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Bioresponsive carriers
 multifunctional and precise

Strategy: learn from viruses and natural evolution

> Chemical evolution:
e identify chemical motifs for delivery
e assemble chemical motifs into defined sequences
e shuffle into various topologies
e optimize nanoparticle assembly



Identify chemical motifs for delivery:

pH-responsive diamino ethane motif
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Osmotic Burst & Needle effect

His, KHH; C; CXC; OleA,, LinA,; Y;; INF7; TAT; receptor ligands
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Nucleic Acid Therapeutics Using Polyplexes — A Journey of 50 Years (and Beyond).



Sblid phaée supborted polymer
synthesis
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Compare: ‘Artificial oligoamino acids’
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> 900 sequences;
different topologies
excellent biocompatibility

David Schaffert  Org Lett 2011, Angewandte Chemie 2011, Bioconjug Chem 2012



Correlation of polymer size with
gene transfer and cytotoxicity

pPDNA compaction Luc gene expression
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Diaminoethane and histidine motif:
Fine-tuning of proton sponges
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Relative protonation

Fine-tuning of proton sponges:
Protonation in endosomal pH range
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Four-arms containing histidine:
Systemic delivery in sc N2A tumor model
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His-Sph 4-arm: 30-fold enhanced gene
transfer into tumor

Ulrich Lachelt, Petra Kos, Annika Herrmann Nanomedicine NBM 2014



Targeted PEG-shielded polyplexes

Martin Org Biomol Chem 2012 Zhang J Gene Med 2015

Kos J Pharm Sci 2015

Kos Nanoscale 2014 .
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Lachelt Mol Pharm 2014
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Targeted PEG-shielded polyplexes:
Histidines enhance endosomal escape
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Ulrich Lachelt Nanomedicine NBM 2014 | Brauchle lab: polyplexes plus calcein (3.5 h, SD-CFLM)
Ellen Broda JCR 2015: cell binding under flow: B6 not via TfR | ¢cMBP2 binds via c-Met



New targeting ligand:

c-Met Binding Peptide (cMBP2)

c-Met / Hepatocyte growth factor receptor

Tyrosine kinase
Proliferation & progression of malignancies

High expression in late stage and metastases of
prostate cancer

c-Met binding peptides (cMBP1, cMBP2)
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Petra Kos Uli Lachelt, Annika Herrmann, Dongsheng He Nanoscale 2015



Cellular internalization (c-Met targeting)
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c-Met binding peptide for tumor targeting
Systemic delivery in HUH7 tumor model

In vitro and intratumoral: nice targeting, His effect
Systemic: moderate activity, no targeting effect

e S

shield surface, but interfere with
DNA - DNA compaction

hexagonal

columnar phase

Derouchey, Netz,Radler
EPJE 2005




c-Met binding peptide for tumor targeting
Systemic delivery in HUH7 tumor model

N/P 12; mixture 7:3 ratio

Petra Kos, Uli Lachelt, Annika Herrmann et al Nanoscale 2015



c-Met binding peptide for tumor targeting
Systemic delivery in HUH7 tumor model

N/P 12; mixture 7:3 ratio ,@;
y £
@ @ © o /
e — asmm
n Stp NH, + - "3 (&)
B,
4 %
@0
cMBP2 vs Ala Mix: cMBP2 vs Ala “as:-‘%
ggx:g; 3.0x1074 ) *
L) 4 7 p -
- 1.0x107 1 c (1.0x1074
- ©
O 1.0x1067 [J Ala O 1.0x106~ O Ala-DH1
S 8.0x10%; B cMBP2 2 g 0x10°- @ cMBP2 - DH1
- 6.0x10°- -1 6.0x10°%-
 40x105- © 4,0x105-
2.0x10°1 . 2 0410°1 lll |‘T‘|
Al I'T'Iqi ﬁ‘i_ : [
0 O & O e}
o @ O 4
& N N ~e> ¥

cMBP plus His: 50-fold enhanced gene transfer

Petra Kos, Uli Lachelt, Annika Herrmann et al Nanoscale 2015



OleA2 — NP stabilizing and lytic motif :
EG5 (Eglin-5, KSP) knockdown by siRNA
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Polyplex stabilizing motifs:
Tyrosine trimer (Y3) and CXC

0 min 15 min 30 min

SiRNA

Christina Troiber

Biomaterials 2013
49

intravenous administration correlates well with ex vivo
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Folate for targeting:
Multifunctional siRNA polyplexes
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Target gene silencing
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Folate dependent gene silencing in tumor

KB sc tumors / NIR Fluorescence bioimaging
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Angiopep 2 for targeting:
Effective glioma-targeted siRNA delivery
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Angiopep 2 for targeting:
Effective glioma-targeted siBAG3 delivery

U87 in vitro
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Dual-functional polyglutamyl methotrexate
ligands for potent combined tumoricidal activity
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DHFR inhibition T
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Cell death by MTX / poly(l:C) nanoplexes

M poly(l:C)
100 3 poly(l)
:\'E’.“ 80+
2
% 60
E:
3
O 404
208
o
NP © © O D © O O © 0 P
2 2 R R o & o <
¥ ¥ ¥ & N ¥
D A A A
A & & & é"‘b\ N W & 3
y > K b,bfa b@ '-'ob‘\ q'\&
A L\,{ g :
NH; N N
o N H o| coow |H
G e "
Wk % ! T o Poly(l:C): double stranded RNA,
) Un cytotoxic after delivery into cytosol
V4 Yy Yy
MTX-Gluy, 5;‘?\'
@ n1 = DHFR{ .
' Ligand Tox. 1 Shir et al 2006; Schaffert et al 2011
Poly(l:C) Tox. T

U. Lachelt, V. Wittmann, K. Miller et al Mol Pharmaceutics 2014



Gene silencing and cell death
by 4E-MTX-Stp / siEG5 nanoplexes
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Cures by 4E-MTX-Stp / siEG5 nanoplexes
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Intracellular protein delivery
by sequence-defined carriers

i

I

Kevin Maier, Irene Martin, Xiaowen Liu, Peng Zhang



Three-arm shuttle for protein delivery
Reducible covalent disulfide linker
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Three-arm shuttle for protein delivery

Acid-labile traceless click linker
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FolA targeted shuttle for RNase A delivery

Oligomer library screen (reducible disulfide linker)

After 48 hours !
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