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The Problem

1lin2women and 1in 5 men over 50 years old sustain osteoporosis-related fracture
» Vertebral compression and hip (femur) fractures are most prevalent

~2% of Americans sustain a long-bone fracture in their lifetime
+ Femur (300K hospitalizations/yr) and tibia/fibula (77K hospitalizations/yr) are most prevalent

Treatment Options
« Surgery: internal/external fixation, replacement

Osteoporosisis the Vehicle accidents, extreme sports,

progressive decreasein bone repetitive forces (e.g.,running) can Treatment Outcomes
mineraldensity

lead to long-bone fracture

« Disability ~50% of hip fractures

* Death ~25% of hip fracture patients within a year
post-surgery

* Non-unions ~10% of long-bone fractures

Heaif:t'“bone - - '-Osl;oporos;s . | | | | HYDROPE P Mission: to deve|0p

. bone-producing materials
TherapeutiCs ihatprevent (1) fracture &
(2) non-unions
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Vega Lab Overview

Over $1.7M in funding from NIH, NSF, and Foundation Grants
Inventor/co-inventor on 5 patent filings

Lab has produced 16 publications & 2 additional under peer review

Lab has presented 46 abstracts at regional and national conferences &
presented at 18 invited talks

Mentored/graduated 15 undergraduate students, 4 Master students, 2 Ph.D.
students

Lab personnel: 1 postdoc, 4 Ph.D. students, 12 undergraduate students
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Orthopaedic Research Lab Overview

Over $460k in funding from DoD, and Foundation Grants
Inventor/co-inventor on 1 patent filings

Lab has produced 32 publications

Lab has presented 51 abstracts at regional and national conferences &
presented at 10 invited talks

Mentored/graduated 11 medical students

Lab personnel: 1 postdoc, 1 research manager, 3 M.D. students, 1 research
assistant, 15 medical students, 3 undergraduate students
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Self-Forming Norbornene-Tetrazine Hydrogels with
Independently Tunable Properties

Kirstene A. Gultian, Roshni Gandhi, Tae Won B. Kim, and Sebastidn L. Vega*
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are robust, and have been used to form hydrogels for static and
dynamic 20 cell culture studies. ™ However, due to slow gela
tion times and the need for high pH buffers, these hydrogels
are limited o etther acellular or 20 cell culture. Alginate 15 an
anjonic biopolymer that forms fonically crosslinked hydrogels
when mixed with divalent cations (e.g., Ca** or Zn**)J"*! lonk-
cally crosslinked hydroges form rapidly, and alginate hydrogels
specificaly have been extensively used for tissue engineering and
cellular delivery applications."*! Despite their high biocompati-
billty and ease of use, fonically crosslinked hydrogels generally
feature low mechanical properties and are unstable due to the
diffusion of divalent cations over time.
oresponsive hydrogels are another class of hydrogels
from liquid to hydrogel above a lowes crivical
ratire (LCST) o below an upper critical solution
CST).IV4 For example, Sala etal. devedoped ther
poly(Nvinyleaprolactam) (PNVCL) hydrogels tha
are liquid at room temperature and gel at a physiologic LCST! "
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Injectable hydrogel with
immobilized BMP-2 mimetic
peptide for local bone
regeneration

Kirstene A. Gultian®, Roshni Gandhi’, Kayla DeCesari*
Vineeth Romiyo? Emily P. Kleinbart? Kelsey Martin?
Pietro M. Gentile?, Tae Won B. Kim** and Sebastian L. Vega™

Osteoporosis is  disease characterized by a decrease in bone minesal density,
thereby increasing the risk of sustaining a fragility fracture. Most redical therapies
are systemic and do not restore bone in areas of need. leading to undesirable side
effects. Injectable hydrogels can locally deliver therapeutics with spatial precision,
and this study reponts the development of an injectable hydrogel containing a
peptide mimic of bane morpnogenetic protein-2 (BMP-2). To create injectable
hydrogels. hyaluronic acid was modified with norbomene (HANor) or tetrazine
(HATet) which upon mixing click into covalently crossiinked Nor-Tet hydrogels. By
modifying HANor macromers with methacrylates. (Me). thiolated BMP-2 mimetic
peptides were immobilized to HANor via a Michael addition reaction. and coupling
was confirmed with 1H NMR spectroscopy. BMP-2 peptides presented in soluble
and immobilized form increased alkaline phosphatase (ALP) expression in MSCs
cultured on 2D and encapsulated in 3D Nor-Tet hydrogels. Injection of bioactive
Nor-Tet hydrogels into hollow intramedullary canals of Lewis rat femurs showed a
local increase in trabecular bone density as determined by micro-CT imaging. The
presented work shows that injectable hydrogels with immobilized BMP-2 peptides
are a promising biomaterial for the local regeneration of bone tissue and for the
potential local treatment of osteoporosis.

osteoporosis, injectable hydrogels, hyaluronic acid, BMP-2, DWIVA peptides, bone
regeneration

1 Introduction

Osteoporosis is characterized by a reduction in bone mineral density and disruption
of bone microarchitecture ( ). Osteoporosis is the most common
chronic metabolic bone disease with an estimated 200 million people affected worldwide
( ). According to the Intemational Osteoporosis Foundation, 1 in
3 women above the age of 50 and 1 in every 5 men will experience fragiliy fractures
resulting from osteoporosis in their hfetime (s ). Osteoporosis increases the
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Mesenchymal stem cells enhance targeted bone growth
from injectable hydrogels with BMP-2 peptides
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Osteoporosis is the most common chronic metabolic bone disease, and the
prevalence of osteoporotic fractures is rapidly increasing with the aging population.
While bisphosphonates can reduce bone loss and risk of fracture, these drugs are
systemic, rely on long-term use, and patient compliance is low. Recombinant human
bone morphogenetic protein-2 (BMP-2) is an FDA-approved protein that can offer a
more targeted therapeutic than systemic treatments. DWIVA is a peptide sequence
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forming DWIVA-functionalized hydrogels injected into the intramedullary canal of
rat femurs induce a local increase in trabecular bone in as little as 2 weeks. Increases.
in bone volume, trabecular thickness, and trabeculac count from DWIVA-laden
hydrogels persist for at least 4 weeks, and the inclusion of mesenchymal stem cells.
(MSCs) significantly enhances the development of mineralized bone. Histological
analysis of decalcified femurs also shows that hydrogel injections containing DWIVA
peptide and MSCs stimulate unmineralized bone tissue formation and induce an
increased count of osteoblasts and osteoclasts at the injection site after 4 weeks.

Overall, the MSC-laden DWIVA peptide-functionalized hydrogels presented rapidly
induce targeted bone formation and have the potential to form nascent bone within

bones in jeopardy of an osteoporotic fracture such as the femur.

KEYWORDS

BMP-2 peptides, bone, DWIVA, injectable hydrogels, tissue enginecring.

1 | INTRODUCTION

Osteoporosis is characterized by a progressive loss of bone mass
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increased risk for bone fractures. One in two women and onc in five

Stacy A Love and Kt A Gt cortrbsd cqusy 1t sy 3¢ co- st uthor.

men above the age of 50 will sulfer from an asteoporotic fracture,
and osteoporotic fractures occur every 35 * In the United States,
the number of ostcoporotic fracture hospitaizations exceeds those
for heart attacks and stroke. and over 50% of these injurics are hip
fractures® A hip fracture occurs when the upper region of the
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analysis of decalcified femurs also shows that hydrogel injections containing DWIVA
peptide and MSCs stimulate unmineralized bone tissue formation and induce an
increased count of osteoblasts and osteoclasts at the injection site after 4 weeks.

Overall, the MSC-laden DWIVA peptide-functionalized hydrogels presented rapidly
induce targeted bone formation and have the potential to form nascent bone within
bones in jeopardy of an osteoporotic fracture such as the femur.
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Our Solution

Objective

To deliver therapeutics via an
injection that locally form bone
at the injection site.

* Preventative: strengthen bone
prone to fracture due to
osteoporosis and/or prevent
non-unions

* Accelerated healing: Improve
healing of non-unions

Bone morphogenetic protein-2 (BIVIP-2)
FDA-approved protein used for spine fusion and non-
union surgeries.

Non-Smad- BMP-2
Signaling peptides
DWIVA peptide are robust,
= specific & can
Smad- reduce off-
Signaling target effects of

KIPKA peptide BMP-2 proteins

Bone Morphogenetic Protein-2
(osteoinductive protein = causes bone formation)

Postoperative inflammation
Ectopic bone formation
* Hyperactive osteoclast-mediated bone resorption
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Our Solution: HydroBone

* HydroBone is a self-forming hydrogel injection that locally delivers BMP-2 peptides

* HydroBone can control BMP-2 signal dosing/presentation and thereby reduces off-
target effects of BMP-2 proteins

Self-forming hvdroael iniection Hydrogel functionalization Hydrogels induce bone
g hydrog J with BMP-2 peptides formation at injection site (femur)
o\ HANorPep HATet .‘\ ~50% mod HANorPeptide Synthesis I

Ve =omeoaac oo
- @ _________ 28 h / o n‘,/&'-;‘. c=2= n,\_/&j 0# - Peptide

?&\—-& \wa-\pHso oc, Tiod \Dm\g;!g_pHBﬂlhr é—rg \-'\-¥
4 hrs.

HANor HANorMe H.ANorPeptldE

HATet Synthesis

Gel (G) DWIVA (P) DWIVA & MSCs (PC)
% ~40%mea International
o‘ T e on Publication No. ﬁ
D\,Jﬂ\,\ —_ o \m WO 2024/020558 Ev) /
HATBA A HATe: o \-/‘ﬂ
Gultian+ Macromolecular Bioscience 2023 Gultian+ Macromolecular Bioscience 2023 Gultian+ Frontiers in Biomaterials Science 2022

Love+ Journal of Orthopaedic Research 2024
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Market Opportunity

Preventative (osteoporosis) & interventional (long-bone fracture)
market: $28+ billion/yr
o Osteoporosis therapeutics market valued at $13.06 billion in 2022 & predicted to
reach $20.53 billion by 2032, growing at a CAGR of 4.7% (Emergen Research)
o Fracture fixation market was valued at $15 billion in 2022 and is predicted to

reach $22.51 billion in 2028, growing at a CAGR of 7.0% (Business Research
Insights)

Serviceable Available Market: $5.7+ billion/yr
o 1.3 million long bone fractures * $2500 per case = $ 3.25 billion/yr
o 600,000 delayed healing (non-union) fractures * $2500 per case = $ 1.5 billion/yr
o 400,000 arthrodesis (fusion) procedures per year * $2500 per case = $1 billion/yr
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Summary

HYDROPEP

Therapeutics

We developed HydroBone, an injectable hydrogel
that delivers BMP-2 peptides

Three applications:

1. Prevent osteoporosis-related bone fracture
by injecting HydroBone to areas prone to
fracture (femur, lumbar vertebra)

2. Prevent non-unions by injecting HydroBone
to long-bone fractures during surgery

3. Improve healing of non-unions of long bone
fractures

Received pre-seed funding from Foundation Venture

Capital

Group to evaluate the effects of HydroBone in

bridging a non-healing femur segmental defect

Experimental Design

Protocol at a Glance
1.  Stabilize femur with external fixator plate (RISystem)
2. Create non-healing defect in the femur (5 mm)
3. Treat defect with one of 5 groups:
Sham (defect, no intervention)
Gel (no peptides)
Gel +KIPKA peptide [at dose shown to maximize
Smad-dependent signaling in vitro]
Gel +DWIVA peptide [at dose shown to maximize
Smad-independent signaling in vitro]
Gel +rhBMP2 protein

Measurable Outcomes: goals are to (1) confirm

hon

signaling pathway in vivo and (2) demonstrate

endochondral ossification during bone healing.
1-week post-op: targeted BMP-2 mediated signaling [histology]
2-weeks post-op: soft callus formation [histology]
4-weeks post-op: hard callus formation [histology, pCT]
8-weeks post-op: bone remodeling/homeostasis [histology, uCT,
biomechanical testing]
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Thank You & Happy to Take Questions!

Tae Won B. Kim

Founder

(=) Kim-TaeWon@ CooperHealth.edu

[ in/tae-won-kim-md-297ba958

@ CooperHealth.org/doctors/tae-won-kim-md

Sebastian L. Vega

Founder

(= Vegas@Rowan.edu

[l in/theVegalLab
theVegalab

@ theVegalab.com

Neal Lemon
Business Advisor & Board Member
(=) Lemon-Neal@CooperHealth.edu HYDRO PE P

7 in/NealLemon Therapeutics
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