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Two junior faculty positions

> Bioengineering (position 1)

— Drug and gene delivery, biomaterials, nanomedicine, tissue
engineering

> Carbon management (position 2)

— Carbon capture, carbon storage, carbon conversion
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Research overview
& career
motivation

Develop enabling delivery

systems to

* improve therapeutic index
& drug properties

* achieve controlled release ,

* enable non-invasive
alternative administration
and improve patient
compliance

* foster translational and
convergence research and
education

Medical
Challenges

Cancer
Glioma, head & neck,
skin, oral
Chronic CNS diseases
Ocular diseases
Glaucoma
Tissue regeneration
Imaging & diagnosis

Biology-Material

Interface
Biocompatibility

Tissue/cell specificity

PK/PD

Administration routes

Systemic
Transbuccal
Topical
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Dendrimer

Cell-nanoparticle hybrids

adenovirus

g

exosome
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Oral Oncology 2010

EPS8 knockdown for head and neck cancer \

Targeted delivery
Improved gene transfection
Tumor imaging

Improved biocompatibility
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self-assembly
Y

plasmid DNA

Fusogenic property for
permeation through the plasma membrane
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Roles of Cholesteryl
Ester Hydrolase
(CEH)

2007 - Macrophage-specific transgenic
expression of CEH attenuates diet induced
atherosclerosis and lesion necrosis in LDLR-
/- mice - increased RCT as the underlying o BN S
mechanism. JCI 117:2983-2992 i

i~

2010 - LXR agonist increase CEH promoter activity.
Vascular Pharmacology 52:1-10

2011 - Decreased CEH in human atherosclerotic

plaques. Expert Review of Cardiovascular Therapy 9:
329-340

2014 - Liver-specific transgenic expression of &=
CEH reduces atherosclerosis in LDLR-/- mice.
JLR 55:729-738




Galactose-functionalized dendrimers (Gal-G5) for CEH plasmid delivery

{

Gal-G5

ASGPR

Gal-PEG

CEH

s |

HDL

National Heart, Lung,
and Blood Institute Biomaterials 130, 1-13, 2017




G5/CEH

Heart Liver Spleen Lung Kidney Heart Liver Spleen Lung Kidney

Gal-G5/CEH

CEH: cholesteryl ester hydrolase plasmid
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A two-pronged
approach to

combat
atherosclerosis

N I H National Heart, Lung,
and Blood Institute
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Treated or Untreated | |
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Groups Compared Total Lesion Area

Arch Lesion Area

Baseline vs Untreated 219+ 3.7vs 29.9 + 7.1, p<0.0001

Baseline vs Treated 219+3.7vs 17.4 £ 3.7, p=0.0382

Untreated vs Treated 29.9+7.1vs 17.4 £ 3.7, p<0.0001

44.8 + 5.8 vs 54.6 + 8.6, p=0.0007
448 + 5.8 vs 36.2 + 8.1, p=0.0026
546 +£8.6vs 36.2 £ 8.1, p<0.0001
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Folic acid-functionalized dendrimers for siRNA delivery

Folic acid
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FOLR1

BACT

NIH3T3 HN4 HN6 HN12 T98 U87 U1242
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Nanomedicine, 2017

Mean intensity of FITC
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HN12 cells, 10 pg/ml FITC-G4-FA conjugates, 2 h incubation

07 - G4/Cy3-plasmid

Mean intensity of Cy3

R? = 0.9957
-m- G4-FA/Cy3-plasmid
R?=0.9973

0 5 10 15 20 25
Incubation time (h)

HN12 cells, G4-FA/Cy3 plasmid (5:1, wt/wt), free FA (0 or 500 pg/ml)
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HN12 tumor-
bearing mouse

NIR G4 FA/SIVEGFA

NIR-G4-FA

35 ug of siVEGF/175 pg of dendrimer (n=6)

Acta Biomaterialia, 2017
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Cross-linking dendrimers:
An innovative way to build
higher order structures

H( NPC/TEA
0 4> O H OH —‘>
EG /\,)

Pl

H.
¥ Q‘q

=y

University

of Colorado 2® ® ® ®» 5.7
Denver

Foundation

Department of
Ophthalmology
acryloyl chloride/TEA

4}
THF

Dendrimer nanodomain with a cationic surface

Hydrophilic drug encapsulated in the PEG network

Hydrophobic drug encapsulated in the dendrimer
nanodomain

Cross-linked PEG network
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Patterns of Compliance

w Used as directed
u Missed occasional dose
- Missed up to 2 doses/week
w Other responses
8%

—\\
16%

Developing safe, Iong-acting- eye

. . MISSOURI
drop microgel formulations

&

A study shows over 70% surveyed patients prefer reduced dosing frequency.

12%
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Patterns of Compliance
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Dendrimer hydrogels for glaucoma
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Administration: Topical
Dose: 0.7% brimonidine/3.5%

timolol
Animal: Dutch belted rabbits
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Hydrogel/Scaffold
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Aza-Michael Addition

* Highly Efficient
* Without Catalyst

\ Hydrogel .

Micro/Nanogel

( Mild & Rapid j‘ """""""




Thank you!
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