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Advanced biomaterials for therapeutic delivery
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Desired Routes of Drug Delivery
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Challenges to epithelial drug delivery
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Revisiting the small intestine
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Drawbacks of paracellular permeation enhancers
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Opening Epithelial Barriers




Topographical cues can enhance permeation
of drug between tight junctions
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Nanostructured microneedles enhance

transdermal drug delivery
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Nanostructured planar particles for enhanced oral
delivery
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Nanostructures can be tuned to facilitate
permeation
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The process is reversible and involves
remodeling of tight junctions

ZO-1 (tight junction protein), Caco-2 nuclei, F-Actin



Paracellular or transcellular? Mechanism?
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FITC-1gG present at apical cell-cell borders

Flat film (FT) Nanostructured film (NS) FITC-gG Plasma membrane

sleold Dloje -

T e o

TIRF-based epithelial cell basal imaging

NS
FT d%3+ P<0.0001
*kk%k
NS |
0 200 400 600

Mean pixel intensity at cell-cell border



TJ scaffolding protein ZO-1 shows altered
morphologies upon NS film treatment

Z-stack-1 Z-stack-2 Z-stack-3 Z-projection
o

FT (z-projection) NS (z-projection) FT (z-projection) NS (z-projection)

Sn |
yb’ Aggregates ‘ s
N

Total level keep the same - reversible



CRISPR-based gene editing to visualize tight

junctions

Fluorescent protein fusion of TIP-ZO-1
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Dynamic changes in TJs with nanostructure
contact

) ()

Time-Lapse Video of ZO-1 during Nanostructure Treatment
(MAX Z-projection, 2 locations 1s=5mins) TEER>>1800









Large aggregates of ZO-1protein are formed on apical
side when treated with NS film
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Active Interaction between aggregates and border ZO-1

Treatment of nanostructured film and live imaging of mCherry-Z0O-1 Apical 1um Z-stacks maximum projection




NS-film treated cells have faster recovery from FRAP
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Junctional protein Claudin-4 colocalizes with ZO-1
aggregates
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Using physical cues to alter tight junction
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Harnessing nanotopographical cues for
therapy
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