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The synthesis of Mesoporous Silica Nanoparticles (MSN) covalently encapsulating fluoresceine or a pho-
tosensitizer, functionalized with galactose on the surface is described. Confocal microscopy experiments
demonstrated that the uptake of galactose-functionalized MSN by colorectal cancer cells was mediated
by galactose receptors leading to the accumulation of the nanoparticles in the endosomal and lysosomal
compartments. The MSN functionalized with a photosensitizer and galactose were loaded with the anti-

cancer drug camptothecin. Those MSN combining drug delivery and photodynamic therapy were tested
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on three cancer cell lines and showed a dramatic enhancement of cancer cell death compared to separate

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The development of Mesoporous Silica Nanoparticles (MSN) for
biological applications has grown a lot the last decade (Coti et al.,
2009; Liong et al., 2009; Rosenholm et al., 2010a; Slowing et al.,
2007,2008; Trewyn et al.,2007a,b). Due to their interesting proper-
ties (Rosenholm etal., 2010c; Slowing et al., 2010) (monodispersity,
high specific surface area, tunable pore size and diameter, versatile
functionalization), MSN were designed for diagnostic [fluorescence
imaging (Lee et al., 2009; Lin et al., 2005) and/or MRI (Hsiao et al.,
2008; Liong et al., 2008; Liu et al., 2008; Na and Hyeon, 2009;
Taylor et al.,, 2008; Wu et al., 2007)], and for therapy [drug deliv-
ery (Coti et al., 2009; Vivero-Escoto et al., 2010) or photodynamic
therapy (Cheng et al., 2009, 2010; Couleaud et al., 2010; Guo et al.,
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2010; Kim et al., 2009; Tu et al., 2009; Yang et al., 2010)]. Many
different drugs such as paclitaxel (Lu et al., 2007a; Vivero-Escoto
et al., 2009), camptothecin (Lu et al., 2007b, 2008), doxorubicin
(Lebold et al., 2009; Lee et al., 2010), methotrexate (Rosenholm
et al., 2010b), colchicine (Cauda et al., 2010), chlorambucil (Lin
et al,, 2010), cysteine (Mortera et al., 2009), telmisartan (Zhang
et al,, 2010), have been successfully loaded in MSN or covalently
grafted at MSN. Anti-cancer drugs vectorized using MSN efficiently
led to the death of cancer cells. Furthermore, camptothecin-loaded
MSN were shown to be very efficient in inducing tumor regres-
sion in vivo (Lu et al., 2010). To overcome drug resistances which
are major obstacles in cancer therapy, co-delivery of si-RNA and
doxorubicin has been demonstrated to enhance the efficiency of
chemotherapy in vitro (Chen et al., 2009; Meng et al., 2010). To fur-
ther improve the efficiency of MSN, targeting of cancer cells with
biomolecules (Brevet et al., 2009; Cheng et al., 2010; Gary-Bobo
etal, 2011; Lebret et al., 2010, 2008; Liong et al., 2008; Rosenholm
et al., 2009) or antibodies (Tsai et al., 2009) anchored on the MSN
surface has been carried out. The penetration of the MSN inside
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cells is thus more efficient due to an active endocytosis pathway
involving specific over-expressed receptors at the cell surface. In
this work, we have examined the potential of MSN having pores
loaded with camptothecin, possessing a photosensitizer (PS) in the
walls, and functionalized with galactose on the surface. Indeed,
the alkaloid camptothecin is an anticancer agent that targets a
nuclear enzyme: DNA topoisomerase I which plays a crucial role
in the removal of the DNA supercoiling associated with DNA repli-
cation and transcription (Gallo et al., 1971; Li et al., 1972). This
very promising active principle entered in phase I and II clinical
trials, but had to be abandoned following the onset of toxic man-
ifestations due to recyclisation in acidic solutions of the sodium
salt originally used, leading to local overexposure (Gottlieb et al.,
1970). Nevertheless, MSN now allows the use of this poorly water
soluble drug (Lu et al., 2007b, 2008). Therefore, in this study, we
have examined MSN combining camptothecin delivery, photody-
namic therapy (PDT) and cell targeting with galactose in order to
further enhance the anti-cancer activity of the MSN. The drug deliv-
ery potential of these targeted MSN was tested on human cell lines
of colorectal (HCT-116), pancreatic (Capan-1) and breast cancer
(MDA-MB-231). We show here that treatment with MSN combin-
ing camptothecin delivery and PDT led to a dramatic enhancement
of cancer cell death compared to separate treatments.

2. Materials and methods

All solvents used were reagent grade. The following reagents
have been abbreviated, dimethylformamide (DMF), triethy-
lamine (Et3N), diisopropylethylamine (DIPEA). aminopropyltri-
ethoxysilane (APTS), cetyltrimethylammonium bromide (CTAB)
tetraethoxysilane (TEOS), fluorescein isothiocyanate (FITC). DMF
was distilled under slow argon flow and kept over 4A sieves.
Column chromatography was performed with the indicated sol-
vents using E. Merck silica gel 60 (particle size 0.035-0.070 mm).
Yields refer to chromatographically and spectroscopically pure
compounds. 'H NMR spectra were recorded on a Bruker AC-300
spectrometer at ambient temperature using an internal deuterium
lock. Chemical shift values are given in ppm relative to tetram-
ethyl silane (TMS). Acidic impurities in CDCl3 were removed by
treatment with anhydrous K, COs3. Quantitative UV-visible spectra
were obtained using a Perkin-Elmer spectrometer (molar extinc-
tion coefficient values are given in Lmmol~! cm~1). Transmission
Electron Microscopy (TEM) measurements were carried out with
a JEOL 1200 EXII microscope at 100kV. Dynamic Light Scattering
(DLS) experiments were run using a Cordouan Vasco 135 appara-
tus, with a 75 mW laser source operating at 658 nm. Specific surface
areas were determined by Brunauer-Emmett-Teller (BET) method
on a Micromeritics triStar analyser (using 75 points and starting
from 0.01 as value for the relative pressure) and the average pore
diameters were calculated by the BJH method.

2.1. Synthesis of galactose derivatives

2.1.1. 1-p-Aminophenyl-a-D-galactopyranoside

1-p-Nitrophenyl-a-D-galactopyranoside (1g, 3.32mmol) was
dissolved in 125 mL of MeOH under argon atmosphere. To this solu-
tion was added 500 mg of Pd/C. The atmosphere was removed and
changed to H, pressure. The solution was stirred for 2 h, filtered
and evaporated to give a white powder in quantitative yield.

TH NMR (200 MHz, DMSO0) § 3.15 (s, 1H), 3.26-3.68 (m, 6H), 4.67
(s,2H), 5.07 (s, 1H), 6.48 (d, J= 12.9 Hz, 2H), 6.78 (d, J = 12.9 Hz, 2H).

13C NMR (50 MHz, DMSO) § 61.24, 69.12, 69.54, 70.40, 72.62,
100.75, 115.45, 119.70, 144.53, 149.35.

2.1.2. p-[N-(2-Ethoxy-3,4-dioxocyclobut-1-enyl)amino]phenyl-
«o-D-galactopyranoside

1-p-Aminophenyl-a-D-galactopyranoside (250 mg, 0.092 mm-
ol) was dissolved in a 5/3 solution of ethanol/water (8 mL), and
3,4-diethoxy-3-cyclobutene-1,2-dione (150 pL, 1.1 equiv.) was dis-
solved in the same solution. The two solutions were mixed and
stirred under argon for 20 h. Concentration followed by flash chro-
matography in AcOEt/MeOH (9:1, v/v) gave the galactopyranoside
derivative (364 mg, 47%).

TH NMR (200 MHz, DMSO) 8 1.13 (t,J = 7.05 Hz, 3H), 3.49 (m, 2H),
3.69 (m, 4H), 4.72 (m, 6H), 5.33 (s, 1H), 7.05 (d, J=7.7 Hz, 2H), 7.25
(d,]J=7.9Hz, 2H), 10.66 (s, 1H).

13C NMR (50 MHz, DMSO) § 16.50, 61.16, 68.85, 69.41, 70.21,
73.11,99.49,118.39,121.96, 128.48,132.93,155.04,170.29, 184.17.

2.2. Synthesis of MSN

MSN-FITC, MSN-FITC-NH,, were already synthesized and
described in ref Hocine et al. (2010).

2.2.1. MSN-FITC-gal

68 mg of MSN-FITC-NH, were put in suspension in 5mL
EtOH. 4mg (0.101 pmol) of p-[N-(2-Ethoxy-3,4-dioxocyclobut-1-
enyl)amino]phenyl-a-D-galactopyranoside were dissolved in 5 mL
EtOH/H,0 (1/1, v/v). This solution was added dropwise to the sus-
pension of MSN. 500 pL of triethylamine (EtsN) were added and
the suspension was stirred for 18 h. After centrifugation (10 min,
20,000 rpm), nanoparticles were washed with water (3 cycles),
then with EtOH twice. They were dried under vacuum.

2.2.2. MSN-PS

10mg (5.44 p.mol) of 5-p-aminophenyl-10,15,20-p-
sulfonatophenyl-porphyrin were dissolved in 1.5 mL of ethanol;
13.57 pL (5 equiv.) of isocyanatopropyltriethoxysilane and 7.52 L
(4 equiv.) of DIPEA were added. The reaction was stirred at room
temperature for 12 h. 646 mg (1.8 mmol) of CTAB were dissolved in
40 mL of 0.2 M NaOH at 25°C. The silylated porphyrin was added
to this mixture. After 5min, 3.5mL (15.7 mmol) of TEOS were
added dropwise. After 40's, 260 mL of deionised water were added
to the mixture. The reaction was stirred for 6 min at 25°C then
rapidly neutralized to pH 7 by addition of 0.2 M HCl. Nanoparticles
were obtained after centrifugation (10 min, 20,000 rpm), put in
suspension in ethanol under ultrasounds and then centrifuged.
CTAB was extracted with 50 mL of solution of EtOH/HCI 12N (4/1,
v/v) for 2 h at 60 °C. After centrifugation, the extraction procedure
was repeated two times, and then nanoparticles were put in sus-
pension in water and centrifuged, until neutral pH (m =744 mg).
Specific surface area (728 m2 g~!), volume of pores (0.50 cm3 g-1)
and pores diameter (2.76 nm). Dynamic light scattering (DLS)
showed a hydrodynamic diameter of 245 nm. Titration (UV-Vis)
gave 9.76 wmol of PS per gram of MSN-PS.

2.2.3. MSN-PS-NH,

200 mg of MSN-PS were put in suspension in 5mL H,0. 313 pL
of APTS was diluted in 1.5 mL of EtOH. This solution was added to
the nanoparticles suspension. The pH was adjusted to 7 by addi-
tion of 0.2 M HCl (4.5 mL). The reaction was stirred at RT for 20 h.
Nanoparticles were centrifuged (10 min, 20,000 rpm) and washed
with EtOH and dried under vacuum (m =200 mg). Microanalysis:
% C: 6.22; % H: 4.67; % N: 1.72. Loading of APTS: 1.22mmolg!.
Specific surface area (402 m2 g~'), volume of pores (0.23 cm3 g-1)
and pores diameter (2.26 nm). Dpis =277 nm.

2.2.4. MSN-PS-gal
100mg of MSN-PS-NH, were put in suspension in 7.5mL
EtOH. 35mg (0.88 wmol) of p-[N-(2-Ethoxy-3,4-dioxycyclobut
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-1-enyl)amino]phenyl-a-D-galactopyranoside were dissolved in
5mL EtOH/H,0 (1/1, v/v). This solution was added dropwise to
the suspension of NP. 750 L of EtsN were added and the suspen-
sion was stirred for 18 h. After centrifugation (10 min, 20,000 rpm),
nanoparticles were washed with water (3 cycles), then with EtOH
twice. They were dried under vacuum. Dp;s =313 nm.

2.2.5. MSN-PS-gal-CPT

25 mg of MSN-PS-gal were suspended and stirred in a solution
of camptothecin (2.5 mg) in 1.5 mL of DMSO overnight. After cen-
trifugation (10 min, 25,000 rpm) nanoparticles were washed with
water, centrifuged (2 cycles) and dried under vacuum.

Titration (UV-vis) gave 7.11 wmol g~! of camptothecin loaded
in the MSN.

2.3. Cell culture conditions

Human colorectal (HCT-116), pancreatic (Capan-1) and breast
(MDA-MB-231) cancer cell lines were purchased from ATCC (Amer-
ican Type Culture Collection, Manassas, VA). All cell types were
allowed to grow in humidified atmosphere at 37 °C under 5% CO,.
Capan-1 human pancreatic and MDA-MB-231 human breast can-
cer cells were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal bovine serum (FBS), phe-
nol red, glutamine and 50 g mL~! gentamycin. HCT-116 human
colorectal cancer cells were routinely maintained in Mc Coy’s 5A
medium, supplemented with 10% FBS, penicillin 100UmL-! and
streptomycin 100 pg mL~1,

2.4. Cytotoxicity assay for drug delivery

For the experiments, cancer cells were seeded into 96-well
plates at 2 x 10% cells per well in 100 pL culture medium and
allowed to grow for 24 h. Then cells were incubated at differ-
ent times with or without 20 ugmL-! of MSN. After incubation
with MSN, cells were washed, maintained in fresh culture
medium and two day after, a 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay was performed to
evaluate the cytotoxicity of MSN. Briefly, cells were incubated in the
presence of 0.5mgmL~! MTT for 4h to determine mitochondrial
enzyme activity. Then MTT precipitates were dissolved in 150 L
EtOH/DMSO (1:1, v/v) solution and absorbance was read at 540 nm.

2.5. Phototoxicity assay

Cancer cells were seeded into 96-well plates at 2 x 10% cells
per well in 100 pL culture medium and allowed to grow for 24 h.
Then cells were incubated for 24 h with or without 20 wgmL~! of
MSN. After incubation, cells were washed twice, maintain in fresh
culture medium and then submitted or not to laser irradiation
(630-680nm; 6mW cm~2, 14]Jcm~2) for 40 min. Two days after
irradiation, a MTT assay was performed to evaluate the cytotoxicity
of MSN.

2.6. Confocal analysis of fluorescent MSN

The day prior to the experiment, HCT-116 cells were seeded
onto bottom glass dishes (World Precision Instrument, Stevenage,
UK) at a density of 106 cellscm~2. On the day of the experiment,
cells were washed once and incubated in 1mL red-free medium
containing fluorescent labeled nanoparticles at a concentration of
20 wgmL-! for 6h. Thirty minutes before the end of incubation,
cells were loaded with 5 ug mL~! Hoechst 33342 (Invitrogen, Cergy
Pontoise, France) for nuclear staining.

For the lysosome labeling, 6 h before the end of the experiment,
50 nM lysotracker red DND-99 (Invitrogen) was added to phenol

1) Aminopropyltriethoxysilane, H,O
OH H
2) # 58 OEt
HO H
Ho O~ )N 0 oH

H
EtsN, H,0, EtOH e} 8 HN™"s§
HO H
o O4N ©

MSN o]
MSN-FITC-gal
or MSN-PS-gaI
HN™"Si(OEt), 0.5 hy
HNSs O 303
. or PS = _@m
538 & NHCONH(CH,)3Si(OEt);

Fig. 1. Synthesis of functionalized MSN.

red-free DMEM. For endosome labeling, 20 min before the end of
the experiment, 35 mg mL~! transferrin (Invitrogen) were added to
the culture medium. Before visualization, cells were washed gen-
tly with phenol red-free DMEM. Cells were then scanned with a
LSM 5 LIVE confocal laser scanning microscope (Carl Zeiss, Le Pecq,
France), with a slice depth (Z stack) of 0.67 um (Vezenkov et al.,
2010).

2.7. Statistical analysis

Statistical analysis was performed using the Student’s t test to
compare paired groups of data. A p value of <0.05 was considered
to be statistically significant.

3. Results and discussion
3.1. Synthesis of the MSN

MSN encapsulating FITC (MSN-FITC and MSN-FITC-NH,) were
already synthesized and described (Hocine et al., 2010). MSN
encapsulating water soluble photosensitizer (MSN-PS), were syn-
thesized following our previously described methods (Brevet et al.,
2009; Hocine et al, 2010). p-[N-(2-Ethoxy-3,4-dioxycyclobut-
1-enyl)amino|phenyl-a-D-galactopyranoside was synthesized
following an analogous pathway used for p-[N-(2-Ethoxy-3,4-
dioxycyclobut-1-enyl)amino]phenyl-a-bD-mannopyranoside
(Sperling et al., 2006) and was grafted on the surface of the MSN
through the APTS linker following our method already described
with a-D-mannose (Brevet et al., 2009; Hocine et al., 2010).
MSN-FITC-gal or MSN-PS-gal (Photosensitizer-galactose) were thus
obtained (Fig. 1).

3.2. Confocal localization of fluorescent MSN in living cells

The cell distributions of MSN-FITC and MSN-FITC-gal were then
studied after 6 h of incubation at 37 °C with living HCT-116 cancer
cells.

MSN-FITC-gal (Fig. 2B and D) were clearly more efficiently inter-
nalized in comparison with unfunctionalized MSN-FITC (Fig. 2A and
C).The addition in culture medium of an excess of galactose inhibits
the internalization of MSN-FITC-gal demonstrating that these
MSN were captured by a specific endocytosis involving galactose
receptors. To gain more insight into MSN-FITC-gal internalization,
co-stainings were performed with other fluorescent markers for
subcellular components such as nucleus, mitochondries, endoplas-
mic reticulum, endosomes and lysosomes. The merged images
showed that MSN-FITC-gal were partially co-localized (in yellow)
with the endosomal (Fig. 2D) and the lysosomal (Fig. 2B) marker.
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D nuclei MSN-FITC-gal

In addition, no co-localization of MSN-FITC-gal was observed with
mitochondrial or endoplasmic reticulum markers (data not shown).
Altogether, these data indicate that the galactose functionalization
significantly increases the cellular uptake of MSN through a specific
endocytosis pathway leading to their sequentially accumulation in
endosomal and lysosomal compartments.

3.3. Drug delivery

The pores of MSN-PS-gal were loaded with camptothecin fol-
lowing the method originally developed by Zink and Tamanoi (Lu

Fig. 2. Confocal microscopy images of living HCT-116 colorectal cancer cells, incubated for 6 h at 37 °C, with MSN-FITC (A and C) or MSN-FITC-gal (B and D), in presence or
absence of 10 mM galactose (+ gal) (B). Merged pictures demonstrated the co-localization (yellow) of FITC-nanoparticles (green) with lysosomal or endosomal markers (red).
Images are representative of at least 3 independent experiments. (For interpretation of the references to color in this figure legend and in text, the reader is referred to the
web version of this article.)

lysosome

endosome merged

endosome

et al., 2007b) to lead to MSN-PS-CPT. To study the cytotoxicity
induced by MSN-PS-gal-CPT,HCT116 cells were treated with MSN at
20 wgmL-! and cell viability was monitored by using MTT assay to
measure mitochondrial enzyme activity. Results showed that the
cytotoxic effect increased up to 40% according to the incubation
time with MSN-PS-gal-CPT (Fig. 3). These results confirmed the pre-
vious studies of Zink, Tamanoi and Nel (Liong et al., 2008; Lu et al.,
2007b) who showed the potential of MSN for drug delivery with
poorly water-soluble drugs.

Then, the same experiment was also performed on human MDA-
MB-231 breast cancer cell line. Equivalent results were obtained
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Fig.3. Cytotoxic effect of MSN-camptothecin on human colorectal cancer cells. HCT-
116 cells were incubated with MSN-PS-gal-CPT for 10 min, 5h, 24h, 48 h and 72 h.
After incubation, medium was removed and cells were allowed to grow for 2 days.
The level of living cells was measured and expressed as the percent of control cells.
Data are mean =+ SD of 3 independent experiments. *p <0.05 statistically different
from control.

(Fig.4)demonstrating the significant cytotoxic effect of MSN encap-
sulating camptothecin and functionalized with galactose.

3.4. PDT and drug delivery

We next examined MSN combining drug delivery and PDT. Cells
were treated with photo-activable nanoparticles functionalized
with galactose and containing camptothecin (MSN-PS-gal-CPT) or
not (MSN-PS-gal). For this experiment, HCT-116 cells were incu-
bated for 24h with 20 ugmL-1 MSN. After a change to a fresh
culture medium, cells were irradiated for 40 min (630-680 nm;
6mW cm~2). A MTT assay was performed two days after irradia-
tion to assess the cytotoxicity of MSN. We have first verified that
20 g mL~! MSN-PS-gal (without camptothecin) were not cytotoxic
in the dark and that irradiation alone was not toxic for all tested
cells (data not shown).

As shown in Fig. 5A, MSN with the photosensitizer MSN-PS-
gal induced 44% HCT-116 cell death whereas treatment with MSN
containing the photosensitizer and camptothecin MSN-PS-gal-CPT
induced 83% cell death. In addition, equivalent results (79% versus
43% cells death with MSN-PS-gal-CPT and MSN-PS-gal respectively)
were obtained on MDA-MB-231 cells (Fig. 5B). Interestingly, the
irradiation appeared active at 24 h, when the cell delivery of the
drug was already completed as observed in the time course of drug

A

100
100 .
' 56
- x*
| 17
. SN

& &
&

Living HCT-116 cells (%)
= O @
o (=] (=]

N
o

o

120
100

o]
o

N
o
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1 —&— MSN-PS-gal-CPT

Living MDA-MB-231 cells (%)
) o)
o o

o

0 20 40 60 80

Incubation times (h)

Fig. 4. Cytotoxic effect of MSN-PS-gal-CPT on human breast cancer cells. MDA-MB-
231 cells were incubated with MSN-PS-gal-CPT for 10 min, 5h, 24 h, 48h and 72 h.
After incubation, medium was removed and cells were allowed to grow for 2 days.
The level of living cells was measured and expressed as the percent of control cells.
Data are mean =+ SD of 3 independent experiments. *p <0.05 statistically different
from control.

action (Figs. 3 and 4). This indicated that both therapies are suc-
cessive and that toxicity due to irradiation was complementary to
drug effect and could affected drug-resistant cells. The efficiency of
MSN-PS-gal-CPT was also tested on pancreatic cancer cells such as
Capan-1.

Results reported in Fig. 6A showed that without irradiation,
MSN-PS-gal-CPT induced 38% cell death whereas MSN-PS-gal (MSN-
PS) are not toxic. By contrast, Fig. 6B showed that, after irradiation
at 650nm, MSN-PS-gal induced 45% cell death whereas MSN-
PS-gal-CPT induced 100% cell death in accordance with results
already obtained on HCT-116 and MDA-MB-231 cells (Fig. 5). Taken
together these data demonstrated that tri-functional MSN-PS-gal-
CPT induced 79-100% cell death of three cancer cell lines, selected
for their high invasive and metastatic potentials. The synergistic
use of drug delivery and PDT with the same MSN may represent an
alternative strategy in the context of poorly responsive tumors to
current therapies. Further studies are required to define the mech-
anism leading to this synergistic action into the cells.

4. Conclusion

It was established that cancer cells have a high affinity for
glycosylated ligands (Peng et al., 2007). We have recently demon-
strated that a mannose targeting of MSN for PDT induced a higher

120 -
100
100 4
80 4
60 4
40 4

20 4

Living MDA-MB-231 cells (%) @

0 4 . .

Fig.5. Additional effect of PDT and drug delivery on cancer cells. HCT-116 (A) or MDA-MB-231 (B) cells were incubated or not (control) for 24 h with 20 pg mL~! of MSN-PS-gal
or MSN-PS-gal-CPT, then rinsed, maintained in fresh culture medium and submitted to laser irradiation (14 ] cm~2). Cells were allowed to grow for 2 days. Data are mean + SD

of 3 independent experiments. *p <0.05 statistically different from control.
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Fig. 6. Dual effect of MSN-CPT-PS on pancreatic cancer cells. Capan-1 cells were incubated or not (Control, EtOH) for 24 h with 20 pg mL~! of MSN-PS-gal or MSN-PS-gal-CPT,
then rinsed, maintained in fresh culture medium and submitted (B) or not (A) to laser irradiation (14] cm~2). Cells were allowed to grow for 2 days. Data are mean = SD of 3

independent experiments. *p < 0.05 statistically different from control.

cytotoxicity of cancer cells than unfunctionalized ones (Brevet et al.,
2009). In the present work, we demonstrated that galactose func-
tionalization is also an efficient targeting of MSN to cancer cells.
Through a specific galactose binding, nanoparticles are internalized
and routed by the endocytic transport pathway from the plasma
membrane to endosomes and finally to lysosomes.

Importantly, this work is the first evidence of a synergic anti-
cancer effect of 2 active principles such as a photosensitizer
(porphyrin) and a drug (camptothecin) in a same lectin-targeted
MSN. These data provide the proof of principle that the use of two
different mechanisms of drug action leads very efficiently to cancer
cell death with the same nano-object.
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