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Introduction

* The purpose of this webinar is to introduce you to environmentally responsive hydrogels with particular
focus on fabrication and application of nanoscale hydrogel networks, or nanogels.

* We have shown that these nanogels can be fabricated by a number of methods. Here, we focus on one
particular method, which uses free radical co-polymerization of functional methacrylates, followed by
orthogonal modification.

| will first provide a high-level thermodynamic analysis of how crosslinked networks behave in a good
solvent. This fundamental understanding is critical in order to apply nanogels in a practical sense.

* Then, | will discuss in detail one application of nanogels — cancer precision medicine.

* Finally, I will conclude with an overview of how similar nanogel systems are being applied within biosensing,
drug delivery, and regenerative medicine.
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Thermodynamics of Gels: Swelling and Stimulus Response
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Thermodynamic Response to Environment: Molecular Level

Hydrated Coil Collapsed Globule
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Biologically Relevant Example: pH Responsive Hydrogels

Location pH

Blood 7.34-7.45
Stomach 1.0-3.0
Upper small intestine 4.8-8.2
Colon 7.0-7.5
Tumor, extracellular 7.2-6.5
Early endosome 6.0-6.5
Late endosome 45-5.0
Vagina 3.8-45
Inflamed tissue/wound 5.4-7.4
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Fabrication and Responsiveness of lonizable Nanogels
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Synthesis of Intelligent Nanogels via Inverse Emulsion Polymerization
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Tunability of Nanogel Diameter via Modulation of Emulsion Parameters
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Response of Intelligent Nanogels to the pH Environment:

Diameter and Surface Charge

Anionic Groups
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Tunability of the Magnitude of pH Response:

Change the Network Structure
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Responsiveness and Cytocompatibility of P(AAm-co-MAA) Nanogels
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P(AAm-co-MAA) Nanogel Uptake by Murine Macrophages
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The Challenge of Cancer Precision Medicine
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P(AAm-co-MAA) as a Modular Technology for Precision Medicine
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Biodegradation Kinetics and Analysis
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QCM-D Analysis of Nanogel Biodegradation
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QCM-D Analysis of Nanogel Biodegradation
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Synthesis and Characterization of Small Molecule-Modified NPs
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Impact of Nanogel Modification on Responsive Release of Methylene Blue
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A High-Throughput Assay for Nanogel Uptake
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High-Throughput Assay for Cell Internalization of Nanoparticles
(Macrophages vs. Colon Cancer (400 pg/mL)
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Photothermal Therapy: Composite DMOD Nanogels

with Gold Nanoparticles
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Nanogel Bioconjugation: Peptides and Proteins
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Methods for Peptide |dentification — Molecular Docking
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Covalent Coupling of Cell Targeting Peptides

to P(AAm-co-MAA) Nanogels
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Targeting of Colorectal Tumors with a Peptide-Polymer
Nanoparticle Conjugate

Scale bar =100 um
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summary

* We have invented a new P(MAA-co-AAm) nanogel platform.

* P(MAA-co-AAm) is modifiable through EDC-catalyzed crosslinking. We have demonstrated how modification with
functional small molecules promoted pH-responsive therapeutic release, enhanced cell uptake, and facilitated
photothermal therapy.

» Peptide modification is readily tunable by modulating the mass fraction of free peptide in the modification medium

» CC-9 targeting peptide modification increases internalization by colon cancer cells by up to 310%

* Along the way, we developed new QCM-D methods for quantifying the biological behavior of nanogels, as well as a high
throughput assay for nanogel uptake by cells. Both new methods will be useful to the nanomedicine field.
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Design and Evaluation of Recognitive Biomaterials for Diverse

Precision Medicine Applications

Natural and Synthetic Polymers that Recognize, and Respond to, Changes in the Physiological Environment
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Polymeric Recognition Elements as Biosensors
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Modular Scaffolds for Tissue Regeneration
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Modular Fabrication of Bioinspired Materials: Soft Actuators
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Bioinspired Soft Actuators: Bioprinting Smooth Muscle Cells
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Summary and Conclusion

Engineering Intervention:

I i Material and Device Design

Synthesis and Fabrication and
Selection Processing
* Material Origin * Supramolecular
* Chemical Structure
Composition ey * Bulk or Surface
* Copolymerization Modification
* Blends * Crosslinking
* Lability * Patterning
* Bioactivity * Printing

Bottom-Up Materials Synthesis and Fabrication

I —

: Outcome: :
: Biomimetic cell-laden devices and bio-hybrid
machines with advanced functionality :

Intelligence

Swelling or
Mechanical
Output

Assembly or
Disassembly

Molecular
Recognition

Conductivity

Transduction

Outcome
Next-generation therapeutic vehicles, scaffolds,
and sensors that interface with human tissues
and advance disease diagnosis and treatment.

Intervention
Release of active proteins and peptides
Modulation of mechanical properties
Transduction of biological signals
Regenerate damaged or diseased tissue

!

Cellular Actuators
Device or material propulsion using
bacteria cell machinery
Synchronous contraction of cardiomyocytes
Control systems
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Bio-Inspiration and Mimicry
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Summary and Conclusion

* The thermodynamics of polymer-solvent and polymer-analyte interactions lead to interesting and
useful properties, which can be leveraged for medical applications.

* Through rational design of intelligent or responsive materials, it is possible to apply new
formulations within drug delivery, biosensing, and tissue regeneration, amongst other
applications.

| provided on detailed case study, on applying modular nanogels for cancer precision medicine. As
you could see, through responsiveness to the environment and recognition of cell receptors, we
achieved cell targeting, tunable biodegradation, and a controlled release of therapeutic agents.

* It is my hope that responsive materials, and constructs thereof can address unmet healthcare
needs in the future.
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