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Dendrimers: versatile platform for drug and gene delivery
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Dendrimers in the context of nanomedicine
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M. de la Sierra Espinar Buitrago, M. Angeles Mufioz Fernandez, Chapter 10 - Dendrimers and their applications in biomedicine:
Dendrimer-drug interaction, a new therapeutic alternative. Dendrimer-Based Nanotherapeutics, Academic Press, 2021, p.163-182,
ISBN 9780128212509.

... and how is it toxic compared
to other (dendritic) systems???

... and how is it efficient
compared to other (dendritic)
systems???



Nanovectors for gene delivery

Toxicity and efficiency is generally pre-determined by ...

A study comparing structurally
different dendrimers with the
same NPU?

OOO ]
e ...the chemical composition and structure §
s
« ...on the size/molecular weight of the molecule, 9 B
resp. on the charge density, which is further w1
determined..
* by the number of peripheral cationic Lo“.,--"" —

Gene transfection efficacy

units (NPU) and size of the molecule

Wang, H., Chang, H., Zhang, Q. et al. Top Curr Chem (Z) 375, 62 (2017).
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* A pool of structuraly different types of dendritic nanovectors
4 structural types, 20 compounds in total

* Biophysical and biological characterization under the same .
conditions 3§
S
* The first direct inter-structural comparison of the cytotoxicity
and transfection efficiency of dendritic nanovectors
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LEGEND —
cationic hybrid carbosilane-PAMAM carbosilane
carbosilane dendrimers phosphonium-terminated DDMs PAMAMs
glycoDDMs
4 NPU comp. 6 comp. 9 comp. 12 comp. 19
8 NPU comp. 18 comp. 3 comp. 7 B comp.10 mm comp. 13 comp. 20
16 NPU comp. 1 BN comp.4 W comp.8 WM comp.11 mm comp. 14 comp. 15
32NPU mm comp.2 B comp.5 B comp. 16
64 NPU B comp. 17




Pool of dendrimers
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Pool of dendrimers
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Pool of dendrimers
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Pool of dendrimers
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Cytotoxicity of dendrimers: influence of the structure and NPU
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LEGEND — Rezasurin assay
cationic . . p
. hybrid carbosilane-PAMAM carbosilane
carbosilane - - : PAMAMs
glycoDDMs dendrimers phosphonium-terminated DDMs MCF-7: human breast cancer
4 NPU comp. 6 comp. 9 comp. 12 == comp. 19 THP-1: human monocytic leukemia
8 NPU comp. 18 comp. 3 comp.7  HE comp.10 mE comp.13 mm comp. 20
16 NPU == comp. 1 BN comp.4 WE comp.8 WM comp. 11  mm comp.14 mm comp. 15 24, 48 and 72 hours exposure
32NPU mm comp.2 B comp.5 BE comp. 16 0.5-25 uM range
64 NPU Bl comp. 17




In vitro cytotoxicity —

IC50 values

Rezasurin assay
24h

MCF-7: Human breast cancer
THP-1: human monocytic leukemia

LEGEND—
cztlor:lc hybrid carbosilane-PAMAM carbosilane PAMAMs . .
c?r og'DaI‘:"'E dendrimers phosphonium-terminated DDMs v' CCS glyco-DDMs are biocompatible
glycolVs v' Hybrid CS-PAMAM are very toxic except G1
4 NPU comp. 6 comp. 9 comp. 12 v CS phosp. DDM biocompatible with MCF-7
8 NPU comp. 18 comp. 3 comp. 7 BN comp.10 mm comp. 13 while toxic to THP-1
16 NPU comp. 1 B comp.4  WE comp.8 WM comp.11  mm comp. 14 comp. 15 v Low toxicity of PAMAMs up to G3
32 NPU mm comp.2 Bl comp.5 = comp. 16 (lit. 1533 pM for G2
64 NPU - comp. 17 12043 uM for G3 after 24h)
' J. Health Science 2009, 5 (2), 169-177
IC50 values (LM)
= | CCS glycoDDMs |Hybrid CS-PAMAM DDMs CS phosphonium-terminated DDMs PAMAMs
a
z Zeta GE* MCF-7 THP1 MCF-7 THP1 MCF-7 THP1 MCF-7  THP1 MCF-7 THP1
4 6 -k - 9 -k 7.810.8 [ 12 - 4.5+0.4 19 -k ¥
8 |18 -* -* 3 -* -* 7 6.0t1.4  3.2+0.6 54+14 1.3+0.2 109+28 2.6+0.2 20 -k ¥
16 195450 - 8.1+2.2  4.0+0.7 . 6.6£1.0 2.0+0.4 5.6£1.5 0.31#0.0 5.2+1.5 0.7+0.1 | 15 -* ¥
32 - 99+15 17645 2.910.7 1.840.3 -* -*




Characterization of nanoparticles

Zeta potential measurement:

DDM/siRNA complex ratio

compound 18
compound 1
-e- compound 2
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Gel electrophoresis:
Stability of the DDM/siRNA
complexes
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v The tested dendritic platforms form

saturated complexes in much lower
molar ratio compared to PAMAMSs

? Protection of the siRNA from
nucleases?

Release of genetic material in acidic
environment?

= | CCS glycoDDMs Hybrid CS-PAMAM DDMs CS phosphonium-terminated DDMs PAMAMs

% Zeta GE* Zeta GE* Zeta GE* Zeta GE* Zeta GE* Zeta GE*

4 6 73.0 400 9 8.9 NA 12 10.3 50 19 x 50 000
8 |18 6.0 175 3 40.6 100 7 13.9 50 3.2 NA 4.8 20 20 800 4 000
16 | 1 1.9 100 3.6 50 . 8.6 16 0.7 NA 3.1 20 15 12.8 25
32 - 0.7 50 0.5 10 11.0 12
64 0.1 5.1

* The lowest tested ratio in which all siRNA was complexed, Xdata not obtained




Summary

v Direct inter-structural comparison of the cytotoxicity of2_0 dendritic nanovectors
v" Nanoparticle characterization (DLS measurements, Zeta potential, gel electrophoresis)

...still ,,to do“:

 DDM/siRNA complex cytotoxicity?
* transfection efficiency and cellular internalisation? /flow cytometry, confocal microscopy/
* gene ssilencing? /RT-PCR/
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