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Cumulative Dose

Injectable hydrogels for sustained release of biologics

* Enhance the stability of protein cargo by maintaining aqueous environment
®* Sequester relatively high quantities of the cargo
* Better mimic the mechanical properties of surrounding tissues

* Provide a minimally invasive method of injection @  Bolus Injection
S O
a_ 8 Sustained Release
Osmotic pumps 0 g g ©
[+)] o
: > | 2
Microparticles % E> S
(4 c
STy py S 4
Hydrogels Microneedles § E
- - a 2 ass 'n 0 o n A
Time g  —
Biosafety and Health 4 (2022) 85-104 Time Time (davs, weeks)

Fine-tuning the cargo release profiles from hydrogels remains challenging (e.g.,
uncontrolled burst release, non-tunable pharmacokinetics).
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Injectable hydrogels for sustained release of biologics

Enhance the stability of protein cargo by maintaining agueous environment
Sequester relatively high quantities of the cargo

Better mimic the mechanical properties of surrounding tissues

Provide a minimally invasive method of injection

Potential advantages of specific dosing profiles remain untapped in
hydrogel materials

Develop a generalizable hydrogel platform
» Subcutaneous injection

« Programmable degradation = control the release pattern (e.g., first-order,
zero-order, exponential, pulsatile, etc.)
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Gels created by oxanorbornadiene (OND) linkages
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Gels created by oxanorbornadiene (OND) linkages
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Fragmentation half-lives were tested in chloroform at RT
Adv. Funct. Mater. 2024, 2409796
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Gels created by oxanorbornadiene (OND) linkages
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Fragmentation half-lives were tested in chloroform at RT
Adv. Funct, Mater. 2024, 2409796
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OND entities
Ring “bridge” substitution

Gelation
PEG valences

2armvs 4 arm PEG
pH values
Higher pH, faster gelation

Homogeneous and
reproducible gels require

Temperature > 10 s gelation time
Higher temp, faster gelation

Dextran-ON _
————

Mixing
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Ready for injection: 1X PBS, pH 6.0
Gelation: 1-3 min
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Programmable release of VLP using single/combinational ONDs
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Virus-like Particles (VLPs): e.g. QB VLP
* Nanoparticulate subunit vaccines
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Expanding the release portfolio by optimizing degree of
crosslinking (DC)

OND degree of substitution (DS) - hydrogel degree of crosslinking (DC) - material stability

#-Dex-2a (DS = 8%) + PEG-4-SH_DC = 3.00 umol
-s-Dex-2a (DS = 15%) + PEG-4-SH_DC = 4.10 umol
-=-Dex-2a (DS = 22%) + PEG-4-SH_DC = 4.60 umol

-m-Dex-2a (DS = 30%) + PEG-4-5H_DC = 5.10 umol
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Dex-3a (DS = 7%) + PEG-4-SH_DC = 2.80 umol
#-Dex-3a (DS = 14%) + PEG-4-SH_DC = 4.00 umol
-=-Dex-3a (DS = 20%) + PEG-4-SH_DC = 4.50 umol

"

OH
3a
typ>60d

1

2 3 456 7 8 9 1011 12 13
Time (days)

Dex-4b (DS = 8%) + PEG-4-SH_DC = 3.00 umol

-=-Dex-4b (DS = 14%) + PEG-4-SH_DC = 3.90 umol
-=-Dex-4b (DS = 21%) + PEG4-SH_DC = 4.60 umol
-=-Dex-4b (DS = 30%) + PEG-4-SH_DC = 5.00 umol

100 4

Cumulative Release of VLP (%)

40 4

20

3 6 9 12 15 18 21
Time (days)

Chemistry + Topology = customized release patterns over 3 weeks: burst, linear, delayed, exponential
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Expanding small biologic modalities: adding tethering approaches
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IgG (150 kDa) and GFP (30 kDa) tethered using different ONDs
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Vaccine Dose

In vivo characterization & long-acting immunization
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Material contains

Conclusion & Takeaways the seeds of its own

destruction!

« Developed injectable hydrogels with programmable
degradation via OND chemistry

« Enabled precise control over release kinetics /

( gel degradation

profiles—burst, linear, delayed, exponential—for multi-
cargo release

scale cargo (VLPs, IgG, GFP) over 2-3 weeks g‘\o
 Demonstrated enhanced immune responses from Q
sustained in vivo vaccine delivery g
/
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