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FUN
M Mesoporous silica (Sipnanoparticles

A Extremelyhighsurfaceareasandpore volumesenablethesematrixesto host a large
amount of cargo (drugs,proteins.)

AThe regularpore structure providesa homogeneousdistribution of guestmolecules
(e.g drugs),followedby a sustainedrelease

A Porescanbe tunedin the molecularsizerangeA idealfor hostingdrugmolecules

AThe pore walls can be surfacefunctionalizedto provide anchoringpoints for the
cargomoleculesandenhanceadrugimmobilization

AThe outer particle surface can be functionalizedindependentlyto regulate the
relesase (e.g. molecular gate properties), tune the surface charge and provide
suspensionstability and/or attach functional moieties via standardbioconjugation
reactions
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Y Temporal control: Therapeutic delivery

ACargo releasefrom the NPs can occur while the NP is still intact or
throughits decomposition

Alntegratingand retainingthe cargo componentswithin NPs by matching
chemical or physical charactersitics of the cargo with those of the
carrier systemA carrier design+ surface functionalization

Alf the surface function comprisesinherent responsivenessthe carrier
systencanbe madestimuliresponsivdtriggeredelease)

e.g. PNiPAMhermoresponsigelymepr pH+egulatedonicgate(seefigure)
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. Spatial control: Size and surface charge

SiO,-NP size control:

AThe carrierphysicochemical
propertied.e.size andsurface
charge, are the two main
determining factors that affect a
nanoparticledbs f

A Stober process(non-porous &
mesoporous NPs)

50nm 02 um
AMesoporous silica: Colloidal } :
approach, growth quenchers etc. TapA SEl 50KV X10000 Tgm  WD4.0mm
N nanobiomedicine, nanoparticles ha

%consusting of macromol ecul ar substos%n
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ASynthesis carried out under
alkalineconditions usingC,;TAB as
the structure directing agent and
glycolasa particlegrowth quencher

= AParticles fully dispersable in water
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=== Our design: Multifunctional NP system

3

=~ Imaging agents such as
paramagnetic Gd
complexes and/or
fluorescent dyes (here
FITC) for imaging/tracing

Biospecific
moiety (here folic
acid) for active

cellular targeting

_ _ Biodegradable mesoporous SiO , matrix
PEl-layerf or a) providing reactive o0hookso for

attachment, b) particle suspension stabilization, for loading of large amounts dfugs for
= C)surface charge tunimgy promoting RES therapeutic delivery o

‘ evasion d) promoting endosomal escape, and
. possibly also: €) molecular gate properties /%
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- Our design: Additional levels of flexibility

Pore surface engineering:
Silica pore walls can be
functionalizedsilanizedio
match cargo molecules  of

choice: =
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Outer surface
engineering. Particle
surface can be tuned
to yield a highly
negative or positive
charge at
physiological pH
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=+ Surface charge modulation
%0 , |IEP-values of functionalized NPs.
] v plain NPs :l -
40'_ vy v , mg PEMNPS Particle type IEP
201 v : = plain NPs 7
— ] ° o \ |
S Ve - PEINPs 9.6
2 2o V! . FITC/PENPs 9.5
S v my | FITCIPEIFAWPS 8.7
401 PEICOOHIFA-NPs “ FITC/PEI/COOHNPS 5.65
60 | FITC/PEI/COOH/FANPS 6.35
2 3 4 5 6 7 8 9 10 11 12
pH
ANPs were surface functionalized via surface hyperbranching

polymerizationof PEI+ succinylatiorto yield opposite surfacechargeat
physiologicgbH (7.4)

A SurfacepolymerizedNPs show considerableenhancemenin electrostatic
suspensiorstability as comparedto plain NPs (in situfunctionalizedwith

" anaminosilane)
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M8 Cellular targeting via the folate receptor

AFolic acid (vitamin B9) as targeting ligand

AThe cell surface receptor for folate is inaccessible from the circulation to healthy
cellsowing to its location on the apical membrane of polarized epithelia, but it is
overexpressed on the surface of various human cancersincluding ovary, brain,
kidney, breast, and lung malignancies

HelLa 293
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Molecular structure of folic acid (FA).

FITC-A FITC-2

Cell surface expression of the folate receptor (FR)
- in cancer (HelLa) and normal (293) cells. o
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M7 Internalization of mesoporous SENPs by

human cervical cancer cells (HelLa)

FITC FITC/PEI FITC/PEI/FA

: . . .

Internalization of fluorescent (FITC The number of HelLa cells that have
0 green fluorescence) mesoporous internalized the nanoparticles as detected
. Silica nanoparticles in HelLa cells as by flow cytometry after 2h incubation +
\‘g function of surface modification  quenching of extracellular fluorescence. /%
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Cytotoxicity assays

ASurface modification may change toxicity -

AThe vehicle is not cytotoxic

control . FITC/PEI/FA 2 pg/ml
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Cellular targeting to cancer cells

A BiospecificallyaggedFA) NPscan
be specificallytargeted to cancer
cells

ACo-culture conditions of cells
expressingdifferent levels of the
FA-receptor (embryonic kidney
epithelial293vs Hela)

Aln total, an order of magnitude
more NPs are internalizedby the
cancercellsthanthe normalcells!
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Intracellular delivery of hydrophobic agents

A The green fluorescent silica particles and the red fluorescent model drug cargo
(Dil, 1 wt%) are cdocalized in endosomes in the HelLa cells (nucleus stained
blue) at shorter times, but the Dil is released into the cytoplasm at longer times,

while the particles seem to remain compartmentalized (24 h) o
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= TIhe delivery can also be targeted
AThe intracellular delivery of hydrophobic fluorophores can easily be
guantified using flow cytometry, indicatingthe NP-mediated delivery is
selectiveto the HelLacellsandconsiderablynore efficientthanfree agent
) o
‘ ACo-deliveryof two or more agentss alsopossible /ee\
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