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Design of new drug delivery systems based on polyelectrolyte, hybrid
microcapsules and nanoparticles

hollow silica nano/microspheres
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A. S. Timin, Hui Gao, D. A. Voronin, D. A. Gorin and G. B. Sukhorukov, Adv. Mater. Inter. 2017



Design of new drug delivery systems based on polyelectrolyte, hybrid
microcapsules and nanoparticles

Different ways of functionalization
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Different mechanisms of triggering

Low molecular weight drugs NIR light

';‘:}2 NIR: Near Infrared Laser
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Schematic illustration of preparation of triple-responsive capsules
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Decomposition of hybrid
shell upon UV irradiation

Hybrid shell of microcapsule
after Si02/TiO2 coating
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Capsule destruction

Cargo release
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Functionalization of stem cells by multifunctional drug carriers for study of
homing effect and migration potential

Chemical or
physical triggering
to release drug
from the capsules

Ex vivo injection of
stem cells with
internalized
capsules
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Capsule uptake by stem cells

Magnetic capsules
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Lepik K.V.; Muslimov A.R.; Timin A.S.; Sergeev V.S.; Sukhorukov G.B. et
al. Advanced Healthcare Materials. 2016, 5(24), 3182—-3190. 6




Magnetic separation of stem cells

Magnetic cell spheroid with capsules

Magnetic sorting process
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Non-viral gene delivery/CRISPR-Cas9

SEM, TEM and CLSM images of
hybrid microcapsules
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Timin A.S. et al., Efficient gene editing via non-viral delivery of CRISPR-Cas9 system using polymeric and
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Principle of dTomato knockout in the HEK293T-based Capsules Internalization in HEK293T-dTomato cells
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Capsules containing LeGO-Cas-gTom

Capsules without LeGO-Cas-gTom

Free LeGO-Cas-gTom

Successful transfection of HEK293T with capsules containing High efficiency CRISPR-Cas9-mediated dTomato
Cy-7/LeGO-Cas-gTom plasmid results in efficient editing of the dTomato knockout after transfection with both (PARG/DESX), and

ene .
9 SiO,-coated capsules
36 h 96 h 120 h 144 h iy cells (PARG/DEXS), capsules Si0,-coated capsules
E 0.1% 46.1 % 0.1% 45.4 %
o
E 100 10° 10°
E
[+ 1]
3 E 10° 10° 10°
1] 0
5 E e 10' 10" .
= = 0.8% —992%| {07% F53.1% 0.7 %
o - S
@ L N N T o T o

dTomato fluorescence intensity

3004 200

200

Merged
Cell counts
3

T T T
0 10 10 10 10 10 0 10 10* 10 10* 0

dTomato fluorescence intensity

. Cells (PARG/DEXS), capsules SiO,-coated capsules
> 10°- £
F
‘@
= |10t
o
z
E 105
=] @ |10
a g '
o S
U g o] 10
= o
s 0.9%
= ol
& 07| T
9 o o
dTomato fluorescence intensity
400 500 600
[%] 400
- 300+
£ o
B 8 3004
2004
e = w0
2 (] 2004
E 100+ 100
o- 01 04
o 100 10* 1]

dTomato fluorescence intensity 1 0




Microcapsules for mRNA delivery into MSCs

5 pm A Control Cell:capsules ratio = 1:1 Cell:capsules ratio = 1:3 ratio = 1:5 Cell:capsules ratio = 1:10
o0 |FRATR o6 286 g T SAT%
E!n' f 0_160_;0 E\.’-‘ 3398% E-_(- : 0.12% E._, « T7.17% g .
I _, n &
El( i En g;r' 8-.: 8
o o o o (=1
l('- IJ: EE |
L 0.00% 02 0 0.00% i oB1% . o 10% 1.38
o' 10° 0 iy o o 1 1 1 1 1 w wt 107 18" i 1
FITC FITC FITC FITC FITC
100| I adhesion —ever oL 1Y o', o e o,
—_ - suspension 1004 &9, O Fe O,
2 A
~— 380+ =
e a0
] 2
0 60 =60
15 pm 3 =]
- =
2 404 >
3 — 40+
a S
M 204 20
o
0

u T
control 1:1 1:3 1:5 1:10 1:25 1:50 1:100
Cell:capsules ratio

1:1 1:3 1:5 1:10
Cell:capsules ratio

Muslimov A.R., Timin A.S., Petrova A., Epifanovskaya O., Shakirova A., Lepik K., Gorshkov A., II’inskaja E., Vasin A., Afanasyev B., Boris Fehse, and Sukhorukov G.B., Mesenchymal stem
cells engineering: microcapsules assisted gene transfection and magnetic cell separation/ ACS Biomater. Sci. Eng. — 2017. — DOI: 10.1021/acsbiomaterials.7b00482



eGFP

10* 10°
eGFP

Control . Cell:capsules ratio = 1:1 . Cell:capsules ratio = 1:3 : Cell:capsules ratio = 1:5 Cell:capsules ratio = 1:10
2621 262, 262 2. 1
8 196 6 81?6.6 EISEW’ slﬂﬁ.ﬁ-
=]
S g 8 g
x < -;g :
s —131.14 —1511 ~—131.11
< 033 % < < g
9 [} s [®]
Vi ogss % g & c &
&55 65.54 65.5
w o w10 of 10 10’ o 10° ' 10’ 107 10 10 -10710° 107 10° w* 10
eGFP : : eGFP eGFP eGFP
L 12 91 a
21 ﬁl 20 68 744
] c = t €
£ k 0.33% 3 3 41.63 % 3 1 | 47.68 % 1| 2 | 62.21% |
814_- I I Q 50 Q 5t |—| O +6 8,.5_
724 ' 20 I 26 | EER , 254 ‘m
N ot f i it . h
A _— L Do, | ] M e, | ][ WY Lk
10" 10% a 10° S10% 10° 3 10° w0t 1ot 10? 1w 5 0t 2 a = 071" 107 0 o 10
eGFP

‘&-‘ ]
‘e U 80
@ g
@ 3 60-
t c
: -
v 3
Y o 40
L | I
& o .
3 20
= ]
control
0 ——— .- - - -
RNase inhibitor - - - - - + + + +
1:1 1:3 1':5 1510 1:1 1I:3 1l:5 1:10
L 1 (]

Cell:capsules ratio



hMSCs J hMSCs before magnetic sorting Cell separation efficiency
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Non-viral delivery of antiviral sSIRNA against influenza A virus

SiO,-microcapsules (SiO,-MC/Rox-siRNA)

2 um

Incubation time (min) Incubation time (min)
15 30 45 15 30 45 60 Marker

Si0,-MC-Rox-siRNA

Control )

' e
J37F

Free Rox-siRNA

 —

DAPI

Pl Rox-siRNA

DAPI
Rox-siRNA
AF 488 Phalloidin

11



CLSM images of intracellular delivery of ROX-siRNA using different non-viral vectors
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In vitro antiviral effect of sSIRNA-loaded
microcapsules

Relative viral NP level in infected A549 cells measured
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Virology in vivo assay

In vivo study

Capsules administration
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Microcapsules

ROI = 1,982e+08
Submicron capsules

ROI = 5,256e+08

In vivo study
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Выступающий
Заметки для презентации
Изображения получены на одинаковых настройках, на большой картинке пришлось вытянуть интенсивность, получив ROI 4.�Краситель оседает в носоглотке, трахее и легких, гистологические препараты в работе.

Следующие шаги – ТЭМ, повтор всех экспериментов для подтверждения данных и работа на модельных животных (заражение вирусом гриппа)


Histological data

Blue — DAPI (cell nuclei)
Green — FITC (capsules)
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