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Polymer NP to deliver therapeutics

Therapeutic
protection

Polymer NPs
High uptake Customizable
Blood flow & drug load surface
)

Polymer NPs

Endothelial cells

Controllable release

of therapeutics
* = loaded cargo: drug, nucleic acid....
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Poly-amine-co-ester (PACE) polymer backbone

PDL

DES

MDEA

O

/\OJLM;\",O\/

o)
Diester

|
HoT AN NoH

Diethanolamine

1. Zhou, Jiangbing, et al. Nature materials, 2012.
2. Kauffman, Amy C., et al. Biomacromolecules, 2018.

Increase the biocompatibility for the
polymer

|

Provide hydrophobicity to stabilize the
polymer structure

}

|

(+) positive charged
nucleic acid stabilization & transfection
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PACE NP formulation

Monomers PACE polymer library PACE Nanoparticles

X

M = cescoon o ( (
_H{H:rw_ _f“__ pacesorec | (e
PACE50NH-NH, ----- Nucleic acid

End group modification

o
VILLANOVA
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1. Jiang, Yuhang, et al. Nano letters, 2020. . GNITE CHANGE GO NOVA!
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» End groups tune the PACE NP zeta potential
N

» Average hydrodynamic size: 200 nm — 300 nm
» More amines lead to higher zeta potential
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Characterization of PACE NPs
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Encapsulation Efficiency of PACE NPs
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» The chemical changes for PACE polymer also
affect nucleic acid loading
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dsDNA encapsulation (%)

» Increased nucleic acid loading results from the
additional amine group incorporation
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Encapsulation Efficiency of PACE NPs
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» The interaction binding energy and
indicates the encapsulation efficiency
1s correlated with amine binding
energy but inversely correlated with

phosphate binding energy
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Interaction between PACE NPs and Endothelial Cells

f’z

PACE NPs <
& A A 0 » Increased endothelial cell uptake
©f”a© o caused by electrostatic 1nteraction
® © ; between positively charge NPs and
% e Yo :
negatively charged cell membrane
@A ® = e A © )

Seo -

» Highly positive charged NPs may cause

cytotoxicity to the cells. Tunable

7 surface charge for NPs significantly
affect the extent of cellular uptake
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Endothelial Cell uptake by PACE NPs

Normalized Dil intensity
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Weak correlation between PACE NP surface charge and endothelial cell uptake

Normalized fluorescence

HUVEC cell uptake rate

100-

o -
— - o
1 | 1

0.01

» The correlation with endothelial cell

. uptake and NP zeta potential 1s not
. significant

* » NP surface protonation capability is a

. new direction to demonstrate the

relationship with endothelial cell uptake
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Zeta potential (mv)
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PACE NP amine density
Low M

. High

PACE50COOH PACE50NH-NH, PACE60COOH

» More redness means higher amine group
density on the PACE NP surface

»
T

» More amine group content or higher amine
density results in higher PACE NP surface
protonation capability

W
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Photothermal Signal
for Amine Intensity (mv)
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PACE NP surface protonation

Contact Potential Difference (V) (CPD)

PACE50COOH
PACESONH-NH,

1.0 A

PACEG0COOH

PACEGOPEG- 1

PACE6ONH-NH, S B Al

T I T T T T T T I T T T T T T T
PACEBONH,-OH Distance (jm)
1.80V
PACEGBONH-OH g
— 1.50
1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0
CPD (V) e
0.50
Increased CPD values correspond
to higher endothelial cell uptake 0.00
-0.23

PACEG60NH,-OH

VILLANOVA

UNIVERSITY

IIIIIIIIIIII . GO NOVA®



Cellular Uptake of NPs Correlates with Knockdown Activity

1.5+

NP with siRNA for PACE60COOH
TNFRSF1A Endocytosis
® — @ — ' @® -®- PACEGONH-NH,
7 PACEG60NH-OH
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Endosomal
escape l 1.0= +PACE60NH2-OH
«
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Gene silencing l

RISC
complex

% Expression of TNFRSF1A Gene
n
1

siRNA

TNFRSF1A mRNAD(O

0.0

Time After Delivery (hrs)
Higher cellular uptake also leads to

more effective gene therapy delivery

Less detection of
TNFRSF1A mRNA

More detail shown in Poster 171 by Valerie Lallo at 6:30 pm VIL:&OVA
to 7:30pm on 07/15 in the exhibition hall, Hall E. b0



Conclusion

PACE polymers
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than nucleic acid loading

\_

Chemical group modifications on PACE NP surface
have major impact on endothelial cell uptake rather

~N

J

(Polymer PACE NP surface protonation capability 1s
more crucial to correlate with endothelial cell
uptake compared to zeta potential representing the

. average charge of a whole NP

~N

J

-
Higher endothelial cell uptake and higher nucleic

acid loading also result in a more effective gene
knockdown activity for gene therapy
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pKa Of PACE NPS Endosome maturation
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