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Abstract

Background: Glioblastoma multiforme (GBM) is nowadays the most aggressive
tumor affecting brain in adults with a very poor prognosis due to the limited thera-
pies and the systemic cytotoxicity. Among the different new drugs, recently has been
reported the in vitro anti-glioma activity of a new cationic platinum(ll) complex
bearing 8-aminoquinoline as chelating ligand (Pt-8AQ). The purpose of this research
work was to confirm the activity of Pt-8AQ on U87-GM spheroid and to investigate
the ability of Mesenchymal Stromal Cells (MSCs) to incorporate and release Pt-8AQ

in its active form. The MSCs were primed with Pt-8AQ under optimized conditions
and the secretome was analyzed for evaluating the cytotoxic activity of Pt-8AQ

and the presence of Extracellular Vesicles (Evs).

Results: The principal results showed that Pt-8AQ incorporated by MSCs was released
in the secretome and exerted a significant higher anticancer activity with respect

to the free drug. The release of Pt-8AQ did not occur in Evs, as demonstrated for other
drugs, but it could be delivered bound to some specific carriers able to enhance its
bioavailability and efficacy. Some hypotheses are discussed to explain this surprisingly
finding out that, however, it needs more investigations.

Conclusions: The major conclusions are that cell mediated drug delivery sys-

tems could provide a potential approach to facilitate the GBM therapy by intra-
tumoral administration of cells loaded with Pt-8AQ, being MSCs able to integrate it
into the tumor mass and exert high therapeutic efficacy in situ. The increased efficacy
of Pt-8AQ delivered by MSCs even suggests to deeper investigate a possible direct use
of MSCs secretome both in situ and/or by systemic administration, being secretome
able to pass the blood-brain tumor.

Keywords: Mesenchymal stromal cells, Drug delivery, Extracellular vesicles, Platinum
drugs, Spheroids, Glioblastoma
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Introduction

Glioblastoma multiforme (GBM) is nowadays the most aggressive tumor affecting the
central nervous system in adults. GBM accounts for 49.1% of all primary malignant
brain tumors with an average survival estimated to be only 8 months (National Brain
Tumor Society). (Alessandri et al. 1999; Galli et al. 2004; Eramo et al. 2006; Roberts
et al. 2016; Lisa et al. 2020) Actually, the presence of the blood—brain barrier (BBB) con-
tribute to limit the efficacy of the chemotherapy leading to an early treatment failure.
(Singh et al. 2021; Damato et al. 2021; Lee 2016; Chernov et al. 2021) As recently sug-
gested, Cisplatin (CisPt) could be a possible adjuvant therapy in gliomas (Wang et al.
2017) but we demonstrated even the important anti-glioma activity of a new cationic
Pt(II) complex bearing 8-aminoquinoline as chelating ligand called Pt-8AQ. (Cocce et al.
2021; Rimoldi et al. 2018) As the standard chemotherapy for glioblastoma proved not
conclusive and no effective therapeutic modalities have emerged, it should be of great
interest to develop new approaches by applying innovative cell mediated drug delivery
systems that could be able to introduce significant improvements in the GBM therapy,
to enhance the efficacy of drugs and to reduce the side effects. A possible and promising
approach for an innovative drug delivery system (Tan et al. 2015) relies on the use of the
so-called “Trojan horses” system to induce cancer cell damage, as in the case of neutro-
phils (Hosseinalizadeh et al. 2022) or nano-doxorubicin-loaded monocytes (Nano-DOX-
MC). (Wang et al. 2018) However, a pivotal role was played by the advanced materials as
a powerful toolkit, with designed structure and property serving for targeted drug deliv-
ery. (Wu et al. 2023; Sancho-Albero et al. 2023) Being Pt-8 AQ a molecule with a signifi-
cant stability, higher than that of CisPt, this platinum complex could be a good candidate
for a new selective advanced cell chemotherapy approach in combination with Mesen-
chymal Stromal cells (MSCs). (Pessina et al. 2015) Our studies have demonstrated that
MSCs, derived from different tissues (bone marrow, adipose tissue and gingival papilla),
are able to incorporate and deliver drugs without any genetic manipulation. (Bonomi
et al. 2013; Cocce et al. 2017; Pessina et al. 2011; Cocce et al. 2017; Cordani et al. 2023)
The drug loaded MSCs acquired an anti-tumor activity and resulted capable to release
the drug in situ against tumor cells with some advantages indeed as an increasing in
drug protection by degradation and an enhanced drug availability for cancer cells. In the
present study, we confirmed that the anticancer activity of the Pt-8AQ is also exerted
against U87-GM grown cells as 3D multicellular spheroids that mimics solid tumors.
Furthermore, we found that adipose tissue MSCs were able to incorporate and then
release Pt-8AQ in their secretome with an increased anticancer activity against U87-GM
,(Tran and Damaser 2015) even if © activity of secretome did not result to be associated

with Extracellular Vesicles (Evs).

Results
Effect of Pt-8AQ on U87-MG spheroids
Pt-8AQ (5 and 20 uM) was tested for its ability to affect the in vitro 3D spheroid forma-
tion induced by glioblastoma cells (Fig. 1A-C).

The results evidenced that 5 pM of the drug produced a diameter reduction of the
spheroids at 6 days, if compared with control ones. Dosages of 20 puM completely
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Fig. 1 Effect of Pt-8AQ on the formation of 3D U87-MG spheroids, and on pre-formed spheroids.
Representative images of U87-MG spheroids after 6 days of culture (A, CTRL) or treated with Pt-8AQ (B,

5 uMor C, 20 uM) (40 x magnification). Images D, E and F represent pre-formed spheroids treated 96 h with
Pt-8AQ 5° E or 20 uM F compared to control spheroids D

inhibited the spheroid formation and only single cells or little cell aggregates were evi-
denced, probably attributed to the cells unable to growth as spheroids. The treatment for
96 h with 5 and 20 uM of Pt-8AQ on 6 days preformed U87-GM spheroids showed the
presence of many detached single cells and an evident spheroid degradation (Fig. 1D-F).

The expression of pro-apoptotic gene was evaluated at 24 h after the treatment with
20 uM (Fig. 2A) and demonstrated a reduced expression of BCL-2 and BAX with an
increase of PUMA and NOXA gene expression.

Interestingly, an identical profile expression of these genes was found when U87-GM
cells were grown in 2D or 3D cultures (spheroids). A significant increase of the pro-
apoptotic caspase-3 molecule was observed by RTq-PCR in the U87-GM cells treated for
24 h with Pt-8AQ 5 uM, also confirmed by detection of the enzymatic activity (Fig. 2B,
C).

Sensitivity of mesenchymal stromal cells (MSCs) to Pt-8AQ

The sensitivity of MSCs to three increasing dosages (5, 10, and 20 pM) of Pt-8AQ was
evaluated as cytotoxic effect at 24, 48 and 72 h. As reported in the histogram, the toxic
effect evaluated on cell viability was dependent by both dosage and time of treatment.
By expressing this effect as 50% inhibitory concentration, we calculated an ICg, values of
13.3+0.76 uM at 24 h, 7.01 £ 0.3 uM at 48 h and 4.6 +0.19 uM at 72 h (Fig. 3A).

When the effect of the drug was evaluated in terms of ability to affect cell prolifera-
tion, we found that the IC;, was of 5.3+0.55 pM (Fig. 3B). The study on MSC cycle,
performed at 24 h of treatment with the concentration of 10 and 20 puM, confirmed a
significant increase of subG0/G1, that is indicative of a significant cell mortality, whereas
any specific block of cycle phase was observed (Fig. 3C, D). This information is of crucial
importance to define the right conditions (dosage and time) for treating MSCs, allowing
to incorporate and then the drug-release with a minimal acceptable cytotoxic effect, set-
tled in 1 h of treatment of cells with 12.5 uM of drug.
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Fig. 2 Detection of pro-apoptotic molecules on U87-MG 3D spheroids treated with Pt-8AQ. A 2D versus
3D expression of BCL-2, PUMA, NOXA and BAX after 24 h of treatment with Pt-8AQ 5 uM (2D) or 20 uM (3D).
The values are expressed as mean of two replicates. B RTg-PCR of proapoptotic molecules Caspase-3 on
untreated U87-MG spheroids (CTRL) or treated 24 h with Pt-8AQ 5 uM. The values are expressed as mean of
three replicates + SEM. C Caspase-3 activity measurement after Pt-8AQ 5 uM treatment of spheroids (24 h).
The histogram represents the optical density (OD) at 405 nm. Data are expressed as mean & SEM of four
replicates. (*p<0,001)

Uptake and release of Pt-8AQ by MSCs

As reported above, the incorporation and release of Pt-8AQ by MSCs was per-
formed by priming the cells with 12.5 uM of drug for 1 h. These conditions pro-
duced an acceptable number of viable cells (72% £10.2%) able to incorporate and
then release the drug when the cells were cultured. After the drug priming, the
amount of Pt-8AQ incorporated into MSCs (cell LYS) and measured by ICP-MS was
found 0.91+0.23 pg/cell. After 48 h of culture, the cells released 0.42 £ 0.03 pg/cell
of platinum in their secretome, corresponding to a percentage of 46.76% out of the
total drug incorporated (Fig. 4A).

The anticancer activity of the drug incorporated by MSCs (cell LYS) and the one
present in the secretome, resulted in a higher dose dependent inhibition activ-
ity than the pure fresh drug(Fig. 4B). The comparison of the IC,, values evidenced
a value of 499.5+143.0 ng/ml for cell lysate and an ICg, of 406.7 +=35.7 ng/ml for
secretome, that were statistically significant lower (p<0,001) than the fresh drug’s
value (1690.5 £ 89.7 pg/cell) (Fig. 4C).
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Fig. 3 In vitro activity and cell-cycle effects of Pt-8AQ on adipose tissue-derived AT-MSCs. A Cytotoxic activity
of Pt-8AQ was evaluated after 24, 48 and 72 h of treatment with different concentrations of fresh drugs (from
5 to 20 uM) and expressed as cell viability (% of control cells). The table reports the ICy, values expressed as
mean = standard error (SEM) of six independent experiments. B Effect of increasing concentrations of Pt-8AQ
was evaluated by a 7 day antiproliferation MTT assay on AT-MSCs. The effect was expressed as a percentage of
the optical density measured in cultures that did not receive drugs (100% proliferation). C Histogram shows
the effect of Pt-8AQ treatment (10 uM and 20 uM) on AT-MSCs after 24 h of treatment. The percentages of
cells counted in each different cell phase (sub G0/G1, GO/G1, S and G2/M) are reported and compared to
those found in untreated cells (CTRL). The values are expressed as mean =+ standard error of five independent
experiments. Two donors of AT-MSCs were used for the experiments. D Example of cell cycle analysis profile
by flow cytometry
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Extracellular vesicles analyses of secretome

The NTA analyses of secretome of untreated (Fig. 5C) and Pt-8AQ loaded MSCs
(Fig. 5D) showed the presence of EVs with a particle size ranging from 130 to 410 nm
with a d50 of about 200 nm. The (-potential of the EVs ranged between — 16 and
— 23 mV regardless the presence of Pt-8QA, in line with the values previously found
with EVs deriving from the same cells. (Cocce et al. 2019) By evaluating the amount of
Evs secreted by MSCs from three different donors, high variability was found, without
any significant differences in secretion (Fig. 5B). In pellets of ultra-centrifuged secretome
containing EVs and in their supernatant, the amount of Pt-8AQ was determined by
ICP-MS, allowing to establish a proper dosage for the evaluation of their activity against
U87-GM cells line (Fig. 5A).

Both whole secretome and supernatant produced a dose dependent inhibition with
IC,, values of 406.7 +35.7 ng/ml and 414.2 £ 31.9 ng/ml, respectively, indicating a sig-
nificant increasing in activity (p<0.001), in comparison with the free fresh drug (IC,
1690.5+89.7). The dosage of Pt-8AQ in pellets containing EVs evidenced a very low
amount of drug (about 10% of the detected in supernatants) and, of course, exerted a
very poor anticancer activity (Fig. 5A). These data clearly suggest that the drug released
by MSCs in the secretome is not associated with EVs.

The activity of drug present in secretome has also been confirmed on the U87-GM
spheroids, if measured as ability to induce caspase-3 expression (Fig. 6A) and capability
to affect cell viability, evaluated by MTT assay (Fig. 6B).

>

5

S
2]

—e—P18AQ MVs/cells
~e—Secretome 3000
Pellet

80 —e—Supernatant

Mvs/cells

Proliferation U87 (% vs CTRL)

1500
40
1000
20 -
o o
0 200 400 600 800 1000 PT8AQ Secretome CTRL secretome
ng/ml Pt8AQ
C 14000000 D _ 70000000
£
F 12000000 3 60000000
K ]
S £ 50000000
2 10000000 g
S 8000000 < 40000000
$ 6000000 © 30000000
£ §
€ 4000000 2 20000000
S
g
3 o
S 2000000 10000000
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000
Diameter (nm) Diameter (nm)

Fig. 5 Antitumoral effect of MVs secreted by AT-MSCs loaded with Pt-8AQ. A In vitro antiproliferative activity

on U87-MG cell line of fresh drug, secretome, and MVs pellet isolated by ultracentrifugation (100000 g). The
supernatant after centrifugation was also tested. Data are expressed as percentage of cell growth normalized
on the effect of secretome, pellet, and supernatant obtained by untreated AT-MSCs. Dotted lines represent
linear regression of each curve. Data are reported as the mean = standard error of at least three independent
experiments. B Number of MVs per cell counted in the secretome derived from Pt-8AQ-loaded AT-MSCs or
control AT-MSCs. Data are reported as the mean = standard error of at least three independent experiments.
C and D Representative plot of size distribution analysis of the secretomes of AT-MSCOTRL C and AT-MSCs/
Pt-8AQ D analyzed by nanoparticle tracking assay (NTA). In both samples, several populations of vesicles were
present at 200—300 nm
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Pt-8AQ. The values are expressed as mean of three replicates = SEM. B MTT assay on U87-MG spheroids
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Data are expressed as optical density (OD) at 545 nm and are the mean = SEM of three replicates
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Activity on U87-MG cells of Pt-8AQ dissolved in different conditions

Pt-8AQ dissolved in serum-free medium (SF-DMEM LG), serum-free secretome of
untreated AT-MSCs (SF-secretome), complete medium (C-DMEM LG) and complete
secretome (C-secretome) of untreated AT-MSCs showed an identical dose dependent inhi-
bition of U87-MG proliferation, as evinced by the comparison between the calculated ICs,
values (p>0.05) (Fig. 7).

The activity of Pt-8AQ was evaluated by a 7-day antiproliferation MTT assay. The effect
was expressed as a percentage of the optical density measured in cultures that did not
receive drugs (100% proliferation). Data are reported as the mean = standard error of at
least three independent experiments.

Interaction between AT-MSCs and U87-MG spheroid in vitro

As expected, untreated MSCs significantly integrated with spheroid of U87-MG being
able to proliferate. In addition, MSCs loaded with Pt-8AQ, although unable to proliferate,
showed the ability to integrate into the 3D structure of U87-MG spheroids (Fig. 8).
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U87-MG spheroids U87-MG spheroids+ MSCs C U87-MG spheroids + MSCs/Pt8AQ

Fig. 8 Interaction between AT-MSCs and U87-MG spheroid in vitro. The interaction between MSCs and
spheroids was evaluated by mixing fluorescent MSCs (hASCs-TS/GFP*) with U87-MG fluorescent spheroids
(UB7-MG RFP +) and further evaluated by fluorescence microscopy analysis. Representative images of: A
U87-MG RFP + spheroids, B U87-MG RFP + spheroids and fluorescent MSCs (CTRL), or C after Pt-8AQ priming.
(40 xmagnification)
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Scheme 1. Synthesis of Pt-8AQ and loading on MSCs. Reagents and Conditions: (i) K,PtCl,, H,O/HCl 6 M (8
equiv.), reflux for 18 h; (i) Alkyl-imidazole, DMF, 55 °C 18 h; (i) DMEM, final concentration of 12.5 uM, 1 h at
37°C

Discussion

In a previous study, we found that the new platinum metal complex Pt-8AQ was active
in vitro against different types of tumors and expressed a significant efficacy, higher than
CisPt, on human glioblastoma cell lines with different p53 gene expression. (Cocce et al.
2021; Facchetti et al. 2019).

Here, we confirmed our previous results in traditional 2D cell culture, demonstrating
the anticancer activity of Pt-8AQ also against U87-GM cells grown as 3D multicellular
spheroids. Dosages of 20 pM almost completely inhibited the spheroid formation and
5 uM of the drug produced a significant dramatic degradation after 96 h of treatment
upon its addition to pre-formed spheroids (Fig. 1). The analysis of pro-apoptotic genes
showed a reduced expression of BCL-2 and BAX together with an increase of PUMA
and NOXA genes, with a gene profile expression identical as previously found with
U87-GM cells cultured in 2D. The triggering of the apoptotic process has also been con-
firmed by the increase of caspase 3 expression and activity (Fig. 2). Since the 3D system
somehow mimics the structure of a solid tumor, these observations may have transla-
tional value for predicting the significant efficacy of Pt-8AQ also in vivo tumor growth.

Being Pt-8AQ complex endowed with high chemical stability, we considered it for set-
ting up incorporation and release procedures by MSCs for possible application in cell-
mediated drug delivery systems (Scheme 1).

In fact, according to our previous experience with different anticancer molecules
(Pessina et al. 2011) and also with a less stable platinum-based complex as CisPt,
(Rimoldi et al. 2018) the MSC-based drug delivery system turned out an interest-
ing and applicable new approach for cancer therapy. For this purpose, we have
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preliminary investigated the MSCs sensitivity to Pt-8AQ and found that Pt-8AQ was
able to block cell proliferation (IC, 5.3 M), as confirmed by the increased of subG0/
G1 phase of cell cycle. Based on the 24 h cytotoxicity assay (Fig. 3), we selected the
dosage of 12.5 uM and 1 h of treatment as optimal conditions for priming MSCs with
Pt-8AQ.

These conditions furnished an acceptable number of viable cells, that have incor-
porated Pt-8AQ but still viable (cell Lys) with almost 50% of them able to release
the drug after 48 h of culture. The anticancer activity of primed MSCs secretome on
U87-GM proliferation demonstrated the drug release ability not only maintaining its
activity but, surprisingly, increasing it when compared to the free drug (Fig. 4).

Since in our previous study we had demonstrated that other drugs (e.g., paclitaxel)
incorporated by MSCs can be released with the drug encapsulated into exosome/
extra cellular vesicles, (Pascucci et al. 2014; Crivelli et al. 2017; Luo et al. 2023; Yeo
et al. 2013) we proceeded to analyze the amount and the size distribution of EVs in
the secretome by NTA analyses. Furthermore, to see if the high activity of secretome
was due to Pt-8AQ encapsulated into EVs, we isolated them by ultracentrifugation
and measured the amount of the drug both in the pellets containing EVs and in the
related supernatant. Despite the pellets contained about the 84% of the EVs present in
the whole secretome, the amount of drug was only 9.6% while the found drug in the
supernatant was over 90%. The different quantitative distribution of the drug between
EVs pellets and the supernatant was clearly confirmed by the anticancer efficacy.
These results undoubtedly suggested that Evs are not the main pathway used by MSCs
to release the incorporate drug. As stated above, the highest and almost total Pt-8AQ
concentration could be measured the supernatant even if it still remains to explain
the discrepancy between the higher activity of Pt-8AQ secreted by MSCs respecting
to the fresh free Pt-8AQ. To verify a possible synergism of factors released by MSCs,
i.e., citokine/chemokine or miRNA, between the drug and serum proteins, we investi-
gated the activity of Pt-8AQ both when dissolved in complete medium, in serum free
medium or into secretome of untreated MSCs (Fig. 7).

These results not only, established that secretome of MSCs did not exert “per se” any
anticancer activity on U87-GM cells, but indeed confirmed that Pt-8AQ did not modify
its activity under the different conditions tested, taken into consideration it cannot be
excluded, however, that the MSCs might have modified their secretome in response of
Pt-8AQ priming and released the drug bound to some carrier able to enhance the drug
bioavailability. it is worth nothing actually that the exact mechanism of action of this
new Pt-drug has not completely been elucidated, although already proved not be attrib-
uted to DNA adducts formation. However, considering the previously demonstrated Pt-
8AQ ability to bind RNAse, we might no exclude some cytotoxic mechanism related to
protein synthesis. (Sacco et al. 2021) In our model, if the drug was effectively released
bound to RNAse we could hypothesize a possible contribution of this new formed
adduct to increase both the drug bioavailability and activity on cancer cells. Further
proteomic investigation will be realized to identify the possible species involved in drug
activity, with the aim to clarify its mechanism of action as much as possible.

It is worth nothing indeed that MSCs/Pt-8AQ secretome was demonstrated active
also on spheroids as proved both by the increased caspase 3 expression and activity
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and the decreased cancer cells viability, suggesting the activation of apoptotic mecha-
nisms (Fig. 6).

Up today, many attempts have been realized to overcome systemic toxicity, using
locally advanced therapy, in particular with those treatments that have shown drug dose
as limiting factor. (Enriquez Pérez et al. 2019) Therefore, in the perspective to use MSCs
in situ for the treatment of glioblastoma, we verified the level of interaction between
MSCs and U87-MG cancer cells by mixing spheroid from U87-RFP + (red) with MSC-
GFP + (green) to highlight if MSCs were able both to adhere and to be integrated into
the spheroids (Fig. 8). As reported in our previous studies (Pacioni et al. 2017) MSCs
are able to migrate to and colonize GBM tumor xenografts both when injected directly
into the brain and when systemically administered. Furthermore, they are “per se” able
to affect tumor growth in orthotopic glioblastoma xenografts. Based on this tropism
of MSCs toward brain tumors, we can suppose that MSCs primed with Pt-8AQ can be
integrated within the tumor mass and release the drug, producing a local high antican-
cer efficacy with a reduction of systemic toxicity and side effects.

By mimicking a possible in vivo and in situ treatment of GBM having a mass of 20 cm?
with Pt-8AQ loaded in MSCs, we could estimate that 30 x 10° cells, that might be easy to
inject in a very small volume, could indeed deliver about 27 pg of Pt-8 AQ corresponding
to an in-situ concentration of about 1350 ng/ml equivalent to three time the IC,, value.
As the use of MSCs is considered sometimes controversial, we should note that, in such
a delivery system, the MSCs are in pre-apoptotic phase and in a final step of their life
and thus compatible with high safety conditions.

Conclusions

Drug delivery systems by MSCs is classified by regulatory agency as advanced therapy
medicinal products (ATMPs) that can also be supported by large-scale production in
bioreactor. (Lisini et al. 2020) Cells loaded with Pt-8AQ could provide a potential
approach to facilitate the GMB therapy by intra-tumoral administration of cells, able to
integrate them into the tumor mass and thus exerting high therapeutic efficacy in situ.
The increased efficacy found for the Pt-8AQ delivered by MSCs even suggested to
deeper investigate a possible direct use of MSCs secretome both in situ and/or by sys-
temic administration, being secretome able to cross the blood—brain tumor. MSC-based
cell therapies could furnish new possible important adjuvant tools in addition to conven-
tional treatments based on surgery, radiotherapy and traditional chemotherapy.

Methods

Drug

Pt-8AQ (caPt(II) complex) (Facchetti et al. 2019) was prepared at a concentration of
4 mg/mL (7.112 pM) in dimethyl sulfoxide (DMSO; Sigma-Aldrich, St. Louis, Missouri,
USA) and working solutions were freshly prepared according to the experimental design
by serial dilutions in complete culture medium. (Cocce et al. 2021).

Tumor cell line
Both glioblastoma cell line U87-MG, (Fogh et al. 1977) and U87-MG expressing red fluo-
rescent protein (U87-MG RFP +) were used. Tumor cells were maintained by 1:5 weekly
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dilution in DMEM LG medium supplemented with 10% FBS and 2 mM L-glutamine and
incubated at 37 °C, 5% CO,. All reagents for cell cultures were provided by Euroclone
(Pero M, Italy).

3D multicellular cultures of U87-MG

3D multicellular tumor spheroids were prepared as described previously. (Roncoroni
et al. 2008) Briefly, cultures were initiated by seeding 2.5 x 10° cells/ml in 13 ml of com-
plete Iscove modified Dulbecco’s medium (Euroclone)+10% FBS (Euroclone) in poly-
carbonate Erlenmeyer flasks (Euroclone) incubated in a gyratory incubator (Colaver,
Milan, Italy) at 60 rev/min at 37 °C in air atmosphere. Homotypical aggregations, visible
after 3 days of culture, were usually complete within 5 days. To study the effect of 5, 10
and 20 pM Pt-8AQ on spheroid formation the drug was added at time zero together
with cells and collected after 6 days. To study the effect of preformed spheroids, the drug
was added to 3D tumor cell aggregates at sixth day at concentrations of 10 and 20 uM
and kept in the incubator for additional 24 h. Control cultures received the same volume
of medium.

Mesenchymal stromal cells

Mesenchymal stromal cells were obtained from adipose tissue lipoaspirates from adult
donors collected after written informed consent in accordance with the Declaration of
Helsinki and the approval of the Institutional Ethical Committee of IRCCS C'a Granda
Ospedale Maggiore Policlinico of Milan (#978). The cells isolation was obtained by
enzymatic digestion and the expansion and characterization of MSCs was performed
according to the previously described procedure. (Cocce et al. 2021; Ceserani et al. 2016)
Adipose tissue-derived mesenchymal stromal cells (AT-MSCs) from three different
donors were used for loading Pt-8AQ. Cells were expanded in 25 cm? flasks at a density
of 1.2 x 10* cells/cm? in 5 mL of Dulbecco’s modified Eagle’s medium (DMEM LG) sup-
plemented with 5% platelet lysate Stemulate (Cook Regentec, Indianapolis, IN, USA) and
2 mM L-glutamine and incubated at 37 °C, 5% CO,.(Lisini et al. 2020) To study cancer
cells MSCs interaction was used an immortalized cell line of AT-MSCs expressing the
green fluorescent protein (hASCs-TS GFP +) cultured in DMEM LG + 10% fetal bovine
serum (FBS) 42 mM L-glutamine.(Cocce et al. 2017).

Cytotoxicity and antiproliferation assays on MSCs

Since AT-MSCs were used as drug delivery cells for Pt-8AQ, cytotoxic effects of the drug
on stem cells were evaluated as follows. AT-MSCs were seeded in 96-well plates (15,000
cells/well) and incubated for 24 h in complete medium. Then, cells were treated with
increasing concentration of Pt-8AQ (5, 10, 20 M) and incubated at 37 °C, with 5% CO,
for 24, 48 or 72 h. Cell viability was evaluated by MTT (3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2-H-tetrazoliumbromide) assay, as previously described.(Pessina et al.
2011) Antiproliferative activity of Pt-8AQ on mesenchymal cells was also assayed by
seeding 4000 cells/well in 96-well plates in the presence of increasing doubling concen-
trations of the drug (from 0.625 to 10 pM). After 7 days of incubation in growing condi-
tions, cell viability was tested by MTT assay. The inhibitory concentration (IC;) was
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determined applying the Reed and Muench formula (Reed 1938) using Excel (Microsoft,
Inc).

Cell cycle assay

To analyze the cell cycle of AT-MSCs after the treatment with 0 (CTRL), 10, and 20 uM
Pt-8AQ, AT-MSCs were seeded at concentration of 20,000 cells/cm? in 6-multiwell
plates. After 24 h of drug treatment (37 °C, 5% CQO,), cells were suspended in phosphate-
buffered saline (PBS) and fixed with 70% (v/v) ethanol for 1 h at 4 °C. Upon a further PBS
wash, cells were suspended in propidium iodide 50 pg/mL in PBS. Cells were incubated
overnight at 4 °C and analyzed by flow cytometry (Navios EX, Beckman Coulter, Brea,
CA, USA). At least 10* events per sample were acquired and analyzed using a specific
software (Navios EX Softwar, Beckman Coulter). Data are expressed as the mean fluo-

rescence intensity (MFI) of the specific antibody.

Real-time PCR analyses

Total RNA was extracted from spheroids of U87-MG treated with Pt-8AQ (5 pM,
10 uM) for 24 h following instructions of PureLink™ RNA Mini Kit (Thermofisher sci-
entific, Waltham, Massachusetts, USA). RNA was treated with DNase to exclude DNA
contamination, and then, 1 pg of RNA was reverse-transcribed into cDNA using a
QuantiTect Reverse Transcription Kit (Qiagen, Hilden, Germany). Samples were ana-
lyzed using real-time quantitative PCR (RT-qPCR). PCR reactions were performed
using Rotor-Gene Q cycler (Qiagen), and the amplifications were carried out using the
QuantiNova™ SYBR® Green PCR (Qiagen) in a total volume of 20 pL. Real-time PCR
was performed using the following primer sequences (5-3’, Ta=60 °C):

Genetarget  Accession Number  Forward sequence Reverse sequence

GAPDH NM_001289745 GGAGTCAACGGATTTGGTCG CTTCCCGTTCTCAGCCTTGA
NOXA NM_001382617 GCTGGAAGTCGAGTGTGCTA GGAGTCCCCTCATGCAAGTT

BCL2 NM_000633 ATCGCCCTGTGGATGACTGAGT GCCAGGAGAAATCAAACAGAGGC
PUMA NM_014417 ATGCCTGCCTCACCTTCATC TCAGCCAAAATCTCCCACCC

BAX NM_001291429 TGGCAGCTGACATGTTTTCTGAC TCACCCAACCACCCTGGTCTT
CASPASE-3 NM_001354783 ATTTGGAACCAAAGATCATACATGG  TTCCCTGAGGTTTGCTGCAT

AACt method to obtain the relative expression level,

Data were analyzed by using the 27
and each sample was normalized by using GAPDH RNA expression. The experiments

were carried out in duplicate, and each data reports the mean value.

Drug loading of MSCs

Mesenchymal stem cells were loaded with Pt-8AQ following a previous described
procedures with little modifications. (Pessina et al. 2011) Sub-confluent cultures of
AT-MSCs (around 2 x 10* cells/cm?) were treated at for 2 h at 37 °C with Pt-8AQ at
a final concentration of 12.5 uM. After drug priming, the adherent cells were washed
twice with PBS, detached by trypsin and washed twice at 600xg for 10 min in Hank’s
solution (HBSS, Euroclone UK). To determine the amount of drug internalized by
stromal cells (cell-lys), an aliquot of 1 x 10° was collected and lysed by three sonica-
tion cycles of 0.4 s pulse cycle and 30% amplitude (Labsonic U Braun). The primed
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cells were resuspended in 5 ml of DMEM without serum and seeded in 25 cm? flasks
to release the drug in the secretome. The same amount of unprimed AT-MSCs was
seeded in 25 cm? flasks, 5 ml of culture medium and their secretome were used as
control. The conditioned media of control (CM/CTRL) and Pt-8AQ-treated MSCs
(CM/Pt-8AQ) were collected after 48 h of incubation (37 °C, 5% CO,). Cell lysates
and CM of control and Pt-8AQ-treated AT-MSCs were tested on U87-MG cell line in
a 7-day proliferation assay, and cell viability was assessed by MTT assay.

Determination of Pt-8AQ concentration

Both the lysates (LYS/Pt-8AQ) and the conditioned media (CM 48 h Pt-8AQ) were
dissolved in 1% HNO,. Platinum was quantified by inductively coupled plasma mass
spectrometry (ICP-MS) (BRUKER aurora M90 ICP-MS, MA, USA) according to the
previously described method. (Ferri et al. 2013) Cellular metal levels were expressed
as the mean of three independent determinations as pg Pt per L of lysate or medium.
The amount of Pt was transformed into Pt-8AQ, through this formula:

g

g
Pt — 8AQ = _ () x MW Pt — 8AQ (—)
MW Pt(miol) mol

The concentration found (ng/ml) of Pt-8AQ was then evaluated as picoMolar per
single AT-MSCs.

The inhibitory effect of CM and cell lysates from drug loaded AT-MSCs were evalu-
ated on U87-MG proliferation by the MTT assay, and the inhibitory concentration
IC5, was determined according to the Reed and Muench formula. (Reed 1938) The
anti-tumoral activity of CM 48 h/Pt-8AQ, LYS pre-release/Pt-8AQ, LYS post-release/
Pt-8AQ were compared to Pt-8AQ quantification obtained by inductively coupled
plasma mass spectrometry (ICP—MS).

Extracellular vesicles analysis

The conditioned media of control (CM/CTRL) and Pt-8AQ-treated MSCs (CM/Pt-
8AQ) collected after 48 h of incubation (37 °C, 5% CO,) were also used to quantify the
presence of extracellular vesicles (EVs) and their physico-chemical characterization.
Particles size distribution and concentration of EVs were studied by Nanoparticles
Tracking Analysis (NTA) using a Nanosight NS300 (Malvern Instrument, Malvern,
Worcestershire, UK), equipped with a blue laser and a sSCMOS camera. NTA was per-
formed after diluting samples in ultrapure water recording for each sample 5 videos of
60 s that were subsequently analyzed using NTA software 3.0. The (-potential of the
samples was instead measured by using a Zetasizer (Nano-ZS, Malvern Instrument,
Malvern, Worcestershire, UK) after 1:4 dilution of the sample in ultrapure water. The
results are the mean of three independent measurements. The Evs in secretome were
purified by ultracentrifugation using an Optima TL Ultracentrifuge at 100,000x G for
2.5 h. Both the supernatants and the pellets (resuspended in DMEM) were analyzed
for the Pt-8 AQ dosage and anticancer activity as above described.
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Activity of Pt-8AQ dissolved in different conditions on U87-MG cells

The effect of Pt-8AQ against U87-MG cell proliferation has been studied in 96 multiwell
plates (Sarstedt, Numbrecht, Germany). Pt-8AQ was dissolved in serum-free medium
(SE-DMEM LG), serum-free secretome of untreated AT-MSCs (SF-secretome), com-
plete medium (C-DMEM LG) and complete secretome (C-secretome) of untreated
AT-MSC:s. Briefly, 1:2 serial dilutions of pure drug (from 0.27 +35.52 uM Pt-8AQ) were
prepared in 100 puL of medium per well, and then to each well, has been added 2000
tumor U87-MG cells. After 7 days of culture (anti-proliferative assay) at 37 °C and 5%
CO,, cell growth was evaluated by MTT assay (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphe-
nyl-2-H-tetrazolium), as previously described. (Cocce et al. 2021) The inhibitory con-
centration (IC50) was determined by applying the Reed and Muench formula (Reed
1938) using Excel (Microsoft, Inc, Albuquerque, NM, USA).

Interaction between AT-MSCs and U87-MG spheroid in vitro

To study the interaction between U87-MG spheroids and mesenchymal stromal cells,
U87-MG spheroids obtained by cells that expressed red fluorescent protein (U87-MG
RFP +) were co-cultured with fluorescent MSCs (hASCs-TS/GFP +) that were previ-
ously established in our laboratory. (Cocce et al. 2017) Briefly, U87-MG spheroids were
co-cultured with MSCs both untreated or primed with Pt-8AQ (at ratio 5:1 spheroids/
MSCs). After 24 h of incubation the MSCs cells integrations in spheroids was analyzed

under a fluorescent microscope.

Statistical analysis

Data are expressed as average & standard deviation (SD). Differences between mean val-
ues were evaluated according to Tukey—Kramer Multiple Comparisons Test performed
by GRAPHPADINSTAT program (GraphPad Software Inc., San Diego, CA, USA). p val-
ues <0.05 were considered statistically significant. The linearity of response and the cor-
relation were studied using regression analysis, by Excel 2019 software (Microsoft, Inc.)
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