DOI: 10.1002/ppsc.201600175
Article type: Full Paper
Biodegradable Passion Fruit-Like Nano-Architectures as Carriers for Cisplatin Prodrug
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Accumulation of inorganic nanostructures in the excretory system organs increases their
likelihood of toxicity and interference with common medical diagnoses. Thus, one of the
major concerns regarding their clinical translation is related to their persistence in organisms.
Here we demonstrate that nano-architectures composed by hollow silica nanocapsules
embedding arrays of ultrasmall gold nanoparticles undergo biodegradation in cellular
environment affording small, potentially clearable building blocks. Furthermore, we present
their exploitation in glutathione-triggered release of covalently loaded cisplatin prodrug. This
endogenously triggered release leads to high cytotoxicity to human pancreatic carcinoma
cells, setting the way for promising applications to synergistic dual chemo/radio-therapy and

radio-imaging.

1. Introduction
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Co-therapy, an increasingly employed approach to the treatment of neoplasms, is exploited
by the co-delivery of various drugs or the synergistic administration of a mix of therapies,
such as chemo/radio-therapy.'!

An elegant approach to achieve co-therapy is by employing multifunctional nanoparticles."!
Moreover, the inclusion of active agents in multifunctional nanostructures usually increases
the former efficacy in a number of ways, among which: i) improving their solubility and

stability,”! ii) increasing their specificity and local concentration eventually by controlled
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release *® and iii) making possible synergistic action of multiple therapies.*! Engineered

metal nanoparticles can actually combine therapeutic properties, such as efficient drug
delivery, hyperthermia or radiation-therapy enhancement,”'” with imaging functionalities,
like photoacoustic or x-ray-based diagnostics.!""'*!

This allows for the development of theranostic tools designed for specific patients or
diseases.>"!

In this context, noble metal nanoparticles are particularly appealing but their average size
for in vivo applications is usually above 20 nm."* This size can lead to severe clearance
issues, with accumulation in excretory organs.”! Indeed, poor body clearance is one of the
most relevant hurdles preventing their clinical translation.!'*"”!

On the other hand, metal nanoparticles functionality is usually severely altered when their

16]

size is decreased down to few nanometers,"” even if some of them still maintain optimal

physiological properties.">'"!

In order to combine the intriguing behavior of metal nanoparticles with the possibility of
organism excretion,!"™ we have recently introduced a passion fruit-like biodegradable nano-
architecture composed by 90 nm hollow silica nanospheres embedding arrays of 3 nm gold
nanoparticles in polymeric matrices.!"” In these nanocapsules the silica shell both protects the

material in the inner cavity from the environment and provides an easily

modifiable/functionalizable surface. Gold nanoparticles confer the physical behavior needed
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for imaging/therapeutic applications,! while the cationic polymer is covalently

functionalizable with active molecules, among which dyes, drugs and chelating agents.!"”!
Here we demonstrate the biodegradation of the nanocapsules into potentially kidney-

clearable building blocks in cellular environment by transmission electron and confocal

microscopy and we report their application as endogenous-triggered cisplatin prodrug carriers

toward human pancreatic carcinoma cells, resulting in a promising nano-architecture for

synergistic dual chemo/radio-therapy.

2. Results and discussion

Figure 1A shows the complete synthetic approach for the production of the passion fruit-
like nano-architectures containing an average of 4.9% w/w of gold on the total weight of
freeze-dried samples. Nanocapsules were synthesized as reported elsewhere with slight
modifications, demonstrating the versatility of the synthetic protocol."” In particular, poly(L-
lysine) 15-30 kDa was covalently functionalized with AlexaFluor-488 on about 5% of the
amines and used for the synthesis of nanocapsules (AuSiA). Gold nanoparticles showing a
diameter of 2.8+0.4 nm (Figure S1) and coated by poly(sodium 4-styrene sulfonate) (PSS)
were aggregated in spherical arrays by modified poly(L-lysine) (PL) by means of ionic
interactions, and then the silica shell was grown on this template by a modified Stober method
resulting in 90 nm nano-architectures. The composition of the silica shell around gold arrays
is related to the simultaneous presence of both amines from PL and aromatic moieties from
PSS. Indeed, aromatic additives have been demonstrated to be required for the formation of a
silica shell around PL templates in the synthesis of hollow silica microspheres.”" The silica
shell formation mechanism was investigated during the synthetic process by TEM observation
every 15 minutes (Figure S2). After 15’ from the beginning of the reaction TEOS was

adsorbed and hydrolyzed in the gold-polymer arrays. Then, the silica shell began to be formed



until the complete formation of the capsule after 2h. It is interesting to notice that: 1) the
concentration of gold nanoparticles appears to decrease during the capsules formation, and ii)
the silica shell of the final capsules does not show gold nanoparticles inclusion while they are
present in the shell during its formation. These findings suggest that a fraction of gold
nanoparticles are probably expelled during the process of consolidation of the shell.

After the nanocapsules production, their external surface was modified with (3-
aminopropyl)triethoxysilane (APTES) and functionalized by AlexaFluor-647, without
affecting their colloidal stability (AuSiAA). The success of the reaction was demonstrated by
optical and DLS measurements. Optical behavior in PBS buffer of AuSiAA, AuSiA
(nanocapsules with AlexaFluor-488 in the cavity and without surface functionalization), and
AuSi (basic nanocapsules without dyes) are reported in Figure 1B. The UV-vis spectrum of
AuSiAA shows a typical scattering pattern including the absorption bands of both
AlexaFluor-488 and -647, while the plasmon band of gold nanoparticles is almost completely
hidden. UV-vis spectra of AuSiA and AuSi show, respectively, the absorption band of
AlexaFluor-488 and the extinction band of gold nanoparticles. The fluorescence spectra of
AuSiIAA were collected by irradiating at 488 nm and 647 nm and the emission bands from the
dyes were recorded, confirming the presence of both fluorophores in the nano-architecture. It
is interesting to notice that AlexaFluor-488 can suffer fluorescence quenching and Raman
enhancement effects caused by the vicinity of the dyes to gold nanoparticles surface in the

#1921 The presence of a negligible second emission band at 670 nm by

polymeric arrays.!
exciting at 488 nm can be related to a cross-excitation effect of AlexaFluor-647. The zeta-
potential of the nano-architectures (Figure S3) varies from -26 mV for the as-synthesized
nanostructures to +21 mV after the surface modification with APTES. After the covalent

modification with AlexaFluor-647, a negatively charged dye (Figure 1A), the zeta-potential

decreases to +6 mV, confirming the success of the functionalization.



The degradation of the nanocapsules to silicic acid, polymers, and ultrasmall gold
nanoparticles (metal core diameter: 2.8+0.4 nm, hydrodynamic diameter: 3.22+0.39 nm,
Figure S4) was demonstrated in human serum in about 24 hours."”’ Thus, we performed
confocal and TEM biodegradation experiments on cultured cells in a similar timeframe.
AuSiAA were incubated with MIA PaCa-2 cells for 30 minutes. Then, confocal images were
collected by laser excitation on both dyes in AuSiAA at Oh, 24h and 48h after incubation. The
uptake of AuSiAA was confirmed and the calculated Pearson’s coefficient at t=0 was
0.967+0.001 (Figure 2A), indicating a high degree of colocalization between the fluorescence

signals.*4

As expected, internalized nanocapsules observed by TEM demonstrate an
undamaged structure immediately after cellular uptake (Figure 2B, Oh column). The recorded
images (Figure 2B and Figure S5) point out that AuSiAA are mainly internalized by
macropinocytosis or clathrin-independent endocytosis and entrapped in endocytic vesicles in
populations of 1-15 nanoparticles/vesicle.”™ This is consistent with the confocal images, in
which colocalized fluorescent spots of various sizes are observable in cells. The colocalization
of the fluorescence signals decreased (Figure 2A) through 48h, showing a final Pearson’s
coefficients of 0.682+0.005. It is important to remember that red spots are related to
AlexaFluor-647, the dye linked to the surface of the silica shell, while the green spots are
related to AlexaFluor-488, covalently linked to poly(L-lysine). Notably, during the 48h,
fluorescence signal in the green channel arises from wider and more dispersed zones than the
spots recorded at t=0h, while the one in the red channel, when present, it is still confined in
spots similar to the ones at t=0h that colocalize with the green channel. This behavior could
suggest that the erosion of the nano-architectures begins from their outside, and that the
AlexaFluor-647/APTES conjugates are probably able to escape from vesicles and from the
cells. These hypothesis are supported by TEM characterizations. Indeed, after 24h (Figure

2B, 24h column) the endocytic vesicles show: 1) nano-architectures that are partially eroded

from the surface, ii) agglomerates of gold nanoparticles on a matrix, and iii) free gold
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nanoparticles. It is interesting to notice that, during the degradation process, the silica shell
shows a swollen and less defined structure. This seems to confirm that the erosion mechanism
is likely related to an externally started hydrolysis of the silica shell.”® After 48h very few
undamaged nanocapsules are detectable, while some vesicles contain some ropy structures
(Figure 2B, 48h column), which can be associated to a possible re-condensation of the silicic
acid.'"”. Moreover, the ultrastructure analysis of cells confirms that there was no cytotoxic
effect due to the treatment with AuSiAA (Figure S6). It is worth to notice that ultrasmall gold
nanoparticles could be coated by endogenous thiols, such as GSH, after biodegradation of

nanocapsules.'

The effect of the coating exchange was tested by incubation of gold
nanoparticles in 5 mM GSH solution (Figure S4). Remarkably it was observed that their
hydrodynamic diameter slightly increases to 3.81+0.45 nm, suggesting that they do not
undergo aggregation when coated by GSH, thus enhancing the possibility of their renal
clearance.!"”

The biodegradation of the nano-architectures to potentially kidney-clearable building blocks
makes them promising tools for therapy/diagnosis of neoplasms. Thus, we included in their
cavity a prodrug, in order to produce an endogenous-triggered releasing agent suitable for
dual chemo/radio-therapy. Indeed, while prodrugs show a chemotherapeutic activity, gold
nanoparticles can be used for enhancing of x-ray radiation therapy or x-ray imaging."'>'”

Cis-diamminedichloroplatinum(Il) (cisplatin) and its analogues are among the most
commonly used chemotherapeutics for a number of neoplasms owing to their ability to inhibit
the growth of cancer cells by interfering with DNA-transcription. Their action mechanism
involves the establishment of 1,2-intrastrand crosslinks, in a process referred to as DNA-

7,27,28

platination.””*”**! However, their efficacy is limited by associated severe systemic toxicities,

such as nephrotoxicity, neurotoxicity, ototoxicity, and emetogenesis.””!
Pt(IV) prodrugs are hidden forms of cisplatin, whose production can be triggered by

endogenous thiols, which lead to reductive elimination of axial ligands.””* In this context,
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Pt(IV) complexes provide an attractive alternative to Pt(II) compounds because their inertness
results in fewer side effects, decreased drug inactivation and longer half-life in the

7391 The inclusion of this prodrug in the biodegradable nanostructures can

bloodstream.
enhance its specificity and efficiency together with the possibility to combine synergistic
action of different therapies.

Cisplatin prodrug c,t,c-[PtCl2(NH3)2(OH)(O-2CCH2CH2CO:H)], was synthesized and
characterized as reported.”””" The prodrug was then covalently linked to poly(L-lysine) and
the AuSiP system composed (Figure 3A). It is worth to notice that AuSiP shows a negative-
charged surface because it was not coated by APTES. This was due to no further surface
modification requirements at this stage, such as conjugation to targeting moieties, resulting in
a possible decreased internalization with respect to AuSiAA.*' The amount of metal atoms in
AuSiP was quantified by ICP-MS in 4.9% and 1.4% w/w of, respectively, gold and platinum
on the total freeze-dried sample weight. The efficacy of AuSiP was tested on MIA PaCa-2
cells for 72h (Figure 3B), using the nanocapsules without the prodrug (AuSi) as control
sample. The resulting dose/response profile can be correlated to the biodegradation of AuSiP
followed by the endogenous-triggered release and vesicles escape of cisplatin. Indeed, there
are no relevant cytotoxic effects during the first 24 hours, in agreement with the
biodegradation timeframe. After the biodegradation of AuSiP, the prodrug can interact with
intracellular free thiols, such as glutathione (GSH).[’ GSH reduces Pt(IV) to Pt(II) causing the
release of the two axial ligands and leading to in situ production of cisplatin.”” Interestingly,
we observed more than 80% of cellular death in 72h at an AuSiP concentration of 2 pg/mL,
corresponding to 0.14 uM of prodrug. This demonstrates the possible application of these
nano-architectures as biodegradable carriers and their interesting effect over human pancreatic

carcinoma cells.**

3. Conclusion



In summary we demonstrated the biodegradation of passion fruit-like nano-architectures in
cellular environment by both confocal and transmission electron microscopy. Moreover we
evidenced the versatility of these nanostructures by the functionalization on both their internal
cavity and external surface. Finally, we employed them as carriers for endogenous-triggered
cisplatin release on human pancreatic carcinoma cells. Such nano-architectures are promising
agents that could help to fill the gap between inorganic nanomaterials and oncology. In vivo
experiments on the clearance of nanocapsules by the renal pathway are ongoing, together with
their application in radiotherapy and diagnostics. Synergistic integration of biodegradable
passion fruit-like nano-architectures with biomimetic strategies and active targeting moieties

can lead to the development of next generation nanotools.

4. Experimental Section

Materials: AlexaFluor-488 and -647 were purchased from Invitrogen. All the other
chemicals were purchased from Sigma-Aldrich. Every reactive was used as it was without
further purification.

Synthesis of c,t,c-[PtCl2(OH)>(NH3):]: The method used was based on the one previously
described by Hall et al.”" 0.40 g of cis-[PtCl2(NH3)2] (1.33 mmol) were suspended in 10 mL
milliQ water and 14 mL of H202 30% w/v (10-fold excess) were added. The mixture was
stirred for 1 h at 50 ° C. Then it was cooled to 0 ° C and 10 mL of a saturated water solution of
NaCl were added. The resulted pale yellow powder was collected by filtration and washed
with cold water, ethanol and diethyl ether, and dried in a vacuum pump, yielding 223 mg of
c,t,c-[PtCl2(OH)2(NHs):] (0.67 mmol, 50%).

Synthesis of c,t,c-[PtCl2(NH3):(OH)(O:CCH:CH:CO:H)]: The method used was based on
that previously described by Dhar et al.”” To a solution of ¢,t,c-[PtCl2(OH)2(NH:s)2] (0.2 g, 0.6

mmol) in anhydrous DMSO (16 mL) was added succinic anhydride (0.06 g, 0.6 mmol) and
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the reaction mixture was stirred at room temperature for 12h. The solution was freeze-dried
and 10 mL acetone were added to precipitate a light yellow solid, which was collected by
filtration and washed several times with acetone, diethyl ether, and then dried in a vacuum
pump, yielding 0.16 g of c,t,c-[PtCl2(NHs)2(OH)(02CCH2CH2CO:H)] (0.37 mmol, 62%). 'H
NMR (DMSO-ds) 6.18-5.66 (m, 6H), 2.44-2.33 (m, 4H). "C NMR (DMSO-ds) 31.16; 31.74;
174.55; 180.17.

Synthesis  of  drug-modified  poly(L-lysine) — PLp.: 0.5 mg of ctc-
[PtCI2(NH3)2(OH)(0O2CCH2CH2CO:H)] were dissolved in 400 uL of PBS buffer and mixed
with 40 pL of freshly made 0.21 M EDC/NHS solution (3.6 mg/2.2 mg in 100 uL cold milliQ
water, EDC: N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride, NHS: N-
Hydroxysuccinimide). After 10’ stirring at room temperature, 75 pL of 20 mg/mL MilliQ
solution of poly(L-lysine) hydrobromide 15-30 kDa (1.5 mg) were added to the reaction
mixture and the resulting solution was stirred overnight at room temperature. The modified
poly(L-lysine) was collected and washed three times with PBS buffer by Amicon 10K filter
units, and then dissolved in 800 puL. PBS buffer.

Synthesis of dye-modified poly(L-lysine) — PLa: 1.5 mg of poly(L-lysine) hydrobromide 15-
30 kDa were dissolved in 780 puL of PBS and 200 pg of AlexaFluor488-NHS ester (10
mg/mL, DMSO solution) were added to the solution. The reaction mixture was kept under
stirring overnight at RT, and it was used without further purification.

Synthesis of gold nanoparticles: Gold seeds with a diameter of approximately 3 nm were
prepared according to the following procedure. To 20 mL of milliQ water were added 10 pL
of poly(sodium 4-styrene sulfonate) (30% aqueous solution) and 200 pL of HAuCls aqueous
solution (10 mg/mL). During vigorously stirring, 200 pL of sodium borohydride (4 mg/mL in
milliQ water) were added quickly, and the mixture was stirred vigorously for other 2 minutes.

After the addition of NaBH4, the solution underwent some color changes until becoming



brilliant orange. Before its use the solution was generally aged for at least 30 minutes and
employed without further purification.

Synthesis of gold nanoparticles arrays: 1 mL of gold nanoparticles solution was added to a
2 mL plastic vial followed by 40 pL of the PBS solution of PLa or PLp, and the mixture was
allowed to stir for 30 minutes at room temperature. The as synthesized gold aggregates were
collected by centrifugation (13400 rpm for 3 minutes), suspended in 100 pL of milliQ water
and sonicated for maximum 4 minutes.

Synthesis of AuSiA and AuSiP: In a 100 mL round bottomed flask were added 70 mL of
absolute ethanol followed by 2.4 mL of ammonium hydroxide solution (30% in water), and
40 pL of tetraethyl orthosilicate (TEOS, 98%). The solution was allowed to stir for 20" at RT.
2 mL of the gold nanoparticles arrays previously prepared were added to the reaction flask
and the solution was allowed to stir for further 3h. The as-synthesized AuSi nanoparticles
(AuSiA or AuSiP from, respectively, PLa and PLp arrays) were collected by 30 minutes
centrifugation at 4000 rpm, washed twice with ethanol to remove unreacted precursors and
suspended in 1 mL of ethanol. A short spin centrifugation was employed in order to separate
the structure over 150 nm from the supernatant, which was recovered as a pink- iridescent
solution. The solution was centrifuged at 13400 rpm for 5 minutes, suspended in 500 pL
milliQ water, sonicated for 5 minutes and freeze-dried overnight. Usually, about 1.5 mg of a
brilliant pink powder is obtained, which remains stable for at least 1 year if stored sealed in
the dark at 10 * C.

Surface coating and functionalization of AuSiA The method used was based on the one
previously described.”” 150 ug of AuSiA were dissolved in 10 mL of anhydrous ethanol and
100 uL of APTES were added to the solution. After 15 minutes mixing at 55°C the reaction
solution was centrifuged 3 times (2 minutes each at 13400 rpm) in ethanol and the precipitate
recovered in 200 pL of anhydrous DMF. Then, 2.5 pL of AlexaFluor647-NHS ester (10

mg/mL, DMSO solution) were added to the mixture and the solution was mixed at RT for at
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least 3 hours. The colloid (AuSiAA) was centrifuged 3 times (2 minutes each at 13400 rpm)
in PBS and recovered in 100 pL of the final solvent (TEA, PBS, serum etc.).

UV/Vis spectrophotometry.: Extinction spectra were collected by means of a double beam
spectrophotometer Jasco V-550 UV/VIS equipped with quartz cuvettes of 1.5 mm path length
and normalized to the maximum absorbance. PBS (1X) buffer was employed as solvent.

Fluorescence spectrometry: Fluorescence spectra were collected by means of a Cary
Eclipse fluorimeter equipped with quartz cuvettes of 1.5 mm path length. Excitation and
emission slits of 10 nm were employed and a photomultiplier voltage between 500 V and 700
V, depending on the concentration of the sample. All the samples were dispersed in PBS (1X)
buffer before collecting the spectra.

DLS measurements: Measurements were performed in standard capillary cells DTS 1060
(for z-potential measurements) or 50 pL standard cuvette (for size measurements) on a
Malvern Zetasizer nano ZS90, following the manufacturer instructions. Colloids with
concentration between 1 and 10 ug/mL were analyzed in PBS buffer at pH 7.4. Each value
reported is the average of five consecutive measurements.

Cell Culture: Human pancreatic carcinoma cells (MIA PaCa-2) were purchased from the
American Type Culture Collection (ATCC). This cell line was growth using a previously
reported protocol.*¥
Confocal microscopy: Cells were seeded 24 h before the experiments into glass-bottom Petri
dish (WillCo-dish GWSt-3522) to reach 80-90% of confluence. Incubation of maximum 30
ug of nanoparticles was performed for 30 minutes at 37 °C, 5% CO: in DMEM with 10% FBS
in a total volume of 500 pL. After incubation cells were washed twice with PBS, fresh
medium was added and the samples were analyzed by confocal microscopy. Cells were
imaged using a Leica TCS SP5 SMD inverted confocal microscope (Leica Microsystems AG)
interfaced with Ar and HeNe laser for excitation at 488 nm and 647 nm respectively. Cells

were mounted in a thermostat chamber at 37°C (Leica Microsystems) and viewed with a 40x
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1.5 NA oil immersion objective (Leica Microsystems). The pinhole aperture was set to 1.0
Airy. All images were analyzed using Image] software 1.48v and colocalization was
evaluated using JACoP plugin.

Viability tests: Cytotoxicity was evaluated by using a tetrazolium salt, 2-(2-methoxy-4-
nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H  tetrazolium, monosodium salt
(WST-8) assay. MIA PaCa-2 cells (1x10*cells per well) were seeded in 96-well plates. After
culture for 24 hours, the cells were incubated with a 2% serum-containing medium in the
presence of nanoparticles at nanoparticle concentration ranging from 0 to 50 pg/mL for 30
minutes at 37 °C. After the incubation, the medium was removed and cells were washed twice
with PBS and kept in fresh DMEM. For each experimental time point cells were incubated
with WST-8 reagent (10 pL) and 2% serum-containing medium (90 pL) for 2 hours.
Absorbance (at 450 nm) was measured using a microplate reader (Glomax Discovery,
Promega). The percentage of cell viability was determined by comparing drug-treated cells
with the untreated cells (100% viability). Data represent the average of three independent
experiments. Error bars are SD from three independent experiments.

Electron microscopy: TEM observations of nanoparticles: measures were carried out on a
ZEISS Libra 120 TEM operating at an accelerating voltage of 120 kV, equipped with an in-
column omega filter. The colloidal solutions were deposited on 300-mesh carbon-coated
copper grids. TEM observation on cells: MIA PaCa-2 cells were grown to confluence in 35-
mm dishes and incubated with maximum 30 pg of AuSiAA for 30 minutes at 37 °C. Different
times of resting after treatment were tested (Oh, 24h, 48h).

After the resting period, MIA PaCa-2 cells monolayers were fixed for 1h at RT in a 1.5%
glutaraldehyde solution in sodium cacodylate buffer. Cells were scraped, collected and
centrifuged at 13200 rpm at RT for 15 minutes in the same fixative solution until a visible
pellet was obtained. Then, cells were kept in a new fixative solution overnight at 4 ° C. Cells

were then rinsed and embedded with a conventional embedding procedure. Briefly, the
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samples were post-fixed with osmium tetroxide (2% OsOs in sodium cacodylate buffer; 0.1 M
pH 7.4), rinsed, stained and blocked with 3% solution of uranyl acetate in 20% ethanol.
Finally, they were dehydrated, embedded in epoxy resin (Epon 812, Electron Microscopy
Science, Hatfield, PA, USA), and baked for 48 h at 60 °C. In order to perform ultrastructural
analysis, 90 nm sections of treated samples were cut by using a UC7 (Leica Microsystems,
Vienna, Austria) and stained with uranyl acetate - lead citrate.

ICP-MS Analysis: Nanoparticles were dissolved in 200 uL aqua regia (prepared with ICP-
MS grade HCI and HNOs) and digested under microwave irradiation (200 °C/7 minutes) in
Teflon-lined vessels. The resulting solution was diluted to 2 mL with ICP-MS grade water,
and content of Si, Pt and Au was determined by ICP-MS analysis against a standard
calibration curve.

Supporting Information Supporting Information is available from the Wiley Online Library
or from the author.
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Figure 1. A) Scheme of the synthesis of AuSiAA and structure of the dyes. AlexaFluor-488

was covalently linked to around 5% of the amines of poly(L-lysine) before the formation of

the polymer arrays with 2.8£0.4 nm gold nanoparticles. The surface of the nanocapsule was

modified by APTES and functionalized by AlexaFluor-647. Bottom-right: typical TEM image

of the passion fruit-like nano-architectures, Scalebar: 25 nm. B) Left panel: UV-visible

spectra in PBS buffer of AuSi (dashed black), AuSiA (continuous blue line) and AuSiAA

(green dash-dotted line). Right panel: AuSiAA fluorescence spectra in PBS buffer. Exc. 488

nm, dotted green, and 647 nm, dotted red, for, respectively, green and blue emission lines.
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Figure 2. A) Representative confocal assay showing the decrease in fluorescence
colocalization as a function of time after internalization of AuSiAA in MIA PaCa-2 cells.
Cells were incubated 30 minutes with AuSiAA before starting the observations (t=0h). Green
and red LUTs describe AlexaFluor-488 and AlexaFluor-647 respectively (exc. 488 nm, em.
500-550 nm; and exc. 633 nm, em. 650-700 nm). Pearson’s coefficients decreased from
0.967£0.001 at t=0h to 0.682+0.005 at t=48h. Scalebar: 10 pm. B) TEM analysis of
internalization, storage and degradation of AuSiAA in MIA PaCa-2 cells during 48h. The
images show the internalization of AuSiAA (left, t=0 after cellular uptake), their storage and
degradation in the endosomal compartment (center, t=24h) and the complete biodegraded
nano-architectures (right, t=48h). Bottom panels are magnifications of the top ones. Scalebars:

200 nm top panels, 50 nm bottom ones.
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Figure 3. A) Top: scheme of a AuSiP nanostructure and its degradation. Bottom: structure of
the Pt(IV) prodrug complex and the endogenous-triggered release of cisplatin by reduction of
the metal ion due to the presence of thiols, such as glutathione (GSH), in cellular
environment. B) Cell viability experiments on MIA PaCa-2 cells. Concentrations are

expressed in pg of freeze-dried nanoparticles/mL of solution, and related to AuSiP (red) and

AuSi (black).

Text for TOC
Biodegradation in cellular environment of passion fruit-like nano-architectures is

demonstrated together with their exploitation in glutathione-triggered release of cisplatin

toward human pancreatic carcinoma cells.
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