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Description

Field of the Invention

[0001] The present invention relates in general to the
pharmaceutical field, and more precisely it refers to a
subpopulation of progenitors of endothelial cells marked
with a marking agent and loaded with gold nanoparticles,
and to their use in the diagnosis and treatment of melano-
ma and of its possible metastasis, and of other solid tu-
mours.

State of the Art

[0002] One of the most important challenges to over-
come in oncology is currently the identification of specific
tumour molecular targets, since the phenotype of cancer
cells is often similar to that of normal cells (often the ex-
isting differences are more quantitative rather than qual-
itative) and there is a large variability of alterations among
different types of tumour.
[0003] Recent scientific advances in the field of cellular
and molecular biotechnology have opened new ad-
vanced therapeutic boundaries such as somatic cell gene
therapy and nanomedicine, for the treatment of various
diseases, for which there are not always effective treat-
ments, and in particular for tumours. One of the most
aggressive forms of malignant tumour is melanoma,
whose incidence is continually increasing: an increase
in incidence of 3-7% per year was observed in recent
years as well as an increase in mortality of approximately
2% per year.
[0004] The increase in incidence is closely related to
the increased early diagnosis of "thin" forms of melanoma
(thickness <1 mm, with good prognosis), while the in-
crease in mortality appears to be mainly due to the lack
of reduction of the "thick" forms (thickness > 1 mm, with
bad prognosis). While early-diagnosed melanoma can
be efficiently treated with surgical excision, advanced
stages are known to be refractory to conventional ther-
apies. It is therefore essential to find "alternative thera-
pies" in order to obtain the inhibition of tumour growth
and of neoplastic progression of melanoma, thus direct-
ing the patient to the most appropriate therapy.
[0005] Amongst the alternative therapies is in great ex-
pansion the so-called "nanomedicine" based on the use
as therapeutic agents of metallic nanoparticles, in par-
ticular of gold nanoparticles, which can absorb in the near
infrared spectrum and develop heat following laser beam
stimulation. Thanks to these properties and the fact that
they are not toxic to healthy tissues, these nanoparticles
are currently one of the most interesting applications in
the fight against tumours as they can induce "thermoab-
lation" in many types of cancer when they are irradiated
with light in the near infrared.
[0006] For a real use of such nanoparticles in tumour
therapy, however, there are still many obstacles to over-
come, mainly related to their bio-distribution in the subject

in which they are injected and therefore to their recruit-
ment within the tumour mass to be subjected to thermo-
ablation. In this regard, it is commonly accepted in the
scientific community that the metallic nanoparticles pas-
sively accumulate in the tumour mass due to the effect
so-called Enhanced Permeability and Retention (EPR),
attributable both to the increased permeability of tumour
vessels and to the lack of an effective drainage by the
lymphatic tumour system, leading to a local accumulation
of the substances penetrated into the tissue. Actually, it
has been shown that the nanoparticles are also distrib-
uted in the various healthy organs and tissues, and only
a small percentage of inoculated "naked" nanoparticles
are able to locate in the tumour (see, for example, Maeda
H. et al., "The EPR Effect of macromolecular drug deliv-
ery to solid tumors: Improvement of tumor absorption,
lowering of systemic toxicity and distinct tumor imaging
in vivo "Adv Drug Deliv Rev. 2013; 65: 71-9), from which
the various strategies derive of nanoparticles functional-
ization with molecules capable of conveying nanoparti-
cles to certain tumour tissues so as to enrich their pres-
ence in such tissues with respect to the surrounding
healthy tissues (Sun T. et al., "Engineered nanoparticles
for drug delivery in cancer therapy", Angew Chem Int. :
12320-64). SEOKYUNG KANG et al ("Mesenchymal
Stem Cells Aggregate and Deliver Gold Nanoparticles to
Tumors for Photothermal Therapy", ACS NANO, vol. 9,
no. 10, 27 October 2015, pages 9678-9690) disclose the
use of mesenchymal cells encapsulating gold nanopar-
ticles for targeting said nanoparticles to tumours for pho-
tothermal therapy.
[0007] To date, however, it cannot be said that the
problem of the off-target toxicity of the metallic nanopar-
ticles due to their distribution in tissues and healthy or-
gans has also been solved because of the fact that such
nanoparticles can be distributed in healthy tissues and
organs through multiple mechanisms, such as endothe-
lial transcytosis, or the formation of vesicle-vacuolar or-
ganelles (VVO) or, in some organs such as endocrine
glands, intestines, pancreas and kidney glomeruli, the
nanoparticles may be distributed in such healthy organs
due to the presence of fenestrated endothelium. The si-
nusoidal capillaries present in the bone marrow, in lymph
nodes, spleen and liver also allow the passage of sub-
stances, including nanoparticles, through the openings
present at the cellular joints. Finally, the important role
played by the macrophages system MPS (Mononuclear
Phagocyte System), which, in physiological conditions
and at various tissues and organs, is able to phagocyte
the nanoparticles thus determining their accumulation in
these healthy tissues and organs.
[0008] In addition to the off-target toxicity, another
problem not yet overcome is that of the metallic nano-
particles clearance once their diagnostic and / or thera-
peutic action is completed. To make it possible to use
nanoparticles in humans, it is necessary that they be
completely eliminated from the body over a reasonable
period of time to avoid creating accumulation of metals
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in the body which could in turn generate long-term toxicity
and create interference with other diagnostic techniques,
such as radiology.
[0009] For all the reasons set out above, despite the
great expectations created in the scientific community in
recent years, the metallic nanoparticles have not yet
been transferred as diagnostic and / or therapeutic
agents from use in animal models to actual human use.
On the other hand, given the increasing incidence of cer-
tain tumour forms, such as melanoma, and given the un-
deniable intriguing properties shown by the nanoparticles
as diagnostic and / or therapeutic agents in the oncology
field, the need to find an effective strategy for the delivery
of metallic nanoparticles to target tumours such as
melanoma and metastases thereof, which allows reduc-
ing the risk of off-target toxicity but also the risk involved
in the accumulation in the body for insufficient or slow
excretion of nanoparticles.

Summary of the Invention

[0010] Now the inventors have surprisingly identified
a subpopulation of progenitors of endothelial cells named
endothelial forming colony cells, herein below also indi-
cated with the acronym ECFC (Endothelial Colony Form-
ing Cells), which is an optimal carrier for gold nanoparti-
cles having a peak of absorbance in the near infrared
that are incorporated in the cells and, once injected in an
organism, localize in the tumour mass of the melanoma.
Furthermore, the permanence of the ECFC loaded with
nanoparticles in the main organs, such as liver and kid-
neys, proved to be transitory.
[0011] The cells loaded with nanoparticles according
to the invention allow in particular, thanks to the appro-
priate marking of the cells, carrying out diagnostic anal-
yses and identifying the melanoma tumour mass by a
technique suitable for detecting the marking agent in the
organism; and at the same time, once localized in the
tumour mass, they allow cauterizing the tumour by ther-
moablation, with an approach definable as a whole as
"theranostic", i.e. having a double diagnostic and thera-
peutic value.
[0012] It is therefore subject of the invention a cell com-
prising one or more nanoparticles, whose essential fea-
tures are defined in the first of the annexed claims.
[0013] Further subjects of the invention are a compo-
sition comprising a plurality of cells, whose essential fea-
tures are defined in the claim 8 here annexed; a process
of preparation of such composition as in the claim 10
here annexed; and the above said composition for use
as diagnostic and/or therapeutic agent for the diagnosis
and/or treatment of solid tumours, as defined in the claim
12 here annexed.
[0014] Further important features of the cell, of the
composition and of the composition for use as diagnostic
and/or therapeutic agent according to the invention are
defined in the dependent claims, also annexed here, and
illustrated in the following detailed description.

Brief description of the figures

[0015]

- The Figure 1 shows, overlaid in the same graph, five
UV-Vis absorption spectra recorded for five different
solutions of gold nanoparticles prepared as de-
scribed in the Example 1;

- the Figure 2 shows, overlaid in the same graph, two
UV-Vis absorption spectra recorded for a solution of
gold nanoparticles just prepared as described in the
Example 1, and for the same solution after 3 weeks
from the preparation;

- the Figure 3 shows the increase of temperature fol-
lowing irradiation under different conditions of the
same colloidal solution as described in the following
Example 2;

- the Figure 4 shows, overlaid in the same graph, the
UV-Vis absorption spectra of the colloidal solution
after irradiation under different conditions and, as a
comparison, of the same solution non-irradiated, as
described in the Example 2;

- the Figure 5 shows images acquired with optical mi-
croscope for different samples of ECFC cells loaded
with gold nanoparticles at different concentrations,
obtained as described in the following Example 4;

- the Figure 6 shows, in form of histogram, the
amounts of gold incorporated in ECFC cells loaded
with the gold nanoparticles as in Example 4, at three
different concentrations;

- the Figure 7 shows the optical microscope images
of samples of ECFC cells loaded and not loaded with
gold nanoparticles, before and after the irradiation
with laser irradiation having a peak of emission in
the near infrared (NIR), under the conditions de-
scribed in the following Example 5;

- the Figure 8 shows, in form of histogram, the per-
centage of viable cells with respect to the control
before and after irradiation, always with reference to
the experiments described in the following Example
5;

- the Figure 9 shows the images recorded by an infra-
red camera FLIR after irradiation on a control of
ECFC naked cells and on the same cells loaded with
gold nanoparticles, as described in the Example 5;

- the Figure 10 shows the profiles of the surface tem-
peratures reached for a mixed cellular culture with
ECFC cells loaded and non-loaded with gold nano-
particles according to the invention and melanoma
cells after irradiation under the conditions described
in the following Example 6;

- the Figure 11 shows the optical microscope images
recorded in the cell viability assay using May-Grun-
wald staining of Example 6;

- the Figure 12 shows, in form of histogram, the per-
centages of vital and dead cells for the sample of the
invention and for the control with ECFC cells non-
loaded with the nanoparticles, according to the data

3 4 



EP 3 452 099 B1

5

5

10

15

20

25

30

35

40

45

50

55

obtained from the cell viability assay described al-
ways in the following Example 6.

Detailed description of the invention

[0016] The subpopulation of endothelial colony-form-
ing cells (in the following ECFC) is known to be charac-
terised by a high proliferative potential and they may
reach over 100 in vitro replications with formation of sec-
ondary and tertiary colonies after passages in vitro, they
are also characterised by the ability to form in vitro blood
vessels (angiogenesis) and by the ability to localise se-
lectively in solid tumours, such as melanoma. As far as
the Applicants are aware of, however, it was never dis-
closed until today the use of these cells as carriers for
nanoparticles, whereas on the contrary it was described
in the literature the use of stem cells, in particular of mes-
enchymal stem cells, to convey nanoparticles to target
organs in the human body.
[0017] The inventors have now unexpectedly found
that the ECFC cells loaded with nanoparticles having a
gold core stabilised with a coating agent, having an ab-
sorption peak in the near infrared and diameter smaller
than 100 nm, are an optimal carrier for these latter and
for their localization in the tumour mass of solid tumours,
such as melanoma. On the contrary, stem mesenchymal
cells loaded with the same nanoparticles with a coated,
gold core have proved to be much less efficacious in
terms of captation of the nanoparticles, so that these stem
cells could not in fact be used for the diagnostic and/or
therapeutic scopes subject of the present invention.
[0018] Not only, inventors have also unexpectedly
found that the ECFC cells loaded with the nanoparticles
of the invention have a greater ability of being taken by
the tumour mass with respect to the same ECFC cells
without nanoparticles. Without wanting to be bound to a
theory, inventors have collected experimental evidences
that link this behaviour to the ability of the nanoparticles,
once incorporated in the ECFC cells, of increasing the
expression, on the surface of the cell itself, of a certain
receptor having a key role in the cells uptake in the tumour
mass. More in particular, by means of Western Blotting,
it was shown by the inventors an increase in the expres-
sion of the CXCR4 receptor on the surface of the ECFC
cells when they are loaded with the gold nanoparticles
of the invention with respect to the same cells "naked",
not loaded with nanoparticles. Furthermore, evidences
with experiments in the Boyden chamber have proved
how loading the present gold nanoparticles increases of
approx. 250% the number of ECFC cells uptaken toward
a gradient of SDF1, ligand of the receptor CXCR4 typi-
cally produced in the tumour masses. It was finally ob-
served how such increase in the number of cells is
blocked by the use of antibodies able to inhibit the inter-
action between the receptor CXCR4 on the cells surface
and the ligand SDF1 produced in the tumour masses.
[0019] The nanoparticles of the cells of the invention
typically have dimensions smaller than 100 nm, prefer-

ably comprised between 4 and 50 nm, are substantially
consisting of gold and coated by a stabilizing agent, se-
lected for instance among chitosan and derivatives there-
of, such as for instance the carboxymethylchitosan, pol-
yvinylpyrrolidone (PVP), polyethylene glycols and deriv-
atives thereof, such as for example thiolated polyethyl-
ene glycols mono- or bi-functional (PEG-SH) or polyeth-
ylene glycol orthopyridyldisulphide (PEG-OPSS). Chi-
tosan is the preferred coating agent for use in the nano-
particles of the invention. It is an organic macromolecule,
highly biocompatible and of low cost, available in forma
of many derivatives on the market, with a great ability to
render stable the colloidal solutions of the nanoparticles.
[0020] The nanoparticles to be loaded in the cells of
the invention can be prepared by a known procedure,
very simple and rapid, besides being reproducible, con-
sisting in the reduction of a gold salt, for example tetra-
chloroauric acid (HAuCl4), by a treatment with sodium
thiosulphate (Na2S2O3) in aqueous solution, followed by
the addition of a stabilizing solution of chitosan. A colloi-
dal solution is thus obtained, perfectly stable for until 15
weeks, even without addition of any surfactants. The con-
centration of gold in the final colloidal solutions can be
easily controlled by varying the starting amounts of rea-
gents, and it is typically equal to approximately 1.4 mM,
thus arriving anyway up to approximately 3 mM. The mo-
lar ratio between gold and sodium thiosulphate can be
moreover varied so as to adjust the infrared extinction
band and, according to the present invention, such molar
ratio may be comprised between approximately 1.8 (for
example 3 mM of gold/1.7 mM of sodium thiosulphate)
and approximately 3 (for example 3 mM of gold/1 mM of
sodium thiosulphate).
[0021] The thus produced colloidal solutions consist in
general of a mixture of two populations of nanoparticles,
one of aspheric type and one of spheroidal type. While
the aspheric nanoparticles substantially contribute to the
formation of an extinction spectral band in the near infra-
red, with a peak around 810 nm, the spheroidal nano-
particles, as long as their dimensions are in the order of
5 nm, can contribute to a band with a peak around 520
nm. Some Authors have reported that spheroidal nano-
particles having dimensions greater than 5 nm, might be
consisting of a gold core and a surface shell of gold sul-
phide (they are after this called "Gold-Gold sulfide nan-
oparticles", or "GGS-NPs"), therefore in this case they
also exhibit a strong absorption in the near infrared. De-
spite the presence of a not negligible mass of spheroidal
nanoparticles not active in the near infrared, the colloidal
solutions of nanoparticles of the present invention allow
anyway providing a material with an excellent thermo-
transductive power, as shown in the following experimen-
tal examples. In any way, in order to maximise the thermal
damage induced by the absorption of the laser radiation
by the nanoparticles loaded in the ECFC cells and local-
ised in the tumour mass in vivo, the mixture of nanopar-
ticles obtained by the process described above may also
be treated by filtering out the population of spheroidal
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nanoparticles, so as to obtain a colloidal solution en-
riched of nanoparticles having specific properties of ab-
sorption in the near infrared.
[0022] According to a particular embodiment of the
present invention the ECFC cells are loaded with nano-
particles as herein defined, further comprising a function-
alisation for example with thiolated molecules, i.e. having
terminal groups -SH, in particular with polyethylene glycol
thiolated (PEG-SH), which has a stabilising and screen
function toward the response of the immune system once
the loaded cells are introduced into a human body, but
it may also have an active function, for instance specific
biological actions such as the tumour tagging, whose pur-
pose is the selective marking of the tumour cells. Typi-
cally, in order to achieve the marking, the nanoparticles
are bioconjugated with specific ligands for overex-
pressed receptors by the neoplastic cells, as anti-HER2,
anti-UPAR or anti-EGFR antibodies. Another specific bi-
ological function is the I’optical tracing, wherein the na-
noparticles are conjugated with Raman-active reporter
molecules, excitable in the near infrared, whose pres-
ence can be detected in vivo with minimal interference
from the self-fluorescence of the tissues.
[0023] The ECFC cells according to the invention com-
prise for instance from about 50 to about 300 pg of gold
per cell, quantified by inductively coupled plasma atomic
emission spectroscopy (ICP-AES). The ECFC cells load-
ed with gold nanoparticles can further comprise at least
a marking agent, selected for example between indio111,
and tecnezio99 (see for example Rodriguez M. et al. "La-
belling of platelets with indium-111 oxine and technetium-
99 hexamethylpropylene amine oxime: Suggested meth-
ods" Eur. J. Nucl. Med. 1999; 26:1614-1616), preferably
indio111.
[0024] The present ECFC cells loaded with nanopar-
ticles and marked with the above said marking agents,
and in particular with In111, allow being detected once
accumulated in the tumour masses by Single Positron
Emission Computed Tomography (SPECT). They repre-
sent therefore a powerful diagnostic mean for the local-
isation of the primary tumour and of possible metastases
thereof, besides a targeted therapy of the tumour masses
by thermoablation treatment, allowing at the same time
following the evolution of the disease and the progressive
effect of the treatment.
[0025] The ECFC cells loaded with the nanoparticles
according to the invention can be obtained by incubating,
for a time comprised for example between about 24 and
about 48 hours, colloidal solutions of nanoparticles as
described herein, with a concentration preferably com-
prised between 50 and 150 mM, with monolayers of
ECFC cells isolated by procedures known to anyone hav-
ing ordinary skills in the art. The obtained cellular mate-
rial, subjected to washings in order to eliminate the not
endocytosed nanoparticles, comprises ECFC cells load-
ed with nanoparticles in a percentage higher than 90%,
and preferably comprises at least about 96% of the cells
loaded with nanoparticles.

[0026] The ECFC cells of the present invention can be
advantageously obtained also directly from the blood of
the patient with tumour, after a stimulation of the hemat-
opoietic marrow with suitable cytokines able to induce
the release of endothelial cells in the blood circulation.
In this way a customised or "targeted therapy" may be
achieved, based on the use of cellular components for
each single patient. Differently from the traditional anti-
blastic chemotherapies, generically attacking all the cells
under active proliferation, this therapeutic approach al-
lows attacking selectively and specifically the tumour
cells, thus reducing the toxicity and increasing the effi-
cacy of the therapy.
[0027] By procedures known to any person with ordi-
nary skills in the art, the composition of the cells so ob-
tained can be further modified, for instance at the aim of
including a further diagnostic and/or therapeutic agent
and/or a contrast agent. Also without these additional
agents, the compositions of the cells loaded with nano-
particles according to the invention are useful for the di-
agnosis of solid tumours, in particular of melanoma and
of its possible metastases, as well as for the treatment
of the same tumours by stimulation with a pulsed laser
beam, of the nanoparticles localised in the tumour mass.
[0028] The compositions of the present invention allow
making a diagnosis of localisation and subsequent ther-
moablation of primary and metastatic melanomas by
stimulation of the nanoparticles loaded in the ECFC cells,
marked with a suitable marking agent, injected into the
blood circulation of the patient suffering from a primary
and/or metastatic melanoma. The present compositions
have such utility not limited to melanoma, but also ex-
tending to a wide range of human tumours, that are in
general solid tumours, for which the ability was proved
to release the ligand SDF1.
[0029] The following examples are provided as a non-
limiting illustration of the present invention.

EXAMPLES

EXAMPLE 1 - Synthesis of the gold nanoparticles

[0030] At room temperature (25°C) 0.5 ml of an aque-
ous solution of Na2S2O3 have been added quickly to 2.5
ml of an aqueous solution of HAuCl4 in a molar ratio
gold/thiosulfate of 2.6. The solution was maintained for
20 seconds in a vortex stirrer and then left to settle for
about 10 minutes, during which a change of colour was
observed, from yellow to brown to dark red. Completion
of the reaction was verified by recording the UV-Vis spec-
trum of the solution after 30 minutes, then at a further
distance of 10 minutes. The solution thus obtained was
then added with 0.09 ml of a 0.1% (w/v) solution of high
molecular weight chitosan (∼ 106 Da; degree of
deacetylation 79%) in acetic acid at 1% (v/v). The final
gold concentration was 1.4 mM. The colloidal solution
thus obtained was then left under slow stirring for 6-12
hours before being autoclaved.
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[0031] The preparation described above was repeated
by changing the molar ratio gold/thiosulfate, and in par-
ticular by using a ratio gold/thiosulfate of 1.8; 2; 2.4; 2.6;
2.8; 3.
[0032] The process of synthesis described above was
found completely reproducible from the following exper-
imental test. As a significant indicator of the reproduci-
bility of the synthesis process, the resemblance of the
UV-Vis absorbance spectra of the solutions was chosen.
By recording the UV-Vis UV spectra of 5 solutions pre-
pared under the same environmental conditions by re-
peating 5 times the same synthetic method described
above with a molar ratio of gold / thiosulphate equal to
2.6, it was possible to verify that the absorbance spectra
of the five products are basically superimposable, a sign
of the reproducibility of the process used. Figure 1 illus-
trates the absorption spectra obtained for the five solu-
tions.

EXAMPLE 2 - Characterisation of the solutions of gold 
nanoparticles and chitosan

[0033] The colloidal solutions obtained as described
above in the Example 1 have been studied to evaluate
the stability over time, the thermotransductive power, and
the photothermal stability under continuous irradiation.
[0034] Still on the basis of the UV-Vis absorbance
spectra, recorded on the same solution, freshly prepared
and after a 3-weeks maturation time, it was possible to
verify the stability over time of the prepared solutions as
described above, thus obtaining basically superimposa-
ble spectra, shown in Figure 2. Similar results were ob-
tained by prolonging the maturing times of the colloidal
solutions up to 15 weeks after preparation.
[0035] It was moreover verified the thermotransductive
power of the gold nanoparticles solutions of the Example
1 by irradiation of the solutions with a laser of wave length
808 nm and at two different levels of intensity of the laser
irradiation, i.e. 1 W/cm2 and 2 W/cm2, and by measuring
the increase of temperature in the irradiated solution. In
Figure 3 the variation of temperature can be observed
over time for the colloidal solution of the gold nanoparti-
cles with molar ratio gold/thiosulphate of 2.6, at the two
different intensities of irradiation and, by comparison, for
a solution not containing nanoparticles, irradiated with
intensity of 2 W/cm2. Data have been recorded for solu-
tions of thickness equal to 10 mm. As it can be observed
from the graph in Figure 3, after some minutes of irradi-
ation values of hyperthermia are reached (temperature
> 45°C) only for the solutions containing the nanoparti-
cles, and also at low levels of intensity of irradiation (1
W/cm2).
[0036] On the same colloidal solution having optical
density OD=0.7 tests of photothermal stability have been
carried out too by continuously irradiating the colloid in
a cuvette (thickness of the solution: 2 mm) with a laser
diode emitting at the wave length of 808 nm and at three
different values of intensity, i.e. 0.3, 1 and 3 W/cm2. Fig-

ure 4 shows the UV-Vis absorbance spectra recorded
for the solution irradiated under the conditions said above
and, by comparison, for the same solution not irradiated.
In Figure 4 a substantial maintenance of the shape of the
spectrum may be observed to indicate the high photo-
thermal stability of the present colloidal solutions follow-
ing irradiation.

EXAMPLE 3 - Isolation of ECFC cells and of mesenchy-
mal stem cells (MSC)

[0037] Umbilical cord blood units (hereinafter referred
to as UBC) have been used with a total number of nu-
cleated cells <1.3 x 109 (threshold of suitability for the
inclusion of the cords in the hospital bank, established
by the Careggi Umbilical Cords Bank in Florence, Italy)
after written, free and informed consent of mothers and
in accordance with Italian legislation. The ECFC cells
were isolated from UBC according to the procedure de-
scribed in Margheri F. et al. Blood. 2011; 118: 3743-55.
The cells were characterized for the expression of selec-
tive markers: CD34, CD133, absence of CD45 and ap-
pearance of specific endothelial markers (KDR, CD144,
CD141, CD105, VWF, CD31) that were monitored by flow
cytometry.
[0038] The MSCs used as a comparison in the follow-
ing examples were obtained from the aspirate of hemat-
opoietic bone marrow (hereinafter BM) of patients who
provided their written consent, free and informed. The
total fraction of nucleated cells (TNCs) from BM samples
was obtained by automated procedure with a SEPAX S-
100 instrument (Biosafe, Eysins, Switzerland). At the
passage (indicated by P) P0 and P6, a cell rate was used
for the test of differentiation capacity into adipose and
bone tissues, and simultaneously subjected to cytofluor-
imetric analysis to evaluate the expression of surface an-
tigens such as CD105, CD90, CD73 , CD29 and CD44.
The MSCs can be expanded in vitro without apparent
loss of phenotype and function loss by using an appro-
priate culture medium, DMEM Low Glucose, added with
20% animal serum and sodium pyruvate.

EXAMPLE 4 - Loading of cells with gold nanoparticles

[0039] The ECFC cells isolated as described above in
the Example 3 have been loaded with gold nanoparticles
by incubation of monolayers of confluent cells with col-
loidal solutions of gold nanoparticles stabilised with chi-
tosan and, by comparison with gold nanoparticles before
the addition of chitosan, prepared as described above in
the Example 1, at different concentrations for 24 hours
or for 48 hours. The same experiment was repeated also
on MSCs isolated by using the same experimental pro-
tocol adopted for the ECFCs and described above in the
Example 3. After the incubation all the cells were washed
with fresh culture medium, detached and characterised
for their biological and functional properties, as described
below.
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[0040] The actual incorporation of the nanoparticles in
the cells was first of all verified by TEM analysis with an
electronic transmission microscope, which highlighted
how the presence of chitosan causes a high increase in
the uptake into the cells of the nanoparticles, and how
already for solutions of nanoparticles having a concen-
tration of 50 mM there is a significant incorporation of the
gold nanoparticles.
[0041] Figure 5 illustrates the images acquired by op-
tical microscope with the May-Grunwald stain on ECFC
cells and colloidal solutions of the gold nanoparticles with
chitosan at concentrations of 50, 100 and 150 mM by
using as control the cells treated with water, i.e. the carrier
wherein the nanoparticles have been re-suspended at
the end of the synthesis. These images highlight how the
ECFC cells incorporate the nanoparticles with a dose-
dependent kinetics. The amount of gold actually incor-
porated after 24 hours of incubation was then quantified
by inductively coupled plasma mass spectrometry (ICP-
MS); in Figure 6 the thus obtained values are indicated
in the form of histogram, and show a dose-dependent
enrichment of the ECFC cells, wherein 60, 100 and 250
pg of gold per cell are incorporated starting from solutions
of nanoparticles containing gold concentrations respec-
tively equal to 50, 100 and 150 mM.
[0042] At equal concentration of nanoparticle solutions
and incubation conditions, the isolated MSC cells as de-
scribed above in Example 3 revealed a lower uptake of
the nanoparticles (equal to approximately 70%) com-
pared to the ECFC cells, showing the unexpected good-
ness of the latter even with respect to stem cells.

EXAMPLE 5 - Evaluation of the cells loaded with gold 
nanoparticles

[0043] The cells loaded with gold nanoparticles ob-
tained as described above in Example 4 starting from
solutions of various concentrations were subjected to a
metabolic assay based on the activity of 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazonium bromide (or
MTT), which measures the mitochondrial enzymatic ac-
tivity, and to a Trypan blue assay, thus finding that cell
viability was basically maintained even after incorpora-
tion of the nanoparticles. These assays have been re-
peated, with the same result of cellular viability main-
tained, also on cells with embedded nanoparticles, also
subjected to irradiation with light in the near infrared
(wavelengths in the range 700-1100 nm, corresponding
to the so-called window of tissue transparency).
[0044] It has also been verified that the capillary in vitro
morphogenesis of ECFCs is not modified as a result of
the nanoparticles uptake, as well as their invasive capac-
ity remains unchanged.
[0045] Finally, the thermotransductive response of the
ECFC cells loaded with gold nanoparticles was evaluated
by in vitro irradiation with a laser source having a peak
of emission at wavelength of 808 nm, and by a real-time
measurement of the increase of temperature thus gen-

erated by IR thermography with a FLIR thermocamera.
This study was performed with ECFC cells incubated for
24 hours with a solution of nanoparticles having a gold
concentration of 150 mM, by using ECFCs without nan-
oparticles as a control. In this experiment, power densi-
ties, mediated on a 4mm diameter illumination spot (cor-
responding to an encircled energy = 97%), varied from
3 W/cm2 up to 5 W/cm2, while the exposure time was
fixed at 5 minutes. For the cells loaded with nanoparticles
temperatures were observed beyond the limits of the
physiological threshold, ranging from 50.6°C up to 62°C
that were sufficient to induce the cell death. The irradia-
tion with light in the near infrared did not alter the viability
of the control cells, not containing nanoparticles, as was
the result of the morphological analysis with the May-
Grunwald stain (Figure 7), as well as with Trypan blue
(Figure 8), and the irradiation did not increase their tem-
perature (Figure 9).

EXAMPLE 6 - Evaluation of the thermoablative efficiency 
of ECFC cells loaded with nanoparticles on mixed cul-
tures with melanoma cells

[0046] In order to evaluate the "anti-tumour" therapeu-
tic potential of the ECFCs loaded with gold nanoparticles,
a cellular suspension consisting of cells of human
melanoma stabilised in vitro A375 and of ECFCs loaded
with nanoparticles were irradiated with light in the near
infrared. In order to evaluate the cellular death of the
tumour cells of the suspension, before irradiation the
A375 cells were marked with carboxyfluoresceine suc-
cinimidyl ester (in the following CFSE, Carboxyfluores-
cein Succinimidyl ester), a lipophilic fluorescent mole-
cule, able to diffuse freely through the cellular mem-
branes. Once incorporated by the vital cells, the CFSE
is no more able to cross the membrane and remains in
the cytoplasm of the cell for several weeks, without being
of damage for the cellular functionality. A mixed cellular
solution was prepared composed by 1x106 of A375 cells
marked with CFSE and 5x104 of ECFC cells loaded and
not loaded with nanoparticles. 150 ml of the cellular so-
lution described above was placed in a suitable well and
then exposed to irradiation with an infrared laser beam
Several tests have been carried out with different densi-
ties of power and a different time of exposure and, for
each experimental variation, the increase of temperature
due to the absorption of the nanoparticles was traced
and recorded in real time with a thermocamera FLIR, as
described above. In Figure 10 the profiles are reported
for the surface temperatures reached by the mixed cel-
lular culture in the experimental conditions. The cellular
death of the melanoma cells present in the irradiated
mixed culture was then evaluated by morphological anal-
ysis (May-Grunwald stain) (Figure 11) and by cytofluor-
imetric analysis by measuring the fluorescence that can
be only referred to the presence of viable cells. In the
presence of ECFC cells loaded with nanoparticles an al-
most complete loss of fluorescence was observed and
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this indicates that approximately 93% of the tumour cells
were killed. On the contrary, following to the irradiation
of cocultures containing ECFC cells not loaded with na-
noparticles the viability of the A375 cells exceeds 75%.
The data obtained are illustrated in form of histogram in
the Figure 12.

EXAMPLE 7 - Marking of the cells loaded with nanopar-
ticles

[0047] The ECFC cells loaded with nanoparticles have
been marked following the procedure described in
Gholamrezanezhad A., et al. "In vivo tracking of 111ln-
oxine labeled mesenchymal stem cells following infusion
in patients with advanced cirrhosis" Nucl Med.Biol
2011;38: 961-967. In brief, the ECFC cells have been re-
suspended in a culture medium containing 100 mCi of
111In 8-oxyquinoline/106 cells for 30 minutes at room tem-
perature; they were then washed and centrifuged before
being used in the experiments described below by injec-
tions in animals.

EXAMPLE 8 - Design of the animal model of metastatic 
melanomas

[0048] All the following procedures involving animals
have been carried out in accordance with the national
guidelines, approved by the ethical committee of the An-
imal Welfare Office of Italian Ministry of Labour and in
accordance with legal mandates and Italian guidelines
for the care and maintenance of laboratory animals. The
following lines of human melanoma stabilised in vitro
have been used, purchased by the American Type Cul-
ture Collection (ATCC): A375 (from a skin biopsy of a
malignant human melanoma) and A375-M6, derived
from the parent line A375 by culturing cells experimen-
tally obtained from metastatic pulmonary nodules. The
cells have been cultured in Dulbecco’s modified Eagle’s
medium (DMEM 4500, Gibco) supplemented with the
10% of foetal calf serum (FCS), at 37°C in a humidified
atmosphere containing 5% of CO2. The in vivo experi-
ments have been carried out in mice SCID bg/bg (severe
combined immuno-deficiency, with additional mutation
in the expression of the Natural Killer Lymphocytes
bg/bg), of 6 to 8 weeks old and the solid tumours were
obtained by subcutaneous injection of 1.5 or 23106 of
viable A375 or of A375 M6, alone or co-injected together
with the MSCs obtained as described above in the Ex-
ample 3. The tumour development was monitored at reg-
ular intervals by measuring the diameter of the tumours
(groups of 10 mice for each experimental point, in total
60 animals for each experiment). The mice with tumours
were sacrificed 25 days after the implant, the tumours
were removed and treated for the histological analysis.
The intra-tumour angiogenesis was determined on the
basis of the microvascular density by immunohistochem-
ical staining with anti-CD31 antibody, and expressed as
number of vessels/microscopic field.

[0049] In mice according to this model of metastatic
tumours, when their tumour had reached a diameter of
0.5 cm, approximately 1x106 of cells loaded with nano-
particles and marked with 111In, obtained as described
above in the Example 7, were injected in the caudal vein
of the animals. The marking with 111In has allowed fol-
lowing the localisation of the injected cells by positron
emission tomography (PET). It was thus observed that,
after 18 hours from injection, the cells marked and loaded
with nanoparticles were localised in the melanoma,
where they were still present 25 days after the injection.
On the basis of the localisation indicated by the PET, the
melanoma was subjected to stimulation with a pulsed
laser beam until the complete cauterization of the tumour
mass. The same procedure was used for the thermoab-
lation of the metastases, reached both by a laser needle
electrode and by optical fibres. On these animals it was
moreover observed, always by PET, that the cells
marked and loaded with nanoparticles, concentrated in
the kidneys, disappeared within 3 hours after the appear-
ance in the kidneys, proving a relatively rapid excretion
from the kidneys.

Claims

1. A cell comprising one or more nanoparticles, wherein
said cell is an endothelial colony forming cell and
said nanoparticles are nanoparticles with a core of
gold stabilised by a coating agent, having a peak of
absorbance in the near infrared and diameter smaller
than 100 nm.

2. The cell according to claim 1, wherein said coating
agent is selected from the group consisting of chi-
tosan and derivatives thereof, polyvinylpyrrolidone,
and polyethylene glycol and derivatives thereof.

3. The cell according to claim 1, wherein said coating
agent of the nanoparticles is chitosan.

4. The cell according to any one of the claims from 1
to 3, wherein said nanoparticles have a diameter
ranging between 4 and 50 nm.

5. The cell according to any one of the claims from 1
to 4, comprising from about 50 to about 300 pg of
gold in the form of said nanoparticles.

6. The cell according to any one of the claims from 1
to 5, further comprising a marking agent selected
from between 111In and 99Tc.

7. The cell according to claim 6, wherein said marking
agent is 111In.

8. A composition comprising a plurality of endothelial
colony forming cells wherein at least 90% of said
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cells is as defined in claims from 1 to 7.

9. The composition according to claim 8, further com-
prising a diagnostic agent and/or therapeutic agent
and/or a contrast agent.

10. A process for the preparation of a composition as
defined in claims 8-9, comprising a step of incubation
of monolayers of endothelial colony forming cells
with aqueous solutions of nanoparticles with a gold
core, stabilised with a coating agent, having a peak
of absorbance in the near infrared and diameter
smaller than 100 nm.

11. The process according to claim 10, wherein the con-
centration of said nanoparticles in said solutions is
comprised between 50 and 150 mM.

12. The composition as defined the claims 8-9, for use
as diagnostic and/or therapeutic agent in the diag-
nosis and/or treatment of a solid tumour and of pos-
sible metastases thereof.

13. The composition for use according to claim 12,
wherein said solid tumour is a melanoma.

Patentansprüche

1. Zelle, die ein oder mehrere enthält, wobei die Zelle
eine endotheliale Kolonie ist, die eine Zelle bildet,
und die Nanopartikel Nanopartikel mit einem Kern
aus Gold sind, stabilisiert durch ein Beschichtungs-
mittel, die einen Spitzenwert für Absorption im nahen
Infrarot und einen Durchmesser von kleiner als 100
nm haben.

2. Zelle nach Anspruch 1, wobei das Beschichtungs-
mittel ausgewählt ist aus der Gruppe, die aus und
Derivaten davon, Polyvinylpyrrolidon und Polyethy-
lenglycol und Derivaten davon besteht.

3. Zelle nach Anspruch 1, wobei das Beschichtungs-
mittel der Nanopartikel Chitosan ist

4. Zelle nach einem der Ansprüche 1 bis 3, wobei die
einen Durchmesser haben, der im Bereich von 4 und
50 nm rangiert.

5. Zelle nach einem der Ansprüche 1 bis 4, wobei von
ungefähr 50 bis ungefähr 300 pg Gold in der Form
der Nanopartikel enthalten ist.

6. Zelle nach einem der Ansprüche 1 bis 5, wobei ferner
ein Markierungsmittel enthalten ist, das ausgewählt
ist unter 111In und 99Tc.

7. Zelle nach Anspruch 6, wobei das Markierungsmittel

111In ist.

8. Zusammensetzung, die eine Mehrzahl einer endo-
thelialen Kolonie enthält, die Zellen bildet, wobei we-
nigstens 90 % der Zellen in den Ansprüchen von 1
bis 7 definiert ist.

9. Zusammensetzung nach Anspruch 8, wobei ferner
ein diagnostisches Mittel und/oder ein therapeuti-
sches Mittel und/oder ein Kontrastmittel enthalten
sind/ist.

10. Verfahren für die Präparation einer Zusammenset-
zung, wie sie in den Ansprüchen 8 bis 9 definiert ist,
wobei ein Schritt der Inkubation von Monoschichten
einer endothelialen Kolonie, die Zellen bilden, mit
wässrigen Lösungen von Nanopartikeln mit einem
Goldkern enthalten ist, die mit einem Beschichtungs-
mittel stabilisiert sind, die einen Spitzenwert für Ab-
sorption im nahen Infrarot und einen Durchmesser
von kleiner als 100 nm haben.

11. Verfahren nach Anspruch 10, wobei die Konzentra-
tion der Nanopartikel in den Lösungen zwischen 50
und 150 mM enthalten ist.

12. Zusammensetzung, wie sie in den Ansprüchen 8 bis
9 definiert ist, zur Verwendung als diagnostisches
und/oder therapeutisches Mittel bei der Diagnose
und/oder Behandlung eines soliden Tumors und von
möglichen Metastasen davon.

13. Zusammensetzung nach Anspruch 12, wobei der
solide Tumor ein Melanom ist.

Revendications

1. Une cellule comprenant une ou plusieurs nanopar-
ticules, où ladite cellule est une cellule formant une
colonie endothéliale et lesdites nanoparticules sont
des nanoparticules avec un noyau d’or stabilisées
par un agent de revêtement, ayant un pic d’absor-
bance dans le proche infrarouge et d’un diamètre
inférieur à 100 nm.

2. La cellule selon la revendication 1, dans laquelle ledit
agent de revêtement est choisi dans le groupe cons-
titué par du chitosane et ses dérivés, de la polyvinyl-
pyrrolidone et du polyéthylène glycol et ses dérivés.

3. La cellule selon la revendication 1, dans laquelle ledit
agent de revêtement des nanoparticules est du chi-
tosane.

4. La cellule selon l’une quelconque des revendications
1 à 3, dans laquelle lesdites nanoparticules ont un
diamètre compris entre 4 et 50 nm.
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5. La cellule selon l’une quelconque des revendications
1 à 4, comprenant d’environ 50 à environ 300 pg d’or
dans la forme desdites nanoparticules.

6. La cellule selon l’une quelconque des revendications
1 à 5, comprenant en outre un agent de marquage
choisi entre le 111In et le 99Tc.

7. La cellule selon la revendication 6, dans laquelle ledit
agent de marquage est le 111In.

8. Une composition comprenant une pluralité de cellu-
les formant une colonie endothéliale dans laquelle
au moins 90% desdites cellules sont telles que dé-
finies dans les revendications 1 à 7.

9. La composition selon la revendication 8, comprenant
en outre un agent de diagnostic et/ou un agent thé-
rapeutique et/ou un agent de contraste.

10. Un procédé pour la préparation d’une composition
telle que définie dans les revendications 8-9, com-
prenant une étape d’incubation de monocouches de
cellules formant des colonies endothéliales avec des
solutions aqueuses de nanoparticules avec un
noyau en or, stabilisées avec un agent de revête-
ment, ayant un pic d’absorbance dans le proche in-
frarouge et un diamètre inférieur à 100 nm.

11. Le procédé selon la revendication 10, dans lequel la
concentration desdites nanoparticules dans lesdites
solutions est comprise entre 50 et 150 mM.

12. La composition selon les revendications 8 à 9, des-
tinée à être utilisée comme agent de diagnostic et/ou
thérapeutique dans le diagnostic et/ou le traitement
d’une tumeur solide et de ses métastases possibles.

13. La composition pour une utilisation selon la reven-
dication 12, dans laquelle ladite tumeur solide est un
mélanome.
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