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Immunoengineering vs Tissue Engineering
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Problem and Concept
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Initial Application: Peripheral Nerve Injury
. . Annual Peripheral Nerve Transected Injury Procedures
* 50 m ||eS Of Estimated by: DRG codes and ED Injury Admissions.
peripheral 558,862
n e rves i n a Lower 95% CI Bound » Market Estimate e, L.J'_".\:.;"l H:f:und
human body 2009 co7 |
Range of y . # DRG Estimates
Identified PN}
;: s ’f;’ 455,173 662,551
o N e rve : A ED Admit Estimates
frequently iz J 1
I n.l u red fro m /f;f%;/ | 0 200,000 400,000 600,000 800,000 1,000,000 1,200,000 :
trauma and i\ Annual Procedures Confcencentarva
. | :. A é—}
disease |
2010 is last known market analysis
e ~550K annual - : :
M| e ~550K annual surgical procedures in the

United States
e Market of 1.8 billion SUS

V) S\ * Outcomes with current therapies are poor,
permanent disability is common

surgical 1y 'ﬁ
procedures in h“ %1 r
the United

States

Market research data obtained from report by Magellan Medical Technology Consultants and published reports on frequency of PN injuries in 2010



First Application: Segmental Peripheral Nerve Repair

Human sciatic nerve
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Injuries that create segmental peripheral
nerve defects require a bridging device for

— | any regeneration to occur
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Alternatives to Autografts
Conduits/Wraps
(11 in the market)

Gold Standard

Autologous sensory nerve
harvested and transferred
from the same patient

Acellular

Allograft
* Live nerve (Axogen)
Pitfalls of using autografts
 Morbidity
e Mismatch Pitfalls of engineered devices
e Non-restorative o

Fractionally effective compared to
autograft — not a live nerve graft

e Can only be used for short defects
e Still inferior to autograft

regeneration



Studied the immune response to peripheral nerve allografts to
determine if/how immunoengineering could be accomplished

Regenerating host axons through the graft
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Immunoengineering by Localized Cell Delivery

FoxP3+ Tregs

IL-10, IL-35, TGF-B..

NFAT/IL-2

Effector T Cell

e g4 Tregs suppress the immune
cells that cause rejection of
peripheral nerve allografts

Collaborated with industrial
partner (Terumo) on method
to expand human Tregs using a
commercial bioreactor
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IP Portfolio
e US Patents: 10,064,938, 10,588,970, 10,683,408, 10,980,880
e US Patent Applications: 16/119,934, 16/049,343, 16/988,878




Process 1: Treg Isolation, Expansion and Characterization
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Process 2: Development of Biomaterial Hydrogel Vehicle for
Treg Delivery

Collaboration with Professor John Oakey (Chemical Engineering)

@PEGNB [O2D Culture
100 f

0 0 _
o oMb IRIN IRl

I o |

,—XDKDH g
e o

O O

0
(S
H %

PEGNB Hydrogel Delivery Vehicle

e Maintains high viability of
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Process 3: Application in Surgical Rat Model of Nerve Injury

Hydrogel Tregs

Allogeneic
nerve graft
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l Proof of concept
Nerve graft sutured into patient with nerve injury in 2 cm rat
defect
0 L0
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Tregs mixed with gel and applied around graft Tregs at time of graft
/ﬂ?.\...\ implantation
e o 7 * No additional immune

suppression provided
to animals

Nerve graft after
harvest from donor

Nerve graft sutured
into recipient animal

Translucent hydrogel +
cells applied around
nerve graft within
recipient animal
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Key Results from Nerve Regeneration Experiments

Locally-delivered Tregs infiltrate the graft and do not engraft in
non-target tissues

Spleen

Anti-GFP+/ DAPI

Host nerve
i P S

e "‘-’Donor/host
GFP Tregs boundary

Anti-GFP+/ DAPI

pi
=
R

Allograft
\'4-.. J.—— ~— % '
T &

N

[y
[+-]

%

1 W Allograft
| OAllograft +
Tregs

=
(1}

CD4+/ DAPI

[y
F =y
I

[y
L]
I

[y
o
L

Host CD4+ Integrated density (%) ™

D3 D7 D14 D21

Tregs inhibit and kill host CD4+ effector T cells in graft
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Design Improvements — Ex situ Pre-assembly

In situ assembly
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Tregs mixed with gel and applied around graft

* Asseml_oI?/ of the device in situ has the
potential for variability
e Dilution of gel by lymph/blood
e Surgeon
e Ex situ pre-assembly would preclude

variables and enable one-step
implantation

Ex situ pre-assembly around living grafts via 3D printed molds

3D printed molds allowed for reproducible fabrication, hit

targets for Treg number and viability with less variability.

Unpublished Data



Summary Localized Immunosuppression

e Peripheral nerve allografts are an ideal starting point for immunoengineering
* More effective than current options for nerve injury
e Can serve an immediate functional role

 Immunoengineering by localized Treg delivery locally suppressed the immune response
to the graft and enabled full functional recovery

 No additional immune suppression was necessary

* Improvements in device design via 3D printing of molds enable pre-assembly and one
step implantation

* First time that regeneration has been achieved through a segmental defect that included
a branch point

Future of Localized Immunosuppression

e Localis Therapeutics LLC established as startup to develop the technology

e Commercialization partners are on board, aligning clinical partners

* Proximate objective is to obtain funding to show efficacy in pig preclinical model
e Combine with emerging technology of axon fusion



Funding, Partnerships & Collaborations

Wyoming Sensory Biology
Center of Biomedical &
Research Excellence

Funding

NIH R21NS078335

NIGMS 2P20GM103432

NIH 5P20GM121310-02

Virtici LLC/ASCEND Musculoskeletal
. [ransplant

Tissium Foundation

ALSAM Foundation

University of Wyoming

Department of Defense

Changing Lives
c =g Broweh Tivswe Donation

“ u.)

Tr— ‘
kT

AlloSourcé r N
rr DoING MORE
‘ WITH Lire kS

“TERUMO Cl

TECHNOLOGIES

drop

John Oakey, e >
PhD

Professor of
Chemical
Engineering,
University of
Wyoming

\

Kelly Roballo JuliAnne Allgood Osmanjan Wupu

George Bittner, PhD - Professor of Neuroscience,
University of Texas at Austin

Jamie Shores, MD - Transplant Surgeon, Johns
Hopkins University

Col. Joseph Alderete, MD - Orthopaedic Surgeon,
San Antonio Military Medical Center

Vi






	Nerve Graft Immunosuppression
	Immunoengineering vs Tissue Engineering
	Problem and Concept 
	Initial Application: Peripheral Nerve Injury
	First Application: Segmental Peripheral Nerve Repair
	Studied the immune response to peripheral nerve allografts to determine if/how immunoengineering could be accomplished
	Immunoengineering by Localized Cell Delivery
	Process 1: Treg Isolation, Expansion and Characterization
	Process 2: Development of Biomaterial Hydrogel Vehicle for Treg Delivery
	Process 3: Application in Surgical Rat Model of Nerve Injury
	Key Results from Nerve Regeneration Experiments
	Design Improvements – Ex situ Pre-assembly
	Summary Localized Immunosuppression
	Funding, Partnerships & Collaborations
	Slide Number 15
	Design Improvements – Ex situ Pre-assembly

