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Local innate immune cells regulate the lung microenvironment
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Innate immune APCs are the gateway to “immune engineering”
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The absorbance, clearance & immune involvement depends on location

Conducting Airways Respirable Airways

Pulmonary Cells Innate Adaptive
Epithelial Cell Basal Cell * ?I\:eol;r' I\I/I:/'c. @ Naive T cell Yo T cell
el % Interstitial Mac. B Acti
b @ Alveolar Cell Type | @ Activated T cell @ B cell
oblet Cell ¥ CD11b* DCs ® CD4* cell Y 196
» Alveolar Cell Type Il . @ cos’ cell . ‘
Y Club Cell i CD103*DCs =2 1gA
® ILCs Mucus Pulmonary Surfactant

SHYL)F F .. ....O' ......... ... .. ‘..... .. ° Ld
[ﬁ]g&WARE Sudduth, Trautmann-Rodriguez et al. Adv Drug Deliv Rev 2023 RO M E N LA B



Multiscale challenges in predicting immune response to inhaled products

Cellular impact: Microenvironment: Tissue Localization:
Targets? Intracellular Cell-cell interactions? Where and how
mechanism? Residence time?




Aerosol immune engineering: harnessing the power of the immune system

Engineering Tools
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PEGDA “Immunologically Inert” Particle Platform
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PEGDA “Immunologically Inert” Particle Platform

Poly(ethylene glycol)

diacrylate (PEGDA)
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NP dosage produces an abundance of Extracellular Vesicles
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Macrophage small EV secretion dependent on phagocytosis

BMM EV Secretion
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Macrophage small EV secretion follows intracellular MVB formation
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Propagation of signals using phagocytosis and small EV biogenesis
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Multiscale challenges in predicting immune response to inhaled products

Cellular impact: Microenvironment: Tissue Localization:
Targets? Intracellular Cell-cell interactions? Where and how
mechanism? Residence time?




How does the
microenvironment

regulate cell response?
(population level)
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Moving toward 3D in vitro hydrogel modeling to improve biological relevance
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High throughput Hydrogel Platform to probe microenvironment effects
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Macrophage phagocytosis is impaired in stiffer microenvironments

SOFT STIFF
*%
1.21 —
T 9
N 2 L
T e 104 —E—
ey
= O ]
c g
= L 0.84
o
A
A A
Alveolar 0T
soft stiff
2.5%10° *
T 2.0x10°%+ " l
0 & et
- S 1.5%10%- Ex
‘@ (@ Lg
@) @ = % 1.0%10%~
o
O 5.0x10%-
Interstitial
0.0 r T r
soft stiff

IAWARE. Graf et al. Frontiers in Biomaterials Science 2024
Graf et al. RCS Applied Polymers 2025

ROMEN LAB

Wm{smop Bomb, et al. Biomaterials Science 2022 10, 5689-5706 oaetetelegastogegetete 0% o
E



PEG-based hydrogels facilitate advanced epithelial cultures
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Future opportunities in integrated multicellular ALI cultures on lung ECM
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Multiscale challenges in predicting immune response to inhaled products

Cellular impact: Microenvironment: Tissue Localization:
Targets? Intracellular Cell-cell interactions? Where and how
mechanism? Residence time?




Where do inhaled

therapeutics go?
(tissue level)
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Building a physical full-volume dynamic airway for spatial deposition
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TIDAL.: Total inhalable deposition in an actuated lung
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TIDAL.: Total inhalable deposition in an actuated lung
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Spatial collection enabled by tunable “filters”
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A wide range of physiologically relevant breathing patterns achievable
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Capturing spatial deposition with TIDAL and validating to a healthy adult
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Future opportunities to design lattices to mimic disease
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Building an integrated workflow to assess disease-specific responses
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Aerosol immune engineering: harnessing the power of the immune system

Engineering Tools
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Thank you!

Catherine Fromen:
cfromen@udel.edu

Immune Response

https://sites.udel.edu/cfromen/
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