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Immunomodulating Nanomedicine lab-
Materials for Precision Medicine
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by the microenvironment Mechanisms

Define How Immune-cells, Nanoparticles and

Tissues Interact
To Develop Increasingly Specific Immunomodulatory
Materials
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Osteoarthritis (OA)- Degenerative Joint
Disease Without Treatment

Incidence is on the rise: Insufficient treatments
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Challenges for drug delivery to joints

1. Synovial space: high clearance rate
2. Cartilage: extremely dense meshwork forms a barrier to drugs
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Macromol Biosci. 2022 DOI: 10.1002/mabi.202200037
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Nanomedicine for Intra-articular Targeting

Surface Binding Tissue Penetrating
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Small carriers (NPs) can pass through the barrier M . g CARTILAGE . .
® BONE :

Environment utilized for therapeutic strategies
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Challenges for Nanomedicines Include
Understanding Material-Biology Interactions

THERAPEUTIC PHYSIOLOGICAL :> THERAPEUTIC
ADMINISTRATION RESPONSE OUTCOME
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Define How the Biological Identity of NPs
Affect Cell and Tissue Interactions
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Osteoarthritis Cartilage DOI: 10.1016/j.joca.2022.07.002
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The Biological Identity of NPs Affect

Cell and Tissue Uptake

Tc28a2 Chondrocytes
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OA
O Binding
O Catalytic activity
O Molecular function regulator
O Transporter activity
O Structural molecule activity
OA

O protein-binding activity modulator
O cytoskeletal protein

O extracellular matrix protein

O transporter

O defense/immunity protein

O metabolism associated enzymes
O protein modifying enzyme

O chromatin-binding/regulatory protein
O transfer/carrier protein

O intercellular signal molecule

O calcium-binding protein

O cell adhesion

roteomic Analysis Revealed Several
atalytic Enzymes

O Binding
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O Transporter activity

[ Molecular function regulator
O Structural molecule activity

O protein-binding activity modulator
O extracellular matrix protein

O defense/immunity protein

O metabolism associated enzymes
O protein modifying enzyme

O cytoskeletal protein

O transfer/carrier protein

O calcium-binding protein

O chromatin-binding/regulatory protein
O transporter

O membrane traffic protein

O cell adhesion

O intercellular signal molecule
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O Binding

O Catalytic activity

O Molecular function regulator
I Molecular adaptor activity
O Structural molecule activity
@ Transporter activity

O3 protein modifying enzyme

O cytoskeletal protein

O protein-binding activity modulator
O transfer/carrier protein

O defense/immunity protein

O metabolism associated enzymes

O gene-specific transcriptional regulator
O extracellular matrix protein

O scaffold/adaptor protein

O translational protein

O chromatin-binding/regulatory protein
O chaperone

Osteoarthritis Cartilage DOI: 10.1016/j.joca.2022.07.002
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Cartilage Targeting NP Characteristics

PAMAM-FITC PAMAM-PEG-FITC PLGA-PEI-PEG-FITC 1:10 PLGA-PEI-PEG-FITC 1:30
(NPO) (NP5000) (PLGA-PEIL) (PLGA-PEI )

ZETA POTENTIAL +16.5 +6.4 +22.2 +3.8
(mV)
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Study Aim

Understand how NPs and cartilage ECM interact to determine:

|. The effects on structural components

ll. Subsequent immune engagement

SYNTHETIC IDENTITY BIOLOGICAL IDENTITY
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Study Design
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I1l. Protein-NP
Interactions
(CD)

IV. Effects on
immune cells
(FC)
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GAG-Release is Influenced by NPs

CHALMERS
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Data represents ANOVA analysis, where * =p < 0.05, ** =p <0.01, *** = p = 0.001, *** = p = 0.0001
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Aggregates Depend on NP Properties
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Circular Dichroism Reveal Distinct (
NP-Interactions ’
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Macrophages Produce Cytokines in
Response to Aggregates
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Conclusions

Healthy ECM

By altering the structures of ECM proteins,

electrostatic interactions between cationic

nanoparticles and anionic ECM components can:

. Stabilize cartilage integrity

|l. Induce distinct immune responses
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Immunomodulating Nanomedicine Lab-

Future Challenges

» Time dependency to understand the duration of the interactions
 Drug loading for NP therapeutic efficacy

« Define microenvironmental cues NIV - uf Lol
* |dentify targets % i g o & |
Control the microenvironment '
* Responsive materials
* High affinity materials
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Immunomodulating Nanomedicine lab-
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Macrophage Cytokine Production to

Aggregates

IL-1B TNF-a
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Macrophage Cytokine Production to

Aggregates
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Cartilage Uptake Into Cartilage Explants

untreated NP5000 PLGA-PEI PLGA-PEI
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