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

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

ÅPorescanbe tunedin the molecularsizerangeĄ idealfor hostingdrugmolecules

ÅThe pore walls can be surfacefunctionalizedto provide anchoringpoints for the
cargomoleculesandenhancedrugimmobilization

ÅThe outer particle surface can be functionalizedindependentlyto regulate the
relesase (e.g. molecular gate properties), tune the surface charge and provide
suspensionstability and/or attach functionalmoieties via standardbioconjugation
reactions

Mesoporous silica (SiO2) nanoparticles
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Casasús et al.J. Am. Chem. Soc.130, 2008, 1903.

ÅCargo releasefrom the NPs can occur while the NP is still intact or

throughits decomposition

ÅIntegratingand retainingthe cargocomponentswithin NPs by matching

chemical or physical charactersitics of the cargo with those of the

carrier systemĄ carrier design+ surfacefunctionalization

ÅIf the surface function comprises inherent responsiveness,the carrier

systemcanbemadestimuli-responsive(triggeredrelease)

e.g. PNiPAMthermoresponsivepolymeror pH-regulatedionicgate(seefigure)

Temporal control: Therapeutic delivery



SiO2-NP size control:

ÅThe carrier physicochemical 

properties, i.e. size and surface 

charge , are the two main 

determining factors that affect a 

nanoparticleõs fate in the body

ÅStöber process(non-porous & 

mesoporous NPs) 

50 nm ð2 µm

ÅMesoporous silica: Colloidal 

approach, growth quenchers etc.

In nanobiomedicine, nanoparticles have even been defined as òsolid, colloidal particles 

consisting of macromolecular substances that vary in size from 10 nm to 1000 nmó

Spatial control: Size and surface charge
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ÅSynthesis carried out under

alkalineconditions usingC16TAB as

the structure directing agent and

glycolasa particlegrowth quencher

ÅParticles fully dispersable in water
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Mesoporous SiO2 nanoparticle synthesis



Our design: Multifunctional NP system

Biodegradable mesoporous SiO 2 matrix

for loading of large amounts of drugs for 

therapeutic delivery

Imaging agents such as 

paramagnetic Gd

complexes and/or 

fluorescent dyes (here 

FITC) for imaging/tracing

PEI-layer for a) providing reactive óhooksó for 

attachment, b) particle suspension stabilization, 

c) surface charge tuning Ą promoting RES 

evasion d) promoting endosomal escape, and 

possibly also: e) molecular gate properties

Biospecific 

moiety (here folic 

acid) for active 

cellular targeting

Gd3+



Our design: Additional levels of flexibility

Pore surface engineering:
Silica pore walls can be 
functionalized (silanized)to 
match cargo molecules of 
choice:

Outer surface 

engineering: Particle 

surface can be tuned 

to yield a highly 

negative or positive 

charge at 

physiological pH

Native silanols

Carboxylic acid 

(-COOH)

Amine ( -NH 2)

Thiol ( -SH)
succinylation



Surface charge modulation

Particle type IEP

plain NPs 7

PEI-NPs 9.6

FITC/PEI-NPs 9.5

FITC/PEI/FA-NPs 8.7

FITC/PEI/COOH-NPs 5.65

FITC/PEI/COOH/FA-NPs 6.35

ÅNPs were surface functionalized via surface hyperbranching
polymerizationof PEI+ succinylationto yield oppositesurfacechargeat
physiologicalpH (7.4)

ÅSurfacepolymerizedNPsshow considerableenhancementin electrostatic
suspensionstabilityascomparedto plainNPs (in situ functionalizedwith
anaminosilane)

IEP-values of functionalized NPs.
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ÅFolic acid (vitamin B9) as targeting ligand

ÅThe cell surface receptor for folate is inaccessible from the circulation to healthy 

cells owing to its location on the apical membrane of polarized epithelia, but it is 

overexpressed on the surface of various human cancers, including ovary, brain, 

kidney, breast, and lung malignancies

Cellular targeting via the folate receptor

Molecular structure of folic acid (FA).

Cell surface expression of the folate receptor (FR) 

in cancer (HeLa) and normal (293) cells.



The number of HeLa cells that have 

internalized the nanoparticles as detected 

by flow cytometry after 2h incubation + 

quenching of extracellular fluorescence. 

Internalization of fluorescent (FITC 

ðgreen fluorescence) mesoporous 

silica nanoparticles in HeLa cells as 

a function of surface modification 

FITC FITC/PEI/FAFITC/PEI

DIC

FITC

Internalization of mesoporous SiO2-NPs by 

human cervical cancer cells (HeLa)

J.M. Rosenholm et al. ACS Nano 2009
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Cytotoxicity assays

ÅSurface modification may change toxicity

ÅThe vehicle is not cytotoxic

J.M. Rosenholm et al. ACS Nano 2009



ÅBiospecificallytagged(FA)NPscan

be specificallytargeted to cancer

cells

ÅCo-culture conditions of cells

expressingdifferent levels of the

FA-receptor (embryonic kidney

epithelial293vs. HeLa)

ÅIn total, an order of magnitude

more NPs are internalizedby the

cancercellsthanthe normalcells!

J.M. Rosenholm et al. ACS Nano 2009

Cellular targeting to cancer cells



4h 24h

J.M. Rosenholm et al. Nano Lett. 2009, in press

Å The green fluorescent silica particles and the red fluorescent model drug cargo 

(DiI, 1 wt%) are co-localized in endosomes in the HeLa cells (nucleus stained 

blue) at shorter times, but the DiI is released into the cytoplasm at longer times, 

while the particles seem to remain compartmentalized (24 h)

Intracellular delivery of hydrophobic agents



The delivery can also be targeted 

ÅThe intracellular delivery of hydrophobic fluorophores can easily be

quantified using flow cytometry, indicatingthe NP-mediated delivery is

selectiveto the HeLacellsandconsiderablymore efficientthanfree agent.

ÅCo-deliveryof two or more agentsis alsopossible

J.M. Rosenholm et al. Nano Lett. 2009, in press


