 60 "' -|-
retaining proteoglycans to ensure optimal hydration of the rebuilt corneal Q —e— G50 So¢o | _
stroma. 8] z 6 2, 40 S

2 4 oG5 52 |EE 1L

B ES 20 s [ 55082

= 92 QO T Rty I SRAAR

= O E oo T e 1

0 0 -
METHODOLOGY 2 4 8 16 32 64 128 G44 G50 Go4 G65 Comea
Shear rate (s

Hydrogels with varying concentrations of biopolymers and peptides were
synthesized and tested with the top formulations being selected for further Figure 4: Shear thinning and mechanical properties of developed materials. Left: Viscosity as a
characterization. The viscosity of the developed materials was then finetuned function of shear rate (s) measured for the four different peptide-based formulations. Right:

Compression moduli for fully crosslinked materials (n>3). Data showed the plot are represented Figure 9: Peptide-based materials did not promote corneal vascularization and all
as box plots where the box encloses 50% of the data, upper and lower quartile, with the median corneas healed with minimal scarring. Cornea transparency was monitored after

value of the variable displayed as a line inside the box.

for intracorneal injections by initiating semi-controlled radical polymerization
while mixing allowing for rapid thickening of the material as shown in Figure
1. After pre-activation of the peptide-based material in the lab, the material was
Injected into corneal stroma where the material was fully activated to thicken
cornea tissue. The material was tested in ex vivo pig corneas and in vivo in a rat
model as shown in Figure 2.

biomaterial intrastromal injection over 6-week period.
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Peptide 1: @ Spacer . . . . ‘e ) )
GK(Alloc)GPOGPOGPOGPOGPOGPOGPOGPOGK(Alloc)G & Photoreactive residues S — Corneal thinning Is a significant problem for which there are no effective
Peptide 2: @ Collagen-like folding residues c 8} solutions. Corneal crosslinking only serves to stabilize already thinning or thinned
GK(Alloc)GGPOGPOGPOGPOGFOGERGPOGPOGPOGPOGK(Alloc)G @ Cell adhesion domain © corneas but does not replace the largely lost collagenous extracellular matrix. In
O 4 this study, peptide-based injectable materials were developed to repair diseased
o or damaged corneal extracellular matrices. The best candidate formulations
DC_) comprising of a mixture of biopolymers and custom-made peptides exhibited
Figure 1: Schematic illustrating the process to create injectable materials. 0 good biocompatibility, high transparency, and similar mechanical properties to
G44 G50 cornea tissue. The injectable materials were able to change the cornea shape
and thicken the corneas to varying degrees in an ex vivo pig cornea model.
Figure 6: Cryo-scanning electron microscopy (Cryo-SEM) of G44 and GS0 hydrogels. The Intracorneal injection of these materials in rats showed that the top two materials,
pore size was determined using ImageJ software calculated from measuring +100 individual G44 and G50, caused no significant inflammation or neovascularization and

pores per sample from independent regions of the hydrogels. remained stable in vivo for 6 weeks. The developed materials’ ability to reshape

and thicken corneas makes it a plausible alternative to corneal transplantation for
(2) INTRASTROMAL INJECTION future treatment of corneal thinning disorders.
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