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act i vabl ewoanopmsiswcl es whi ch can be used in the heal t hpeewpre#10/059871
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havi ng,_as the largest size. a size conprised between about 80 and about
105 nmFIERD QEHHE %{Vﬁﬁ‘bﬂ%ferably an atom c nunber (Z) of at |east 25.
The invention also relates to pharnmaceutical conpositions conprising a

popul ati on of nanoparticles as defined previously, as well as to their
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photons emtted after ionization that wll be responsible for free radicals
gener atdoomprisHte betyyean' Bbaul BAgamcdibaut A" nmeftbe smetal Maying peeferafdy i an
particles or waves at . c ioniy,ze ;an atom.or nolecul.e. lonjzing ahiljty
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nunber .conpatitishd t@apristhg RApOPAEESH BF nBYSsrtivek|as3defineet previdushie as well
nost - conmon situations, cause ionization if the individual particles or
waves @#el0ithslifUsesi ently energetic. A typical ionizing radiation is a
ra(:ili ation, the energy of which is higher than 2 KeV. WO

20 f/ 003999PCT/ EP2010/ 059871 2 Radi osensitization by gold nanoparticles
(GNPs) BASKGROUNDRNtified as a prom sing approach for inproving

radi ot herapy. US 6,955,639 (Hainfeld et al.) describes a method of
enhanci ng X-Rays radiation effects using netal, in particular gold,
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Lett. 7a6R@8As ASK)oedtOWREdain such applications, in combination with radiation
sensitive molecules. Electromagnetic and ionizing radiations are indeed capable in
particular of breaking the DNA molecule of the cell, thereby killing cells and /or
preventing said cell from growing and dividing. This effect is mainly due to indirect
25 damages created in particular by electrons and/or high energy photons emitted after
ionization that will be responsible for free radicals generation.
The term “lonizing radiations” refers to highly-energetic particles or waves that can
ionize an atom or molecule. lonizing ability depends on the energy of individual
particles or waves, and not on their number. A large flood of particles or waves will
30 not, in the most-common situations, cause ionization if the individual particles or
waves are insufficiently energetic. A typical ionizing radiation is a radiation, the
energy of which is higher than 2 KeV.



10preferential penetration and accunul ation of 50-nm di aneter GNPs in Hel a
cells. Chang et al. (Cancer Sci. 99 (2008) 1479) showed that, in a nelanoma
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exhi bited by the herein described nanoparticles, is their ability, when
expaosed to ionizing radiations, enerate a thera%putic effect when in
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Such a property I's herein described for the first tine. , until
now, t hex vigoged ioelivo whteaksaidemnbpbitielesdare expdsedatotipnizongomdiateunsy duarf or
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The inventive nanoparticle is a metallic nanoparticle having advantageously, as the
30 largest size, a size comprised between about 80 nm and about 105 nm, the
nanoparticle being made of a metal having preferably an atomic number (Z) of at
least 25. The advantageous properties of the herein described nanoparticles could
not be extrapolated from the art which, in contradiction with the present invention,

suggests the use of gold nanoparticles of small size to increase the dose



The present invention thus goes against the prejudice of the all prior art
| eading the skilled person, mainly for bioconpatibility, biodistribution,
and cel | wptak@os®@asons, to the use, in terns of nedi calpcamphiloasisons, of
nanoparticles with a dianeter fromabout 1 to 20 nm at nost 60 nm with a
particular and | ong-lasting interest for 50-nm 30nanoparticles (see for
exanpl e i i I 6 e ) ) h ticles
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particul.ar abpormal cells gr tissues, herein defined beni gn cells or

LT ssuedlve oalebearsantiatendihs oplkeantent arying.¢ith e 9ald gRARRATIFIERc Shant
cel I's (LRBARRGYS aG8EIpB).Or tissues (tunmors), superficial or deep in the
body, 10 with”a surprisingly increased efficiency, using a nanoparticle
made ofFar argiven metal wgnperifatictband angivenidrizing wediatipi)abspritionl alzikty, e t he
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i oni zi rend/adpraveonthesdivisias. i n parti cul ar X- Rays, gamma-rays (7-Rays),

25r adi oactive isotopes, ion beans and/or el ectron beans. The herein
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radi at iNrﬂﬁhéﬁféaftlﬂegé@%i@oeb)?th%llﬁeﬁﬁeiiﬁHQQ&r}béﬁfﬁ?rﬁ;ﬁf‘ﬁcl%@ﬂé@l@@i%bﬁitﬁfﬁrﬁﬁ 1

wi thout it being necessary Tor the nanoparticles to be internalized by the
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a sur f dttet WBAponent enabl i ng specific targeting of biol ogical tissues or
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the nanoparticles to be able to generate efficient cellular lethal damages under
25 irradiation (see for example Kong et al. (Small 4 (2008) 1537)).

The present invention thus goes against the prejudice of the all prior art leading the

skilled person, mainly for biocompatibility, biodistribution, and cell uptake reasons, to

the use, in terms of medical applications, of nanoparticles with a diameter from about

1 to 20 nm, at most 60 nm, with a particular and long-lasting interest for 50-nm
30 nanoparticles (see for example Chithrani et al. (2006) and Chang et al. (2008)).

The nanoparticles of the present invention further advantageously allow a reduction
in the amount of metal to be administered to a subject, as well as a reduction in the

number of nanoparticles administration steps, to a minimum, in the context of a



5The Enhanced Perneation and Retention ("EPR') effect is indeed responsible
for passive accunmulation into the tunor nmass, after a given tine foll ow ng
i nj ecti orwbyotimesdent ravenous route (one possi bl e route eCTamppiwiosisrati on)

of the nanoparticles. It has indeed beékn observed that the tunor vessels
are quite distinct from nornal capl | laries and that their vascul ar
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pr eventtaesubpicance of the penetrant nanoparticles and pronotes their

accurul ati on. The present nanoparticles are thus able to successfully

target primary as well as netastatic tunors after intravenous

admi ni sd A dQRY OF TH%@WEWGW[ nanoparticles can al so be advantageously

adm ni st ered through tratunoral, or intra-arterial route. It is

t hesef ore an obj ect of the present |nvent| on to use a nanoparticle

accordi n to t rese |nvent on.or a population of such nanoparticles to
e ot feri i g

alter dP %l'%tQESr NoX¥ éﬁcox%rqd hﬁté%@ep B dardisio paligr e Pgstr 8 nts
herein d@II§C|t|Q§§‘é§ 6?'0‘?‘% 4,0nt BaiEgIar YondriRaPEERS bPis’liesBhSidih Gefined as
nanoparti cles to prepare a pharnmaceutical conposition i ntended to perturb,
alter dwernwstoedigz onitigetesnamuliseasedecelts \ietissigisd stiehl 8s apre- r@ah@m o
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correspondi ng nethods of treatment roducts according to the present

i nvent igaferably@ir elamicdrumbgro@arafiatiieastrap, 669&@@@%ﬁlmefrﬁﬁlélnlaﬁ@partlde
nanopar CRYIC are in particular herein
30di scl%és"i%Samﬁfcr)?%der%%@n%écbd%ﬁé%t{é&ﬁﬁbase él#\t a pﬁ@r maceuti cal conposition,

in particular, as will be apparent fromthe all description, a

phar rraceutl cal corrp03|t| on intended to perturb, alter or destroy t ar get
cel I s ilhi% aRaAfKENtAAR PfshiedP&sens "&Y%‘t@k‘p&éﬁp\’d‘?ﬁ ngpoparticles that” are ”Ot

2013/ 0Q3399RCH ﬁﬁé%%%%géﬁ c$ '@béfé}g ern?;ﬂ{) dolﬂsapﬁr%'lpﬂaf?%]%E)H&ﬁSH%
conposition conprising a p at|ono metal 11 C nanopartic , as ereln
defi ned’unetltdwadiypdlaturhc@lltbrcm Idyestroc@p@nglet ecatlar in @n anlmalclppreterablymﬁrer&l n

th ticl f t t nbe Z f at
| oast JRRRAIC Ao HIOT ab ROl b GinyTN ndRepdrtTed doctbartie atedurhti on
i's bet wagirakRids %Olnﬂagd %t@%ep‘@?ﬁaﬁ??romﬂ %"Eahbﬁ' 3h@SiohRalif§ PRy of a

nanopartl cl e, a pop u ation o nmetallic nanopartl cles or COprOSI tion
accor dug@etr@tetdrmf n @mmmg radighon enurcewfmcbweemelbad\taré@gew%mmrolad iro

S 0rodlind o aR¥ T A alinfl. AR Fied T & SRt ) e JO5RirRE: Mafble nfay

defl nedf tHéartpr esent di scl osure in particul ar enconpasses a nethod for
preventing or treating a cancer or for alleviating the synptons of a cancer
in a su'B}QadlreSQWieer/@B i@ t ingepd gdesrrivgsmapnopartiggst whighacag ingkeeal a cell

prefer a&,lr}ﬁr }qrgﬂor?%mdgs?ﬁ;%ﬂ{)ﬂ% avn%at 8!('\}/\90 %f’nﬁq}?\Pc?WHeﬂ galdacell is

popul ation oF nanoparti on co
popul atéxposed tsughuzn@mmr@ Q@cf&@SQhObaTQCLBIQr D@Rapg eg&nma- fa&%n(iyLFQ@ys)t o the
subj ect, and exposing said subject to radiations, 1n particular to ionizing
r addat .r@ﬁ@actlve Isotopes, ion beams and/or electron beams.
The herein described nanoparticles are able to directly interact with incoming
radiations and to generate a surprisingly efficient therapeutic effect, without it being

necessary for the nanoparticles to be internalized by the target cells.

30 The nanoparticles according to the present invention can be covered with a
biocompatible coating preferably favouring the nanoparticle stability in a physiological
fluid as further described herein below.



I n anot her aspect, the present disclosure provides kits conprising any one
or nore of 20the herein-described products, i.e., nanoparticles and

conposi tiwopitvogwbher with a Iabelin%Nnotice pr ovi di ng pcmgPemoiosa3ns f or
usi ng the product(s). BRI EF DESCRI PTI OF THE DRAW NGS 25 Figures 1A and
1B: Figure 1A shows the Transm ssion Electronic Mcroscopy (TEM inages of
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gol d nanoparticle is determned by electronic diffraction., Figure 2A shows
the el &ielPgicat tigeues Lt ¢ells- pTdﬁYehﬁWGf/err @pen@hé%qm%@péargem%mlg@wle to

nanopar tructure are used as reference to
establl n%b@@a@ol %%qg&%%%ﬁﬁggg%ﬁ%%%?l 7 the canera constant (LX) of
thestr aﬂm%anoe@ll@‘trreahlon and Retenim) (‘ARR)feffpat ds medeguarésponstlé¢ GIPS)
from exanpl e gure 2B re orts the indexationof

old. .
nanopaqusél"@sa?cf%W? Q%h'?)tpethf)t MArdReEFSH A e A waeé“ct'mﬁnoﬂ‘&‘ﬁ’ﬁ@r RIeHBRi NG a
Cubi ¢ RaganiaMRIus( fdutd (Shé Woksibke Puttns aﬁﬁﬁln@stfﬁ@ﬂ?%‘f%é'r@%opbﬂ@?ﬁ ng the

el ectronic diffraction pattern consists in the follow ng steps
Est abl ifssi mgleedebeenabsenmt thait ther umaes! vessedmiace diditer distinohfroat nermabf t he

cl eot r GPUiager et A b eaEob iepk st B fantp apleclre S AR Aiag o 1,
3) 102l HdrRdpafitiéd@otiisual UPindembhEsXeY. eBsd fackdbKieffectiveXturho(lPyraphatfd

Usi ng existing structure data base to index each ring. Figures 3A and 3B:
15Fi gurdFa®agehpieyents ridRpranee sefr UTQ/eﬂen@H@aS@am@pﬁ&lqlﬂSZ@nélopmm@@ﬁ‘rcﬁ”relrcel S
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level faywgbhd netastadctumbesaiier intraveods sdmirgstzatiopl 15 nm (GO_D 15 from
exanple_1). Irradiation dose varies fromOQ (no irradiation) to 4 Gy.
20NegatThﬁs RIgaeNtoINaRoPAtigies: C%u?d?’% b9t gdvantageously admlnlstered through

15 intratumoral, or intra-arterial route.

It is therefore an object of the present invention to use a nanoparticle according to
the present invention or a population of such nanoparticles to alter or destroy a target
cell, tissue or organ.
20
Particular embodiments herein disclosed relate to the use of a population of metallic
nanoparticles to prepare a pharmaceutical composition intended to perturb, alter or
destroy target mammalian cells when said cells are exposed to ionizing radiations,
wherein the nanoparticles are made of a metal having an atomic number (Z) of at
25 least 25 and the mean largest size of the nanoparticles of the population is between
about 80 and 105 nm, and to the corresponding methods of treatment.

Products according to the present invention, in particular nanoparticle and population
of metallic nanoparticles, for use in the treatment of cancer, are in particular herein

30 disclosed.

Another embodiment is based on a pharmaceutical composition, in particular, as will
be apparent from the all description, a pharmaceutical composition intended to

perturb, alter or destroy target cells in a mammal when said cells are exposed to



Gol d- 15 nanoparticles with HT29 12 pM cross dots CGol d-15 nanoparticles
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The present disclosure in particular encompasses a method for preventing or treating
a cancer or for alleviating the symptoms of a cancer in a subject, the subject being
an animal, in particular a mammal, preferably a human, by administering a metallic

15 nanoparticle, a population of metallic nanoparticles or a composition comprising a
population of such nanoparticles according to the present invention, to the subject,
and exposing said subject to radiations, in particular to ionizing radiations.

In another aspect, the present disclosure provides kits comprising any one or more of
20 the herein-described products, i.e., nanoparticles and compositions, together with a
labeling notice providing instructions for using the product(s).

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figures 1A and 1B:
Figure 1A shows the Transmission Electronic Microscopy (TEM) images of the gold
nanoparticles described in Table 1 (see example 1).
Figure 1B shows the size distribution of the gold nanoparticles (GNPs) described in
Table 1.

30
Figures 2A and 2B: The crystalline structure of the as prepared gold nanoparticle is
determined by electronic diffraction.
Figure 2A shows the electronic diffraction pattern of reference nanoparticles (gold
nanoparticles with Cubic Face Center structure are used as reference to establish



1 : 60*10-5 Cell : Aul: 110x10-5: square dots Cell : Au = 1: 182x10-5:
triangle dot 20 Figures 5A and 5B: Figure 5A shows a threshold effect for a
gol d nanoperimossesi ze 80 nm The gol d concentration at pcelHpeddnsisevel was
bet ween 20 pM and 83 pM The cor r7espondi ng gold concentration per
target cell was between 20x10-5 nnol e 25and 45x10-5 nnole. Two |i near

r eopeciecdriR. B @Rt 0,36 B e arTrab B ettt Bl pBRl Gl S BRM ana
60 nm pipRpAkiced L@N%) frerdenavpleurve with a slope of 0.0033. CGold
nanoparticles with a size between 80 nmand 105 nm present a |inear

t endendyiguier B wepearts ieoplexatigo of ¢zg4golthaaseppésiesatframr exemped By sai d

two cur i . . h . e t r nsj i ng
oer | o Sfcuele R mter Pob G e obf QOMREICRS ERERY B L ou
80 Bm qjoldaropariBled011/ 003999PCT/ EP2010/ 059871 9 Figure 5B shows a
threshol d effect for gold nanoparticle si.ze 80 nm The gold concentration

at cel Ilnfexing & plagienisadiffasionpagernrensials ipiherfliovdng 8i8psindi ng gol d
Conce”tf)akls%ligﬁ@gt MICLarfiéld MRSt @ﬁﬁ” ei%ﬁivﬁcﬁ:g d\ﬁmc‘ﬁoﬁ”ﬁa&éﬁf‘ﬁﬁ]} dirmol e.

5 Two | I'near tendéncy curves are establish a significant erence
bet ween t heferencespecti ve sl ope val ues: Gold nanoparticles with a size

bet ween, 15 nm and 60 nm present i.near_ tenden curye with a sl ope of

b 0025 D CHIFHARS 43¢ G Rt KO3 D2y o DR EF R REiROPAITB LTt
l'i ngar tegg@r}%dﬁéw&eg%m gxa%g@qpf 10 0.0865. The slopes ratio reveal ed
by said t curves Is of about 30. The threshold effect observed when

consi ded)i OglddERingstherdiucesingyhe brpnessionldne maop@/2;! e si ze when said size

is of apout.80 nm or nore. Figyres 6A and 6B: 15Fi gure 6A shows the X-ray
attenua‘Bi E’ﬁ'%e)ﬁsq‘%@f‘i‘gw%@a%g?"ﬁect%'&‘i% Fa¢1 BR9f or each gol d nanoparticle

described in exanple 1, Table 1. HU value as a function of [Au] (g/L) for
GOLD- 15: di anond dots HU value as a function of [Au] (g/L) for GOLD 30:
squar e dgugesiBAeididBas a function of [Au] (g/L) for GOLD-60: triangle dots

o e drareaa BaniveEridbefis Servel Soedve, King Eh20 i paees iR fhoifid ® °°
i mpact \gith @obdo nane PaIREYCEReRfyZBedR, Xn Eﬂa&%@feheét(abgggmed toatrsl)agteint e each

size of gold nanoparticle is Obtained fromFigure 6 reported as a
25f unctpresenge 9ol uvarkheaivt ard @3¢ i of gold at cellular level for gold nanoparticles

with a particle size of 15 nm (GOLD-15 from example 1). Irradiation dose varies from
0 (no irradiation) to 4 Gy.
20  Negative control with HT29: square dots
Gold-15 nanoparticles with HT29 12 uM: cross dots
Gold-15 nanoparticles with HT29 20 pM: triangle dots
Gold-15 nanoparticles with HT29 130 uM: circle dots

25  Eigure 3B shows clonogenic survival assays using HT29 colon cancer cells irradiated
with a 200 KVp X-Ray energy beam, in the absence (negative control) or in the
presence of 17 uM, 52 uM and 119 uM of gold at cellular level for gold nanoparticles
with a particle size of 80 nm (GOLD-80 from example 1). Irradiation dose varies from
0 (noirradiation) to 4 Gy.

30 Negative control with HT29: square dots
Gold-80 nanoparticles with HT29 17 uM: cross dots
Gold-80 nanoparticles with HT29 52 uM: triangle dots
Gold-80 nanoparticles with HT29 119 uM: circle dots



Figures 7A and 7B: Figure 7A shows the surviving fraction under a 4 G

irradiation (SF4) of HT29 cells incubated with gold nanoparticles (GOLD 60
from exampbeoii)oowp | ess than 5 minutes 30 WO 2011/ 0039e9REIdieP24310/ 059871
10 DETAI LED DESCRI PTION OF THE | NVENTI®ON It has been sur prisingly found by
inventors that a nanoparticle made of a netal, preferably a netal having an

atom ¢ AHIPEr e knfl B! E1ERP s T DAL, B8 SN2 BALIEShaREFen? S1 28

conpri se ween about can su antially en

t her apertdter (BER for aimiar gold! canceattatién an cendlenitedl, tdsslhetain ideritifierasor
destroy abnormal cells, tissues or organs in an aninal. A strong
enhanc &t copeenteriion prRetarget 8ei cacy can be observed for the first tinme

10usi nq:iggltea,jréi c nanoparticles according to the present invention (cf.
figure ; , BA and 5B for exanple). In the spirit of the invention, the

t er ; " MaoldgAu) cohegntratioara detiular teliet issexprasgad ini il ar synt heti ¢ products,
with a size in the nanonetre r e nthe context of the present

i nventi on, téﬂ&dtquﬁ?_gi;r%tépr} é?'@_}’"zi](?HM &guj érzéégw)-dirﬂﬁg?tén of the netallic
core of {he GaRoasHdeiation THdWeah! o iMeahdazreiv qboemal enaly < fg dipret er

of a nanoparticle of round or spherical shape, or the |ongest length of a
nanoparti cl eliahoodgiots or oval shape. 20The nanoparticle's shape can be for

exanpl e rou fl at | ongat ed, s rifcal i oval d_t | i ke. The
ehape can beoold: efinentiatey HebfiprSRREIM 3o R LI 30e IR 5 80Ck| 0 bMAIG
adapt ed by theapetegn of the art according to the desired applications. As
t he shape of the particles can influence their "bioconpatibility",
particlos hdaeldgoaceniraian at #EnNLABGLS 40RAM): dfiendle €Pbr r ed. For

phar macoki neti c reasons, nanoparticles being essentially spherical, round
or ovoid in shape are thus preferred. Spherical or round shape is

parti cigutey4Breferred. The | argest size of the nanoparticles according to
the invention is advantageously, as 30 denonstrated by the experinental

part, &%r(wéeoae@mpn%d@rg% Cabisgerraperd a3 #Jla¥v, ~ advant ageousl y
et 08 e PS8 2 S0 RSl MRl a0y Gt vgen about 75 o
2011/ 003999PCT/ ER20I1L.0A05987 1 5x107: cross dots
1:20*10° < Cell : Au <1 : 45x10: diamond dots
1:60*10° < Cell : Au <1 :110x10”°: square dots
Cell : Au = 1: 182x107: triangle dot
20
Figures 5A and 5B:
Figure 5A shows a threshold effect for a gold nanoparticle size = 80 nm. The gold
concentration at cellular level was between 20 uM and 83 uM.
The corresponding gold concentration per target cell was between 20x10®° nmole
25  and 45x10° nmole.
Two linear tendency curves are established with a significant difference between
their respective slope values: gold nanoparticles with a size between 15 nm and 60
nm present a linear tendency curve with a slope of 0.0033. Gold nanoparticles with a
size between 80 nm and 105 nm present a linear tendency curve with a slope of
30 0.0384. The slopes ratio revealed by said two curves is of about 10. The threshold
effect observed when considering DEF is induced by the metallic nanoparticle size

when said size is of about 80 nm or more.



11 Inventors surprisingly denonstrate for the first time that the

nanoparticle penetration into the target cell, a tunor cell for exanple, is
not requiwedpiioesddhe context of the present invention, PoTEeRéwnbs7destroy
or alter said cell. Indeed, an equi val®ent effect on target cells has been

observed by inventors in both conditions wherein 5nanoparticles have been

cont ac Qi sBY A 8y rdh ol SokP Refbarrtl, OBk LAy HEWBR) | .
nanOparddn@bﬁtraﬁomar eeliulat lecélosasibetveedl 9B uhpand at8 M of such netal lic

nanoparti cl es, repare a pharmaceutical conposition 10 intended to
pertur bTthiC§fr@$Ib0n 'ﬂ@ @'@ﬂoﬂégﬂﬁr@tﬂpﬁ @egé@rg@é | was bedwveen itk Osan@oles| | s

are exposdg?ﬂﬁf rdefonl z ng radi ations. In said population, the nanoparticles
are nma tAMN%'% he metal havi ng preferably an atom c¢ nunber (Z) of at

| eagt 25. Advant ageously, the nean | argest size of the nanoparticles of the
popul ation is between about 70 nm and about 130 nm advant ageously between
about 7Bverlinger tendencyneuesudre1estahlishgst @iter absignifeaniediffesineg: bebvean and

popul at1Gh SIS AE sy aree: Eoid BpafhufeRY o e B Resl 25 el ¥BH e,

nanoparrirh résernlt |mmdemawyﬂbume tndthca BRpRasH 03002$I€G@ldtna(r®©afthméshwlith a
descri bed bel ow), 20 wherein the nean | argest size of a nanogartl cle of the

popul atSigh bedvern Rehmadot] Oéonmnpmnb@omeardgnﬁ%cx RerveaniiBsd SPLeObf a

nangpar e 6 5 nm
tynroal O8RS, Phe spss pHo Tl @k oy R WRER VB SRR BgBt bar Pl T ¥k o,
155 nmeffect obkervedowbsn CQ)ESME('IEQ)DEF is hiedygaubptthe metsllicatmaopiarticle size
nanoparticles the |ar ga% %I ze 25 of which is between about 60 nm and about
155 nm\%perggal%sczledpcg LBRSPUPAMYA- i s made of nanoparticles the |argest
size of which is between about 70 nm and about 130 nm The netallic
nanoparticles according to the present invention are nmade of a netal,

305ai d Figuses BAVANY6Br ef er abl y an at onmi ¢ nunber of at |east 25,

o EEUEE oS 1Ry a8 RGN ol SR B ™" °
IOI at| Nl anopzi’tlcleWéscrlBéH||@€kalﬂﬁp(é°¢ Talﬂezl 46), tin (Sn - Z = 50),
tantalum (Ta - Z = ytterbi um (Yb -70) zirconium (Zr - Z = 40),

haf ni urhlyMelue gs a fmt;tlort @fr[&umlb)rfs)r-G@LDv@ AP0 YOO PCT/ EP2010/ 059871 12

= 65 d - Z=
o6y, et RS ATunarugol AL (GET [T obB-o0; SaTigh ot PO B0 0 - 67y
iron (FF¢U~vaKJe=a§é)fun¢t&mdsnfe{Auqr(g/Lpfor GOEDS0): trimegloyditaim (Nd - Z = 60),

pr aseod n| um (Pr - tures thereof. 5The netal is preferably

sel28ct fVIaB'fﬁ @%?‘JU'@QHB” OT)s[ﬁUJ/&/Ll 195)GOBPAG: rﬁﬁﬁs(@@ﬁ pal | adi um (Pd), tin
(Sn) . ORI ot 1D EFlor dBEDZHE caguriber (al so known as e

proton nunber rotons found in the nucleus of an atom It
is traditionally represented by the synbol Z. The

Figure 6B shows the impact of gold nanoparticle size on X-Rays attenuation. The
slope for each size of gold nanoparticle is obtained from Figure 6A and reported as a

25  function of gold nanoparticle size.

Figures 7A and 7B:

Figure 7A shows the surviving fraction under a 4 Gy irradiation (SF4) of HT29 cells

incubated with gold nanoparticles (GOLD-60 from example 1) for less than 5 minutes
30

Figure 7B shows the surviving fraction under a 4 Gy irradiation (SF4) of HT29 cells

incubated with gold nanoparticles (GOLD-60 from example 1) for about 12 hours.



10atom ¢ nunber uniquely identifies a chemcal elenment. In an atom of
neutral charge, the atom c nunber is equal to the nunber of electrons. Z
parti ci paveoiimosde i ncom ng radi ati ons absorpti on capaeCTEred10/059871
nanoparti cl es. In a preferred enbodi nent of the present invention,
the netallic nanoparticles are 15made of gold. In the present invention,
m Xt urq:)?i-An}raéﬁlﬁEsﬂé illg‘?l'alil §§?H@M@Hf1dni n a particular nanoparticle, or
in a particurar popuﬁatl on ot nanopartficles, is also possible.
20Nanoparticles having a | ow specific surface area (SSA) are further
preferred in order to limt their interactions with the surrounding
envi r orlB36. bagk sgpuiaingly faund Rye inxestors SBAY & Banopartiele; Bladsr ehar Mptals
sol i ds } t ar i brO ; SSA
appear 1P ROV A MEEE AR it Blorkie iRBeR [ EROREY dRl BB g e |
systemlargest fsires ; a izaacoayquskednstsvedos abbais BE, arkb 106 has dmesubstaatialgd t hat
re adverse eff when

ultrafine partjcles cause cts, such as infla tion,
2dmi ni TS HeameIAPSIC STREROHG 1960 SaREHEN cBtqEiss 1Rl o
Al . ( NatggsgrolBlpioh@bpcdis| 898%s Sidthand® ahldnfmganoparticles, the Iargest
size of which is between about 807and 105 nm are particul arly advant ageous

regardi ng SSA as expl ai ned bel ow. 30For the purpose of the present

i nventipn, the nanoparti.cle spegific surface area iis for ex I rised
bet woerf\ SBB08 GBI it SoraRBNferanlStisaty el 08 abienyey fL VB fistAHe

pr gber a,rﬁirim%hietam@ﬁahbémicié@ta@@rwag i@tk prréerPintBhBon (MCigures 4A, 4B, 5A
2011/ 003999PCT/ EP2010/ 059871 13 The specific surface area of a spherical

nanoparand:pB feregxaseplest i mat ed using the fol |l owi ng equation (SSA = 3000 /
(dxr)), d being the density of the netallic nanoparticle, and r the radius
of the nanoparticle. Hence spherical gold nanoparticles with a particle
si ze ofinlthe spiit &the8Aventibnl GRe nemndhahostetieled peferss freprdducts un freticidaea
respectively of 20.7, 10.3, 5.2, 3.9 and 3.1 n2/g, for a gold nanoparticle
densi t yYBEhetis produeishwith @3¢ inbhenangreee cange-with a particle size of 15,
30,1560, 80 and 100 nmw || devel op a specific surface area respectively of
50.§, 25.4, 12.7, 9.5 and 7.6 n2/g, for an iron nanoparticle density of

7. 87. 10 thewentext ©f liee @resatit Scverdiont bad tdrivesizarrpfarsitodheldrgestedicyensiont he

I ST R M b O AN CR iy
when expamBEbrter b AfHEpARide 8 3bLATTr SARIRKESHDACHCNR! ihgeSPlehotimRges 1o

target cells than is a nanoparticle o er size, I1n 15 particular a
nanoparndnopartifie eboveid@r dvasshapgeavent ors t hus herein highlight the

f unda tal _and direct, influe f the, nanoparticle si.ze on cel .

it 200 ot bafiRr BT Endrt S4tERE JoP Gra i BURE, Bb, Sdhibd e Bal avairbur i ng
t her apesit dveal 28 itl§@1ik@NThé BhapBriEiebe deiiféd brdonerolieadyede mathod of
preferably exceeds, the 80 nmthreshold (see experinental part). The

| ar gestProflectitihopadt pdartedi by the tprrsaer of Mhpdéf: iacredingin@e the desiretes,
t he ”Dra%p%wi&r.\s‘?m is their ability to generate cell damages.

As the shape of the particles can influence their “biocompatibility”, particles having a
25 quite homogeneous shape are preferred. For pharmacokinetic reasons,
nanoparticles being essentially spherical, round or ovoid in shape are thus preferred.

Spherical or round shape is particularly preferred.

The largest size of the nanoparticles according to the invention is advantageously, as
30 demonstrated by the experimental part, comprised between about 70 nm and about
130 nm, advantageously between about 75 or 80 nm and about 105 nm, preferably
between about 75 nm and about 95 nm or between about 80 nm and about 90 or 95

nm.



A possi bl e explanation of this nechani smcould be due to the nanoparticle
ability to deliver the captured energy (ionizing radiation) in a better or
di ff er entwoay11/dogvoexanple 2 and 3, in i)rder t o differencater2dio@sasnt | uence
of gold nanoparticle size fromthe i nfluence of gol d concentration on the
t herapeutic effect induced by the 25 nanoparticles under irradiation, in
vitro re all by i i | cle

S ze ey aupou ElronpFEREde or e AR e Hraele rbRoBBH R BERRTR N B,

i nvent dnte ey eabeidcélinea sumpr icell igr erRampRyde st rebeiredniapihict coltexisbzethe for a
constant nmetal concentration) on the anplifjcation of the therapeutic

ef f i cadyfepeMi INVeNtiqn, tRinartura) destaynoy alier saidpeall, dndeqd|ans eguivalent @fect 301 n
order t c iedent r F t:.u Lozl Lafions,
he. uscSTop oo BRRY 20 (T ioBRva oh) LR ENoRs il 48T oG UAER o
met &l cEnopatticées bav@dreenangetpocatied hhtargei seltseomasnirabonttact, iarmriculames,
in parti?ul aL bet ween 4 and times or between 2 and 5 tinmes, inferior to
the metBRCOGhEXNEFLMBSaIheEB911/ 003999PCT/ EP2010/ 059871 14 per target cel |
requi red when using netallic nanoparticles with a nanoparticle size of
about 60 nmor |ess (see exanples 2 and 3 regarding GNPs). A significant
and advaverigeobereiredastribenthefusehef armeidlliamanaparticlebes heraimidiscased, ooot he
pati ent With| g Si 1'?(1 I qré treﬁ;\t ment effjci gncy associ ated tﬁ 3 reductti.on of
del et erd BARUBHPGET r¢a pietailg PANORANICS: IO RERFDER I ARIHRY IRIRIB esent
i nvent i iﬁtrendébetogje?ﬁﬁb,t distiB Naltéor dedtRsr taagétomanmnalidntélisc@nen rsaiesiigpn of

t he nunber of adm nistration steps in the context of a radi otherapeutic

t r eat meAie 6xROpa te deniaing radigtieas| i said Preuledions teonarppaifi¢les fareciadnat ed

pr ot oc jrradi atl.gn . per iQ.cLini. L. new. L nde t
nanopar |®Ftedsl é@%cﬁelﬁ)ed hlﬁgm hgfr%f;eé@ef%t grﬂ)a {gn%tlgaggﬁbgét %noho&aﬁ%ﬁta?ée
enough Advdntageousiy)etine nedaentdrgesti size outhy naneparticle’ ofiliisé grdguddtion is
decreased target tissue clearance of the netallic | arg@;e nanoparticl es size

has beeb?_Wﬁ@@raMt i’Q MMeanq eepdt hP@ NoHRAEdagequsl-he nsgpoutggs (020?@8)
1449, il dhotk 195 m,Pﬂé?eraN&doet\%gh a‘ﬂ)%lu)f/?g%ﬁ ahNg%Bbut $5 Hrg of S@H\'/éé?ﬂ

doses of ionizing radiations are prefterab oses conprised between about
0. 05 GabouhiB0 rmband a®uGO8ys 95mmaf er abl y bet ween about 0.05 Gray and about
6 Grays, for applications perfornmed in vitro. Doses are conprised between
nore than about 0.05 Gay and | ess than about 16 or 30 Grays for

appl i cahi engpiegl bepiRHon! &F RARSHAYLBE, l8CRlfbed & MleVbuRly, | dbnstiMfled 48 Tot al
ionizing radiations range fromabout 1.5 Gay up to about” 85 Grays in the
human dwrepditicies obtaireccaceasdinggocmetead piitiet aro (es furineadiesctileed belowt), of

abaut 40 Gay.may also be provided in the h n, accor.ding,t he rrent
o ot i dheTem BB By B B 8 hdrban e SRy pBPAGNRLIE peRubIE B8

f ol | owi gy neh fanelr givduts COB dih ethes IGeA58ize NG | rRandpatticlé Tolahe QpEsLRstIGHORES
hyperfracti onated doses, etc. Irradiated nanoparticles herein described

provi deconyisgshbelyaea: aboytroQ Ren érgetaaran dypisalty betwean BPefP, TBefapeiti c
ef f ect étdwglrrlav%?nhm% qggp%@ggggq_%pﬁ ef fect obtained using irradiated
I'cl es of’

nanoparti of’ smel I"er 'srzes. he ‘nanoparticles according to the

pr esentinigivéNivbRls, I5e%aDvqof agepopligtion @ apet dfiahopahtities the largest sizehey

can be safely adm nistered to an ani mal organism typically a mammal, in

pa2bi c@farhieh iubetweencaau wodemtanst abauidid@puutdrd8etd dev) of g gopulation is
made of nanoparticles the largest size of which is between about 70 nm and about

130 nm.

The metallic nanoparticles according to the present invention are made of a metal,
30 said metal having preferably an atomic number of at least 25, advantageously at

least 40 or 50, more preferably at least 60 or 70.

Such a metal may be selected from gold (Au - Z = 79), silver (Ag - Z = 47), platinum

(Pt - Z = 78), palladium (Pd - Z = 46), tin (Sn - Z = 50), tantalum (Ta - Z = 73),

ytterbium (Yb - Z = 70), zirconium (Zr - Z = 40), hafnium (Hf - Z = 72), terbium (Tb - Z



WO 2011/ 003999PCT/ EP2010/ 059871 15 bi oconpatibility can be ensured for
exanpl e by the nature of the netal (s) constituting the particle and/or by
an opti onab 200ak89%g. Preferred nanopar&i cl es accordi ng PgTiEPR0t00Y®BNL i ON are
covered with a bioconpatible 5 coati né regardl ess of the route of

adm ni strati on. When the nanoparticles of the present invention are

adm ni st t | 9CI ~M| he At ravengus T uc :

bi oconp_ag ?gﬁgm@o@t@ﬁ@ |2s_ Bg '?:Ie hgﬁ]a{c%' Zd?/gtrély’adﬁjesbhgssut'@%oﬁ:&'i %_256? SLoium

bi odi st(Eirbuzizoasf;feu“r@pmpmr(Eu ¢l 2s= 68),t hetmigrt @46 - of =td®), poaviFeusZy=d@cr i bed
EPR effect. A full bioconpatible coating of the nanoparticle_is preferred,

i n par tlagieREM & hé T 97 bdnasydium ¢Nd ir £7el). PrrsepsyRivmiRr aétT ég)mﬁnq he
parti cl e kth any recognition el enent (nacrophage, opson ins,

etc.). @h@%ﬁrﬁ e\ét)'ati ng" inplies the presence of a very high density of

bi odonpkie bietalnslpreigrasly aelectéd fromegolel @Xu)| sihsr (Agyqutplirire (P pblsdiunon t he
surface _of th article. id coati is responsible for the so called

" st eal t(ﬁ)dgftfrb&r& Blfcqrwémréaﬁﬂﬁ’?%ﬂgg)- 15The bi oconpatibl e coating all ows or
favours (depending on the selected netal the nanoparticle is nmade of) in
particul ar the nanoparticle stability in a bioconpatible suspension, such
as a phis alagiccalmbeui(also Hnewd) apl tasnerotaenumbes) is Yhe anynbescefopiotontedi a

or physiol ogi ¢ nediu f.or exampl e nedi.a risin l ucose 9 [ or
g 1 30gng EnRERETY dral SRR & PES i a R e MR el 2 S osuch
a hipocaitpaiid Rlmbepahidu@ly Riephties Bashdpyichll fatiehe [hhe aRmeBAhELERECHArgE, a
surface treating agent. Stability may be confirnmed by dynam c |ight

scat t ertha@t@nia menget iglaqual aihepamben @seleefrenconpat i bl e suspensi on or by
| CP- M5 quantification of netal elenment prior and/or after filtration, of

t he netZaPaiticinaies ainei iBeeyingTagialivpsPRsPmtPNCANeSHY 0hAaneparices22 25pm
filter. Advantageously, said coating preserves the integrity of the
particles in vivo, ensures or inproves the bioconpatibility thereof, and
facilitates optional. functionalizatjon thereof (for,.exanple wth spacer
ol ecullBe PESBEARS PR aSt o BRebrebEht BivehfSho e BtiSt BfRoSEles 57 A
parisi cuhade dRgeRarticl e according to the present invention 30 indeed
further conprises a surface conponent enabling specific targeting of

bi ol ogi cal tissues or cells. Such a surface conmponent is preferably a

ef cvont npyEcgeefh iisBa; B CRERA ey, B RERIfR) BuMbal 8 & 3Pl T

nanoparridrepasticis, eords eysartialigdpopulbtien bEinanopatclebgeiscsyd posasiblieon of the
targeting agent will be responsible for its WD
2011/ 003999PCT/ EP2010/ 059871 16 interaction with the target, the density of

9 . o _ . = ¢
et nauaiprstioBEFRirey i 3BoLRb SRR RrEr (LM e o e e e s
r ecognitoilionit theirtinteractiopstwitretne fursmuridimg emargrireedt. A Reddy et Al . Cene

el cacaTRyREsBh e e A S SRS P SR RBena G o i °
favour panepAtkEdres ﬁérel%iﬁﬂﬁ‘?nalt%\é {]rh%?g)?essﬂtﬁ dansl o6 Rl halimpwetaR M daso)

during circulation in the vasculature? e bioconpatible coating can
be conmEftsetingfthamanapertistebolagicalroystenn lintegfat®; an @nctquad Mass-desebasis, t he

coat.in an be non-hio r.adabl.e or_ bi,odeqgr adabl e. th options can be used
Fodst nd: BaS e BbeR” HRaQRRN e Tarkt8n A B8 1ol A erhs Bl SRe sPER A o
coat i NgRfFhMaBBA, AhdPrRirmistéiedl ! &n Bnihakethbh dbeahé NgardigRRt fsexeliget ed
in the group consisting of silica, alum na, sugar (agarose for exanple),

phosphaxeme INg ,tAﬂ-HNgUU,F? Matetialpi€i@089¢ 6fpbunds, 1ipids, saturated carbon
et ! calpERGHTGEAaE b drash! 58 R h B el R 3B S 83 0 s o
exanpl gartiadamgbbvasagests rajdroing ISR eaxplained below.
30 For the purpose of the present invention, the nanoparticle specific surface area is for
example comprised between about 1 m?g and 50 m?/g. The specific surface area is
preferentially comprised between 2 m?/g and 20 m?/g.



20 Exanpl es of bi odegradabl e coatings are for exanple one or nore materials
or surface treating agents selected fromthe group consisting of a

bi ol ogi cavormimosdee, nodi fied or not, Qatural or not aneca/dre@bogiscel

nol ecul ar pol yner; nodified or not, o# nat ural shape or not. The bi ol ogi cal
pol yner may be a phospholipid, a saccharlde an 250Iigosaccharide or a

pol ysa“ﬁ{?%hgé’ﬂc Ole! dakegk o' %‘rucalf REnGRa RS TR UfimHR& using

afore erlals conpo S or surface treating agents e e used
al one agplldwingoBgLARGH BSA H B0Q0ES (@&rﬁsiﬁlﬁémgﬁsﬂwec@@ﬁgﬁy tef ®ie N@ktallic
coval ent or not, optionally in conbination with other conpounds. Moreover,
it is m%@pﬁdm wns & heuediusrsf tog@asppariigleaf or enent i oned naterial, said
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t o mod ki@ NAPER 'F'ieoq%" ¢ ‘nanoparticle with the biological nedia. An
i ngggani c agent selected fromthe group consisting of, for exanple

magnesi um and calcium wll bring a positive charge to the surface of the
nanoparlnventersabergirp Hisofose. thaowterswpaatpgegﬁlmlmcssbf ihei nanapytidies asearding bri ng
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char to the surface t nanoparticle at H.of 7. ..  An
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c oPPanGRES, tmdSsifeitds stk Ol Snp dane e e Lened S ul f obet a . et c.
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25 nanoparticles under irradiation, in vitro assays were all performed by inventors using
the gold nanoparticle size as unique adjustable parameter. The experimental results
obtained by inventors revealed the surprising influence of the nanoparticle size (for a
constant metal concentration) on the amplification of the therapeutic efficacy (ability
to kill cells and / or to prevent cells to divide).

30 In order to produce an efficient therapeutic effect under ionizing radiations, the use of
metallic nanoparticles with a nanoparticle size = 80 nm requires a metal
concentration per target cell which is between about 2 and 7 times, in particular

between 4 and 7 times or between 2 and 5 times, inferior to the metal concentration
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functional groups (or linker segnents), allow ng any nol ecul e of interest
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optii.onal,ly the s conmpound, and. ..optionally, . .coating the.na rticle
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Irradiated nanoparticles herein described provide, as demonstrated in the
experimental section, a clear therapeutic effect improvement when compared to the
effect obtained using irradiated nanoparticles of smaller sizes.

30

The nanoparticles according to the present invention are advantageously
biocompatible, that is to say, they can be safely administered to an animal organism,

typically a mammal, in particular a human, to provide their therapeutic effect. Said



bei ng optionally the sanme conpound, d) optionally washing the suspension
obtained at the end of step b) or c) to renove any inpurities, reducing
agent andvorociawpdoexi ng agent, e) optionally concentr at iPog/HEPb@0SHBPENSi ON
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exanpl SoEmE ARG At e AR et SR AR e et

I nvent ithe partitte aad@pdytarcoptidrell kgatimgle of a netal, preferably conprises the
following steps in order: WD 2011/ 003999PCT/ EP2010/ 059871 20 a)
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agent as defined previdusly. 10 Another 0bject of the invention is based on
any comaowipartnes onpithei agntexhopfaithe cprayicusth dgsaiibetn&dPReetectabdyéulind/ or

whi ch b t ai b h t hods, herein d i bed. Wil t t ,
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honmpgengaytdleFNEPA/AG ihRFAGRINEBT B& \DPHAE YsurfdeeBivBOamAtrbBb@hiBers RESHEANS
conprising a high concentration of netal elenent (300g/L for exanple) can

be obt dIMRsAoRIAgE. HRsENINGd el e Trll ¢eating bistplies tha prasencaurha vsky &igh of
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nanopar S suc €r el'nabove and, optioha
phar machegtsucfate of & paittiald. Satck cogtirgnis respoediblel for the sol ballexbTspesdint ¢ffets” can
be in the formof a solid, liquid (particles in suspension), aerosol, gel,

past e, Qe PRBOPANLEle. pref erred conpositions are in the formof an

D5 i Lo o " Cauidf L

250131 ectAb bRk LOMN@LIOR ! tbihadopBHRgl 6 he Koot HRUST Ind
appl i catanopartsle his asaderofpiamparteusal theenanspdrtiolecstabtliey in @, blmebhgratidle

cur f actRPEIRASEE o &ENYSBIRREP! QR BAOPDy HaPERedoru. iy SRONG -
anpoul Qﬁediﬁ%@é?&siol@?ﬁd hftiurh 2R3reéamBrRPHIEURS cofMpridiignglukBs¥n5 4§ cany/gres  of

pharmaceutical fornulation.

NaCl (0.9 %), which is required for a pharmaceutical administration.
20  Such a biocompatible coating is obtained by treating the nanoparticle with a surface
treating agent.
Stability may be confirmed by dynamic light scattering of the metallic nanoparticles in
biocompatible suspension or by ICP-MS quantification of metal element prior and/or
after filtration, of the metallic nanoparticles in biocompatible suspension, on a 0.22
25  umfilter.
Advantageously, said coating preserves the integrity of the particles in vivo, ensures
or improves the biocompatibility thereof, and facilitates an optional functionalization
thereof (for example with spacer molecules, biocompatible polymers, targeting
agents, proteins, etc.). A particular nanoparticle according to the present invention
30 indeed further comprises a surface component enabling specific targeting of
biological tissues or cells. Such a surface component is preferably a targeting agent
allowing the nanoparticle interaction with a recognition element present on the target
cell. Such targeting agents can act once the nanoparticles are accumulated in the
tumor. As the conformation of the targeting agent will be responsible for its



WD 2011/ 003999PCT/ EP2010/ 059871 21 (cell:[ netal] = 1: 5x10-1 (nnole)).
More preferably, the netal concentration per target cell is between about
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g/L and 300 g/l of nmetal , preferably at |east. 1 g/ g/L, 10 g/L, 20

o/ L, “arappaties pedrasespy e Btigto e g gl sysngRESMusing grdtictist o
quant i fi ¢d L8cdistursleal |y perfornmed by | CP-MS. 20The above identified neta
concentrations vary depending of the patient subject, the selected route of
adm nistration, the nature of the target cells, etc., and are easily

adj ust apl e by the man of .the art The nanoparticles opul ations_ of
nanopar e RecaRdi 6Ratndo c@hope . ARMPRYEN oY sare It P seuifll e an be
usq@ i nstirmyrefi el ds, particularly in human or veterinary nedicine. It is an
obj ect of the present invention to use a product as herein described to

al te/r, dest roy/a target cell, tissue or organ. WO
2 2 . : . .
PO RN LRI oo SR A i ! P digievs

nanopariid esebfortie®pdiptgetaf thd @regers éntentioent i on to prepare a
pharmaceutical conposition intended to alter, destroy target cells in an
ani mal ,EXatepes apd nesrhiqdegradakiso sealings @aQi G HsMAre pakariaks|odr syréace

i onizzi iatd : t i h td e
har o oS e e 0B R A el Oge S8k
conpourekanpls}, iprcisphatensdanaentyelr swdtezionic odbmaopogs| lgtids nsadfiratech @pevdn cl es
as herein descd'i ll‘)gg al so j nt ended t% treat cancer. 10 Ano&hqr parti (iul ar
obj ect RAYPRE PARDEHYIGRe P¥Id5OE axRPLe) ABAHBRSASIC PolYmErhd SBrUIRIEIS Y he
pertur habaiRBd lo¥Sher @RMRhEMaenRitedRF! DBRIhABNET [draTd@nfie),! s ibIVidd 0. ex
vivo or in vivo, conprising contacting cells, 1n particular target cells,
wi t h orgonabinationrs enegfarti cl es such as defined herei nabove, during a period
of t.ime sufficient to allow 15 the nanoparticles to interact with said
cell”s and, exposing the cells to radiations, appropriate radiations being

i n partExghglesi OMbiddegradubl@tdoutings Paef esrabkamyteRane. o m&kay srateaglsoact i ve

i sot opes and/or el ectron beans, said exposure i1 nducing or causing the

per t ur Baariass, tregtigsageiys metrated diomiéke grr4R eaNYstingapl at kipgeicat anglgcule,
modified or not, natural or not and a biological molecular polymer; modified or not, of
natural shape or not. The biological polymer may be a phospholipid, a saccharide, an

25 oligosaccharide or a polysaccharide, polysulfated or not, for example dextran.

The aforementioned materials, compounds or surface treating agents can be used
alone or in combinations, mixtures or assemblies, composite or not, covalent or not,
optionally in combination with other compounds. Moreover, it is also possible to use
any one of the aforementioned material, said material being naturally water-soluble

30 orlipid-soluble or being artificially modified to become water-soluble or lipid-soluble.

The biocompatible coating preferably comprises or is made of a compound selected
in the group consisting of an inorganic agent, an organic agent, and a mixture or

combination thereof.



20The target cells can be any pathol ogical cells, that is to say, cells

i nvol ved in a pathol ogi cal nmechanism for exanple proliferative cells, such
as tunor wel2bslo0sd9enosi ng cells (fi bribl ast/snoot h nusclreTmeké19)59801 | Mmune
system cel | s (pat hol ogi cal cell clone 7 A preferred application is based
on the treatnent (for exanple the destruction or functional alteration) of
mal i gnant cells or tissue. 25 In this regard, a particul ar object of the
invention is based on the use of a nanoparticle, or a popul ation of such
nanoparApgrbpdatedinoftinic agehenaiyrsd sglectddofromr ihéugrionp conglstingasfelit oxidk,
conposition intended for the treatnent in particular of a cancer, when used
i n conAMBYIrexidg. @Rd; FhPxyMerexiee af N AROrgasicirae snay caTIRbigs| fo) exammple

pr esent.;ei: scl e fur b mESHR ; use of a conposition,
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t o prevdudh agerits €an e used &y cloargedhalnaevpatticld beherypgsitivedy of negatvetyem i n an
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i nduci ng or causing the perturbation, [ysis or destruction of target cells,
i n par tansucalciuoa vl bringld positive ehargs, toethegurtacerofithe vianopadishepat giphof

cont act_} ng target cells with one or nore nanoparticles such as defined
her ei nabove, during a period of time sufficient to allow 5 the particles to
I ntigr aqtorvidinlal thecsllitiom Ay, b@XiReditdbringea ¢rlghsvé ehbrfl & theNSurfade of
particular to ionizing radiations as defined previously, said exposure

i nduci igeaenerasictyat qeHwefrf.ur bati on, lysis or destruction of said cells.
Anot her object of the invention relates to a nethod for preventing or
treating a 10 disorder, in particular a cancer, or alleviating the synptons
of the Ah sppesgriaté rorgasichggett raay i bentagend omisigy adftingtist eapaplet of t he
patient sufferi n% fromthe disorder a nanogparticle, a popul ation of
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al |1;3WI %ntfaﬁngwééﬂ”ﬁz td %a{d"ﬁeﬁ{ Hide in contact) with the abnormal
s, In partic l's, an

cel ul'ar” cancer ce d subsequently treating the subject 15
by expokienggadi abnsprigieg B ftocticoncapaide ohmtetacomg withechanopaticlatmaybedadi ng
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treatnents (combination of radiotherapy chenot herapy for exanple). The
her ei n dus cagardd canpoigingt iec| fosciiarbnéanadte t of iconiferring bmgompadindity | to tehe
context of radiotherap can b d in.association wwth-a different cancer
¢ naPapy ioeeBits soeh AR o GesERE I ST RIS TR T sl eBbB Bo BT ot ng
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adm nistration of cytostatic(s), cytotoxic(s), a targeted therapy,

a
vacci neJrodpdcanwstivghet peiystiutersagivsol i(REG@amiolysshianexide nPehwityialeohal eat

cancer. .51 ng ei oyl LGl e er be
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30 The biop@pineo oropalysecchatde tsuchr aatDextsant Yogamf catillogg) asulllayemer asdich as
haemat ol ogi ¢cal, tunors or l'i gnanci es, and solid tunors, in particular of
epi2Phel Ve QRiG CORMCHAE SH& %p%ﬁ%&%@ﬁ%@ e6rigin. In addition,

nanoparid&liesyiffnabedsred t Qetfbadiid/ QARIRAPTHAEFPARL0505% fihe such as
aminopropyltriethoxisilane, polylysine or 2-aminoethanethiol.

Agent with a negative electrostatic function may be selected from the group

consisting of phosphate (for example a polyphosphate, a metaphosphate, a

30 pyrophosphate, etc.), carboxylate (for example citrate or dicarboxylic acid, in

particular succinic acid) and thiol (for example a carboxy terminated thiol such as

mercaptosuccinic acid).



24 treat a premalignant |esion or a specific benign disease where radiation
therapy is classically used and/or indicated. The invention is applicable,

i n the combesti/mBosbherapy, to prinmary %um)rs, or secondaCy/EP2010/05®31 ONS,

| oco-regi onal or distant netastases, d8d in the context of prophyl axis, in
order to avoid secondary malignant central nervous systeminvol venent such

as the i S S u a dney
cancer T Gosfna, RE-AI08T cbahT Hhtknt SUARBrEF ORER. (s MR SES sy e

thr ougrmmw.rh@@ngnhbm«zebfﬁmteaésmotbup@rtowe sureacecahthee padiod)i suckr adl & or
exanpl e as a neoadjuvant (before surgical intervention for cancer exeresis)
or as ﬁ@@?%ﬁomﬁéﬁb%ﬂ& geeq/c targetingrpibiglagsa {iBpee%ar @qll§- al so be used
for advanced tunors which can not be surgically 15 renpved. As herein

expl ained, the irradiation can be applied at any tinme after adm nistration
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- par (80 Hr SURPRIC: PHPAENA ) EPEF SBaN Ao 4 AiPBCRGIRARE &
cl assi C&Jatlhgteétd%'ﬁh g rRHEs dﬁﬁi%%oﬁﬁ%buﬁ&s %‘éhﬁcéseﬁol Qt%n@gfyéoﬁfhlélr@@éhe
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brain, cerebellum pituitary, spinal canal, eye and orbit; head and neck
tunmors; |lung cancers; breast cancers; gastrointestinal tunors such as liver
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r egar dl@sscodting coslistingtin @itratey nphoma; nyel oma; I eukem a; and pediatric
tunmors such as Wl ms tunor, neuroblastoma, central nervous system tunors,
Ew ng's sarconma, etc. WD 2011/ 003999PCT/ EP2010/ 059871 25 The particles can
cti f OMethBEUBE s and
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after admnistration of the nanopartl cl es, oOn one or nore occasl ons
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intracavity such as the virtual cavity of tunmor bed after tunorectony.
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particul arbéﬁng §fc%rrﬁ;§fgx|38u£ eent% th8%68 r’r??the complexing agent being added

prior to, during or after the addition of the reducing agent), the reducing agent and
the complexing agent being optionally the same compound, and, optionally,
- coating the nanoparticle using a surface treating agent as described previously.



30 lonizing radiations are typically of about 2 KeV to about 25 000 KeV, in
particul ar of about 2 KeV to about 6000 KeV (LINAC source), or of about 2
KeV t o abwotwii@d8seV (such as a coballg) 60 source). Usi mgTEPX1IRAy®B7E0Ur Ce,
particularly preferred ionizing radiatfons are typically of about 50 KeV to
about 12 000 KeV, for exanple of about 50 KeV to about 6000 KeV. WD

2011/ 003999PCT/ EP2010/ 059871 26 In general and in a non-restrictive manner,
the followi ng X-Rays can be applied in different cases to activate the
nanoparA ingdctsm: typaRaysedfin 3e topesdr ikantiohi mbﬁafees@actbddtdrardryaqm&m ent
for a superficial target 5tissue; X-Rays (ortho voltage) of 200 to 500 keV
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advant ageously 15be used. | nmunoradi onuclide (or i mrunoradi ol abel |l ed

| i gand) can al so be used as a ionizing radiation source in the context of

radi oi not herapy. Suitabl e radionugli.des for . radioi nat.her a may. be,
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sugly asa BliPACrESMPageREs MR Rl Freclougly. carbon, in particul ar high energy
i on beans, can al so be used as a ionizing radiation source and/ or neutron

beans. 25El ectron beans may al so be used as a ionizing radiation source

1 ad a0 oL Ra: SERARETRRE P SoRBepbRe p B SLTRRPRREIE, <

W t h arcopmsriggs the dslfowing Gteps) preferabigimorden: t he desired X-ray 30absorption
edge of the atom(s) of the netallic nanoparticle. WO -
2011/ 099 dvRXidinge @07 MEeErEon A medalie elgment 8% Mereintifentifigds preferally enat
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interest, berng in contact tht nanopa es o e invention, are
acti vated WRretipgatied ihmeedreomsarenf skEmay &r a potarirgediom ae defised prévioudihe

particles d Rays to be adm nistered si,multaneous| nor._according to the
ae. Spr ot QB8P YRS Pb Se FROUSHTS, PORPHTFLPY HEP Pl adlstind Be shstfieping any
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Typically, the kit conprises at |east one nanoparticle or popul ation of
nanopar@)i clapiionstyadding acontglepingsagantiinvkeeatdabar, medium, prior to, during or
20 after the precipitation step b), the complexing agent and the reducing agent
being optionally the same compound,
d) optionally washing the suspension obtained at the end of step b) or ¢) to
remove any impurities, reducing agent and/or complexing agent,
e) optionally concentrating the suspension obtained at the end of step d), and

25 )  optionally coating the nanoparticles.

The population described above may be further submitted to a formulation step
before being administered to a subject.

30 In a particular example, a method of producing a nanoparticle according to the
present invention, the nanoparticle being made of a metal, preferably comprises the
following steps in order:



10 Generally, the kit also conprises one or nore containers filled wth one
or nore of the ingredients of the pharnaceutical conpositions of the

i nvent i onwoAssigms®bed with such containper(s), a |abellirgrTmpbelopsgrovi di ng
instructions for using the products céa be provided for using the
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measur egoempositidrest ogd\aERagecushst hblé shaile amdmeeneand shapdarad dedicatédon are
reported (Fi gure 1B). Table 1: Sanples Particle size (nm Synthesis
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15
Biocompatible suspensions comprising a high concentration of metal element
(300g/L for example) can be obtained with a method as herein described.

A particular object of the invention relates to a pharmaceutical composition
20 comprising nanoparticles such as defined hereinabove and, optionally, a
pharmaceutically acceptable excipient or vehicle.

The compositions can be in the form of a solid, liquid (particles in suspension),
aerosol, gel, paste, and the like. Preferred compositions are in the form of an
25 injectable formulation, preferably in a liquid form.

The excipient or vehicle which is employed can be any classical support for this type
of application, such as for example saline, isotonic, sterile, buffered solutions, and
the like. They can also comprise stabilizers, sweeteners, surfactants, and the like.

30 They can be formulated for example as ampoules, aerosol, bottles, tablets, capsules,
by using known techniques of pharmaceutical formulation.

Advantageously, the metal concentration to be administered per target cell is

between about 107 nmole (Cell:imetal] = 1:10” (nmole)) and about 5x10”" nmole



[Au] g/L Gold-15 152 (1la) 20 nL 30 mMVB0OO i 0.25 mM CFC 17.86 Gol d- 30
3210(1) 7.5 nmlL 40 mMVB0OO niL 0.25 mM CFC 16.90 Gol d-60 6010 (1la) 2 ni 85
mVb00 Nl Wo2611iveBFEC 4. 98 Gol d-80 80 10(la) 1.2 ni 43 nivR@EPod100sBO1 MM CFC
10. 67 Col d-105 10525 (1la) 1.2 nlL 39 nk200 ni 0.33 mM CFC

(cell:[ metal] = 1: 5x10™ (nmole)). More preferably, the metal concentration per target

cell is between about 10° nmole (Cell:[metal] = 1:10° (nmole)) and about 2x10™

nmole (cell:[metal] = 1: 2x10™" (nmole)).

Even more preferably, the metal concentration per target cell is between about 10
5 nmole (Cell:[metal] = 1:10° (nmole)) and about 10° nmole (cell:imetal] = 1: 107

(nmole)) or between about 10 nmole (Cell:[metal] = 1:10° (nmole)) and about 10

nmole (cell:[metal] = 1: 10* (nmole)).

In the herein described compositions, appropriate or desirable concentrations of
10 metal are comprised between about 1 mg and about 100 mg of metal per gram of
target mammalian cells, such as, in particular, tumor mammalian cells, typically
between about 1 mg or 5 mg and 50 mg of metal per gram of target mammalian

cells.

15  Generally, the compositions in liquid form comprise between 0.01 g/L and 300 g/L of
metal , preferably at least 1 g/L, 5 g/L, 10 g/L, 20 g/L, 40 g/L, 60 g/L, 80 g/L, 100 g/L,
150 g/L, 200 g/L or 250 g/L.
Metal quantification is ideally performed by ICP-MS.

20 The above identified metal concentrations vary depending of the patient subject, the
selected route of administration, the nature of the target cells, etc., and are easily

adjustable by the man of the art.

The nanoparticles, populations of nanoparticles and compositions of the invention
25 are products which can be used in many fields, particularly in human or veterinary

medicine.

It is an object of the present invention to use a product as herein described to alter,

destroy a target cell, tissue or organ.

30 Depending on the energy of ionizing radiations, the particles can enable perturbation

of cells and/or tissues, or destruction thereof.



5.06 10 Conclusion The gold nanoparticles described in Table 1 are al
prepared according to the sane synthesis process to ensure the sane surface
char act erwet2oci/qs®perti es. The TEM i ges show t hat t hepeymrb@siozed: gol d
nanoparticles are all spherical 15andfor ovoid in shape. The TEM el ectronic
diffraction patterns show that all the synthesized gold nanoparticles
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concentration at cellular level), inventors used a specific clonogenic
survival assay described bel ow. HT29 cells were plated at the density of 20

000cel Ife HHErmEBES AR @nassiastbrt SahNfurheresbrHprisds WRT baRioB8l therapeutic

concentrations in the pMrange. After an incubation tinme between 1 hours
and 24 desupaynd, ltkstnet frosuapwnopadids onef @ peptatian offhangpartieles elsl kergisr e

washed briefl ith PB enpve all GNPs non- attached or
non- i ntcgqsﬁgb?g’e%%?mtSn‘?%(i?ock??tsqar]Cﬁ\rfent ors next performed cell trypsination
andocounted the cell nunber using Haenocytoneter. 10For each condition,

i nventors took a sanple of 100000 cells/nL up to 220000 cells/nL further
anal ysetnatber garticubarnekiect &fitba ipyeni@m N&.bassddon A)mebedetarriadueingaer

Thi s paPksEEine B HeyBh, Rt BB P B, detltiRon o SRS ARl ieds per
t ar get @ br msvito] damprising contacting cells, in particular target cells, with one or more
nanoparticles such as defined hereinabove, during a period of time sufficient to allow
15 the nanoparticles to interact with said cells and, exposing the cells to radiations,
appropriate radiations being in particular ionizing radiations, preferably X-Rays, y-
Rays, radioactive isotopes and/or electron beams, said exposure inducing or causing

the perturbation, lysis, apoptosis or destruction of said target cells.

20 The target cells can be any pathological cells, that is to say, cells involved in a
pathological mechanism, for example proliferative cells, such as tumor cells,
stenosing cells (fibroblast/smooth muscle cells), or immune system cells
(pathological cell clones). A preferred application is based on the treatment (for
example the destruction or functional alteration) of malignant cells or tissue.

25 In this regard, a particular object of the invention is based on the use of a
nanoparticle, or a population of such nanoparticles, as defined hereinabove, for
producing a pharmaceutical composition intended for the treatment in particular of a
cancer, when used in combination with ionizing radiations (as defined previously).
The present disclosure further encompasses the use of a composition, nanoparticle

30 or population of nanoparticles such as defined hereinabove to prevent or treat a
cancer or to alleviate the symptoms of a cancer in an animal, when said cells are

exposed to radiations, in particular to ionizing radiations as defined previously.



cell: Au = 1: X (X expressed in nnole) according to the follow ng

cal cul ation: 20Cell=1 Gold (Au) concentration (uM) x 1 (nmL) X (expressed
i n nnol e)we 20000399aL) x Nunber of cells per nmL 25The ot lren/Eredlomsoser e
plated (at the density of 300 up to 16%0 cells /wells according to the
treatments conditions) to perfornmed the clonogenic assays. Once the cells
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20 S ATREE Bhiock B e TANTRERo3, el BT AR B hutg 4 o
expuesshsorddr,nNimpaoticulfd calceNUENeRatiHeE S sPRIptéfhs of the disorder, in a
subject or patient, comprising administering to the patient suffering from the disorder
a nanoparticle, a population of nanoparticles or a composition such as defined
hereinabove, in conditions allowing the nanoparticles to interact (be in contact) with
the abnormal cells, in particular cancer cells, and subsequently treating the subject
15 by exposing said subject to ionizing radiations, such irradiation leading to an
alteration, disturbance or functional destruction of the patient's abnormal cells,
thereby preventing or treating a cancer.

Classical cancer management systematically implies the concurrence of
20 multimodality treatments (combination of radiotherapy and chemotherapy for
example).
The herein described nanoparticles submitted to ionizing radiations, in the context of
radiotherapy, can be used in association with a different cancer therapy protocol.
Such a protocol can be selected from the group consisting of surgery, radiosurgery,
25  chemotherapy, a treatment comprising administration of cytostatic(s), cytotoxic(s), a
targeted therapy, a vaccine, and any other biological or inorganic product intended to
treat cancer.
Surprisingly, the herein described nanoparticles can further be used in the context of
radiotherapy alone with increased observed efficacy.
30
The invention can be used to treat any type of malignant tumor such as
haematological tumors or malignancies, and solid tumors, in particular of epithelial,

neuroectodermal or mesenchymal origin. In addition, nanoparticles can be used to



Cell :Au 1:X (nmole) GOLD 15 GCOLD- 30 GCOLD- 60 GCOLD- 80 GCOLD- 105 6
1.6x105 3.6x10-5 GOLD SAMPLES Gold (Au) concentration at cellular |evel

(pM WO 2011/003999 24 PCT/EP2010/059871

treat a premalignant lesion or a specific benign disease where radiation therapy is

classically used and/or indicated.

The invention is applicable, in the context of therapy, to primary tumors, or secondary
5 invasions, loco-regional or distant metastases, and in the context of prophylaxis, in
order to avoid secondary malignant central nervous system involvement such as the
observed invasions (metastasis) from melanoma, lung cancer, kidney cancer, breast

cancer, etc.

10  The nanoparticles can be used at any time throughout the anticancer treatment
period. They can be administered for example as a neoadjuvant (before surgical

intervention for cancer exeresis) or as an adjuvant (after surgery).

The nanoparticles can also be used for advanced tumors which can not be surgically

15  removed.

As herein explained, the irradiation can be applied at any time after administration of
the particles, on one or more occasions, by using any currently available system of
radiotherapy.

20
The nanoparticles herein described are in particular intended to be used to treat
cancer where radiotherapy is a classical treatment. Such cancer may be selected in
particular from the group consisting of skin cancer, including malignant neoplasms
associated to AIDS, melanoma; central nervous system tumors including brain, stem

25  brain, cerebellum, pituitary, spinal canal, eye and orbit; head and neck tumors; lung
cancers; breast cancers; gastrointestinal tumors such as liver and hepatobiliary tract
cancers, colon, rectum and anal cancers, stomach, pancreas, oesophagus cancer;
male genitourinary tumors such as prostate, testis, penis and urethra cancers;
gynecologic tumors such as uterine cervix, endometrium, ovary, fallopian tube,

30 vagina and vulvar cancers; adrenal and retroperitoneal tumors; sarcomas of bone
and soft tissue regardless the localization; lymphoma; myeloma; leukemia; and
pediatric tumors such as Wilm’s tumor, neuroblastoma, central nervous system

tumors, Ewing’s sarcoma, etc.



Gold (Au) concentration per target cell Cell : Au =1 : X (X expressed in
nmole) [Au]l] pM Nunber of Cells per mh Cell :Au 1:X (nnole) GOLD-15 12
1. 3x105 9wbxidf @398 D- 30 17 1.3x105 13,1x10-5 GOLD 60 1@CZ/EPzd10p59878x10-5
GOLD-80 17 2.0x105 8.5x10-5 GOLD- 105

The particles can be activated within a large range of total dose of irradiation.

Amounts and schedules (planning and delivery of irradiations in a single dose, or in

the context of a fractioned or hyperfractioned protocol, etc.) is defined for any

disease/anatomical site/disease stage patient setting/patient age (children, adult,
5  elderly patient), and constitutes the standard of care for any specific situation.

The irradiation can be applied at any time after administration of the nanoparticles,
on one or more occasions, by using any currently available system of radiotherapy.
The nanoparticles can be administered by different routes such as local (intra-
10 tumoral (IT) in particular), subcutaneous, intra venous (IV), intra-dermic, intra-arterial,
airways (inhalation), intra peritoneal, intra muscular and oral route (per os). The
nanoparticles can further be administered in an intracavity such as the virtual cavity

of tumor bed after tumorectomy.

15 Repeated injections or administrations can be performed, when appropriate.

The term "treatment” denotes any action performed to correct abnormal functions, to
prevent diseases, to improve pathological signs, such as in particular a reduction in
the size or growth of an abnormal tissue, in particular of a tumor, a control of said
20  size or growth, a suppression or destruction of abnormal cells or tissues, a slowing of
disease progression, a disease stabilization with delay of cancer progression, a
reduction in the formation of metastases, a regression of a disease or a complete

remission (in the context of cancer for example), etc.

25  As indicated previously, appropriate radiations or sources of ionization are preferably
ionizing radiations and can advantageously be selected from the group consisting of
X-Rays, gamma-Rays, electron beams, ion beams and radioactive isotopes or
radioisotopes emissions. X-Rays is a particularly preferred source of ionization.

30 lonizing radiations are typically of about 2 KeV to about 25 000 KeV, in particular of
about 2 KeV to about 6000 KeV (LINAC source), or of about 2 KeV to about 1500
KeV (such as a cobalt 60 source). Using a X-Rays source, particularly preferred
ionizing radiations are typically of about 50 KeV to about 12 000 KeV, for example of
about 50 KeV to about 6000 KeV.



1. 3x105 13.6x10-5 GOLD SAMPLES CGold (Au) concentration at cellular |evel
(pM CGold (Au) concentration per target cell Cell : Au =1 : X (X expressed
i n nnol e)wo[28ujoopdvb Nurmber of Cells pgr m. Cell :Au = 1lpET(EPOom@)9873\O
2011/ 00399931PCT/ EP2010/ 059871 GOLD- 15020 9. 7x104 20. 7x10-5 GOLD- 30 40
1.8x105 22.6x10-5 GOLD-60 83

In general and in a non-restrictive manner, the following X-Rays can be applied in
different cases to activate the nanoparticles :
- X-Rays of 50 to 150 keV which are particularly efficient for a superficial target
5 tissue;
- X-Rays (ortho voltage) of 200 to 500 keV which can penetrate a tissue
thickness of 6 cm;
- X-Rays (mega voltage) of 1000 keV to 25,000 keV. For example the ionization
of nanoparticles for the treatment of prostate cancer can be carried out via five

10 focused X-Rays with an energy of 15,000 keV.

Radioactive isotopes can alternatively be used as a ionizing radiation source (named

as curietherapy or brachytherapy). In particular, lodine 1'*® (t % =60.1 days),

Palladium Pd'® (t %4 = 17 days), Cesium Cs"" and Iridium Ir'*? can advantageously
15 be used.

Immunoradionuclide (or immunoradiolabelled ligand) can also be used as a ionizing
radiation source in the context of radioimmunotherapy. Suitable radionuclides for
radioimmunotherapy may be, for example, selected from *'I, "**Re, """Lu or Y.

20
Charged particles such as proton beams, ions beams such as carbon, in particular
high energy ion beams, can also be used as a ionizing radiation source and/or

neutron beams.

25 Electron beams may also be used as a ionizing radiation source with energy
comprised between 4 MeV and 25 Mev.

Specific monochromatic irradiation source could be used in order to selectively
generate X-rays with an energy close to or corresponding to the desired X-ray
30 absorption edge of the atom(s) of the metallic nanoparticle.

Preferentially sources of ionizing radiations may be selected from Linear Accelerator
(LINAC), Cobalt 60 and brachytherapy sources.



2.2x105 37.7x10-5 GOLD-80 52 2.1x105 24.9x10-5 GOLD-105 59 1.4x105
43.4x10-5 GOLD SAMPLES Gol d (Au) concentration at cellular level (pM Gold
(Au) concwotoatdosmoper target cell Cell : Au = 1 : X (Xpexrmpesisessin nnol e)
[ Aul pM Nunber of Cells per nL Cell ZAu 1: X (nnol e) GOLD-15 130 1.4x105
92. 0x10-5 GOLD- 30

The term "in combination” indicates that the sought-after effect is obtained when the

cells, tissues or organs of interest, being in contact with the nanoparticles of the

invention, are activated by the defined source. However, it is not necessary for the

particles and Rays to be administered simultaneously, nor according to the same
5  protocol.

The present disclosure further provides kits comprising any one or more of the
herein-described nanoparticles or compositions. Typically, the kit comprises at least
one nanoparticle or population of nanoparticles according to the present invention.
10  Generally, the kit also comprises one or more containers filled with one or more of
the ingredients of the pharmaceutical compositions of the invention. Associated with
such container(s), a labelling notice providing instructions for using the products can
be provided for using the nanoparticles, population of nanoparticles or compositions

according to the present methods.

15
Other aspects and advantages of the invention will become apparent in the following
examples, which are given for purposes of illustration and not by way of limitation.
EXPERIMENTAL SECTION

20

EXAMPLE 1: synthesis and physico-chemical characterisation of gold

nanoparticles with different sizes

Gold nanoparticles are obtained by reduction of gold chloride with sodium citrate in
25 aqueous solution. Protocol was adapted from G. Frens Nature Physical Science 241
(1973) 21.
In a typical experiment, HAuCl4 solution is heated to boiling. Subsequently, sodium
citrate solution is added. The resulting solution is maintained under boiling for an
additional period of 5 minutes.
30 The nanoparticle size is adjusted from 15 up to 105 nm by carefully modifying the
citrate versus gold precursor ratio (cf. Table 1).
The as prepared gold nanoparticles suspensions are then concentrated using an
ultrafiltration device (Amicon stirred cell model 8400 from Millipore) with a 30 kDa

cellulose membrane.
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The resulting suspensions are ultimately filtered through a 0.22 ym cutoff membrane
filter (PES membrane from Millipore) under laminar hood and stored at 4°C.

Gold content is determined by ICP-MS and expressed as [Au] in g/L.

Particle size is determined using Transmission Electronic Microscopy (TEM) by
counting more than 200 particles (Figure 1A), taking the longest nanoparticle
dimension for size measurement. Histograms are established and mean and

standard deviation are reported (Figure 1B).

Table 1:

Samples | Particle size (nm) | Synthesis Structure | [Au] g/L
Citrate HAuCl4

Gold-15 | 15+2 (10) 20 mL 30 mM 500 mL 0.25 mM | CFC 17.86

Gold-30 | 32410 (10) 7.5mL40mM 500 mL 0.25 mM | CFC 16.90

Gold-60 | 60110 (10) 2 mL 85 mM 500 mL 0.25 mM | CFC 4.98

Gold-80 | 80+ 10(10) 1.2mL43mM 200 mL 0.30 mM | CFC 10.67

Gold-105 | 105+25 (10) 1.2mL39mM 200mL 0.33 mM | CFC 5.06

Conclusion

The gold nanoparticles described in Table 1 are all prepared according to the same
synthesis process to ensure the same surface characteristic properties.

The TEM images show that the synthesized gold nanoparticles are all spherical
and/or ovoid in shape.

The TEM electronic diffraction patterns show that all the synthesized gold
nanoparticles present a CFC structure.

Hence, only the size of the gold nanoparticle varies, with a well characterized mean
particle size and a size polydispersity in accordance with prior art.

EXAMPLE 2 : Effect of gold Nanoparticle size on in vitro efficacy (clonogenic

survival assay) when the gold concentration is constant at cellular level.

Protocol
To investigate the enhancement of the radiation response of the gold nanoparticles
(GNPs) which are internalized into the cell or bound to the cell (below expressed as
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shows gol d concentration at ceI lular level (pM [or gold concentration per
5 target wel2biifmsdob : Au = 1 : X (X exgressed i n nnol e) prTiEPRO1dioSdser ent
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assay described below:

HT29 cells were plated at the density of 20 000cells/ cm?. GNPs were added to the

5 medium at various gold concentrations in the uM range. After an incubation time
between 1 hours and 24 hours, the cell surpernatants were removed. Then, the cells
were washed briefly with PBS to remove all GNPs non- attached or non-internalized
into the cells. Inventors next performed cell trypsination and counted the cell number
using Haemocytometer.

10  For each condition, inventors took a sample of 100000 cells/mL up to 220000
cells/mL further analysed for gold concentration by ICP-MS.

Gold (Au) concentration at cellular level (number of gold atoms per volume) is
expressed in uM.
15
This parameter may also be expressed in term of gold (Au) concentration per target
cell as follow:
cell: Au = 1: X (X expressed in nmole)
according to the following calculation:
20 Cell = 1
Gold (Au) concentration (UM ) x 1 (mL)

X (expressed in nmole) =
1000 (mL) x Number of cells per mL

25  The other cells were plated (at the density of 300 up to 1000 cells /wells according to
the treatments conditions) to performed the clonogenic assays. Once the cells were
attached to the plate, they were either non irradiated (sham control), or irradiated
with doses of 2 Gy and 4 Gy using a 200 kVp X-Ray device. The cells were let to
grown to form colonies up to 12 days. Then, the colonies were fixed and stained with

30 crystal violet and counted in order to estimate clonogenic survival fraction (SF) (See
Figures 3A and 3B) by using the following formulae:

Plating efficiency (PE) is the ratio of the number of colonies formed without any
irradiation to the number of seeded cells:

PE= n® of colony formed x 100/ n° of seeded cells



Cell : Au =1 : X (X expressed in nnole) DEF (4 Gy) [Au] pM Nunber of
cells per nL Cell: Aul: X (nnole) GOLD-15 12 1.3x105 9.5x10-5 0.98
GOLD- 30 WwWoloBxbde9e13. 1x10-5 0. 99 GO.E)(—)GO 16 2. 2x105 7. BxT@EP2012/084371

Surviving fraction (SF) represents the level of viable cells after irradiation and is
normalized to the PE of the control:

SF = n° of colonies formed after treatment / (n° of cells seeded * PE)
Dose Enhancement Factor (DEF) is estimated as the ratio of SF (radiation dose

5 alone)/ SF (gold nanoparticles activated with the same radiation dose).

Table 2:
Gold (Au) concentration at cellular level (uM)
GOLD SAMPLES Gold (Au) concentration per target cell
Cell : Au =1 : X (X expressed in nmole)
Number of CeIl:Au
[Au] M Cells per mL R
1:X (nmole)
GOLD-15
GOLD-30
GOLD-60
GOLD-80
GOLD-105 6 1.6x10° 3.6x10°
Gold (Au) concentration at cellular level (uM)
GOLD SAMPLES Gold (Au) concentration per target cell
Cell : Au =1 : X (X expressed in nmole)
Number of CeIl:Au
[Au] M Cells per mL R
1:X (nmole)
GOLD-15 12 1.3x10° 9.5x10
GOLD-30 17 1.3x10° 13.1x10°
GOLD-60 16 2.2x10° 7.3x10°
GOLD-80 17 2.0x10° 8.5x10
GOLD-105 17 1.3x10° 13.6x10°
Gold (Au) concentration at cellular level (uM)
GOLD SAMPLES Gold (Au) concentration per target cell
Cell : Au =1 : X (X expressed in nmole)
Number of CeIl:Au
[Au] UM Cells per mL R
1:X (nmole)




GOLD-80 17 2.0x105 8.5x10-5 0.98 GOLD- 105 17 1.3x105 13.6x10-5 1.35 Table
3A reports the DEF values obtained for a 4 Gy irradiation dose, of the gold
nanopart iwbesiides®pi bed i n exanple 1, Y\/nen gol d concent patrieppoiatosasel | ul ar
| evel is below 20 pM[or corresponding'gold concentration per target cell

I s bel ow 15*10-5 5nnole (Cell : Au 1: 15*10- 5 nnmol e)]. Table 3B: GOLD
SAMPLES concent r t | on el | ar Gojd (Au
concentrat bgll‘([ﬁj)is t anget C | | (\9% Pd—: %g&r es Ded(i n) nnol e) DEF
(4 Gy) | [ AGOMAunber of 4@e| s | 1.8x10 ~22.6x10
GOLD-60 83 2.2x10° 37.7x10°
GOLD-80 52 2.1x10° 24.9x10°
GOLD-105 59 1.4x10° 43.4x10°
Gold (Au) concentration at cellular level (uM)
GOLD SAMPLES Gold (Au) concentration per target cell
Cell : Au =1 : X (X expressed in nmole)
Number of CeIl:Au
[Au] M Cells per mL R
1:X (nmole)
GOLD-15 130 1.4x10° 92.0x10°
GOLD-30 148 1.4x10° 108.3x10°
GOLD-60 95 1.5%x10° 61.9x10°
GOLD-80 119 1.8x10° 65.4x10°
Gold (Au) concentration at cellular level (uM)
GOLD SAMPLES Gold (Au) concentration per target cell
Cell : Au =1 : X (X expressed in nmole)
Number of CeIl:Au
[Au] 1M Cells per mL A
1:X (nmole)
GOLD-15
GOLD-30
GOLD-60 400 2.2x10° 181.8x10°
GOLD-80
GOLD-105

Table 2 shows gold concentration at cellular level (uM) [or gold concentration per
5 target cell (cell : Au = 1 : X (X expressed in nmole))] for different gold (Au)
concentrations incubated with HT29 cancer cells for each gold nanoparticles

synthesized in Example1, Table 1.

Table 3A:
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24. 9x10- 5vd,2681 /068390 105
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Gold (Au) concentration at cellular level (uM)
DEF
GOLD SAMPLES Gold (Au) concentration per target cell (4 Gy)
Cell : Au =1 : X (X expressed in nmole)
Number of cells CeII_: Au
[Au] UM per mL -
1 : X (nmole)
GOLD-15 12 1.3x10° 9.5x107° 0.98
GOLD-30 17 1.3x10° 13.1x10° 0.99
GOLD-60 16 2.2x10° 7.3x107 1.09
GOLD-80 17 2.0x10° 8.5x107 0.98
GOLD-105 17 1.3x10° 13.6x10° 1.35

Table 3A reports the DEF values obtained for a 4 Gy irradiation dose, of the gold
nanoparticles described in example 1, when gold concentration at cellular level is

below 20 uM [or corresponding gold concentration per target cell is below 15107

nmole (Cell : Au <1 : 1510 nmole)].

Table 3B:
Gold (Au) concentration at cellular level (uM)
DEF
GOLD SAMPLES Gold (Au) concentration per target cell (4 Gy)
Cell : Au =1 : X (X expressed in nmole)
Number of cells CeII_: Au
[Au] UM per mL -
1 : X (nmole)
GOLD-15 20 9.7x10% 20.7x107° 0,96
GOLD-30 40 1.8x10° 22.6x10° 1,16
GOLD-60 83 2.2x10° 37.7x107° 1,13
GOLD-80 52 2.1x10° 24 .9x10° 1,63
GOLD-105 59 1.4x10° 43.4x10° 2,59

Table 3B reports the DEF values obtained for a 4 Gy irradiation dose, of the gold
nanoparticles described in example 1, when gold concentration at cellular level is
between 20 uM and 83 uM [or corresponding gold concentration per target cell is

between 20x10™° nmole and 45x10®° nmole (1 : 20x10™° nmole < Cell : Au < 1 :

45x107° nmole)].

Table 3C:




59 1.4x105 43.4x10-5 2,59 Table 3B reports the DEF val ues obtained for a 4

Gy irradiation dose,

when gol dwoaeonciensgeat i on at cel | ul ar
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and 45x10-5 nnole (1 : 20x10-5 nnole Cell Au 1 : 45x10-5 nnol e)] WO
2011/ 0Q399933PCHEP2G16+ 659871 C6o-bD—SAMPLES Gotd(At)—concentrat+omm at
cellular level (pM Gol GdldAuycoesntratibhet cekulat vebfuMel [ Cell @ Au = 1 :
X (X expressed.in nmle) DEF (4 Gy) [Au]l] pM Nunber of cellp meEFnL|Cel | :
Au 1: <%Q|T%%£)MP@D 15 138101ty EBAcentration per target cell (4 Gy)
Cell : Au =1 : X (X expressed in nmole)
Number of cells CeII_: Au
[Au] UM per mL N
1 : X (nmole)
GOLD-15 130 1.4x10° 92.0x10° 1,57
GOLD-30 148 1.4x10° 108.3x10° 1,23
GOLD-60 95 1.5x10° 61.9x10° 1,63
GOLD-80 119 1.8x10° 65.4x10° 3,36

Table 3C reports the DEF values obtained for a 4 Gy irradiation dose, of the gold
nanoparticles described in example 1, when gold concentration at cellular level is
between 95 uyM and 148 uM [or corresponding gold concentration per target cell is
Cell : Au<1:

5 between 60x10™° nmole and 110x10™ nmole (1 : 60x10™ nmole <

110x10° nmole)].

Conclusion

Surprisingly, a threshold in the DEF value is observed for gold nanoparticles with

10 particle size = 80 nm (see Figures 5A and 5B).
EXAMPLE 3: Effect of gold nanoparticle size on in vitro efficacy when the X-
Ray attenuation capacity of each tested gold nanoparticle is constant at
cellular level
15
Protocol: X-Ray attenuation measurement
Gold nanoparticles with different gold concentration (expressed in [Au] g/L) were
prepared in 200 L tubes and placed in a custom-designed polystyrene holder.
MCT was performed using a General Electric Locus pCT system with anode voltage
20  and current of respectively 50 KV and 450 pA.

Scanning was performed using a 90 ym isotropic resolution mode.
A cylindrical small region of interest was carefully placed in the 3D image over the
centre of each tube to measure attenuation values of fluid-filled tubes containing gold
nanoparticles dispersions.

25



92.0x10-5 1,57 GOLD-30 148 1.4x105 108.3x10-5 1,23 GOLD-60 95 1.5x105
61.9x10-5 1,63 GOLD-80 119 1.8x105 65.4x10-5 3,36 Table 3C reports the DEF
val ues obweinadhod®y a 4 Gy irradiation dose, of the gol ecmarepansisei es
described in exanple 1, when gold conééntration at cellular level is

bet ween 95 pM and 148 pM [or correspondi ng gold concentration per target

cel | im@éﬁ@ﬁn 60x10-5 nnole and 110x10-5 nnole (1 : 60x10-5 nnole Cell
Aul : =5-nnol e)]. Concl usi on Surprisingly, a threshold in the
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(see Figures 5A and 5B).

for size comprised bétween 15 nm and 105 nm (see Figure 6A and 6B). This result
confirms the threshold effect on efficacy observed for a nanoparticle size = 80 nm.
5 Such a nanoparticle is able to generate more damages at cellular level for a given

absorbed X-Ray energy (see Figure 4A and 4B).

EXAMPLE 4: Effect of gold nanoparticle localization at cellular level (physical

interaction with tumor cell membranes and/or cell uptake) on in vitro efficacy.
10
HT?29 cells are plated with the appropriate cells number to form between 50 and 200
colonies according to the treatment. When cells are attached, 50 uM, 100uM or 400
MM of gold are added with an incubation time of less than 5 minutes (no incubation)
or 12 hours. Gold nanoparticle with particle size of 60 nm (GOLD-60 from example 1)
15 were tested. Cells were either non irradiated (sham control), or irradiated with doses
of 2 Gy and 4 Gy using a 200 kVp X-Ray device. After irradiation, cells were
incubated between 10 to 12 days at 37 °C. The clones were fixed and stained with

crystal violet and counted to estimate clonogenic survival fraction.

20  Figure 7A shows the surviving fraction at 4 Gy (SF4) of HT29 cells incubated with
gold nanoparticles (GOLD-60 from example 1) for less than 5 minutes, and Figure 7B
shows the surviving fraction at 4 Gy (SF4) of HT29 cells incubated with gold

nanoparticles (GOLD-60 from example 1) for about 12 hours.

25 Table 4:
DEF GOLD-60 50 uM 100 uM 400 uM
4 Gy, incubation time less than 5 mn 0.96 1.25 1.8
4 Gy, incubation time 12 hours 0.88 1 1.5

Table 4 presents the DEF of gold nanoparticle (GOLD-60) for gold concentration of
50 uM, 100 uM and 400 uM, at 4 Gy, for an incubation time of less than 5 mn or of
12 hours.

30
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man of the art) is present on the tumor site (the metallic nanoparticles cell uptake is

not required as demonstrated previously).

20 A significantly smaller amount of metal is required per target cell, when using metallic
nanoparticles with a particle size = 80 nm when compared to the metal amount
required when using metallic nanoparticles with a particle size of about 60 nm, to
produce an efficient therapeutic effect when metallic nanoparticles are exposed to
ionizing radiations (via radiotherapy for example).

25 In order to produce an efficient therapeutic effect under ionizing radiations, the use of
metallic nanoparticles with a nanoparticle size = 80 nm requires a metal
concentration per target cell which is between about 2 and 7 times, in particular
between 4 and 7 times or between 2 and 5 times, inferior to the metal concentration
per target cell required when using metallic nanoparticles with a nanoparticle size of

30 about 60 nm or less.

Such metallic nanoparticles appear advantageous for in vivo uses.
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radi oi sotope em ssions. 7. Use according to claim 6 V\/nerei n the ionizing
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8, \g,her ei Hr’rﬁfr’é QnHﬁlo*%E cff%ét%l eé,etayétv\%ef roma solid tunor. 10. Use

accordl ng to any one of clains 1 rein the pharmaceuti cal

4. Use according to any one of claims 1 to 3, wherein the metallic nanoparticle

comprises a surface component enabling specific targeting of biological tissues or

cells.
20
5. Use according to any one of claims 1 to 4, wherein the metallic nanoparticle is
essentially spherical or ovoid in shape.
6. Use according to any one of claims 1 to 5, wherein said ionizing radiations are
25 selected in the group consisting of X-Rays, y-Rays, electron beams and
radioisotope emissions.
7. Use according to claim 6, wherein the ionizing radiations are of about 50 KeV to
about 12 000 KeV.
30

8. Use according to claim 6, wherein the X-Rays radiations are of about 50 KeV to
6000 KeV.



5conposition further conprises an additional therapeutic conpound, distinct
from popul ation of netallic nanoparticles, intended to treat cancer. 11.
Use accorwldongitmsany one of clains 1 to 10, wherein sai ecmarombiosss7cel | is
a human cell. 10 12. Pharnaceuti cal é%nposition intended to alter or
destroy target cells in a mammal when said cells are exposed to ionizing
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t he nanpyard salidesnwre made of a netal having an atom ¢ nunber 15(Z) of at
| east 25 and the nean | argest size of the nanoparticles of the popul ation
i's between about 80 and 105 nm

10. Use according to any one of claims 1 to 9, wherein the pharmaceutical
5 composition further comprises an additional therapeutic compound, distinct from

population of metallic nanoparticles, intended to treat cancer.

11. Use according to any one of claims 1 to 10, wherein said mammalian cell is a
human cell.
10
12. Pharmaceutical composition intended to alter or destroy target cells in a mammal
when said cells are exposed to ionizing radiations, said pharmaceutical composition
comprising a population of metallic nanoparticles and a pharmaceutically acceptable
excipient, wherein the nanoparticles are made of a metal having an atomic number
15 (Z£) of at least 25 and the mean largest size of the nanoparticles of the population is
between about 80 and 105 nm.



