Engineering nanoparticle systems to target
lymphatics and their underlying cellular
mechanisms

Immunoengineering GRC
July 11, 2024

Dr. Katharina Maisel

Maisel Lab




Lymphatics are crucial for tissue homeostasis
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Lymphatics transport nanomaterials to the lymph nodes
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Lymphatics transport nanomaterials to the lymph nodes

Vaccine site

Lymph node delivery improves immunotherapeutic efficacy
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What material properties are required to maximize nanoparticle
transport into lymphatics?
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Nanoparticle Size

Nanoparticles can be formulated with PEG with
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Nanoparticle charge modulates their transport by lymphatics
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PEGylation enhances nanoparticle accumulation in the lymph nodes
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PEGylation enhances nanoparticle accumulation in the lymph nodes
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Cellular transport mechanisms
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Both paracellular and transcellular mechanisms govern transport
of densely PEGylated nanoparticles across lymphatics
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Both paracellular and transcellular mechanisms govern transport
of densely PEGylated nanoparticles across lymphatics
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Both paracellular and transcellular mechanisms govern transport
of densely PEGylated nanoparticles across lymphatics
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Both paracellular and transcellular mechanisms govern transport
of densely PEGylated nanoparticles across lymphatics
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How do the particles get out?
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Exocytosis!

(a) Diffusion
(b) Rapid recycling pathway
(c) Lysosomal pathway

(d) ER/Golgi apparatus pathway
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Lysosomal exocytosis? Maybe
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What's causing the differences we
see In uptake mechanisms?
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PEG density modulates the protein corona on
nanoparticles
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Lymphatic exudate has a different g Ty e
composition than plasma |

=20 10 a 10 .20
log2 (fold LANF=HLAN")

Plasma
B '

M
% [
g :
= 4
(=]
2.

Lymph Blood *

biomarkers biomarkers

0 — - it
Tumor 20 10 0 10 20

draining LNs log2 (fold LANFLAN"=)
Tumor-derived i D TCGA
20 i
o
=]
S 15
>
o
Other ol
tissue-derived 2
o D 51 v C
0 i
O It 45405 0 5 10 15
rlglna umaor area log2 (fold metiprimary)
BV LV E Melanoma pathways
Flow prediction
= #
g
Cells &
','q 2
5
EV =)
i i -§ !
proteins H ; 2, nd: nd i i
3 I J;‘}J‘\;}r‘* O .5
G

LAN"2ys LAN P lymphatic exudate

Cancer Organismal injury ~ Cellular  Cell-to-cell signaling  Inflammatory  Immune cells  Cellular function  Hemtological system
and abnormalities  movement and interaction response trafficking  and maintenance development/function

JJI

X UNIVERSITY OF o
MAMAND Broggi et al. J Exp Med. 2019.

BV Blood Vessels
LV Lymph Vessals
EV: Extracellular Vescicles




Protein corona from lymphatic exudate
affects nanoparticle uptake by LECs
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Summary

Nanoparticles
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