WO 2012/ 021922PCT/ AU2011/ 001040 1 PARTI CULATE SUBSTANCES COVPRI SI NG CERAM C
PARTI CLES FOR DELI VERY OF BI OMOLECULES FI ELD OF THE | NVENTI ON 5 The
present iweenizyomapel ates to particul ate substances tharctomoiigeicer ani c
particles for delivery of bionolecules and to nethods for making them More
particularly, the invention relates to particul ate substances that conprise
particles of a ceramic matrix bearing a fupnctional group that have

10r el easabl e bi onol ecul es di sposed wi t hi nugores of the particles.
BACKGROUND OF THE | NVENTI ON Use of si RNA and gene therapy represents a

potential major asNRNRRYIATE SUBRTANCESCCOMPRIBING CERANICHFARTBICLES treat a
range of currently non-curabl e di seases such as cystiﬁgéibrosis, sone

cancers, and inmune di sease §GHDELIMERY QF BIQMALECULEPti ple sclerosis

etc. There is however a need to protect siRNA fromenzymatic degradation in
vivo until delivery to the site of action in order to provide effective

t herapy. 20 FIBLD DR JEt INEMRNON her apy is expensive. The major narkets
for such exir:nsive therapies are primarily in the nore devel oped countri es.
The gl obal rket for gene therapy is estimated to be >US$5B. 25Maj or

chal I enges in devel ofihegpresartinventionrslates teparicelate sihstances it compriseect i on

of the active terlal : F'iRIe Welghs ' hve
material to en{%re?%rhg Q%#'gg%qgﬁl S t%gﬂggpene drl%{lfg%j??mtha& ?&%3@2 ease
of the active nehemi Boré particatarignthepsvgrdion relatesHte paytiapatesubs@nsas @ mal
escape); comprise particles of a ceramic matrix bearing a functional group that have

10 releasable biomolecules disposed within pores of the particles.
BACKGROUND OF THE INVENTION

Use of siRNA and gene therapy represents a potential major advance

15 in healthcare. It shows the potential to treat a range of currently non-curable
diseases such as cystic fibrosis, some cancers, and immune disease such

as Type 1 diabetes, multiple sclerosis etc. There is however a need to

protect siRNA from enzymatic degradation in vivo until delivery to the site of

action in order to provide effective therapy.

20
At present, siRNA therapy is expensive. The major markeis for such
expensive therapies are primarily in the more developed countries. The
global market for gene therapy is estimated to be >US$5B.
25 Major challenges in developing siRNA therapy to clinical use include:
- protection of the active material from enzymatic degradation;
« enabling the active material to enter the target cells (good
penetration);
. release of the active material from an encapsulant in the cytoplasm
30 (endosorhal escape);

. ensuring the ability to knock down genes (preferably with efficacy at
nM concentration); and
« achievement of low toxicity (large therapeutic window).



ensuring the ability to knock down genes (preferably with efficacy at nM
concentration); and achievenent of lowtoxicity (large therapeutic

wi ndow) . wideB2l2i4921922PCT/ AU2011/ 001040 2 si RNAs are i rteramdilabessi zed
(about 14kDa, 3nm di aneter, 10nmlength), hydrophilic, strongly negatively
charged nol ecul es. They are both chemi cally and biologically |abile unless
nodi fied to enhance stability. In order ta, 5achieve a clinical effect,

si RNAs nmust be able to cross the ceIIuIarq%enbrane and be present in the
cytoplasm of the target cell popul ation. In the past, viral vectors
have been explored in order to deliver RNA or DNA However these suffer

fromth k of | | t 10, di f
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expl ored. These provide a r

| ud f. | t
i mpl enent at i on @ndnhbigiqgigallyi 'ﬁgll,fr &@iQ%n@oﬁgﬁﬂefbgg@#ﬂi{cg? '"LY gHtﬂé {/2& or,

and exposing th o AiRRAsiNuS bl Ableltd croks tiRaddliufid hgmbraaei ous
syst ens ha\r}g be%ﬁﬁﬁ%s%@c?ogﬁa sér Sg DNA or RNA ontq the surface of

nanoparticl es. Howevaepreshatio tb%ﬁwOQlaSW althedarget eell perUIalIAhdvant age t hat

t he adsor bed bi onol ecule is subject to enzymatic attack prior to delivery
to the site of action, thereby reducing the effectiveness of treatnment. 20
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nanoparticles) have also been explored. These provide a range of problems,
including difficulty in implementation with siRNA, interactions between the
siRNA and the vector, and exposing the siRNA to degradation in vivo. In

16 particular, various systems have been devised for adsorbing DNA or RNA
onto the surface of nanoparticles. However these generally suffer from the
disadvantage that the adsorbed biomolecule is subject to enzymatic attack
prior to delivery to the site of action, thereby reducing the effectiveness of
treatment.

20

While the above discussion relates primarily to siRNA and DNA, the
problems discussed are not limited to siRNA and DNA. They potentially
apply to a wide range of biomolecules, including for example peptides,
proteins and so on, for which intracellular delivery is desired. Thus a solution

25 to these problems may be more widely applicable. The application of the
invention should not therefore be considered limited to siRNA.

Advantageously, the present invention substantially overcomes or at
least ameliorates one or more of the above disadvantages and at least
30 partially satisfies the above need.



Advant ageously, the present invention substantially overcones or at |east
anel i orates one or nore of the above di sadvantages and at |east 30partially
sati sfi eswpherzahmee need. WOR012/021922PCT/ AU2011/ 001040TAUSWIMARY0 OF THE
| NVENTI ON According to one aspect of the invention there is provided
a particul ate substance conprising: 5Sparticles of a ceramc matrix bearing
a functional group, the functional group tgai ng capabl e of pronoting
penetration of the particles into cells; and a bi onol ecul e di sposed within
pores of the particles, the bionolecule being releasable fromthe particles
by di ssol uti on g UMMAREOFTHEMRVENTIONIAs used herein, reference to the
bi onol ecul e being "di sposed wi thin pores of the particles"” is intended to
include within its scope enbodi nents where the ceramic matrix, which
effectively forns SolAdé_omgﬁtté 86 tasples of e hiverBoeatkes iglipeitiedda
throughout or disposed in the pores of the ceramc matrix. This is not
i ntended to i nclpaficulate sybsignse #RBPESNEe bi onpl ecul e is 15attached or bound
to the outeg SurfaCe_p%HféiéEeof%aééréﬁﬁ&ﬁat_rix_bearing@@tﬁ\%’t_@hb ro@b,ee funkienal
possi bly under relatively extrene conditions, the bionolecule is
substantial ly n@iouRbeiag sBpablercd prametinspenediation B theartislay nto,.celife 288 sence
of dissolution of the eramdtidtbddeed wifhid Piesiof B ghrtidigs theBjordlobiae i n.
ecule berng "su

reference to the biono stahtially non-rel easabl e by

| eaching in the teingreieasablaifremdhepadicles by diselifieriof e GReAmHEAITi n i t s
scope | eaching under the proposed conditions of storage and use of the
particul ate substance. Preferably, the functional group interacts with the
bi onol ecul ¢0t 0 subst as usEd herping refatencede Hengjompiecule being f(dispesaghwiphint he

functional group is distri - S| ; 3 j S.
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where the ceramic matrix, which effectively forms solid porous particles, has
biomolecules dispersed throughout or disposed in the pores of the ceramic
matrix. This is not intended to include situations where the biomolecule is

15 attached or bound to the outer surface of the particles.

Generally, other than possibly under relatively extreme conditions, the
biomolecule is substantially non-releasable from the particles by leaching in
the absence of dissolution of the ceramic matrix. In that regard, as used

20 herein, reference to the biomolecule being “substantially non-releasable by
leaching in the absence of dissolution” is intended to include within its scope
leaching under the proposed conditions of storage and use of the particulate
substance. Preferably, the functional group interacts with the biomolecule to
substantially prevent leaching.

25
Preferably, the functional group is distributed homogeneously
throughout the particles.
According to one embodiment of the invention the ceramic matrix
30 bearing a functional group comprises a functionalised silica matrix. However,

a range of metal oxides including mixed metal oxides may be suitable, for
example titania, alumina, zirconia, iron oxide, ceria, zinc oxide, and so on.
The functional group may also be provided either by an organotitatnia or



30 bearing a functional group conprises a functionalised silica matri x.
However, a range of netal oxides including mxed nmetal oxides may be
sui t abl e,wbanigeasrpl e titania, alumina, zirconia, iron exirdapoo@ni@y zinc
oxi de, and so on. The functional group may al so be provided either by an
organotitatnia or WO 2012/021922PCT/ AU2011/ 001040 4 organo-al um na, or by
an organo-silane that will co-condense w th another metal precursor form ng
an organo titania silica or organo-alunino-silica. Further enbodiments wll
be appreciated fromthe discussions relating to preparation of the
ﬁ:;t Lg LS?I whi ch ofédd@ﬂu?ﬁ\a orfbfy a'Fh@rg‘alumsilémmatgn’lbu(p)cohdem with andtherat ri x
se any Qrou at effective not es. pene : -
particles into @%&PEP%PH?SOM%W?JP% an Wgénﬁﬁgar?'ﬂcﬁ rg%{#) %ﬁ"ﬁ'&%ﬂ%ﬁar n a
preferred enmbodipykr bhﬂ)oﬁuﬁ@ﬁts Qﬂﬂl'begémécmmmmraahe ahsomssmualrktymmgntmo
group, a primary al kyl am no nﬁ ;%g econdary al kyl am no group, and
tertiary alkyl arW‘PR?fQ?'%BfthﬁrPaéﬂ' %Wﬁi af? V& group, an al kyl ami de group or
an al kyl amgo acid group. Further embodinents will be appreciated fromthe
di scussions relating to preparation of the Bgrt icl.es which follow. 15The

present invention relThedynetional group;cf the coragle 813l B3y SRFIRISPRYYBroup

bi onol ecul e. In |
D eeue. glltu%legfgfécgl)‘?ﬁomét% pbREtAtIdN STHRY SarLIRS intB el fiur ekample,

origin or natu dh I
The termi nl  ddbisurayinalude Sncaipe GiouR HoRmEEerEshpmPRT TEra e Gt
nmol ecul es inclu T, W@é I
be a 20 macromcg &%ﬁ?or%fﬁ%éggnQ@ars%dcllgﬁérﬁi?\fgcdﬁgf%bﬁga{y ﬂ]gy Igbout m’? ogaggﬁt
1000kDa or 10ror e seconddryaikylaminglgoerp, 200 tertiary glkg@mind grpuppan alkyimigazele

1000, 10 to 1000 0_to 0 0
10 to 20kDn, 0. §OUbod AAMER Jrbd o an kgt deid wrdle. ‘TSR T
16, 17, 18, 19, e’Zﬂ)ocBmfenthO/ylllﬁe apeﬂgcuated framthedlscussmns reiating to preparatlon

of the particles which follow.

15 The present invention relates to a particulate substance comprising a
biomolecule. In this context, the term “biomolecule” may refer to a substance
of a biological origin or nature and having biological activity. The term
includes within its scope a substance comprising one or more molecules
including a mixture of different molecules. The biomolecule may be a

20 macromolecule. It may have a molecular weight of about 1 to about 1000kDa
or more, or about 1 to about 100, 1 to 50, 1 to 20, 1 to 10, 5 to 1000, 10 to
1000, 100 to 1000, 500 to 1000, 5 to 100, 5 to 50, 5 to 20 or 10 to 20kDa,
e.g. about1,2,3,4,5,6,7,8,9 10,11, 12, 13, 14, 15,16, 17, 18, 19, 20,
30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900 or

25 1000kDa. In some instances it may have molecular weight of less than 1kDa
or greater than 1000kDa. It may have a diameter of about 0.5-20 nm, or
about 1 to 20, 2 t0 20, 5t0 20, 10t020,0.5t010,0.5t05,0.5t02,0.5t0 1,
11010, 2t0 10, 110 5, 5to 10 or 10 to 20nm, e.g. about 0.5, 1,2, 3,4, 5, 6,
7,8,9, 10, 15 or 20nm.

30

The biomolecule may be selected depending on the particular
application in question. In order to achieve retention of the biomolecule in
and/or on the particles, it may be negatively charged. This may enable the



90, 100, 200, 300, 400, 500, 600, 700, 800, 900 or 251000kDa. In some

I nstances it may have nol ecul ar weight of |less than | kDa or greater than
1000kDa. wo 20my02in@ge a di aneter of about 0.5-20 nm or abowu2d1101@0, 2 to
20, 5to 20, 10 to 20, 0.5 to 10, 0.5to 5 0.5to0 2, 0.5to 1, 1to 10, 2
to 10, 1 to 5 5 to 10 or 10 to 20nm e.g. about 0.5, 1, 2, 3, 4, 5 6, 7,
8, 9, 10, 15 or 20nm 30 The bi onol ecul e y be sel ected dependi ng on the
particul ar application in question. In orﬁr to achieve retention of the
bi onol ecul e in and/or on the particles, it may be negatively charged. This
may enabl e the biROBR2UIC2DAARPED/ALRRGNAIOJO4P i Hieooeraedaineattis, ®igndoto a

2n an nof unct | oRPIoBBIAATENEgrayR I A elReE i bR IENER R A afdy e "
]?L(r)]g?: eﬁ U: € nmay daaufeitietﬁéw thé bisholewe imay Hdvetoteerdbhetonatitytiatieinabiesd to
onal of C)ulcg)sindoto ftungtign%rl 3Fgucpsncﬁtﬂr1é )c(:éra'?‘nlig %a r%tc'A’lt%ln){atnc\)/relyagrdéc}ditf)or?waéllI)I/y
5 the biomolecule may be sufficiently large (i.e. have a sufficiently large
molecular weight or molecular volume) that it is physically trapped in the
particles. It may be sufficiently large that it is incapable of passing through

the pores of the particles.

10 In certain embodiments the biomolecule may be nucleic acid such as
an RNA, for example an siRNA (small interfering RNA), miRNA (microRNA)
or a ribozyme, an ASODN (antisense nucleotide or antisense RNA), a DNA
molecule, an aptamer, a protein inclusive of polypeptides, peptides,
glycoproteins, lipoproteins, immunoglobulins (e.g antibodies and antibody

15 fragments), a carbohydrate, a lipid or a mixture or adduct of any two or more
of these. In one particular embodiment the biomolecule is an siRNA. The
biomolecule may be indicated for prophylactic or therapeutic treatment of a
disease, disorder or condition.

20 it will be advantageous in some embodiments to bind a surface
treating agent to the surface of the particles. In a preferred embodiment,
polyethylene glycol (PEG) chains are coupled to the surface of the particles.
Alternatively or additionally, a targeting group may be coupled to the surface
of the particles to facilitate targeting of the particles to a target, for example a

25 tumour or particular organ or other target, in use. In certain embodiments,
PEG chains having targeting groups at their distal ends may be coupled to
the particles.

In certain embodiments, it may be preferred that the particles of the

30 particulate substance have a mean particle size of about 0.1 to about 1
micron. However, they may have a mean particle size of about 0.1 to 10
microns, or about0.1t05,0.1t02,0.1t01,0.1t00.5,0.2t0 10,0.5t0 10, 1

to 10, 2 to 10, 5t0 10, 0.2t0 2, 02t0 1,0.2t0 0.5, 05t0 2 0r 0.5 to0 1



5 the bionol ecule may be sufficiently large (i.e. have a sufficiently |arge
nol ecul ar wei ght or nol ecular volune) that it is physically trapped in the
particl eswol201meyobe sufficiently large that it is incapallazefi/passi ng

t hrough the pores of the particles. 10ln certain enbodi nents the

bi onol ecul e may be nucleic acid such as an RNA, for exanple an si RNA (snal
interfering RNA), m RNA (m croRNA) or a.ri%mmynﬁ, an ASODN (anti sense

nucl eotide or antisense RNA), a DNA nol ecul e, an aptaner, a protein

i ncl usi ve of polypeptides, peptides, glycoproteins, |ipoproteins,

i mmunogl obul i ns r(nercm ery.idbodt 69, arz;i 023)t0.4,a01§, 0.650.7r Adyd@, <) 1.5 2, 2.5, 3,

car bohydr at e, p|d r r .adduct of any two or nore of these.

I n one partlculé} %f%ghgléhg @ﬁWF@@ﬁle is an si RNA. The bi onol ecul e
may be indicated for prophylactic or therapeutlc treatment of a disease,

di sorder or condition. 20It wl] be advan;}éa enbodi nts to
bind a surface treat iiM§OREEMPIdIMERts. & Maykedrs rrleﬁgh%tggemaéxsoaq © §lz€
preferred egbodiggpss tmla&id@mlﬁﬁ&rGhyWr ekBinple, qxhﬁawseabeucwm €00riro t he
surface of the particles. Aternatively or addi tjonally, gr oup
may be coupl ed t(8-tmEran) prakow20ita S0Py of abaid 804051 i@?’f\ﬁ 4 @%ng%@tr}?%ng of
the particles tqpshag@eto, dodr sorampl e a 25 tunmour or particular organ or
other target, in use, I'n certain embodi nents, PEG chains having targeting

groups at their distal ends may be coupled to the particles. In certain

embodi ments, 1t may feidisbalihafphtitles! dlfbvecddut! £2 icrdrdcin Sifl fRdy beul at e

subst ance have a nean particle s about 0.1 to about m Cro
However, they na;nshﬁ&idedomﬁacﬁbﬁaﬁd@lhéem H@WQYefaﬁdﬁJQOV@'de?@”l@ trr‘ﬁ")t'F”@Ms or

about 0.1 to 5, boe%tf&égrdéflvéafd?&)a']rgeppraaénﬁ’s QiéwhglganY% 9&1y Qw@af r%g%Q:l 1 t(i
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0.5, 0.6, 0.7, Q 5, 3, 3.5 4, 4.5, 5, 6, 7, 8, 9 or
10 microns. In sé’%@'agﬁr%%apiﬂ%&tﬁm'(ﬁzcte"rgray be preferred that the nmean particle
size 5 be less than about 0.1 mcrons. For exanple, it may be about 20 to
100nm (0.1 cron), about, 20 to . bout
20, 30, 4015"50 60, 7 %iﬁjB'Ps%%Pg%pg%tgﬂﬁ%'s};@%%‘gﬁgpé ed & fereindy bBODC
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proteins el sevx/ne‘?%"?'n‘?']t;%gﬂ%gs';ﬁc’tr\h%vaﬁg%a%%%?ﬁ;n%s:ﬁﬁ%ﬁdsgsﬂ \égr%’é'? és é){t/@érgfr
m crons may be idig®ibosdn. S paticlesanhnhaye laybropd qiaatidle stzepdistmibatiomor @
cells. medium or narrow particle size distribution. The particles may be spherical,
20 or approximately spherical, or may be ovoid or oblate spherical or polyhedral
(having e.g. 8 to about 60 sides) or may be some other shape. They may be

irregular in shape.

The particles may be mesoporous (i.e. <100nm pore size). They may

25 be microporous (i.e. <1.7nm pore size). Preferably, the particles have a
mean pore size of about 1 to about 50nm. For example, the mean pore size

may be about 1 to 20, 1 to 10, 5 to 50, 10 to 50, 20 to 50, 5 to 20, 5to 10 or

10 to 20nm, e.g. about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50nm.

30 The pore structure may comprise interconnected pores, or may
comprise voids joined by relatively small interconnecting channels. The pore
size may be sufficiently small so as to substantially prevent release of the
biomolecule by diffusion from the pores. Alternatively, if the pore size is such



15The particles may be substantially nonodi spersed or there may be sone
aggregation to forma second peak in the particle size distribution curve.
The di st riwbubizanieer ve may be nornmal, Gaussian or sone eCheyu20iigirdsbut i on.
The particles may have a broad particle size distribution or a nmedium or
narrow particle size distribution. The particles may be spherical, 20 or
approxi mately spherical, or nmay be ov0| d &r obl at e spherical or pol yhedral
(having e.g. 8 to about 60 sides) or e sonme ot her shape. They nay be
irregular in shape. The particles may be mesoporous (i.e. <100nm pore

si ze). They may hA5tHRCHIBNIIONAE Vbp escape, Te DdMBREGIESIEg)be E’ét@frﬁdabyy, th e
particles have a nean pore size of about 1 to about 50nm_ For e
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35, 40, 45 or 5 e pore structure may corrprl se I nterconnected pores,
or may conprise pasiicies jnée pells- by rel atively small interconnecting channels.
The pore S|%e may be sufficiently small so as to substantially prevent

rel ease of the bionolecule by diffusion fromthe pores. Alternatively, if
the pore size is sucihe7partiglestmay bavensl lsading efabiomotegite fromeabpuinditecul e

may be retained gy, gbhdag A«L?&%&nﬁdﬂé‘%é&”@b}cw 4D3, Pt bR & t890f q6€S.

The functional droups ma férent’ to those which pronote
penetration of ttbQOpartonﬁl 240 5rard ©e10%, 9. about 1, 2h8. $a9.t6.4), 8s9nHy. Have a
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10% e.g. a&bout than 2% 8rméyb@gr6ate71ha‘312®% 10, 11, 12, 13, 14, 15, 16, 17,
18, 19 or 20% although in sone cases it may be | ess 10than 1% or nay be

greater than 20% In use, the bionolecule is advantageously

rel easabl e by di ssol ut use, thé btdﬂn?oléwlé is@\cﬁrsnmgdeuslszmiehsaibmm/ dissadttioshaofnot
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substantially dﬂﬂérﬂd%chi@ert émh;aéut may bb réleysatlé by aetmluwduyofbne pattieesabl e
when dllutedlnaswtablerelease qi'l_‘
15 by a biological medium wh does not substantially degrade the
biomolecule. It may alternatively be releasable when diluted in a suitable

release liquid.

Generally, the biomolecule is releasable (e.g. substantially completely
20 releasable) over a period of about 0.5 to about 50 hours. For example,
about 0.5 to 20, 0.5to0 10, 0.5t0 5, 0.5 to 2, 1 to 50, 5 to 50, 10 to 50, 1 to
20, 1to 10, 2to 10 or 5 to 10 hours, e.g. about 0.5, 1,2, 3,4,5,6,7, 8, 9,
10, 15, 20, 25, 30, 35, 40, 45 or 50 hours. As the rate of dissolution may be
dependent on the size of the particles, this rate may be adjusted by adjusting

25 the size of the particles as discussed in the following description.

Most advantageously, the biomolecule is protected from degradation

prior to its release from the particles when the particles are exposed to a

degradation agent, e.g. an enzyme, which would otherwise be capable of

30 degrading the biomolecule. That is, the biomolecule is protected from
degradation by the ceramic matrix.



Generally, the bionolecule is releasable (e.g. substantially conpletely 20
rel easabl e) over a period of about 0.5 to about 50 hours. For exanple,
about 0. 5wo@o2M219225 to 10, 0.5 to 5 0.5to 2, 1 to 50pCchHawebMo1dd to 50,
1to 20, Ito 10,2 to 10 or 5 to 10 hours, e.g. about 0.5, 1, 2, 3, 4, 5, 6,
7, 8 9, 10, 15, 20, 25, 30, 35, 40, 45 or 50 hours. As the rate of

di ssol ution nmay be dependent on the size the particles, this rate may be
adj usted by adjusting 25the size of the particles as discussed in the
foll owi ng descri ption. Mbst advant ageously, the bionolecule is

protected from degragatbme dmhbdiments, itss éﬂl@@@&! fhae enpolvengragridonheximgpen t he
particles are exposed to a degradatlon age an g va1| ch . woul d
ot herwi se be caRgsntmay beodisrRrsediindhe pere °gmﬁ [&rgplgs Wfﬁ‘% pidmelggule to

bi onol ecul e is e h or
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er![ ﬁaged t ha]t Polysityylisamine, cd PSSRy %[gérﬂmmﬁﬁ' G’i"s%'tys%épﬁt"?f“ieng’%or es
0 e partgcle f litat d I
_ ?1 ENNEQS ggﬁ?@hggghsggrs o0 facilitate endosomal escape.

Typically t yner C et hyl i nam ne, a polylysine, or a
pol yhi sti di ne or any substance t hat 5prOV|des a proton sponge effect.

Formation of mcro-p In sone enbodi nents, it na

be advant ageous to f%"trﬂn%&?of & >190nm scale. That is, for the g

pur p_osle of this description, particles of greater than 100nm i n nean

particle size. C Hg{,@g t here

I's provided a procesénP8V‘ r@ﬁﬁ‘g@ﬁ%g a’ﬁgigcor?géllws% %al‘i’%tctt‘%ﬁn ecu%é oA

di spersed iM porthe mistdecalef , Treriisl for dmaepsnrmsnmfl thisngescription, particles of
greater than 100nm in mean particle size.

According to another aspect of the invention there is provided a
process for making particles comprising a biomolecule dispersed in pores
15 thereof, said process comprising:
a) combining:
a hydrophobic phase comprising a hydrophobic liquid, a first ceramic
precursor and a surfactant; and
a hydrophilic phase comprising a hydrophilic liquid, a second ceramic
20 precursor and the biomolecule,
so as to form an emulsion comprising droplets of the hydrophilic
phase dispersed in the hydrophobic phase; and
b) agitating the emulsion as the particles form inside the droplets;
wherein the first ceramic precursor comprises a functional group
25 which is capable of promoting penetration of the particles into cells.

As used herein the term “agitating” includes within its scope any form
of agitation, including but not necessarily limited to stirring, shaking, swirling,
sonicating, shearing and so on, and any combination of these.

30

In making the particles, an emulsion is formed by combining a

hydrophobic phase with a hydrophilic phase. This may be a water-in-oil (w/o)



a) conbi ni ng: a hydr ophobi ¢ phase conprising a hydrophobic liquid, a

first ceramc precursor and a surfactant; and a hydrophilic
phase compoieizmgi®2hydrophilic liquid, a second ceram cp@prewmanoand the
bi onol ecul e, so as to forman enul sion conprising droplets of the
hydr ophi |l i ¢ phase di spersed in the hydrophobic phase; and b)

agitating the emulsion as the particles fgyminside the droplets; wherein
the first ceram c precursor conprises a functional group 25which is capable
of prom)tlng penetration of the particles into cells. As used herein

the term "agi t atdmdsioh/iamHIEHtheiHyErdphobk maeemyemtertm obntangiouaphase

I ncl udi ng but not necessarll limted to,stir g shaa 8 IJ\

soni cating, sheandige BYHIOEB"'BHha%ﬁl@pé‘?ﬁ?%\E?ﬁ ‘#ﬁﬂe‘l e Qi %‘H’g‘gg“ %6 %%g

2012/ 021t922PﬁT/ AU2011/ 001040 9 enul sion, in which the hydrophobi c phase
represents the continuous phase and the drophi lic .ph

d: speLst or di scont iThedusirepheic phage H}de%ﬁ tﬂ'%OFﬁH'ngaﬁ%Sba 'gﬁgﬁcthe

ol eophi i ¢ phase,Qkearhé B hbBicphakBa& bérhﬁ‘a Bivi ecsiefactant b
made by COngI ni ﬁ)g tﬁe sur?gﬂg?ant'cv%l ta @ hydr gphoble?hl "fjgltg‘ and ad ing t he

first ceranic pmthuthediydsephedic kﬂlﬂ@ﬁﬁﬁtaﬁé'ﬂgytﬂ? EHASRMGRIEEUTSEF SP ASHBy be
made by combi ni ngalye i)y VeFeREBIP PR, Sor |9rmé¢ b&BYade bwtﬁnmnngoamtmeég the

first ceram c precursor hydrophobic liquid or th

surfactant and tdmmpalmmtmgrttmay&Grmade mmcomhémg the S Cﬁ'iaé'"ﬁP@cHFs%Wh
conduct ed pri or t@eﬁ@ﬂ%h? 4isBnbB nHMW&Pt'rF]\@%&ra%%t%@rtﬂehlédumgomaer Each

conbi ni ng step se’ agl atln e conponents whi ch have been
combi ned. The aditiesei siepsrage pmﬁglabbleccmductadr@loréﬁmmmg\mq hygrgphobic

Sontnrd o £ b gl 8, O op i ehaphed st e
components which have been combmed The ag|tatlon may comprise
stirring, shaking, swirling, sonicating or a combination of these. It may be
sufficient for the components to form a solution. Thus the hydrophobic phase

15 may represent a solution of the first ceramic precursor and the surfactant in

the hydrophobic liquid.
The hydrophobic phase comprises 3 components:

20 Hydrophobic liquid — this may be, for example, a vegetable oil, paraffin
oil, mineral oil or some other suitable hydrophobic liquid. It may comprise a
mixture of hydrophobic components, e.g. a mixture of vegetable oils or a
mixture of vegetable oil and paraffin oil. It is commonly of moderate viscosity,
e.g. about 0.5 to about 1500mPa.s, or about 0.5 to 1000, 0.5 to 500. 0.5 to

25 250, 0.5 to 100, 0.5 to 50, 0.5 to 20, 0.5 to 10, 0.5 t0 5, 0.5 to 1, 1 to 1500,
10 to 1500, 100 to 1500, 250 to 1500, 500 to 1500, 1000 to 1500, 10 to
1000, 10 to 200, 200 to 1000 or 200 to 500mPa.s, e.g. about 0.5, 1, 2, 3,4,
56,7, 89,10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200,
250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300,

30 1400 or 1500mPa.s, or, on some occasions, greater than 1500mPa.s. The
viscosity of the hydrophobic liquid may be used in order to control the particle
size of the particles produced by the process. Thus a more viscous



15may represent a solution of the first ceram c precursor and the
surfactant in the hydrophobic liquid. The hydrophobi c phase conprises 3
conponentwo 28{kedeephobic liquid - this may be, for exawpirauz2a1vwegababl e

oil, paraffin oil, mneral oil or sone other suitable hydrophobic |iquid.
It may conprise a m xture of hydrophobi c conponents, e.g. a m xture of
vegetable oils or a mxture of vegetable q'bl and paraffin oil. It is

commonly of noderate viscosity, e.g. about 0.5 to about 1500nPa.s, or about
0.5 to 1000, 0.5 to 500. 0.5 to 25 250, 0.5 to 100, 0.5 to 50, 0.5 to 20,

0.5 to 10, 0.5 trg,d,'-?bpr{bb&nqmd]wmgbﬁeﬂaﬁ?&ovl&émol50@coa£ﬁydr0pﬂcﬂ9@phﬁd) to
1500, 500 to 1500, 1000 to 1500, 10 to ,1000 00, 200 to 1000 or 200

, 1O to.
to 500nPa.s, e.dgvhighButurnwil geperally provige %’?mﬁ'}efﬂa”@?ﬁe §ize10, 15, 20, 25, 30,
35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450,
500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 30 1400 or 1500nPa.s, or,
on some occasions, griutastant rihis TEAOMEA Syitabis sutfasiaptior suRROTIAG ANAIRG phobi ¢
1quid may be usaQildindLidait iy B ¥oiuble il 8r RiIE WihSthehyBfoprdiciRiuid. ¢! es
produced by the process. us.z nore Vi scous o )
WO2012/ 021922PCTH meg®ela 0on-teric sefastantasianay. beiaguanionie sHiaeast &l it Payr ovi de

a nore viscous hydr gpRahiohi tartti illy Have! i HIB! dr 18084 bisolt fB/idie 2
smal l er particle sIze. ur]lac ant - this may be a suitable surfactant for
supporting a watabout 830i12; 80Ito dfdrSi torl0, letg. rabpub8, 8.0l Ublle 12n13.0k4. i bl e
wi th, the hydrop J I qui . - QH; ol idigay be
an anionic surfa@?ﬁ'ﬁag?c#w(ﬁgbisdg@' g"g{%ﬁ’ ?Pg(%@éﬁ?@'@ﬂmit an?t;gs’lﬁgr%éai/@have
an HLB of apout GTt (scalont bib@-ethylrexyl)t s@fasucdinate)0 Ipants HYTweea®160 e. g.

about 8, 9, 10, 11, 12, 13, 1 I - '

Spag(r) 20 ( Sor HMPHHERAT Igﬁ?'ﬁ?g}]o?s&@%gﬂ'%éé%gﬁpzi%ﬁﬁ% Sutiahee
bi s(2- et hyl hexyl Jorambhiysprvidest &) verpfave( einukiévweenthe) il panticler sgzeaisd
Span(r) 20/ Brij(g;% 35 nrf{inxcg‘i%res. Use of the m xed surfactants conmonly

provi des a very 99N¢EIY, B8dhut the final particle size is generally
unchanged. 15First ceram c precursor - This conmponent includes a functional

Gei 15, “Th gBrtai n’ entigtt RURTSC Pieserscn s FemPRTST e R ol
precursor is capayablobf PrembeRd Ipenetiatoraet it reddiing particksaimts eells. In
electrostatical lger{ari]rg g%%%%%nqlgntg %hg’fu%cr‘.]t?ongll gl%?leegfL{l'\g'firs%()ceramic precursor is
capable of chemically interacting with, for example electrostatically
interacting with, the biomolecule.
20
This component may be for example aminofunctional. Alternatively,
other positively charged groups or groups that may be rendered positively
charged may be used. It may be a compound having at least one amine
group per molecule and being capable of being converted into an
25 aminofunctional ceramic matrix. It may be soluble in the hydrophobic liquid,
or in a mixture (optionally a solution) of the surfactant in the hydrophobic

liquid.

Suitable ceramic precursors include aminofunctional silanes, in

30 particular aminofunctional alkoxysilanes. The alkoxy groups of these silanes
may be for example C1 to C6 alkoxy groups (which may be branched if C3 or
greater), commonly C1 to C4 alkoxy, e.g. methoxy, ethoxy, propoxy,
isopropoxy or butoxy groups. In some cases other hydrolysable groups may



Thi s conponent may be for exanple am nofunctional. Alternatively, other
positively charged groups or groups that may be rendered positively charged
may be usw0.20i1%02mey be a conpound having at | east one arcmRA@dOLPD1EEr

nol ecul e and bei ng capabl e of being converted into an 25 am nofuncti onal
ceramic matrix. It nmay be soluble in the hydrophobic liquid, or in a

m xture (optionally a solution) of the suaiact ant in the hydrophobic

| iquid. Suitable ceram c precursors inclu am nofunctional silanes, in 30
particul ar am nofunctional al koxysilanes. The al koxy groups of these

si lanes may be f%rus@&ag@ %cgoxi/ ketdkimbkendloy &¢PFhé whiisdfungtionaecdraatiched i f
C3 or greater), common to C4 al koxy . et hox et hoxg %u poxy,

i sopropoxy or bMWS@frrBébBquWO%W@”@Q§@§“'B?HQ“H%P%CP|§%L&%I% o gé’rmay

W02012/ 021922PCH a“rH%%@f:QBégépm%ﬂec% thednvehtSrs RBLYNNd tHer d@iie. ardol oxy
etc. The am nofuncti on am c precursor may have nmpre than one am ne

group per nol ecdti@ning-¢pramic grecng;prgcgmnmn gpmﬂ;@eﬂ@mﬂgqs Whigh. arerpiore
nventors have fald gt dh@RbNSuitatlE. bididiobdes CHAH ctrll QbHEsEbAdiAgTON! Y

produce par i cl &5 ch are no at binding suitab
bi onol ecul es t hanondemicoraesarpisrpteciysoisnbach ABINEgrakP 3y dgpsadentlyraen

ani ne group rrayrpg'gl[j]% p%a%gﬁg%hlyydr 1fa rlnr?réﬁérre% 8&%3% e érﬁtbbl Ups dré

preferred precu ne gro ps 'are separate groups,

comonl y short alebwe&e@ yhdinker grotipsasostrhymly nehort eﬂwtang }Thalpﬁoﬁd&ﬂheﬁé
CH2CH2CH2- ol 0 2 S t of.
((:onsi der tha% t fd %// 3@”%9'8&% n@% e%g;r Eaﬁifﬁgp?%{]se Ie%dtgéﬁge hi s
group occut@ in Gmgammmgpmg)cchammgThmlnyaniomacpnﬁiQeluwlaédia d@tqungagféypsuch
as putrescine ( d| n 3-
Vari ous conbi nat"[‘@ﬁgIze &ﬁ%%%ﬂ‘ﬁ@xy?%%g%n@m %c%r%n% -
Bovvever grolulps tdb?iarﬂlhe ﬁdbjhuc%tlldeﬂlgamwtsu’cb ast'pmtaso@er(i\bmwnqum@me;)n may
e potentially t rticular rs co ene
spacers provide (gf%w&%ﬁ}@g‘%m@ﬁ ({‘jh%ké?ﬁhﬁéﬁ\g gﬂﬂ%uﬁ‘lt‘:oj{'&ﬁét'é{%é\ﬁﬁb gé
close to the 5paﬁéd@;@én@fanéh\%rxgl@ﬁelmaﬁaﬁ%@uﬁbfus hpmengraupsdbatrmecmal ly
avai |l abl e products,” making this spacer suitabl

bi omol ecul 85i s differerhi® thq:ﬁugegm qmqggr%pgdm\ég? go{enltlaﬁy {oxie. In ;r)]amcular

20i ncl udes- (2- a”fhe%}ehycir@%ﬁm@rrtﬁavéthylbﬁ@hb@@fspfcanm éé%tﬂa?vce between the
am noet hyl am no) et hyl am nol propyltrineth ox%m | ane

ani noet hyl ani no)qmtﬁ'ﬁygfwﬁ?% h%i@y%‘?qe;ﬁ%\f 8l959 30 théarﬁpacmgs of charges in siRNA

i noet hyl am no) eti}%j ?@Je% QHYéorﬁﬁ\b&qQWXé{ﬁéJaﬁRﬁ p?dHiJctE xhekieg is abacérwo or
nor e t hereof. er

npounds that nay be used as first ceram
precursor i ncl ud%llt@bbdpf egs/when the bd@W@CP!?riﬁanlsﬁMéaﬁ&t%sW@H qrgﬁtgﬁors
al koxysi | angs. GRERRXY! | 8. UARLBMHarhsRRISH! aneimetRspaRE! Uncs{ 2@

al koxysi | anes (e.g. nercap opropyl “tri Xysi | anes cationi c peptides or
car bohydr at es oramlrplethylajn@biettlylam"m pioRyki | anedrig oxXyilaNgr es of 304t wo

glrs(r)m[)g of these amitoe ylaarﬂ%o%rgﬁyl Sui tawlahgwsﬁgnger am cqprecur sg_t[@(z_rray
aminoethylamino)ethylamino]propyl triethoxysilane and mixtures of any two
or more thereof. Other compounds that may be used as the first ceramic
25 precursor include ureapropyl trialkoxysilane, isocyanate functional
alkoxysilanes, carboxylic functional alkoxysilanes, mercaptofunctional
alkoxysilanes (e.g. mercaptopropy! trialkoxysilanes), cationic peptides or
carbohydrates or lipids grafted to alkoxysilanes etc. Mixtures of any two or
more of these, or of any other suitable‘first ceramic precursors, may also be

30 used.

In some cases the first ceramic precursor may be a mixture. It may be
a mixture of silane ceramic precursors. It may additionally comprise one or



30used. WD 2012/021922PCT/ AU2011/ 001040 12 nore non-sil ane ceramc
precursors, for exanple a zirconia precursor, an alum na precursor, or a
titani a pwecurzaie22These may be for exanpl e zirconi um alpkwrivdes/ooad4oim ni um
al koxi des and titani um al koxi des respectively. 5 Commonly the ratio
of surfactant to hydrophobic liquid is about 5 to about 25% w v (i.e. about
5 to about 25 g surfactant to 100ml hydroqgobi c liquid) or about 5 to 20, 5
to 15, 10 to 25, 15 to 25 or 10 to 20% e. . about 5, 10, 15, 20 or 25% 10
Commonly the ratio of the first ceram c precursor to hydrophobic liquid is
about 10 to aboyhorbOfKh-HiRiNeOderamit preleamsioss, forr exdmpit dl fir¢anidPecuisbrt an 200,
10 to 100, 10 to 50, 20 to 1000, 50 .tqQ 1000, 100_to 1000 ZOP to 1000, 500
to 1000, 20 to ZUMINGOPESUERSS, OFR (tANIRPeSEOL oT RS G1aY588¢ S'ﬁﬁﬁﬂfﬂ? e.g.
15about 10, 20, RQdniuRl. afkBxidés, SEmiflm 18Roxid&d. aAE0,titamdm 38Moxides, 400,

450, 500, 600, 700, 800, 900 or 1000ppm The hydrophilic phase may be
a | i pophobi c phdgepeqtivelyay be an aqueous phase. The hydrophilic phase
conprises téree conponents: 20 Hydrophilic liquid - this my be

| i pophobic. It is comonly aqueous, for exanple it may be water, including
pisd 4o

pure water, or an aqézsoiosbitheiralie of surfagjaniita HYERRBPPEIYSSARPYE 4] t 5.
253econd ceram GEAE 2RI (e %Bac;/%tb@% dHROUR 28R KUrfadrit % 408/l hgdrophobic

particularly metasilicate. e silicaté itself 8e.g. by” hydrol ysi s of
a tetraal kyl si | iligaid os aboutdstor2s:, baedbniQ ©rd5d§ite 28 er d0&e 20%, e.g. about 5,
tetraethylorthosh#ﬁga&g% o8, may be a species with formula RSKOR ), OHySi z
where x+y+z=3 (retert {o hérein as an al kylsilicate, generated for
exanpl e by1bydrol ysis of an 30 alkyltrial koxysil ane,

e.g.
met hyl tri met hoxysi |l a ' ' , ,
e e Tony | 2 g A TS e g
sufficiently hydsapbuf10totdimut 1 0@0 pproTda ghyrbasisc opakeulridde 509, Watae200,

sol ubhe- Tt will, P 1587563 88 2d 830ob!"s51d oS08 61520096 1688 BUcRM 1
1000, 20 to 500, 50 to 500, 50 to 200, 200 to 500 or 50 to 200ppm, e.g.
15 about 10, 20, 304, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400,
450, 500, 600, 700, 800, 900 or 1000ppm.

The hydrophilic phase may be a lipophobic phase. It may be an
aqueous phase. The hydrophilic phase comprises three components:

20
Hydrophilic liquid — this may be lipophobic. It is commonly aqueous,
for example it may be water, including pure water, or an aqueous solution. It
may also comprise dissolved salts.
25 Second ceramic precursor — this may be a water soluble silicate,

particularly metasilicate. It may be silicate itself (e.g. by hydrolysis of a
tetraalkylsilicate such as tetramethylorthosilicate or tetraethylorthosilicate), or
may be a species with formula RSi(OR’),OH,Si; where x+y+z=3 (referred to
herein as an alkylsilicate, generated for example by hydrolysis of an
30 alkyltrialkoxysilane, e.g. methyltrimethoxysilane or ethyltrimethoxysilane). In
the case of an alkylsilicate, the alkyl group R should be sufficiently small or
sufficiently hydrophilic that the second ceramic precursor is water soluble. It
will be understood that this may be achieved for example with small R



W02012/ 021922PCT/ AU2011/ 001040 13 groups such as nethyl or ethyl, or with

| arger R groups having hydrophilic or polar substituents such as hydroxyl,
nitro, swvphatxzie|tc. The second ceram c precursor may per/Aiawanpl e,
waterglass. 5 Waterglass is an oligoneric or polyneric silicate materi al
having enpirical fornula about Na2Si O3, with varying degrees of hydration,
comonly in aqueous solution. The watergl qgs may have a solids content of
about 1 to about 20% or about 1 to 10, 5, 1to 2, 2to 20, 5to 20, 10
to 20, 2t010 2to5 or 5to 10% eg about 1, 2, 3, 4, 5, 6, 7, 8, 9,

10, 11, 12, 13, gldupslsuch aktnéthyl driethyl Sor with IQfg&@P/groﬂibsbamaghhdmehmbout 25
to about 30% SI I"i ca and about X to about  20% f%lflru?rtré@{drom de in water. It

may be diluted Bplaf suRstityenisrsughashyarom Sty fn water, or about
1:2 to 1:5 1:5to 1:10 or 1:3 to 1:8, e.g. about 1:2, 1:3, 1 4 1:5, 1:6,

1:7, 1:8, 1:9 or 1:10. 15The second ceram c precursor r¥1 %e
titani um aI koxi de (e.The e89964i eRIAMIC RFREWSY HRY RS fak examp d”aatﬁ@@%rt

but oxi de) an WB%IQ% @f?ﬂ g@%rﬁﬁn@ér ﬁolfﬂnéﬁ@@ihh‘ﬁie&hb@ﬂa@ﬁaﬂhg @mpiddi ed

nmet al al kOXI de (e.g acet acetone or acetic aci d). It could
al so be a nixed fqmmla @bdubﬂai&lod tWItfbuarorlrm degrees A dimdeatiopetcRManly iNj ke

magnest um sal t . leBARHAbA e walerdfdat Wiy Nl & sblad Sorfeftbraanes

silicate, alumn05| |caean r0|sedS|I|con

re

al koxi de. abloart ﬁé%ondabmrtdrtodopﬂé@ﬁrlatsﬂ ralP %ﬁ@ﬁpl@e@%@ Znioct0.
colloid, for ex I I cer ok ho h

particle di anmet gF§é+ 3\9/ 8r§nalb0891 ?ﬁ/%goﬁ? ACFO@ gg ' 1@)13 Wn‘r?]@or
from about 16 to HHAT 180n91mr2(f%oﬂihlabnay have @b2ot B5tto ab@Ut §O°/<t slicnapd to 50

i anet er but optAtSHbiT Y SHSHATE Sap et P ARERTD BETP Rk BE RIS 8 €
25, 30, 35, 40, fééto@bfé@dilm1 36 about 1:1inseater, cagbsut h@ tedciridd tet dRia
C oy conpr et 1B frdout 52 it FhoTTe Tl i 8518 e 511 o
W02012/ 021922PCT/ AU2011/ 001040
15 The second ceramic precursor may also be a titanium alkoxide (e.g.
ethoxide, n and iso propoxide, n, sec and tert butoxide) or an aluminium
alkoxide or a zirconium alkoxide or a modified metal alkoxide (e.g. modified
with acetyl acetone or acetic acid). It could also be a mixed metal alkoxide. it
could also be another metal salt like magnesium salt, zirconiuim salt, or
20 aluminium salt to form magnesium silicate, alumino-silicate and so on. It may
be a prehydrolised silicon alkoxide.

The second ceramic precursor may comprise a ceramic colloid, for
example colloidal silica. The ceramic colloid may have a particle diameter
25 below 50nm, or below about 40, 30, 20 or 10nm, or from about 5 to about
50nm or from about 5 to 20, 5 to 10, 10 to 50, 20 to 50 or 10 to 20nm. It may
have a particle diameter (commonly mean particle diameter but optionally
maximum particle diameter) of about 5, 10, 15, 20, 25, 30, 35, 40, 45 or

50nm.

30
In some cases the second ceramic precursor may comprise a

combination of two or more of the above options, e.g. it may comprise a
mixture of a water silicate with colicidal silica.



14 Bi onol ecul e - various options for the bionolecule are recited
above. As noted, this nmay be negatively charged or may be neutrally
charged. wo 20y02lb@2sufficiently negatively charged to becatAuzaoimd4b o,
optionally bound to, 5 the functional group of the particles (derived from
the first ceramc precursor). It may be, or may conprise, an RNA e.g. an
SiRNA (small interfering RNA), m RNA (m CE‘QRNA), ASODN (anti sense

nucl eoti de or antisense RNA), an aptaner, a DNA, a protein, a glycoprotein,
a polypeptide, a carbohydrate or a m xture or adduct of any two or nore of

t hese. 10 Addi tionally a pol yner or corrpl exi ng agent coul d be added
such that it is dispgsed within the por.es rt| es W

bi onol ecul e to facil iHYPEIEEH OSWUS@QEQB%%W%P‘BEM'%F greﬂgpmab%vgm d be

a pol yet hyl i nam/xsenotedpm|yh)a13ﬁ wne@étwelypawbe@udméyeb@rneafmu;sumgeacn t hat
15pl‘OVI des a pr ot on sponge

yd |
acidic. It may Hﬁ%\éb%ts‘#yﬂqcﬁ@ﬂbﬂﬁgﬁé’ekw@afﬂeqtﬁ@equr'g teleé %RF @%‘V@EH&E’% (or

of 'its conjggat Eihé‘Cfu‘f'lcilénél h@ro% r 8fTithe pﬁﬁ'ﬁé!é§0(dérx$e@ P&%etheﬁ‘ f@st @6ramic
am nof unctional ceramc or). The hydrophili c hase @( have a pH

| ess than about PI@ClHSOR)r I@Q% tha?ﬁ ‘raap gompmiseg angRNA 963 an §'R amallgr 4,
bet b t 5 d 10,9
or between abou g@gﬂglﬁm,ﬁ ﬁ@@ﬂ (ﬁﬂ%r%g{\?pggwsd@Nt (an%séfmat %chéon&’e@a

and 4,7 and 4,9 an out , 4 to
5 or 3.5 to 4 5antisgnseBNAY, ) agamer,.a D¥AS prteis, %9|W°%°t325@@9{¥9ﬁp§ﬂq,

preparing the hyadEQ'BBh%dr%}oeD&afﬁ'n ﬁ%ﬁ&{%@?t}éﬁywd}w of8f thBse second

ceram c precursor are e 'second ceram c precursor is
di ssol ved #@d the hydrophilic Iiquid. The process may subsequently conprise

ad uot 109 e, PH1 0, A RdIR Mgk lnd P pBivgidiin 4 copkt g Ristthsel, (o1
pH | ess than abadtis disposed asithin Hiae m:bemtuf Bhe qrarlicles wntmatheabmmolasulartq
addi ng the bio ule so,as t for hj Li c le, in
the event that nﬁﬁ%'fz@e%oﬁﬂde%? gk% lg‘?g%@pv\g‘t er%@%éporc 50 BEM
WO2012/ 021922PCT¢MWHHa6ﬁ&@4§) p’kﬂylymmé oodal palyhistidine tdni anyc sutvstange thatul t s

in a basic_ solution. The cess erefore conprise acidifying this
sol ution. ARi di f‘?re\él'fj?ﬁﬁ R{E&nbcé)o@gﬁ\%fﬁf;gnt |y achi eved by exposing the

solution to 5 a cation exchange resin wherein, before said exposi ng, the
resinisinits acid rotonagted) form The ex i ni ng
the resin and the solv{]% M’O%B‘ﬂq %ﬂ?&ﬂ’!}%&‘? ?8@9&8 Pt F%"fﬁ?‘if"?@b and
then separating dfige ﬁ.e%érafrn@merchﬁsoacarcbf fts ednjagétetao«mﬂhe cgrarhig pfedurscm i on,
decanting, centrifugation etc. or jt {Tag/ rise a.Fs n q_‘e S% ution
t hrough a bed ofisAkaseeR gnan mﬁmg\ofunctlona ramucng)recursog he h)%rop ilicphase
20 may have a pH less than about 10.5, or less than about 10, 9, 8,7,6, 5.5, 5,

4.5 or 4, or between about 3 and 10.5, 5and 10.5, 7 and 10.5, 9 and 10.5, 7

and 10,9and 4,7and4,9and7,5and 7,3 and 6, orabout3to 5,3t0 4, 4

to6,4to50r3.5t04.5 e.g. about3, 3.5 4,45, 5, 550r6.

25 Commonly in preparing the hydrophilic phase the hydrophilic liquid
and the second ceramic precursor are combined, optionally the second
ceramic precursor is dissolved in the hydrophilic liquid. The process may
subsequently comprise adjusting the pH to a pH below the pK, of the first
ceramic precursor, for example a pH less than about 10.5, or to an acidic pH,

30 for example to a pH less than about 7, or less than about 5, or less than
about 4, and adding the biomolecule so as to form the hydrophilic phase. For
example, in the event that the second ceramic precursor is waterglass or



10 ratio of resin to second ceram c precursor may be such that the desired
pH (as described above) is achieved. Alternatively the second ceramc
precur sorworyi12nei1eei di fi ed by addition of an aci di fyi ngragante(1@og40an
acid) or of a suitable buffer. 15Commonly the bionolecule will be added to
the acidified solution shortly before the hydrophilic phase and the

hydr ophobi ¢ phase are conbined. It may be gdded i medi ately before they are
conbined. It may be added | ess than about m nut es before they are

conbi ned, or |ess than about 1 mnute, or |ess than about 50, 40, 30, 20,

15 or 10 Second%oﬂcﬁﬁé’l@hcaZ%lé b@mmw i ired basicgsolutlomuThé prddiss kbay 20,

25, 30, 40, 50, 60 80 110 120 seconds before they are

combi ned. This r”é%l'@f%g °Pﬁ‘é’”§6§§ldﬂfV'I"9tt9'S(§Pﬂﬁ'89erse chenical reactions of the
bi onol ecul e occurring. The bionol ecule may be present in the hydrophilic

hase in sufficient quantity to achi eve the desired | oadi.n e final
Barti cles. A typical %@&’f&éﬂgﬁ gayhe @Pvefﬁsnt!ﬁ‘iﬁ%iﬂ é&vgxpﬂs'?ﬁwwhﬂeﬁﬁ% ic
phase is abput 13éa@oﬁ%%ﬁar?%‘?@%ﬂwhé?énna@@ﬁ&eéau&@xéosq tRe AdirPi6 irkits aci®, €. 0.

about 1, 2, 3, The bi ompl ecul e may be added to
the conbi ned hydp@mnate@)fprrquﬂm@mm rpay 8AMErise eemPEHIJ the resiB angdithe of a

sol ution. The sqly dpﬂla hégﬁo,{ahg%ﬁoéﬁvt#ih@r}émﬂ% %d&%ré“a?ﬁ' #ER s \é'hé*bt’hBQhe

hydrophilic |iqui he sanme™ as 30t hydr o
The bi onol ecul e resip ftoe thirlacidifind aqlwgog{eggobutf it(ﬂilon decantmg, centnfugatlon

W012/ 021922 chﬁﬁg%{? \%%%é’ns]eﬁéﬁ%f& thé Ebf&ﬁon ﬁnebgﬂa bed W frld r@glnaﬁﬂe

soni cating. An he emul si on | prepare t
hydr ophobi t0 phaseti@ef mssctoi steedndlbemmame@mmrenay be such thatthe éﬁ%tﬁﬁ’sPH

Shase. | ho. hydr GBhAFTEsH 0 FES ARk ARerrUhY W bSonk cEraRt bRl
bi onol ecul e Wi t Iméheecavidified Oy sridition Qfeammnmfpmgcagmf(eananmn Jophef ac
liquid (e.g. acidi f@ g)dﬁgueous wat er gl ass solution), and the resulting

hydr ophi i ¢ phasditd & as quickly as practicable to the sonicated,
stirred hydrophobi c phase whil e maintaini ng t he sonication. Sonication my

be contlnued for a short ti foIIo dd|t| 0
about 120 130 secondg:oeroa Wl?cg‘t? Wb 8“90&?%%@@8&%8&&8%120
20 to 60 or 20 tghoftly %@f&@dﬁhe ﬂydlrop&hlieuphé% aaﬂ th’isO hyéfhphﬁbl,c ﬁBaseQQarer 120

seconds. The soni cat S CO tur ras d so
as to prevent O\F:Q"I*félﬁ?‘?r‘éfnﬂy b?ﬁggﬁﬁméﬁaﬁgelééewr%&@y ﬁéed?(!?JrIH '"8819] %g?’hg
exanpl e adver selgydalyfigsd thdicabob D hhsutes beﬁs?reltﬁéy lafd compinesl, oo neliscthad at a
power of about 15 200 to 2000W or about_ 2 8e21Q(; 2 0 to goggg}oo
2000, 1000 to 2t §a0inute, 90&?36?3’6690%"&%6%\/\? 1590 400,
500, 600, 2 6 r Qm)\m gbego,ati o
of hydropho |c pﬂggg%)emngmropﬁ% ?ge‘gl%g? rﬁ Qgezsé?gg?glsog 20 Ot%Ut 50

(i.e. about 10: 1100 HHbart 180 ggconds hafes thﬁy ag gombingd; Jhigpre l{?eﬁ 80, 20
to 50 30 to 50, %gt?tﬂﬁYéPad\?&%é h @c%T rezetibfs 35trhe%n&no@églétoo1egmr%5¢h30, 25,

30, 35, 40, 4500r e su |C|ent for lar ratio of first
ceram ¢ precur sdriomolecRie meybﬁ@rmm the pydraphdisphase rsuffigant guantitydoabout

20 ol % or abouézcr}g) \,%2618 éj?e%u«ta& |% rigo%n tﬁigﬁ’iagaamélgtsOA%gplcélQohee@tQatloQ\ af to

10, 0.2 to 5, O . about
0.5, 1, 1.35 2, WompleRuleSinthe ttydraplahcghas;e |s7abogt1g)abmm@mg/rmgorq!gputm 15,

16, 17, 18, 19 % %nggr)nég)]r n@tl on% é{tgcml 1t QatS hhg élfsé %;gp an@/rﬁf gGar Sor

is, or conprises, ane, the'frati
biomolecule may be added to the combined hydrophlhc liquid/second

ceramic precursor in the form of a solution. The solvent for this solution
should be miscible with the hydrophilic liquid, and is commonly the same as
30 the hydrophilic liquid. The biomolecule may be added in aqueous solution.

ui d.

In forming the emulsion, the hydrophobic and hydrophilic phases are
combined, optionally with agitation. The agitation may comprise one or more



30 first ceram c precursor to second ceram c precursor nmay be varied in
order to vary the charge on the particles. Thus if the anount is |ow (e.g.
about 1 mwb%nraladkve to second ceranic precursor), thepparAuzeii@siosnl | be
approxi mately neutral charge, whereas if the anmount is higher (around 10
W02012/ 021922PCT/ AU2011/ 001040 17 nol %9 they will be positively charged. If
no am nofunctional silane is added (or ve ¥ | ow anmounts, e.g. |less than
about 0.5 nol% the particles may be negatively charged. 5In the emul sion
prepared as descri bed above, the droplets of the hydrophilic phase may have
g ”832 ?l)arln‘f‘tgr o@fstlﬁP@U%thlﬂgEﬁrvlﬂih@téndlﬁorﬁ\’bﬂmyl%n eﬁfedbeuﬂayOtolm'aheSheO 1to
0 o 10, 2
to 2, 0.2 t&mulsigngsitg pyegarepthe NﬂszPB‘Pb'G) P%‘aﬁﬁ 38 H?%‘f’i?ﬁdlgb%}’e D
g 2, 0.3, %uﬁ;ec@ﬁﬁ:sn@ruﬁanéb&sti@nﬁg afd &mldatlné I@pre%aralloﬁ,for&ddltibﬂﬁ 5 4,

6 7, 8, m Ccrons

wei ght aver age dthr@phlll¢ RBasgh. J}S‘Ieé’[yngW'odﬁ‘@Gb%MHtW%‘P?rﬁd% Hﬂ’i’ﬂgé sed or

there may bg sonp %%cﬁ é@ﬁh{ Jo%tm\é’d%%@e & pretutdiR adld BiyddopHiic on
curve. The dropl e ave a road particle s%‘g gl sturl bStIO% ﬂg? a: medi u

or narrow parti dilqelds |(E€ cﬂ%d'ﬁ@@@qmuslwatefg'assl$°‘P§°’1)hcﬁ5\j*htt € HEBUlting
particles form i &éﬁw Jbﬁha‘l Whdded 2V qua&ﬁéélgiédcﬂeamétéfrféé‘dnio%ttecﬁ@drréacond

0.2
0.1,
4.5,

ceramc precurso g 'con ensatlon recursors to formthe
particles is coﬂmird»ghobﬁr pha&epwﬂnle mhaintaiRiog rige M'@@@Bn%ﬁ“cam M3k BRact i on

may be a reacti olhnghh Dot t Iod the-ac ditidie¥. 3 Gﬂ fto %JWQOO' ysis
of the first cergﬁ‘lg% G238 serve at first

gle: g(r:rllc prégur Zweclosdamrrabbunw tcoﬁthOdncBQ 20&@!6@@ 6Q)t0t1"%0 R?d@@@fﬂflziodophase
par 1l 25 | o pr ALREEATES, 8 AuR 01 28 p0GATT ROPBOPR0 B IR eAaHIE e e
may be stirred agoniddtiagvusé semagirthatieded off afterfa suitabie pen@d sorasﬂ@rnfawmn of

th ticl h

onciron CThe papergainoa R srpfisidrl $kn o Raling ol BTor SERfHE i erBY t e
E grrggr at1 3 r '?o gSQfole(r)c@qm bbmg%anilgsaommtlomhmay blaOccmduatmmt a8poreonf abeutt 10
to 20 or 285to 22}@toez%é).oe\zt%@poﬁgd%ﬁ%ggfg%%oﬁf%géétc%?Oﬁgoéét%g% lct ed

?2 r ?m t Iegﬁeg ?t ;JL gsdmdo?chm e;wlatsui?w,i%g. AlsoN @08t B0® 4000, 60@, 800 TODe8W.e. The
articles may ta 1 bout 120 m nutes, although
the combi ned pha 1008 3800 /1 d@@g%ﬁﬁbﬁ%ﬁ)@ﬁom 18 . "

The ratio of hydrophobic phase to hydrophilic phase may be about 10
20 to about 50 (i.e. about 10:1 to about 50:1), or about 10 to 40, 10 to 30,10to
20, 20 to 50, 30 to 50, 40 to 50, 20 to 40 or 25 to 25, e.g. about 10, 15, 20,

25, 30, 35, 40, 45 or 50.

It may be sufficient for the molar ratio of first ceramic precursor to
25 second ceramic precursor to be about 0.2 to about 20 mol%, or about 0.5 to.
20, 1 t0 20, 2 to 20, 5t0 20, 10t0 20, 0.2t0 10,0.2t05,02t02,0.2t0 1, 1
to 10, 1to 50r5t0 10, e.g. about 0.5, 1,1.5,2,2.5,3,3.5,4,45,5,6,7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 mol%. In the event that the first
ceramic precursor is, or comprises, an aminofunctional silane, the ratio of
30 first ceramic precursor to second ceramic precursor may be varied in order to
vary the charge on the particles. Thus if the amount is low (e.g. about 1
mol% relative to second ceramic precursor), the particles will be
approximately neutral charge, whereas if the amount is higher (around 10



may be stirred or otherw se agitated for longer than this if desired.
Suitable tinmes are about 10 to 100, 10 to 60, 10 to 30, 20 to 120, 30 to
120, 60 twoBf/02822t0 90 or 45 to 75 minutes, e.g. aboutrciAu2dfh/o0dy 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115

or 120 mnutes. 5 Once the particles have for med, they may be surface
functionalised. This may be achieved in sgz .e. W thout separation or
isolation of the particles. It nmay conpri addl ng a surface treating agent

to the enulsion followng formation of the particles so as to surface treat

the particles. THa%)MeWIdREdsitvely medsatm@anmumomapﬁ@pbas added i . e

addi ng polyethylene glycol chains to t he, sur f ce treating
agent rmay conpr i(@EVELY ¥ FEIGUAt %1fed-d P%E\an@i@eﬁﬁﬁw CIES MA%PRdi ng

group. The PEG g¢ja @bﬁve’lﬂf é}?\ég a nol ecul ar wei ght of about Ito about 20kDa,

or about 1 to 10, to 5, to 2, 2to 20, 5to 20, 10 to 20, 2to 10, 2 to

5o0or 5to 10kDa e.g. 15 about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,

14, 15, 16, 18, IP4¥ e m}%}@n g-lr rQB ngdl E'&dﬂlb@&l%timé ff a@roplets of the
surtac

trial koxysﬁane i.e. the treating agent nmay be a trial koxysilyl

PEG. Suitable alHydsqphg:copiwel mwwyenetrnm d'aﬂ"ﬁ@k @bogt Bploig abeyth &0
hydrol ysabl e si 'r%c{?g{ g{ﬁpgb#ﬁé ﬁﬂgf%"ggfgtog%dktoei 9)1}6 BCGtz%Mo @rsgenorm

trlenoloxy, triam e1part|c

functionalised Wy 10e&ctoi HY 5 bee 18uP2atoe2 v 2Hoal , ES o &5, oQ ﬁép 2591 P dbloet

nol ecul e) havin a_func gqr t C it t4h 4t t he
surface or amn 'afocﬂj%sd aﬁ’@gt org’tbgg ??s‘l"dfgg ég gt7 tbﬁstrao\égur“f z;cé;(%ofg-%@;
particl es. 16For exfml4e5,5, GaVbBDQ/d)r fumigrons dihePRean mayhsca nUREr a¥erageént nay

be used to forman_am demafvﬁ'@é ﬁa‘}ﬁ?%? Iﬁegroqg@g Or}néhebé)aéﬁﬁds%lﬂ%ll or the

25 surface ani né gPofffed (evg orMa i On ot succ i ni dyl
groups or i sot hiaéysdigersed ortpeje madbeisemawemnqmtbrfom setentpeakial PEG

e S5 Rt g Tl A £ A 0

rather will gr afdlstﬂbutrﬁifbﬂa/nwmﬁmnbhﬁaﬁruwf;farﬂ!clefsuzbrmstpbumomI es. A range of
functional PEGs is comrercially avail able which are suitable for this

grafting, for exanpl e i sot hi ocyanat e- nodi fi ed PEG and

W02012/ 021922PCT/ AU2Qﬂ«é&mib%@nalﬂwerwrb@wmmnémedweCtEGplermbyaimtemattiodxm h
produce am de bonds when reacted with am nes rfac

particles. Subsdhadritasdseeend $eIARYG RISSHISOL |T8‘ﬁ coggansqgg@yfg\plpéﬁcurﬁwsor der
to 5 funct i onalpems i SAMERS & GImiloRNRTY TaiETmillsbohss o secordshThe

adequate in basic con ions. In basic conditions the flr?t cer am
precursor (e.g. iaieragtionovpy e ggactionslt may be a condensation. It may compnse

am noet hyl ggi ”Oﬂwwké.& oPlHAGIY e é’rﬂﬁ)pr@@ﬁ{rsbf‘ It%@%é’eﬁ%e%d&ﬁé’ﬁﬂth@lf fstct |y

to the second cera precursor g‘ wat ergl ass or collo lica). In

some cases the pieramia precussor tsmmlnp netioral ainsi inaddediathe Wdfqmlcm@%f t he
[1rst ceramec Prafhsdapid gbréﬁ&ho%ﬁggs; tﬁan%m&mdnadflsmémgmdmison of

particles (made u condrtion be subsequently acidified. This
may serve to propreventatlt achnent of the bi om)l ecule to the particles if the
bi onol ecul e i s negatively charged. If the particles are subsequently
surface treated, the acidification may be conducted before or

25 The combined hydrophilic and hydrophobic phases may be stirred or

otherwise agitated for sufficient time for formation of the particles. This may
depend at least in part on the temperature of the reaction. The particle
formation may be conducted at any suitable temperature, e.g. room
temperature, or about 10 to about 35°C, or about 10 to 30, 10 to 25, 10 to
30 20, 15 to 35, 20 to 35, 25 to 35, 15 to 30, 15 to 20 or 20 to 25°C, e.g. about
15, 20, 25, 30 or 35°C. It may be conducted at a temperature below the
denaturation temperature of the biomolecule. The formation of the particles
may take about 10 to about 120 minutes, although the combined phases



15 during subsequent surface treatnent so as to facilitate PEG sil ane
attachnment. Wthout the presence of positive charges on the particles,

rel ease oWotbe/diswrol ecul e nay be very rapid (of the oraer/sabonioouises)
unless it is sufficiently large to prevent its escape through the pores of
the particles. 20In sone cases the surface treating agent may conprise a
targeting group for targeting a target in patient. For exanple, the
surface treating agent nay conprise a tri gﬁkoxysi | yl - PEG havi ng t he
targeting group at the distal end of the PEG i.e. it may have the

structure trial koxysé ke 5L MEAMEE AGitated8sr onher thanh geib iftisiree. Soitabdxanpl e
a tunour or a parti cul ar

| 25 organ or sone qther tar et.”é'ﬁe t 6986i ng
group may for edXERs aremrbat 1810180y 03P & 181Pidhed? tg_ﬂé—’& tto(@.g. & Fab) .
Exanpl es of sui t@'g', ﬁg?ﬁgggguegn% ?S%Hﬁtés”é!d:‘%o@t”io,111‘592@.525,@@9135.(1@, 45,

cyt oki nes, pepti ri X proteins,

, cell-surface receptors,
proteins i nvol véd, BB, 8165, 18né8.i &h 85p P8t 83.nP0, 408 VY Tk ¥el20 ’Pg‘é‘g‘ﬁni tion,
proteins i nyol ved in cell notility, 30 proteins involved in cell
recruitnment; proteins involved in cell differentiation, proteins jnvolved
in di sease recogniti @ncelthelpagictas haveformed they men e surtase Supgtionalisedhar i n
and rel ated sub [ Gl | Yo AGLI 8 il igslighghéut not
i ted ot hosd TniEaY PaI FErfilefn’ 2 el WL 3BRaGBARY fsatulond
WO2012/ 021922PChatides 1f fay@onmtdel ddgingls sofface jreating agewirtotthe eapdsian

cl asses, fragnents af an I oy E¢ L any
menber of the a38®%w'89 g%%éag",aﬂ})og\m%Fgéﬁﬁg’?@v%sﬁg%%jﬁ%?{ea&n?ﬁbgﬂgﬁghga?he
affinity of0f unaurfase dlinatipnalisativer maly bheha BEGytationals eeaddisghrglyetbylene

I I i ght  bi I I h . j
Loxi e, “neur ot @b enane todfie SHFed” T LpfaEB g derf ey odthpise 2 |
transmtters, piggpsthfend giycdsPEG)Ichain anupledgamdsndinggedp. The £EG chain

catabolites, etc. The surface treati e e ' t te the
Suspensi on of - T0pHRYS reder et Weoh g BEFEn BRIt RE L S ko
co_nsluct:)lt edt sui t ?bcb%,ﬁ{t toag,ozuf@lza,_nbit@ms), p?rrg:aoambmo,e ©.5 by Sstbi‘rOrkDagef.g)tr 24
suitable tinme to achi eve reaction. r

hours, or ABout @Q%H%:,?’»S‘»tso g% 92%0181233 i%nf%@ﬁ%ﬁﬁgbtﬁgégzﬂgﬁérjs
e.g. about 8, _12Théfi)Ir?cf?n?brolﬂ> Maybe.a Pafioxpsimne, selrthesearfacetbating agentt  may
be used to achieve a suitable |evel of iLS urface funﬁ‘tqjgonaﬂhl satlﬁ)n e.qg.
sufficient to prreaghe adsiakaxysiy REFSwiab %@S?%PPBW"& TPPNORG SENQXY
provi de accepta ' ifyl hrfaytai® bl gntriasetoxynce
the particles h%@%@%&?&ﬁ%ﬁarél%bﬁ?ﬁ%@ﬁ%h ty th a%gten:?t r 20 n
conpl etely dri edrioxima trignelexy.striagyde giei dReotutace B§¥'ﬁ‘? Ragclesmay, bej ¢ ¢

SrTH cort . Rl i@t Wit 2 (PEEG Cio Cotfiet astaslebe
difficult. m@ﬁgﬁ%%ﬁséé%&w ActingN tistiFag@ ior

e particles are separate romthe sol utbgg E
centrifugation. Bolecals)dayingda funntional groypdhat reactsoeiher Wbl thes9608 %’ﬁ‘. or
about 10000 to 3 0; 25

u %Q:’e 4§g839%‘§ %gg.g%g?wg%p&g% ISFRI@QQ@%RH% SurfhcedOthe

10000, 20000, 30 m° Sul tabl e separation is conmonly

achi eved i n abouparficies. A& exampiea cadioxyidunetionshGER setace treatisg Aeantmay at

;[ Irrpmjf| ? ie egsed. THE LLESH folMBnRithibb WifhSsuTRte BB g RAfbs oh tAE Paftidles, bptFeve
.25 surface amine groups may be activated (e.g. by formation of succinimidyl

groups or isothiocyanate groups) and then reacted with aminofunctional PEG

surface treating agents.

The PEG groups are generally large (typically >1KDa) so that they will

30 not penetrate inside the sphere but rather will graft primarily onto the surface
of the particles. A range of functional PEGs is commercially available which

are suitable for this grafting, for example isothiocyanate-modified PEG and



30 The process of washing may invol ve resuspending the particles in a
solvent, allowing the particles to at |east partially separate fromthe
sol vent (wogoidmei®ett!ing and/ or by centrifugation) andpdecanviwvgidbe
solvent fromthe particles. It is inmportant that the solvent is one that
does not denature the bionolecule. WR012/021922PCT/ AU2011/ 001040 21 Thi s
may be specific to the particul ar bionnleq | e used. For exanpl e et hanol
does not affect the structure of DNA or RNA but rmay denature nost |arge
proteins. Suitable solvents for washing include hydrocarbons such as

hexane, cycl oheXapsoxylAb4ifies PEIE wHeHwal suth pHeduzeimias behtiewbken eeacted
5i sopropanol . The particles nay be washed several tines (e.g. 2, 3, 4 or 5

or more times), véthaamnegianthesurfagee’ the RAMHEESr with different sol vents.

The resulting particles may be resuspended in a suitable solvent and stored
as a suspension in that solvent for |later use. This solvent may be a 10
clinically acceptabl Subseqeent surfacedupelianadisalion €.t BEGyIaden; fePEie o a

patient. A gui t%?h&io%%hé@me EGkace of egérﬁcl@&hﬁ‘ﬁ?'be (ANBBLY abiBguadrdriAi cl es
a out -210 t 0

w |l be stored a tenperature of about 10 to about +10C, or about -210
to 0, -90 to O, basilconditiorsn0n basiocensitias, thegliyst gerapnic Rreeurser (£-9-80 to

-10, -20 to +10,_-.10Q . + . O . . ,
-180, -160, - 14(?,’“'?’%'[‘?, €. %8’(5‘ % 5%4‘8668"'?@66&5%'" '-%gg’,xy%%g’,gs ! '4%, . %%?Q- 25,
-20, -15, -10, -casésbéaddeddirectly td the&ssecondgeramigrprecsomieed Wal§TgRssHf or ed
at about liquid nitrogep.te r |

t enperat ure. The‘is)"hjggpﬂgcas?t @fsgoﬁ ﬁé%sftﬁgﬁe%}é?%ﬂ&%%@% r@ég?%%{%érﬁ%%l n the
above passage, uherpK,rsff theditstecéramimgeeduosart rasadh casas, dhéanitallynfeymednpri se

up to about 30% water.. Thus t.he hanol e o

et hanol, the re??édsﬁﬂg?oﬁgr’?ﬁﬁ'ﬁlﬁ?Z’%‘?g%ﬁng%sp%ﬂﬁ%%%sg&ag%e%gﬁ%%wg) to 90
or 80 to I90% e.ag;idiﬁémillhiiﬁwayfﬁhrvégfb pwotr)ﬂm_é%ftatgmeot of ﬂ;edpompmle, to the

n- propanol or n-buf.anol. nay .al so be substi tut ,

simlar restri ct‘?ad{@e%rif \XB%IJ?JO'@BWPBII% IS Rﬁga‘wimﬁl?g@eé‘f 5]{ ﬁﬁgw'g?w&rﬁanol
grl _propan?I i's téiﬁseh&erﬁfy?drﬁeé rt}n@aﬁd&‘ltrine_b scidi_ﬁxzhﬂimnmaytb_efcr?ndubmq;wfmie_cﬂres for
elivery to_ a patient or for other applications in whigh. sterilLit a
benefit. |ASsonedYring: SHEBRAYREY nSI{IACE Vaﬁgeﬁtséﬂ. a§0%ﬁ8‘ﬁ%&%sﬁ¢§f¥@hg
efficiency (EE) gfachRfertr Paeost \thd présgiredof positiee ehargelseonltie ipartirles er abl y
hi gh, as the bionplecule is tyPI cally Eéeensw_e. he E v(\)n{I l q%@n aon the

preci se nature OEladse of theckigmolgchla may Re veryraid{pEine of unt of
first ceram c priggu#Rientlyifrge® prrveht i &yEapBENTbagh the pores of the particles.

20 In some cases the surface treating agent may comprise a targeting
group for targeting a target in a patient. For example, the surface treating
agent may comprise a trialkoxysilyl-PEG having the targeting group at the
distal end of the PEG, i.e. it may have the structure trialkoxysilyl-PEG-
targeting group. The target may be for example a tumour or a particular

25 organ or some other target. The targeting group may for example be an
antibody or an antibody fragment (e.g. an Fa). Examples of suitable
targeting groups include antibodies, peptide cytokines, peptide hormones,
matrix proteins, cell-surface receptors, proteins involved in cell adhesion,
proteins involved in cell recognition, proteins involved in cell motility,

30 proteins involved in cell recruitment, proteins involved in cell differentiation,
proteins involved in disease recognition, biologically active carbohydrates
such as heparin and related substances, biologically active glycoproteins
including but not limited to those which fall within the classes listed above,



WO 2012/ 021922PCT/ AU2011/ 001040 22 ceram c precursors used etc. Commonly
the process will deliver EE of greater than about 40% or greater than
about 50,w6Qp12/id12e 80% The EE may be for exanpl e aboutrc#Qu2df/oobldy 55,

60, 65, 70, 75, 80, 85, 90 or 95% 5In a particular enbodinment there is
provided a process for making particles conprising a bionolecule, the
process conprising: a)conbining: a hydrophobi ¢ phase conprising a
hydr ophobi ¢ |iquid, an an1noa|kylanlnofungplonal trial koxysil ane and a
surfactant having HLB 10bet ween about 8 and about 16; and

hydrophi l'i ¢ phagigaR@dTef &%y} r@misr &F the\abevedtlassesafraghents pfarly memuelnef
bi onol ecul e, so as to form an e | si on cgrﬁrggf9 i ng dropl ets of the

hydrophi | i ¢ phade abeyrflagses, ﬁ'omvéogm FyHnem Ve HASSE5 19 ng t he
enul sion as the pALLial-Gai gfh?émgtéﬁééstél‘%nﬂ@% gffidity bﬂfu@i&ﬂét’ﬂ@f aramhbiber ar

enbodi ment there 1's provi rocess for making particles co r|5|ng a
bi onol ecul e, thef pth@@é)@yecqbaqﬁersS pther lewmPigcHigr éo/%sahtf kiemgiacules sia A

between aboyt 8 r%%{)ﬁ@é) lﬁ}:tr?eﬁtszQYUg%htoﬁanyﬁH@Mn%éﬂsqéﬂdbcﬁﬂé trﬁﬁﬁhmﬁr@n

am noal kyl am nof unc
autocrine and paracrine transmitters, pigments, lipids, oils, ion ligands,

metabolites, catabolites, etc.

The surface treating agent may be added directly to the suspension of
10 particles in the hydrophobic phase. Reaction may be conducted suitably at
around ambient temperature, e.g. by stirring for a suitable time to achieve
reaction. Suitable times are about 8 to about 24 hours, or about 8 to 16, 8 to
12, 1210 24, 18 to 24 or 12 to 18 hours, e.g. about 8, 12, 16, 20 or 24 hours.
Sufficient surface treating agent may be used to achieve a suitable level of
15 surface functionalisation, e.g. sufficient to prevent excessive particle
aggregation or sufficient to provide acceptable targeting of the particles to

the target in use.

Once the patrticles have been formed, it is common that they are not
20 completely dried. This inhibits aggregation of the particles, which, if it
occurred, would require resuspension which can in some circumstances be
difficult. Commonly the particles are separated from the solution by
centrifugation. Suitable conditions are about 10000 to about 50000rpm, or
about 10000 to 30000, 30000 to 50000 or 20000 to 30000rpm, e.g. about
25 10000, 20000, 30000, 40000 or 50000rpm. Suitable separation is commonly
achieved in about 5 to 15 minutes, although longer centrifugation may at

times be used.

The resulting particles may be washed in order to remove impurities.

30 The process of washing may involve resuspending the particies in a solvent,
allowing the particles to at least partially separate from the solvent (e.g. by
settling and/or by centrifugation) and decanting the solvent from the particles.

Itis important that the solvent is one that does not denature the biomolecule.



trial koxysilane so as to forma hydrophobic phase; conbining water and
wat er gl ass, adjusting the pHto |less than about 5 and adding the

bi onol ecuve 282/@89220 form a hydrophilic phase; conbi ni ngctrhazbmeinoahobi c
phase and the hydrophilic phase so as to 25form an emnul si on conpri sing
droplets of the hydrophilic phase dispersed in the hydrophobic phase;
agitating the emulsion as the particles fgimfromthe droplets; and adding
a surface treating agent to the emul sion 2illomﬁng formati on of the
particles so as to surface treat the particles. 30 In this

embodi ment, the T%@Mazbe%%blﬂgtdthé paRirdrefdtheleowy ubed. CF@ndxmhplé ettanetii at el y
(e.g. less than rior to the _step conblnlgg the h hobi ¢
and hydr ophi | i c dogadwta Wlethﬁlséfh*ﬁ‘l)é%ﬁf Q%W & may denature osE%D

2012/ 021922PCT/ @Vgﬁ%ilnjs/ %&‘ﬂ)ﬂa %%W@H'(SRM Wésﬁn@'\lﬁcﬂ@eoh\}@bc@baﬁwﬁmul gsas

descri bed previ be an si RNA. In variants t he
enbodi ment, ot hehexpﬁe,r @M@iebexme belugsedetss andtaigehals 9r‘~{-9§‘sa§h% aﬁB'o@f 5.

For exanpl e Dasiigofignghdil AN paiElRs g bt #ESAP Lo ldhaNIARNELg. 2, GRS ob ofsed.

The inventors con tHe range of about 5 to about 8 woul d
al so be usabl e. rivledimes)seithgrovitiethesame $¢It¢fﬁd2§ withditferent gelveRiSdal
suspensi on, such as colloidal silica, in place of the water/waterglass
conbi nati on. These variants may be suitable for 10encapsul ati on of

r ellgg i vel y | arge bi orfinegesiltisg patticlessnay be esuspemidndintg Bitable seiyait gadt i cl es
<
( nm stored as a suspension in that solvent for later use. This solvent may be a

10 clinically acceptable solvent if the particles are to be delivered to a patient. A
suitable solvent for storage is ethanol. Commonly the particles will be stored
at a temperature of about -210 to about +10°C, orabout-210100,-90t0 0, -
210 to -100, -210 to -65, -90 to -30, -30to 0, -30 to -10, -20 to +10, -10 to
+10, 0 to 10 or 0 to 5°C, e.g. about -210, -200, -180, -160, -140, -120, -100, -

15 90, -80, -70, -60, -50, -40, -30, -25, -20,-15,-10,-5,0,1,2,3,4,5,6, 7, 8,9
or 10°C. They may be stored at about liquid nitrogen temperature. They may
be stored at dry ice temperature. They may be stored in a freezer or in a
refrigerator.

20 In the above passage, where reference is made to ethanol, the
ethanol may comprise up to about 30% water. Thus the ethanol may be
about 70 to about 100% ethanol, the remainder being water, or about 80 to
100, 90 to 100, 70 to 90 or 80 to 90%, e.g. about 70, 80, 90 or 100%
ethanol. Isopropanol, n-propanol or n-butanol may also be substituted for

25 ethanol, with similar restrictions on water content. An advantage of the use of
ethanol or propanol is that it provides a sterile environment for the particles
for delivery to a patient or for other applications in which sterility is a benefit.
In some instances methanol may be used.

30 The encapsulation efficiency (EE) of the process with regard to the
biomolecule is preferably high, as the biomolecule is typically expensive. The
EE will depend on the precise nature of the process, including for example
the type and amount of first ceramic precursor, the ratio of biomolecule to



In various enbodinents it nay be advantageous to formparticles on a
15smal l er scale, particularly of |ess than 100nmin size. It is envisaged
that thi swomyipnoekde for nore effective delivery of thechirmimouse in
some instances. Accordingly, the invention al so provides a process
for meking particles conprising a bionolecule disposed in pores thereof,
the process conprising: 20a)conbining: o @ hydr ophobi ¢ phase conpri sing
a hydrophobic liquid and a surfactant; ang a hydrophilic phase
conprising a hydrophilic liquid and a catalyst, so as to forman emnul si on

conpri sing droplghsmef pideardorsiuaedidte cCahmes thie snocessdwilindeliver Bkiabphobi c
phase; . b) adding a ceranic precursor, to th% sj] n I%dr ysi ng
the ceramic predieater than abOUtéP(’/‘ad}rt%??tﬁbtriaﬁ"eatiﬂ‘l' orﬁ%he ‘ﬁ%g@%hi I Pcé)%hase
to arange suitaphenlflr din BGIARLILS; SGED 80065018, 80 BSHHOOUBE AN 2

functionalised ceranm ¢ precursor to the enulsion; and e)agitating the
emul sion as the particles forminside the droplets,

V020127 0219¢2PCT/ A2Q1 Y B%Qégr éfhbodiment there is provided a process for making

particles comprising a biomolecule, the process comprising:
a) combining:
a hydrophobic phase comprising a hydrophobic liquid, an
aminoalkylaminofunctional trialkoxysilane and a surfactant having HLB
10 between about 8 and about 16; and
a hydrophilic phase comprising water, waterglass at about pH 5 and
the biomolecule, '
so as to form an emulsion comprising droplets of the hydrophilic
phase dispersed in the hydrophobic phase; and
16 b) agitating the emulsion as the particles form from the droplets.

In another particular embodiment there is provided a process for
making particles comprising a biomolecule, the process comprising:
combining a surfactant having HLB between about 8 and about 16
20 with a hydrophobic liquid and adding an aminoalkylaminofunctional
trialkoxysilane so as to form a hydrophobic phase;
combining water and waterglass, adjusting the pHto less than about 5
and adding the biomolecule so as to form a hydrophilic phase;
combining the hydrophobic phase and the hydrophilic phase so as to
25 form an emulsion comprising droplets of the hydrophilic phase dispersed in
the hydrophobic phase;
agitating the emulsion as ihe particles form from the droplets; and
adding a surface treating agent to the emulsion following formation of
the particles so as to surface treat the particles.
30
In this embodiment, the step of adding the biomolecule may be
conducted immediately (e.g. less than 1 minute) prior to the step of
combining the hydrophobic and hydrophilic phases. The biomolecule may be



wherein the functionalised ceram c precursor conprises a functional group
whi ch is capable of pronoting penetration of the particles into cells. Mny
of the fesproes2sand enbodi nents di scussed above in rel atcomuzo11/d1d4be
preparation of mcro-particles may equally apply to this aspect of the

i nvention. As such, these features and enbodi nents are explicitly

i ncorporated herein by reference in order 50 avoi d unnecessary repetition.
In that regard, the functionalised ceram’g precursor described in
accordance with this aspect of the invention corresponds with the first
ceram c precur sgixn RNA of h NS §E6thaPsisRioledife ££8&¢0ribel peLGEY. Itteacthé aed i n
accordance with this aspect of the invention corresponds with the second
cerani c precur s@iRNAscussed above. Notwithstanding the incorporation of
features and enbodi nents 15 nentioned above, in particular enbodi ments of
the invention the functional group of the functionalised ceram ur sor
i s capabl e of cheni céh vgrianis @?ﬁ@tabﬁyevﬁmbpd'mnt &(W"ér@%étm%\é'@%f&?% 'y

| nt er act i ngg it foob 0 ofIQIPERUAGL P FGXakEthSle Bdi: boRditibRalimed mer am c

precursor rray be an am nofunctional ceramc precursor, such as an
ami nof unct i onal gaeatexshsin abaut 8 ey be used: dha invateERonsiser that pHs in the

am notunct? onal GEEQRH Goiar i 05ut BBl BE Léab@@jtﬂféfr' Bilsltfe Gaatits For

exanpl e, the am lona ram c precursor nprise
3- (2- ami noet hy| ancludg psepf/a colldidalishepgrsiomsech QAZONOIdal silica, in place of the

éi ﬁ(r)netn ﬁ;f 2%/1' ﬁg;vgq %f{ ?ﬁé,rﬁlg%ﬁ é@h?ﬁéﬁ%rﬁ' %@%Wéhérﬂg‘emﬁ bé- suitable for

25ani noet hyp ani rencapsylation obietativelyl latgei iomolecsidsssuch asrprateiisct ure of any
two or nore of these. The surfactant may again have an HLB of about 8 to
about 16. It has been found that good results nmay be achieved with
nonyl phenol et hoxy! atryrma@dhef han-paiiclesy<pbésm) may additional |y conprises
a co-surfactant, such as an al cohol, for exanple 1l-pentanol. WO

2012/ 021922PCT/ AU2011/ 001040 25

In various embodiments it may be advantageous to form particles on a

15 smaller scale, particularly of less than 100nm in size. It is envisaged that this
may provide for more effective delivery of the biomolecule in some instances.

Accordingly, the invention also provides a process for making particles
comprising a biomolecule disposed in pores thereof, the process comprising:
20 a) combining:
a hydrophobic phase comprising a hydrophobic liquid and a
surfactant; and
a hydrophilic phase comprising a hydrophilic liquid and a catalyst,
so as to form an emulsion comprising droplets of the hydrophilic
25 phase dispersed in the hydrophobic phase;
b) adding a ceramic precursor to the emulsion and hydrolysing the
ceramic precursoi;
C) adjusting the pH of the hydrophilic phase to a range suitable for
the biomolecule;
30 d) adding the biomolecule and a functionalised ceramic precursor
to the emulsion; and
e) agitating the emulsion as the particles form inside the

droplets,



In the case of the preparation of nanoparticles the viscosity is not
considered critical because mcro-enul sions are fornmed (as opposed to

nor mal emmb2nr)922whi ch are t hernodynami cal | y st abl e ardToansii@niab very
small (r--10 nn) droplets. 5 In certain enbodi nents, the hydrophobic
|l iquid conprises an al kane (e.g. from hexane (C6) to dodecane (Cl2)), a
cycl oal kane such as cycl ohexane, aromaticsg,(e.g. toluene, benzene) and

bl ends such as kerosene. 10 The hydfophilic phase conprises a
hydrophilic liquid and a catal yst. For exanple, the hydrophilic liquid may
conprise water and t Rhegsihahy filnctioyalisedaeramicreddrser gengrises|afuncliatal

catal ysts for hydrol ysis .of t si_l i con.al koxi des be | r ses,
fluorides or ot rgé?uﬁr@éﬂ?‘ '§I°ﬁ8£ﬁ3é°f8.r%w°tf§ P?%{%Hpgﬁ &b%(?ﬁ@&eg%m% Ce?%‘e
bi onol ecul e may be as descri bed above. For exanple, it may be negatively

charged or sufficiently large that it ,is incapablge of sing. thro ores
of tge particl es. Théf‘%?)’cﬁfé %fﬁ?lt‘geﬁéQd@mﬂﬂdi'@g" H'ngi%oé’ﬁ?ﬁ‘ ge&tgoéqgop

nucl eot i de, gand tﬁ@?réﬁ‘éﬁﬁen BN mloaERticled nidY eq@allyr apply o this gbyectofdhei n, a
(0]

pol ypepti de, a carbohydrate or a m xture or adduct of _ any two or nore of
these. In a partinventien. eidosichentheste featyres) éé’al @Wﬁﬁ??é@s ag F&W%We
process incl ude | ' i2Bid driecessamplepelitior? 9n
addition of a bzggaggﬁégge%aw&%gngﬁg] &Ngg‘lct]g pr{ or teg_ t he ﬁdi tjon of the
bi onol ecul e and thabrergan:btthgﬁmt@eahs@ér%@lcpv@@u'@éFieﬁglb&@dn@caefdﬂ“ﬁﬁat i on

of the bionol ecyl.s, t[h %gr?%@{ J’M“%E’%ﬁﬁ%ﬁ%? eshorRE WHRIRE fidst cér@mioprectivgdr as 2)

to ensure sufficien etics : r(!Iroly5|s reaction while inhjbiting
condensat i 60 of diseusisgd@bbys cthepeesanicpiecurser descritedi iniagroganeq with this

30bi onol ecul e, t ' r abl y i t b rddrons
(e or s ay, sl DR USSR RoulsRRoaRT By’ G ecrathintlo BRRDATTS o
conpl exi ng agentdiscussdd labowelded such that it is disposed within the pores
of the particles with the bionolecule to facilitate endosonal escape.
Typically the polymer could be a polyethylinamne, a polylysine, or a

pol yhi stidi ne or any Moetithstaadinghtite proovpatetom qfr features emhxdiragpts

15 mentioned above, in particular embodiments of the invention the functional
group of the functionalised ceramic precursor is capable of chemically
interacting with, for example electrostatically interacting with, the
biomolecule. For example, the functionalised ceramic precursor may be an
aminofunctional ceramic precursor, such as an aminofunctional alkoxysilane.

20 In certain embodiments, the aminofunctional ceramic precursor comprises
an aminoalkylamino group. For example, the aminofunctional ceramic
precursor may comprise 3-(2-aminoethylamino)propyl trimethoxysilane, 3-{2-
(2-aminoethylamino)ethylamino]propyl trimethoxysilane, 3-(2-
aminoethylamino)propy! triethoxysilane or 3-[2-(2-

25 aminoethylamino)ethylamino]propy! triethoxysilane, or a mixture of any two
or more of these.

The surfactant may again have an HLB of about 8 to about 16. It has
been found that good results may be achieved with nonyiphenol ethoxylate.
30 The hydrophobic phase may additionally comprises a co-surfactant, such as

an alcohol, for example 1-pentanol.



As with the previous aspect of the invention, the process nay additionally
conpri se: . adding a surface treating agent to the

enul si on wol2bmvi2ng210f or mati on of the particles so as tecswhenmolceat the
particles. The surface treating agent may conprise a polyethylene glyco
chain coupled to a binding group, said binding group being capable of

bi ndi ng the pol yet hyl ene gl ycol chg'n to the surface of the
particles. For exanple, the 15surface treating agent nmay be a PEG sil ane,
such as trial koxysilyl-PEG The surface treating agent nay conprise a

targeting group for i@tigetasy oftheapaparationtofdadnaparticlésthecxiaogsity, is triv
surface treating agent pa '

) conprise a,trialkoxysilyl-PEG conprisin
the targeting gronpidgieq ﬁé'%’i’ s?%ﬁat@ﬁgﬁmﬂt%(’ﬁa% f‘%’r’ﬁeij st%"&ﬁﬁ@%i I age
group. - ThRrnaV&Rbisths viiciP BRVihdAtodyianmiaally sthisie amad@nbist of wrpcess
as described in any of th recedi ng paragraphs. 25As noted above, the

e
bi omol ecul es maysM! Fﬂ@m%)ttg'epb&- prophyl actic or therapeutic treatment of
a disease, glisorder or condition. Accordingly, in an aspect of the
invention there is provided a pharmaceutical conposition coné)ri Si pg a
ses an alkane

particul ate subst ancén sertaingentnsimentshiedivdreRRANEIUIGLEMPY
phar maceuti cal | %eﬁqcﬁ%a%far@r(bb?rto dbdeteMe @61??;,Ciap'b?<§]§alkane such as

cyclohexane, aromatics (e.g. toluene, benzene) and blends such as
kerosene.
10
The hydrophilic phase comprises a hydrophilic liquid and a catalyst.
For example, the hydrophilic liquid may comprise water and the catalyst may
be an acid. More generally, typical catalysts for hydrolysis of the silicon
alkoxides may be acids or bases, fluorides or other metal alkoxide e.g.
15 titanium alkoxide.

The biomolecule may be as described above. For example, it may be
negatively charged or sufficiently large that it is incapable of passing through
pores of the particles. The biomolecule may comprise an RNA, an antisense

20 nucleotide, and antisense, an aptamer, a DNA, a protein, a glycoprotein, a
polypeptide, a carbohydrate or a mixture or adduct of any two or more of
these. In a particular embodiment the biomolecule comprises siRNA.

The process includes adjusting the pH of the emulsion, for example by

25 addition of a base such as NaOH, KOH and NH,OH prior to the addition of

the biomolecule and the functionalised ceramic precursor to avoid

denaturation of the biomolecule. Typically hydrolysis is conducted at low pH

(such as 2) to ensure sufficient kinetics for the hydrolysis reaction while

inhibiting condensation of the hydrolysed precursor. Before addition of the

30 biomolecule, the pH is preferably increased to more neutral conditions (i.e.
pH > 4).



W02012/ 021922PCT/ AU2011/ 001040 27 The pharnmaceutical ly acceptable
carrier, diluent or excipient may be a solid or liquid filler, solvent,

di | uent owoenmapsazbati ng substance that nmay be safely uged/Anzosymwiam c

adm ni strati on. Dependi ng upon the particular route of admnistration, a
variety of carriers well known in the art may be used. 5 These carriers
may be sel ected froma group including sugars, starches, cellulose and its
derivatives, malt, gelatine, talc, calciumsulfate, vegetable oils,
synthetic oils, polyols, alginic acid, phosphate buffered sol utions,

enul si fiers, isotoni aga, apPoiaier Graddnspléxiag agentéoutd bé added sae tratitrie| udi ng
hydr ochl ori des, brom g

es and sulfates, organi c acjds .such as acet s, 10
propi onat es and dEROSAAMERIKE Wﬁ%@i.‘h@ P%’gici%ét"é'ﬁ‘. éh/gstug@p cu[?ee eégﬂtage
descri bing phar %@89&%5%&6@&?@9&3@ mecgélgin%f%oufdi belansyethyglinaxtingi #nt s is
Rem ngton' s Pharmaceuti cal Sciences (Mac ubl i shi ncp; Cp, N.J. USA, 1991)
which is i ncor pPoysine6F airelybistidioear apy substapes gt Prayidas 3 RILIONERONES) et s,
di sper si onsg sugjpRRpi ons, injections, solutions, syrups, troches, capsules,
suppositories, aerosols, transdermal patches and the |ike. These dosage
forms may al so include injecting or inplanting controlled rel easing devi ces

desi gned speci 11 cal | s gfin! S pRHIGURS Goict Mee TvERROR! teBlotiks Mgl {1 ed

to act additionally in this't ny safe route of
admi ni stration reagditiopatypdropese:f or admi ni stering the particul ate substance

of the invention. Foi exagghf, 2" rfacéietr?]%ﬁlwg gg@qn{oe{@ enmtiidibh 8Ming

buccal , intravenous, 41 ntra-articular, ra-muscul ar, 1ntra-dermal,

subcut aneot®, i rfomhatidnoofehe particlescsuasito surfacedpeatithe padicles.

25i ntracerebroventricular, transdernmal and the |ike may be enpl oyed.

I n anot her aspect there is provided a nethod of treating a disease,

di sorder or conditi oThersusface tneating agéntanaygcarnpriss @ polyethytemerglyaobehaig t he

parti cul at e substance, .as di scl osed -0 Qr e j
30conposi ti on, tqgug%d&or?atm:@pgtg&ol{rhgs(ggtw?lpgg{élgba?%n@?%ﬁéspéinggh}g? or
condi tion. WO Zlytane aRCH Mard Id iHeOdofee2d the particles. For example, the

16 surface treating agent may be a PEG-silane, such as trialkoxysilyl-PEG

The surface treating agent may comprise a targeting group for
targeting a target in a patient. For example, the surface treating agent may
comprise a trialkoxysilyl-PEG comprising the targeting group at the distal end

20 of the PEG from the trialkoxysilane group.

The invention also provides for particles made by a process as

described in any of the preceding paragraphs.

25 As noted above, the biomolecules may be indicated for prophylactic or
therapeutic treatment of a disease, disorder or condition.

Accordingly, in an aspect of the invention there is provided a
pharmaceutical composition comprising a particulate substance as disclosed
30 herein together with a pharmaceutically acceptable carrier, diluent or

excipient.



In yet another aspect there is provided a particul ate substance as

di scl osed herein, for use in treating a disease, disorder or condition in a
mamal . S5Vbeotieerse, di sorder or condition may be a gemetriAv2diigpane,

di sorder or condition (e.g. cystic fibrosis or Huntington's disease), a
degenerative disease, disorder or condition (e.g. aged related macul ar
degeneration), a cancer (e.g. solid tunor sarcomas, |ynphomas, nyel onas,
carci nomas, nel anonas including cancers of the breast, cervix, lung and

prostate, 10 although without ljnjtatio her et 0),. ' 3 '

condition of the i rm&ﬁ@ p§‘§‘5’f‘_§?ﬁuq°ﬁ V%&qe\‘?%biﬁ c%[ﬁ?'ﬁb%%fﬁ?%&ﬁ%{g&%&gr '(I)';/pe
1 diabetes, mul ts'oga 8r RGLIG RS SolveMEHTTRIn o eAEAfNUIAtING, subgtineTtitatimayise
erythemat osus) and inflammatory conditions (e.g. asthma, inflammatory bowel
di ?eafe, glb oner wafalepsed inisyptemic adeinisteationg nenewgapoait%Pa@PH@gL%% by

i nfection by a ; : ' . b L lend

rospi ratory syndy ARG, M iy of cdifeiiuiel ioWRiRThe ey Bl
?act eri a: r@m) ndiHese, cantiere phay beaedgted dioer awgrosp dncludingsugyrs. srasehSfoa

e.g. malaria) or

of the circul at cﬁeyaggéltggis'tﬁ(é’eed'gg&%?bd?@ 8?%&?6%32?2&'8' .C)Slglélfia%, Wgetahidi tion

hyper chol est er ol ggMisghthefic Hilse Pofols]i Aigiiteacir phdgphatedbufferedosolutiens,
endocrine system (e. pe |1 diabetes, osteoporosis, pa ti.tis). or a

g tyg . .
neur ol ogi cal di srdaifiew dssterie sgfine gndi Kaltssych. 3¢ MR scid salls dnclddiod
Par ki nson' s di nglﬁ?o lorfcidls! BRGMes3ardd Stfdte¥! biyfnic htills lstichods boefatds)-
The manmmal may be "a human or non-human mammel inclusive of 25performance
ani mal s (e1@. r gwrepionstes)andioraiendtes patdspyreoen-frae geatet aPsysefHureferpdseock

br ef er abl v, { ho SrarTRNGFE o mAGHAR =l ARl R crietP e p BRRRIRESS0
2012/ 021922PCTRAMRRIGH O PHx#agbutival Gusroes stk Rablishing Col INwi RISA,

di scussi on should not be taken as |Iimtin [ [ [
the drawings:  1991) whichis incorporated herein gy (r)er}e;[e%%e.l nvention in any way. In

15 Dosage forms include tablets, dispersions, suspensions, injections,
solutions, syrups, troches, capsules, suppositories, aerosols, transdermal
patches and the like. These dosage forms may also include injecting or
implanting controlled releasing devices designed specifically for this purpose
or other forms of implants modified to act additionally in this fashion.

20 '

Any safe route of administration may be employed for administering
the particulate substance of the invention. For example, oral, rectal,
parenteral, sublingual, buccal, intravenous, intra-articular, intra-muscular,
intra-dermal, subcutaneous, inhalational, intraocular, intraperitoneal,

25 intracerebroventricular, transdermal and the like may be employed.

In another aspect there is provided a method of treating a disease,
disorder or condition in a mammal including the step of administering the
particulate substance as disclosed herein, or the a pharmaceutical

30 composition, to said mammal to thereby treat said disease, disorder or

condition.



Figure 1 is a flowchart of the preparation of the particles of the present
I nvention; 5Figure 2 shows TEMs of particles containing si RNA, nade by the
process okothe/izmeention; Figure 3 shows particle size dcstauzbutdoons of the
particles; Figure 4 shows further TEMs of the particles of the invention;

Figure 5 shows a graph illustrating the effect of particle charge and
10PEGyl ation on the rel ease of fl uorescen? siDNA fromthe particles; Figure
6 shows a graph |IIustrat|ng rel ease kinetrcs for different payloads in the

particles; 7. sh C chi
(red trace) and si Rllilil‘ely@ éﬁg‘ggr PQB‘?ﬁtbQﬂC&l ré;gggl ég?%%cglégeog‘%%ﬁgkﬁa%gghy A
15i nventi on; %'ééros%dsm RBOLSS IR BBELIR] awWIMd@fOn &endwort inches  of

the invention; Figure 9 shows mcrographs illustrating penetration of
particles into mammalt he cells for particles having negative, neutral and
positive charges; 20Figure 10 shows m crographs illustrating retention of
the cargo in particles having negative, neutral and positive charges;

5 The disease, disorder or condition may be a genetic disease, disorder

or condition (e.g. cystic fibrosis or Huntington’s disease), a degenerative
disease, disorder or condition (e.g. aged related macular degeneration), a
cancer (e.g. solid tumors, sarcomas, lymphomas, myelomas, carcinomas,
melanomas including cancers of the breast, cervix, lung and prostate,
10 although without limitation thereto) a disease, disorder or condition of the
immune system, inclusive of autoimmune diseases (e.g. Type 1 diabetes,
multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus) and
inflammatory conditions (e.g. asthma, inflammatory bowel disease,
glomerulonephritis), a disease, condition or disorder caused by infection by a
15 pathogen such as a virus (e.g. hepatitis C, influenza, respiratory syncytial
virus infection, AIDS), a bacterium (e.g pneumonia, bacterial meningitis,
whooping cough, tuberculosis, tetanus), protozoa (e.g. malaria) or a fungus
(e.g Candida), a disease, disorder or condition of the circulatory system (e.g
atherosclerosis, restenosis, hypercholesterolaemia), a disease, disorder or
20 condition of the endocrine system (e.g type Il diabetes, osteoporosis,
pancreatitis) or a neurological disease, disorder or condition (e.g. Alzheimer's
disease, Parkinson’s disease or epilepsy), although without limitation thereto.

The mammal may be a human or non-human mammal inclusive of

25 performance animals (e.g. racehorses), domestic pets (e.g. dogs, cats) and

livestock (e.g. cattle, horses, sheep, pigs), although without limitation thereto.
Preferably, the mammal is a human.

BRIEF DESCRIPTION OF THE DRAWINGS
30
Embodiments of the present invention will now be described, by way
of an example only, with reference to the accompanying drawings. It should



Figures 11 and 12 shows micrographs illustrating that the cargo enters
cells with the particles - Figure 11 shows the particles and Figure 12
shows t hewoanpa1922Fi gure 13 shows the di spersal of si DR&TiAav2bERGR40e! | s as
a function of time; Figure 14 shows the dispersal of siDNA in HeLa cells as
a function of tinme; Figure 15 shows the dispersal of siDNA in RAW64-cells
as a function 300f time; Figure 16 shows Pe di spersal of siDNA in cells as
a function of tinme; Figure 17 shows the e? ect of the particles of the
present invention on activity of DPP4 in BJ fibroblasts;

2012/ 021922PCT/ W@blé@@tbﬂltﬂat&ﬁe followmgcdtgnuwdrissmwmwbe saldeedasﬂlrmMart of
a prototype nethod for encapsul ation ol i a’onucl eoti des; Figure 19

shows a fl owchar®" BE IRYROUGR APy Way ‘%ihet‘iiré 3% icles of the present
i nvention, on the nampufeal & aSHuvaehart 2 taBGvepaTaGoEN therpeticles of Hike

particles made in
present invention;
5 Figure 2 shows TEMSs of particles containing siRNA, made by the
process of the invention;

Figure 3 shows particle size distributions of the particles;

Figure 4 shows further TEMs of the particles of the invention;

Figure 5 shows a graph illustrating the effect of particle charge and

10 PEGylation on the release of fluorescent siDNA from the particles;

Figure 6 shows a graph illustrating release kinetics fo‘r different
payloads in the patrticles;

Figure 7 shows an HPLC chromatogram of unencapsulated siRNA
(red trace) and siRNA released from particles prepared according to this

15 inven>tion;

Figure 8 shows photographs of suspensions of the particles of the
invention;

Figure 9 shows micrographs illustrating penetration of particles into
the cells for particles having negative, neutral and positive charges;

20 Figure 10 shows micrographs illustrating retention of the cargo in
particles having negative, neutral and positive charges;

Figures 11 and 12 shows micrographs illustrating that the cargo enters
cells with the particles — Figure 11 shows the particles and Figure 12 shows
the cargo;

25 Figure 13 shows the dispersal of siDNA in HEPG2 cells as a function
of time;

Figure 14 shows the dispersal of siDNA in Hel.a cells as a function of
time;

Figure 15 shows the dispersal of siDNA in RAW264 cells as a function

30 of time,;

Figure 16 shows the dispersal of siDNA in cells as a function of time,

Figure 17 shows the effect of the particles of the present invention on
activity of DPP4 in BJ fibroblasts;



accordance with the process illustrated in Figure 19; Fi gure 21 shows
phase and fl uorescence images of particles |abelled with fluoro-DNA; and

Fi gure 22wehowns21dze penetrati on of nano particles in HeeaTGai2bs/00ilo

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Encapsul ati on and control |l ed

rel ease of siRNA fromnodified silica particles is described. The particles
consi st of anorphous silica (Si02) with a,A5 proportion of am nosil anes

i ncorporated to aid cargo retention and cg | penetration. The particles are
surface nodified for bioconpatibility (circulating half-life -4h). The

particles can penetr g, reengadiows @etdiledendbuenas oing pretatgse rhétbbd foar go
into the endosonal and intracellul ar spaces. 20 Fig. 1 illustrates

the synthesis ofencaesyatian ef digonpeleptidesig t he encapsul ation of si RNA (a

representative bionol %Qeéﬁ&%%ﬂ&&ér&?ﬁéﬁtﬁeb grafiaPolthe paftiolesofithe ng
particles). Thus with Teference to Fig. 1, a hydrophobic continuous phase

was made by contfirasenj in@Entipnheathe MANC$3AIR oi | and 4.5 25 g SPAN-20 (=500

mV). These pere corrbiFn-@ﬁr byaSLhdd XEN of e ®aH|ciexe madel N or
TATMS, not %?’TES) was ' gnigd eé}wf ﬁ%]géf%ci en%é\ﬁjé)ntity%?or t he desired

charge: for negadcomlanaewith the processdiistiated inffjguieelfliral particles, DATMS
( u o /o as %éu.gg%qzslhﬁgg r%h;%%e BRd 'ﬂhbl‘é%ﬁ@ﬁéé lhﬁirg%g é’f ggv;ﬁ%s(léb':elléh

nmol % by silicon). The ure was then sti or at |east
addi ti onal 10 miwith fisorbtDNApambre t han 60 mi nutes.

W02012/ 021922PCT/ AU2Q11/ 040 ' M [ K5 leng ot i he pH to
4.0. The silica sol u%%wg%sﬁq@#hggééﬁpgggﬁ [r)grr}’?ﬁ]ééﬂrng%isﬁﬁr%[%qgeq‘si esh
cont ai ner. 1ghe hydrophobi ¢ phase (nade as descri bed above) was set up for

stirrer activat SR BRISRETGHOF THERVENTION ot (oo in
preparation for conbining the hydrophobic and hydrophilic phases.
Encapsulation and controlled release of siRNA from modified silica
particles is described. The particles consist of amorphous silica (SiOy)with a
15 proportion of aminosilanes incorporated to aid cargo retention and cell
penetration. The particles are surface modified for biocompatibility
(circulating half-life ~4h). The particles can penetrate mammalian cell
membranes and release their cargo into the endosomal and intracellular
spaces.
20
Fig. 1 illustrates the synthesis of the particles, including the
encapsulation of siRNA (a representative biomolecule, which represents the
cargo of the resulting particles). Thus with reference to Fig. 1, a hydrophobic
continuous phase was made by combining 30 mL heavy paraffin oil and 4.5
25 g SPAN-20 (=500 mM). These were combined by stirring (30 minutes).
Aminosilane (DATMS or TATMS, not APTES) was then added in sufficient
quantity for the desired charge: for negative particles, no addition, for neutral
particles, DATMS (1.5 uL = 1 mol% as silicon) and for positive particles,
DATMS (15 uL = 10 mol% by silicon). The resulting mixture was then stirred
30 for at least additional 10 minutes but no more than 60 minutes.

A silica solution was then prepared by combining 4 mL waterglass and
20 mL water. Sufficient cation exchange resin was added to the resulting



5 ng cargo (250 uL 20ng/nL si RNA solution) was mxed with 1.25 10 nL of
the silica solution prepared as descri bed above. After 10 seconds

soni cat i omo 20tpm2892ki ca/ cargo m xture was added into thepswAwatimoi@cet i ve
zone. Sonication was continued for 30 seconds and the sonicator was then
deactivated. The emul sion was renoved and introduced to a nmagnetic stirrer
and was stirred for 1 hour. After this, P QBOOO-SiIane (10 ng) was added to
15the m xture and the resulting particle Suspension was stirred overnight.
Particles were collected fromthe enul sion by centrifugation (15 000xg for

10 m nutes). Then&fmésmaﬂsmagttbmr@ Ilhet;eId tei4.0. Thé silidausmutioreivabdhene t o
reduce its viscosity and d.twice w {aﬁl ohexane (about 40 ni) and
20 twice with 10tesaBleddmRINt %fﬁﬁﬂ ink@a ffep! C@Q N&lash step invol ved

resuspendi ng and collecting the particles and decanting the supernatant.

The particles were finally resuspended in 5 100% et hanol fo t or age
at -20C or 4C. The pdme fydsephalic phasq grade Pﬁﬂ%ﬁm‘gﬁgmtw $&t Ui ¢ hout

substanti al gl Ossslrﬂtjlt%\é&ﬁ%ﬁﬁdetﬁ%tlrﬂhd ¥nd @Gméﬁén k:@/ﬁebrdb% cPher stirrer
25st or age WI |1 provi even fonger termstora above rret hod

provi des parti cI&Iva@dgTh@S@mC?iQFWﬁ‘éI%“Bﬁ’Q@ ?(%@PPID@O("_L-’&%N?IIH Pr&PRIALQN
mass- wei ghjt ed ma@p ﬁrhﬁ (I'@Q?apl'f&% ﬁyd}ggh,n@bhgg&se are shown in Figs.
e shows parti

2 and 4. Figur l'e 'si ze distributions 30 of the particles.
The shoul der at about 1 mcron probably represents a m nor anmount of

agyr egat ed par ti cl es ¢ Tue.AhoVSITR: DORGIAE HERA dentidnd Diekltenl w25

descri bed bel ow, hovveve I ons the net ho ave oduce
di spersed parti ahkofthe Isilida mm meparamaszdgmrmpgetz@@w%@zdﬁ$md&o 32

Parti ol es wer o b eRaief e el Ay EIAARGBI KA e BesctBYBe 20/ o

type of am nosil AN oSt Ryl am nopropyl trimet hoxysi | ane: 2
nitrogen atons psonicationc was) corinued fos &P ascarh'.ts gncrt ar@nlmE?JaS then

| t t h I d
Gt ect | ve and TARETARRD0E FoPiR ey Rn Sl BB e EindibRnpNater PE0
ni trogen atons paﬂdwad;emécEI)orSIhmwed\fmrmIsd?E@é@Qﬂ-séanen(IDm}BvaS.met ed
b th I dd d t h
ransterredsto tHE MPRrSANN e File Bt e arSER EvBs Bilpd Boeiia, |
partitioning between the phases t he amount of am nosi | ane i ncorporated was
I than th t added. It g addi
aﬁ‘??\osi ?gne '? oa?ﬁgnhﬁ ’Bg'ﬁﬁweée \é\a%{?d%fo% %{qﬁﬁygﬁnﬁﬂqﬁpﬂg{%\g@ﬁ%l ass)

15was not pract'@abbwa&teg)crmbrénmfmaﬁvfabltﬁemuﬁedwnhe)rmvmmegguanemme
The charge of the particles was neasure

nor phol i nopr opan'® 'g8ygeits HSGRSIY aBGM@éP?gt‘ﬂ&?g"tfﬂ&V‘é‘ﬂb?’éﬁ"? ?B?“I\{gﬁé“ldaﬁﬁl cles

were as fobhows:tyice with 100% ethanol (about 40 mL). Each wash step involved
resuspending and coIIécting the particles and decanting the supernatant.
The particles were finally resuspended in 5 mL of 100% ethanol for storage
at -20°C or 4°C. The particles may be stored for several months at 4°C
without substantial loss of biological activity, however lower temperature

25 storage will provide even longer term storage.

The above method provides particles ranging in particle size from

100-1000 nm, with a mass-weighted mean diameter (dos) of about 300 nm.

These are shown in Figs. 2 and 4. Figure 3 shows particle size distributions

30 of the particles. The shoulder at about 1 micron probably represents a minor
amount of aggregated particles. The above method has been used in the
studies described below, however modifications of the method have

produced dispersed particles with dos<150 nm.



20Native (no amnosilane): 4 5 -30 nV Neutral (1% DATMS): -5 ny < 4 <5 v

Positive (10 % DATMS): 4 +10 nv Despite the use of an indirect
measur emewd 202vaoi2 t he neasured charge was quite repeatalnisbaiovaan
bat ches. 25 The percentage encapsul ation efficiency (EE) was

determ ned by conparison of the theoretical |oading of the si RNA

(determ ned fromthe anount added) with ts actual | oading as neasured by

t he amount rel eased. Results are shown be gw 30Theoretical |oading: 5% EE
(from1 ng/nL release) Batch 1: 85/0 +/- 5% EE (fromO0.1 ng/nL rel ease)
W0O2012/ 021922PCT/ AU2011/ 001040 33 Batch 1 80% +/- 2% Batch 2: 85% +/- 10%

Actual | oading 4.2% Theoretical |oadin
Particles were prepared wuth dlfferent charges by varying the amount

and/or - type of aminosilane added. DATMS
(aminoethylaminopropyltrimethoxysilane: 2 nitrogen atoms per molecule)

5 was used as the standard. APTES (aminopropyltrimethoxysilane: 1 nitrogen
atom per molecule) was much less effective and TATMS
(aminoethylaminoethylaminopropyltrimethoxysilane: three nitrogen atoms per
molecule) showed similar results to DATMS.

10 As noted above, the aminosilane was added to the hydrophobic phase
and then transferred to the hydrophilic phase by hydrophilic transfer. Due to
partitioning between the phases the amount of aminosilane incorporated was
less than the amount added. It was found that direct addition of the
aminosilane to the hydrophilic phase (i.e. combination with the waterglass)

15 was not practicable at acidic pH as this caused premature gelation.

The charge of the particles was measured at pH 7.0 in 10 mM MOPS
(3-N- morpholinopropane sulfonic acid buffer). Zeta potentials for the
particles were as follows:
20 Native (no aminosilane): { < -30 mV
Neutral (1% DATMS): -5 mv < <5mV
Positive (10 % DATMS): {2 +10 mV
Despite the use of an indirect measurement method, the measured
charge was quite repeatable between batches.

25
The percentage encapsulation efficiency (EE) was determined by
comparison of the theoretical loading of the siRNA (determined from the
amount added) with the actual loading as measured by the amount released.
Results are shown below:
30 Theoretical loading: 5%

EE (from 1 mg/mL release)
Batch 1: 85% +/- 5%
EE (from 0.1 mg/mL release)



5EE 75% | oading 7.5% Thus the higher the quantity of RNA introduced
the I ower the encapsulation efficiency. Fig. 5 shows the effect of the

rel ease ovoaofdaonescent |abelled si DNA 10 from sili carparAu2ci1@siad

di fferent charge and surface nodification. As discussed above, particle
charge may be mani pul ated by changi ng the anobunt of am nosil ane used.

Rel ease from positively charged particlesasyas very nuch slower than from
negatively charged particles, as predict eg by the expected attraction

bet ween positively charged particles and negatively 15 charged payl oad.
For the negatively charged parti Gatch 1180%pie®8%nce of PEG on the surface of

the particles appears to acceler t he | ea of the payl oad. Rel ease of
the payload fromthe particles i ?a?%ggﬁ%t@ E@/"pri marily by 20

di ssol ution of the particl e g@ualilgadiAg 4[8%h concentrations in aqueous nedia
(?. about Ing/nm partic| esz, N Eichi_ng St’i cargo fromthe particles is
limted to that nediat L Ing. olution, i.e. the solution can
reach saturgtion in the partggl7gyraddding 7599%reby limting the rel ease of
the payload. This is _shown in Fig. 6, in whi latively, rapid relegase of
both active (dot poi ﬁﬁ%a‘h?e@)ghéhdhez@%'%r?gr‘%@x( 5@8&}‘8%65%'%% Jﬁg)

si RNA nol ecul es QGBESIatibh EfficRncym t dictated by the solubility of the
silica matri x. Iétmsﬁoufd be Inot e%lj that this is not evident in Fig. 5 as the

concentrations of particles was different. At concentrations substantially

bel ow the solubility .Ji%"éréqcms fPkldffedt FARE TESAERGLA HudrBSEsHt IBbelledsiDNA

situations in which th el ease Ilgiwd i's continuousl 30 refreshed, full
di ssol uti on0of eomni siliess pacticies ofveifferansueharge 2andh swiace pREAINCAERN nRde as

descri bed above q}lg&ﬁsga Yol grgnrotﬁ% q\a}g@ga;nagﬁégéﬁéhi%%eatbyﬂ%ﬂbng%ttﬁé

storage, the particles were ¢t eteF% i SS In RNase-free water.
Elution of the rasounticigninesiade onetiiaeasmifem pesitively chargadparkicles Mag t o

WO 2012/ 021922PCT/ Ab%%ﬁ Jasi ROONEN 0N ﬁ?‘mtﬁgéti\%lé H@gg@é;{!ﬁ%gﬁ% ?ﬂe@hﬁ’ed By thebuf f er

sol ution, indicafih encapsulat i an . significantly
affect the si RNAexpectadr attractibn\etaeetipositivelyocharoed aariiries:and neegalivelt ed

SiRNA 5 a si RNA rel eased, f Iy i i

i nvention. qgot h M@?‘%P@go?ﬂuﬁ! °?m£@§%‘gé'§§ﬁgmaﬁ% égﬁéPEgN%?&%\trﬂéEtér eat ed
with RNase A fororShersotaes of e paeticlesdappears toianeelenatenthpRslaaseopfcthe
suspensi on in PBS confaining an RNase inhibitor. The material released from

silica particlesP intact RNA. Sim |l ar digestion of unencapsul ated
SiRNA resulted in 10 conplete destruction. These experinents denonstrate

2gai ot enzymati ¢ dedr@aaEs ofinepRYlond OIS A BTBGr AL PREMSENS o
suspended ap 3 n@ikbolution of the particle matrix. At high concentrations in aqueous media (2
about 1mg/mL particles), leaching of cargo from the particles is limited to that
mediated by particle dissolution, i.e. the solution can reach saturation in the
particle matrix, thereby limiting the release of the payload. This is shown in
Fig. 6, in which relatively rapid release of both active (dot point values) and
25 scrambled (square point values) siRNA molecules occurs up to a limit
dictated by the solubility of the silica matrix. It should be noted that this is not
evident in Fig. 5 as the concentrations of particles was different. At
concentrations substantially below the solubility limit of silica (approximately
100ug/mL), or in situations in which the release liquid is continuously
30 refreshed, full dissolution of particles occurs over about 12-24 hours.
Particles made as described above were stored for 36 days at 253K in 96%
ethanol. After storage, the particles were completely dissolved in RNase-free
water. Elution of the resulting liquid on HPLC showed a very similar profile to



15 against either PBS (left) or against 50% nurine serumin PBS (right).
After overnight incubation no visible aggregation occurred. Particles were
al so suspeodert/mis2z, 3, 10 ng/kg in 1500 ppm BSA and t heoTiawuhabedof or 2
hours. Particle size was then determ ned by Mastersizer (Me scattering),
revealing no tinme- or concentration-nediated shift in size profile. 20

I n conclusion, cargo |oadings of 4%are raytinely achievable, and |oading
of about 8% has been denonstrated. Encapsul ation efficiency of >80%is
routinely achievable. Retention of the bionolecule in the particles appears
to be nediated phatresfi upehyapsiutatéd osiRNA dnf ar beffer ysalititmgindicatioguthain- 25

I ted I h t t t l o I t ak
ol ace. pr edom narfiTpPagaR abiieeane BE TS dReRly Settn@ spiR, {7 nese faKe

characteristics have been shown to be unchanged after 40 days storage at
-20C in 96% Et OH. 30Upt ake into Ma | {an Cells
2012/ 021922PCT/ AU2011II)@‘€TEO74B hays an mﬁEII“’IH‘IEI‘B%I?E%\AOBI'“‘88??‘?%‘1'%‘98r?‘é%’é on

cel | penetrgti onay RN r@Ras8l i Mﬂmlé@dréd&@ed amr@noglatﬁmhverﬂbakﬁoﬁnt 0
cell s and endosonal escape were investi ga‘éf é rticl Iﬂ%ﬁhﬁ%

| abel led with R qqgn@pﬁaagmfﬁger\cgdymry@y Higted SIBNG) were Pﬂ*& aINI ¢f an
si RNA-type sequegcées ﬂﬂﬁutb@h?éﬂ Wasd thred thfed With PBSSsEfoe suspehsion yraRBSe)
wer e synt hesised. Cells H3T3, Hela, @ red o 50%

confl uence and p@f‘ttalamésafaBN?é@c'ﬂh@éGf Jﬁ@\/@aIed ﬁ?eéﬁﬁfgﬁﬂm si P@QIcgﬁt to
100nM DNA) wer e m@écrtqthyS{gﬂlaIrIa‘%gn Hbﬁ%%neﬁ@aé&ﬂhtémsumA&és@% int he

cultures were washed once with osphat e buffered saline) grder to
renove partidcl escathplete dasiﬂmﬂpnpﬁhﬁﬁer@Emlmﬁﬂt‘édémqn§traﬁf ?Ifé‘rﬁ’aFI%B thepy

epi fluorescent n?égrﬁt&ﬁgofby 5orEIegt tfle SBRYHsUled %HITIOI%&Ie MBYRIds?r bRgmidte RI TC

| abel : in each pai es, the'top Image I1s a phase contrast i mge
and t he bottom i degradatiora fl uorescence inmage. Fig. 9 indicates that with
increasing positive charge on the particles, the nore the particles are
taken up by the cells. Thus a positive charge on the particles assists not
only in binding the peigl 8ashdwg phbtographsi of theniparicles suspendeggt akd matlo

cells. Fig._.10 illustr fd i ned
in positi vélsy chﬁgﬂaﬁ %%Ief ipﬁ%,a@e@ t%%yr%grs te)%t gﬁ%@ﬁegéﬂgﬁ PISI (Y@IIIIpaﬁééIa
neutral or negat bwrhhghchwu@adorpaxbtwsnbbsagg'fbgatldn gmwr@cﬁmtl@ewr@@.l%tl on
by charge. In ea air of S mage
and the bottomi ﬁﬁﬂ% nded 3 ISII%ﬂIﬁ rI‘QII‘@ @chparﬁf%%g aﬁﬂgﬁgﬁ%%%%g@ 2t he
gpt akebof pa;t| Chg§rsl Pbﬂndle/\@lzélvfrésémlntdeteir?]méd rbqu(asteesnzerk(Mupapattebﬂmg) i
i stribution and Fig. 12 shows m crographs .o es but wt

t he | abel | ed payf%’&é"rgﬁ gﬂ|tlf7§m0é&0[1?efgfaqpﬂé“%%?I?S SIII'@IIII’I%%?)F&II‘I In each
pair of imgges in both of these figures, the top |mage |s a phase contrast
image. In Fig. 11 in each pair the b% mir’rpgg}ols an

In conclusion, cargo ings o are routlner achlevable and
loading of about 8% has been demonstrated. Encapsulation efficiency of
>80% is routinely achievable. Retention of the biomolecule in the particles
appears to be mediated primarily by electrostatic forces, yielding dissolution-

25 limited release characteristics at physiological pH (i.e. the release take place
predominantly by dissolution of the matrix). Cargo retention characteristics
have been shown to be unchanged after 40 days storage at -20°C in 96%

EtOH.

30 Uptake into Mammalian Cells




30 fluorescence (red channel) image, and in Fig. 12 in each pair the bottom
image is a fluorescence inmage of si DNA (green channel). By conparison of

t hese twowDi2giurese2et can be determ ned that the si RNA i ecretizon@dissn t he
particles as the particles penetrate into the cells. Collocation of the
green WO 2012/ 021922PCT/ AU2011/ 001040 36 and red dots inside the cell

nmeans that the silica has penetrated insi (red channel dots=silica
particles) while retaining its fluorescent cargo (green channel dots
=DNA), thus denonstrating that the DNA has been successfully transfected

inside the cells. Figm@Snflidrice 46 pahRye tdnaché R c5|| wé&@n@i dniat cadyect i on
of labelled siDNA into various cell |ine %‘ﬁ' 14: Hela;

Fig. 15 RAW264) ratentigny apd thedime.squree éﬁuaﬂak?rﬁ'émﬁﬂ/'éﬁﬂpcﬁ?do PPARCe
shows the fluor e%ﬁé‘ﬁ@egcg%tté%bm' on at each time posttreatment in the
cells. In each case, it e seen that at shorter tinme periods the siDNA
is located primarily in small regions, representing the 10 |ocalisation

wi thin partiscles | 0cabasioied ddigichl Ishendl WRNBETC(HBRaRRE AlihibBparteNA

spreads into |larger regions, representl ng\3 ease fromthe particles by
di ssol ution of tard paryinglaeDhk W|tbt aarﬁiRN type Iseauence amd)tajne"e%m@eﬂ@

15Fi gure 16 sho a al Flg
16, the top |nam@|u§fég0§h% fsgﬁ?rftp ﬁ"(r)'vvs rbgpgr%s%?alcnéﬂ(sbl ue channeP? and

t he bottom i rrageHﬂﬁ’c@Qg were calttDHAté Eowmlgﬁoee egﬂ eenlcas@smsyandwa@owaa

These were ¢ r oat EPAbRORGI SRl OFMBNA Forehaall drebh IO Tp RlRE.
FAM DNﬁ\ Thigy vvtenmdwntenAme:smu the tculteRS were \fvammu wi\QGhWBh PRS (phasrhet®/de in
cal i ner mount ed Bitereraalte) Bierde hIaREvE R RIS Rhich irndrhenitiid fito
confocal m croscegis aid thedXmagegadiblyiepiftiorescenhmicroscmy. are 150 x 150 pm

z-axis slice depth 350 nm The well defined approximately round 25
structures represent nuclear DNA. After 24 hours there are a |arge number

of small bright regi opg, Qr@@m&ﬁ@tew@stdnmq@mho@dwé RETAC label |mead:h pait bé
particles. A small anount of diffuse |I6$]htl g resen ampunt of

rel eased pald oadMag9% he9PHmaee 's ALNBSF FeN ge ﬁ%iﬁq %‘?tg’é]‘ {mage’is a
di sappear ed, reppgsRatéte Hﬂ@edF@S olinditses ﬂiattvhm lﬁ&%bsmbep@sntlk/és:haﬁgé, oreach

cell has a dlffuse 30hal o of i on represen eased. .payl oad
within the cell. tmlﬂﬁ@dhammegiwrgglesw ?QFB%’Y&S’%‘%&% k@éﬁﬂf’%‘ﬁ)m 37
Fig. 17 shows thep ér‘a%%r‘i ek aﬁfble%ﬂ@énét@%t ity SMOMdine tied baglobd engsdsef t he
present |oaded particles in knockdomn (i.e._inhibition of Rene exgre55|on)

This experinent BevREwitypasticle gptakernaieselndikddifustiatesshat the caigedsmese
fibrobl ast sq si RifteRilFretained W bbSitibdry @naRfedspattivies ds théy are taken up by

cells compared to neutral or negatively charged particles. This figure shows
siDNA retentiop by charge. In each pair of images, the top image is a phase
contrast image and the bottom image is an siDNA fluorescence image.

25 Fig. 11 shows the uptake of particles into two different cell lines (i.e.
the particle distribution), and Fig. 12 shows micrographs of the same
samples but with the labelled payload highlighted (i.e. the cargo distribution).
In each pair of images in both of these figures, the top image is a phase
contrast image. In Fig. 11 in each pair the bottom image is an RITC

30 fluorescence (red channel) image, and in Fig. 12 in each pair the bottom
image is a fluorescence image of siDNA (green channel). By comparison of
these two figures it can be determined that the siRNA is retained in the
particles as the particles penetrate into the cells. Collocation of the green



S inactivation by RNase present in the system Unsurprisingly, unloaded
silica particles were also ineffective. The measurenent |abeled si RNA/Lipo
refers towei2RMA2tmansf ected by nmeans of Li pof ectam ne(r pcTmhizeh/doso4bnown to
transfect oligonucleotides across the cell nenbrane. This system has the

di sadvantages that it is toxic and does not provide protection for the
SiRNA 10 fromenzynmatic attack. The neas ment | abel ed si RNA/ nano
represents si RNA encapsul ated in particles according to the present

i nvention. In each case in which si RNA was present, it was used at about
200nM The resul 45d fdtpaots viide the ol cagemisl thaettesiliRBlhasqenefratect inside 4ted

knockdown at thi | on, d ol L sl '
than s RuA wi t h SUTTEGRRtTRHcAcbaTRee) PrUedsHanng; fmalorebcdRt BA Cafgd ¥©
Encapsul ation of (fpeérrehaanelefots HDNAA UL Hemonseating theat ttioe ONA has sreen

i nvention can tect the bi I I f ' '
when appli od 1t b seqaesstHnARNRRIRR et De RS Bl em 3 PrE HEM 1F I0e oaded

wi th bionol gcul ego@se FaRAbAGHRh GERBENES ISTENA hetocyariuisasdli ineee (figans: and
delivering their ca‘rggo to the intracellular space. 25deljver .?f

bi onol ecul' es vi aHERGrigi t4:edeln; E'ﬁeﬁh%ﬁf‘(?@ﬁ l{yowtayﬁﬁée @&ﬁ%ﬁ%°kﬂ1% s
results in dose- ﬁ‘ﬁ@ﬁﬁ”@%@ach%ﬁlﬁéﬂb@vs&ﬁe AR skENE @striButibatedtpltinte poktses of
si RNA encapsul ated 1 n particlfes sufficient to rs?ysogtl t in >50%

r g(cjiuct ion in nR\#eatvantsnshewetls 15i eaalT Fasttit canibei sgen thajqlshoger time
Addi ti onal Resul = I hexis; the i i i
2012/ 021922PCT/ A 6%%%%1%@3"%50 f°°gérd Wﬁégé‘zr{ﬁ\?&‘ a"srer?tl%rzast' i’Sp’r?S?H%“ ithse
descri bled Hyp t helochtisativnagithimparticesgiocatedsgn thecells 1AL lpagsrdime pefiads the
extrenely rapid o ! t q tiQe t r {
sol ution. Howeve 'tbhl?f'gds@iér’\%#a%tgt 'gf%egsté%%éhgéﬁgéé\%ggﬁ%ltﬁ%mg%a%gt f/(ea@nw
formati on of thepeniclesi pndssdiupan taf ¢he padidle oratidn and distribution through the

cells.

15 Figure 16 shows a similar experiment using confocal microscopy. In
Fig. 16, the top image of each pair shows the nucleus stain (blue channel)
and the bottom image shows the siDNA fluorescence (green channel). Thus
HelLa cells were plated onto poly-lysine-coated coverslips at 25%
confluence. These were treated for 24 or 48h with RITC-modified particles

20 carrying FAM-DNA. They were then washed with PBS and fixed with 3.7%
formaldehyde in PBS. They were then stained with 1.2 pg/mL Hoescht
33342 in isotonic saline, mounted on slides with Gelmount and acrylic and
imaged with confocal microscope at 100x magnification. The images are 150
x 150 pm, z-axis slice depth 350 nm. The well defined approximately round

25 structures represent nuclear DNA. After 24 hours there are a large number of
small bright regions, representing the payload localized within the particles. A
small amount of diffuse lighting represents a small amount of released
payload. After 48 hours the point sources have largely disappeared,
representing the dissolution of the particles. Instead, each cell has a diffuse

30 halo of light region representing the released payload within the cell.

Gene Knockdown Studies




5 Retention of oligonucleotides is strongly influenced by

el ectrostatic interactions between the cargo and the am nosil ane conponent
of the pawbi2elzar192Zhi s nmakes the quantity and type of swbstAtzotiim4oand

al so the pH of both formation and rel ease critical factors in determ ning
encapsul ation, 10retention and rel ease characteristics. Paraneters The
surfactant used in this exanple was Sorbit nonol aurate 15 (Span(r) 20).
The surfactant concentration used was about 17% by mass. The hydrophobic
phase was heavy liquid paraffin, this giving the smallest particles of

those tested. Particlm Silehmtrfe&éymwbﬂam éxpednent arsteqw tiel effectiveness
i ntravenous i nj ection 8 i

y a conbi nat @H gn tic sk.i rri Bﬂ.tand %onl cation.
20The preferred ehihfbArpesn \padgd : RATERIRS e BWPetidht MBI RS CDARNS
(am noet hyl am noei;ﬂeyéuoﬁ)r TARtXBEMSIEhBIBBked Em@rcums‘s Kotk ARTEDPP4 in
(am nopropyl triethoxysilane) and TATMS am noet Xq m_noet hé?lglg gr&p

tri met hoxysi | anehurspBwBY hégrolasts. nsiRbA m@eefw‘cht' cliv¢ 89
extent, and S.Hﬁg | RS chlatidh® ﬂ%éé@'}g&%‘:ﬂﬂwé @%&a‘?ﬁ | RS |§ﬁ<§?ltﬁ'h@éc%&sﬂida8t i cs.

ZSCargo | oa S expect ect particle zeta poten and
anmi nosi | ane nodi partiles were alseipeftactive { thesmeasyremeant }ﬁ?ﬁlqdo%'af"ﬁﬁ-'po refers e

pH of m ni mum St&bk{ﬂﬁﬁ( tffé?{sfé(@t% rbql ﬁr%%n?sofaBRlA%tdﬁhgby whiéh ig¥knetn to

represents the p mexi mim s he silicate solution is
too 30 close to transfeet QllQOhEC'pDE‘dﬂﬁ’S@'ﬂSth cglpmemhianes| s gestepehas B8 ¢+ can

pe used Tor part ek §yaB8deRaPi id foxtd PRl Atbrbiiad BRor8edH for trid IRNA cant

degradation of t cargo w occur cargos a precursor
pH of 3. 75-14. 00 fram emayveatictattaok. $hé merserementoabeled siRNAMaNG repteseRttdl e.

DNA, LNA, or otheg,, WO 2012 Y N h

ol i gonucl eot i des® WSP?%%%&%@*\E@&? gﬂ& %%ﬁoﬁﬁgbém r;eac

precursor sol uti oase inEaaionsIRNA Riagyresdr, it was used at about 200nM. The results
show that the encapsulated siRNA was effective at knockdown at this
concentration, and was in fact slightly more effective than siRNA with

15 Lipofectamine.

In Vitro conclusions
. Encapsulation of biomolecules into particles according
to the present invention can protect the biomolecules from enzymatic

20 degradation.

. when applied to cells under normal culture conditions,
the particles loaded with biomolecules are capable of penetrating the
cytoplasmic membrane and delivering their cargo to the intracellular
space.

25 . delivery of biomolecules via the particles of the invention
to tissue culture cells results in dose-dependant reduction of MRNA
levels in those cells.

. doses of siRNA encapsulated in particles sufficient to
result in >50% reduction in mMRNA levels show no significant toxicity in

30 vitro.

Additional Results - Synthesis of particles




5 ~ Encapsulation of siRNA into particles nodified with DATMS,

rhodam ne, and nPEG 5000: 15g of Dowex 50Wwas stirred with 100 nL 5M HC
for 30 mwobtewr/ew220 convert the resin to the active, prcoaneti@didsorm The
resin was then recovered by vacuumassisted filtration into a
sintered-glass filter funnel, wherein it was washed tw ce with 100 niL
mlliQwater to renpove residual HC . 159 Ygams Span(r) 20 was wei ghed into
a Teflon beaker and 60 niL liquid paraffin added. The resulting m xture was
stirred for about 30 minutes to conplete dissolution of the Span(r) 20 in

the paraffin. 29 pL DiwEVgehéraHbghthetc &eﬂiodl&%l&tmﬂambyeﬂmﬁiﬁﬁdl ram in
2- propanone was added to'the stﬁred surfactant sol uti %

sodi um si | i cat e RigHER 1& K agicde foraagop was exkeme PPl %chﬂtlorgg}éh%q%qo*shl s

sol ution was set r%ém%r i&fhesahﬁ%%m%blaubhr Abiweve0in generavat least. 12hbmg a pH
probe to conti nual y nmonitor the solution pH, activated 2 l?tlonl C
%CSE

exchange resin was abewer b@M@GJ@@“@‘Fﬂ!‘ wh8¢mLH§°§|aPP

appr oxi matetsy 3.5. The silicate solution was decanted fromthe re5| n and
t he pH rechecked. 2.5 nL of this precursor sol ution
transferred to a 5 miReteatien of gigamigleotigas aﬁ)ﬁﬁr@'ﬁﬂymﬂé‘eOB?CSJW edgquoﬁqﬂ_c) of

cargo RNA sol uti ﬁ%ﬁtﬁ)&g 1@%8&;%@@1@ &gt %Ino'6 the- athHSsllanlé\Qomponent of the

2012/ 021922PCT/ carg NA sol uti on was p| etted
!sm ?af:?gntSI | i fat particles Lifige makeh éharpuentity a@da&yée@fwtlﬁt@t'@ﬁsa’]ﬂ grthePH ok o the
sol u t r
seconds. 5The reé%ﬁt@ﬂﬂaiﬁuPgaoljr?%v%g}sg@?g%lgmdf%? flp‘r’ﬂeeg@rpg lh? éﬁn!?ﬁéggag8§15 ngy
10 retention and release characteristics.
Parameters

The surfactant used in this example was Sorbitan monolaurate

16 (Span® 20). The surfactant concentration used was about 17% by mass.
The hydrophobic phase was heavy liquid paraffin, this giving the smallest
particles of those tested. Particle size was reduced toa value acceptable for
intravenous injection by a combination of magnetic stirring and sonication.

20 The preferred aminosilane used to enhance cargo retention was
DATMS (aminoethylaminopropy! trimethoxysilane). Experiments with APTES
(aminopropyl! triethoxysilane) and TATMS (aminoethylaminoethylaminopropy!
trimethoxysilane) show they also have this effect to a lesser or greater
extent, and may be of use in fine-tuning retention/release characteristics.

25 Cargo loading is expected to affect particle zeta potential, and aminosilane
modification is expected to affect maximum loading.

The pH of minimum stability for waterglass is approximately 5.5, which

represents the pH of maximum stability for RNA. If the silicate solution is too

30 close to neutral, the precursor will spontaneously gel before it can be used
for particle synthesis. If the solution is too acidic, significant degradation of

the nucleotide cargo will occur. With RNA cargos a precursor pH of 3.75-4.00

has proved to be suitable if somewhat difficult to handle. DNA, LNA, or other



MPEG 5000 sil ane powder was then added to the enul sion and the resulting
m xture stirred overnight. The m xture was then centrifuged for 5 m nutes
at >2000 wogotom2ieel ate 10 the particles. The parti cl epcorrotiiemsnashed
twice with cycl ohexane to renove paraffin and surfactant, centrifuging
after each wash, and then washed once nore with ethanol. The particles were
col l ected by centrifugation, supernatant dég:ant ed, and the particles
resuspended in 10 nmL ethanol. 15 The typi cal wei ght of product
obtai ned was 200 ng. The typical encapsulation efficiency was >80% The
typical zeta of RpKdified Bigoatcledlidesinanpallonw2dr mére atidict(simd bencerradtecttakie) of
protein binding to partic|es when conpared to native silicate particles (a
measure of PEGy| BIQUFPUSAYUIPDS was 20>90% Exanples - Figure 19 A.

M croemul si on synthesis of particles for bionolecule encapsul ation 25
0.381 g of NP9 was dissolved in 3 rnL of cycl ohexane (0.2 nol/L) by

stirring (magneti c) i&ﬂ@l%sm&l@-and 0.065 nL of 1-pentanol subsequently
added as a go-surfactant with continued stirring (0.2 nol/L). The resultant
sol ution constituted the hydropho 30 . M HNGC3
was added to act as abneapsulatis AonBtg tRaMlicie QAU WU IBase,
and the sol ution s{]J&: ? mﬁ%' pggges to honogenise. This resulted in
formati on of a n]r_@&rdérﬁnﬁ o / 021922PCT/ AU2011/ 001040 41

0.018 nL of tetramethylort ho:si licate (TMXS) was added and the resulting
sol ution stirred for %9 gﬂﬂéﬁ/e& goW@EQEﬂﬁ@d Vit 1605 scHorfey 80 fhiutes to

hydr ol ysed precursor sO .
10 convert the resin to the active, protonated form. The resin was then
recovered by vacuum-assisted filtration into a sintered-glass filter funnel,
wherein it was washed twice with 100 mL milliQ water to remove residual

HCI.

15 9 grams Span® 20 was weighed into a Teflon beaker and 60 mL
liquid paraffin added. The resulting mixture was stirred for about 30 minutes
to complete dissolution of the Span® 20 in the paraffin. 29 pL DATMS liquid
and 6 yL 10% Rhodamine-APTES in 2-propanone was added to the stirred
surfactant solution.

20
4.0 mL sodium silicate solution was added to 28 mL milliQ water. 8.0

mL of this solution was set aside for subsequent titration of main volume.

Using a pH probe to continually monitor the solution pH, activated
25 cationic exchange resin was added to reduce the pH of the silicate mixture to
approximately 3.5. The silicate solution was decanted from the resin and the

pH rechecked.

2.5 mL ofy this precursor solution was transferred to a 5 mL plastic
30 tube . An appropriate volume (<0.5 mL) of cargo RNA solution was
transferred to a 1.5 mL tube.



0.013 nmL of 0.01M NaOH was added and stirred for 5 mnutes to adjust the pH
to greater than about 4. Addition of a bionolecule was sinmul ated by
addi ti on wb 201020l of 10 water with stirring. As a feoctAtnalisad

ceram c precursor, 0.003 nL of 3-(2- am noethyl am no) propyl trinethoxysil ane
was added and the m xture stirred for 6.5 hours, over which tinme the

sol ution becane progressively nore cl oudy.4Thi s provi ded a suspension of
nanoparticles. 155 ng of nPEG sil ane (MN:Q:3000) was added and the sol ution
| eft stirring for 15 hours. The solution was then centrifuged (13,000 for 1

mnute) to isolate thehdaalgoRIEA solifibh Wasgisetidtbintome sidatd wreeutsorethen th 2
mL of ethanol, and suspended in 2 nL ethanol. 20The pt)articl es wer.e

| : | . ' d
by FEG SEM whi cRN&glliade miguawaspigetied intpthe stafactant splufien and soncataite t o
Figure 20. B 'V'g&ggg}liirﬁiéamm@ﬁﬁﬁﬁgiférﬁs@cﬁiﬁd@scleS for biomolecule

encapsul ation 25 g of NP9 was“dissolved in 5 nL of cycl ohexane (0.2
mol /L) by stirring (magnetic) in a glass vial. 0.109 nL of 1-pentanol was

added as a go-sur {act ffif Wldinf SRIULILR DY }dpgdlvgttigrgg%pmb/rﬂa)nutés.1145 g of

the cycl ohexane/ NP9/ 1- pentanol so on was pip into a second glass
vial (x2). 30 WDPHG5000 siarrrswdenasitheo added tothe emulsion anditheresyiings

mvbl ) of tetranegl | L was added to the subsanples and the
resulting soluti hﬂéh%{%tp&?f%ﬁ@b% 5 hours to hydrolyse the TMOS. 0.011 niL

of 0.01M NaOH was added to both sanples and they 5were then stirred for 5
T o2 ch oo et o "R AL HepeRPydiBor dmiytes o S0P o bt
wat er) was f@ddedthe partisteilsr Thagparticles avesartper washed qweowith. cytiohaxane tms
added to the Sec?enrrqovseagglra u‘wNi atnb:l gttxrifarcrtéﬁg'centrifuging after each wash, and then
washed once more with ethanol. The particles were collected by
centrifugation, supernatant decanted, and the particles resuspended in 10
mL ethanol.
15
The typical weight of product obtained was 200 mg. The typical
encapsulation efficiency was >80%. The typical zeta of particles at pH 7.4
was +20 mV. The typical reduction of protein binding to particles when
compared to native silicate particles (a measure of PEGylation density) was

20 >90%.

Examples — Figure 19

A. Microemulsion synthesis of particles for biomolecule encapsulation

25
0.381 g of NP9 was dissolved in 3 mL of cyclohexane (0.2 mol/L) by
stirring (magnetic) in a glass vial and 0.065 mL of 1-pentanol subsequently
added as a co-surfactant with continued stirring (0.2 mol/L). The resultant
solution constituted the hydrophobic phase.
30
0.013 mL of 0.01M HNO3; was added to act as an acid catalyst,
constituting the hydrophilic phase, and the solution stirred for 20 minutes to

homogenise. This resulted in formation of a microemuision.



10 0.002nL( 0. 009mwol ) of 3-(2- am noet hyl am no) propyl tri met hoxysi | ane was
added as the functionalised ceramc precursor to each sanple and the

m xt ur es woioradif20r 6 hours. 150.8 ng of nPEG sil ane (WA BOOAD1IMBSs added
to each sanple, and the sanples were then left stirring for 18 hours. 1 niL
of acetone was added to each sanple and the solutions stirred for 10

m nutes. The solutions were then centrifugﬁd (13,000 for 1 mnute) to
isolate 20 the particles, which were then washed three tines with 2 nlL of
et hanol . The sanple containing fluoro-DNA (CSI 1-0028)was suspended in 2 nL
of ethanol. The sanpl e nade using water only (CS11-0029) was dried at 40 C

and wei ghed as 7.3 n 028 SRV rabtrieBfyIGHhdshitaraTMOS swasbatiee dandi the
fluoro-DNA were dried on a mcroscope slide and i maged_using a fl ugrescence

mi croscope equi presdlitingtsoluiopisticedifor & hawrs 40 hydiohse: he M3 ANdRIoWdE & ond
exposure. Refer e@f}ﬁ?h?%‘gr%ﬂﬁefﬁtéﬁor@"ﬂm%' 21. 30Figure 22 illustrates the

transfection of hepatocytes with Al exaFl uor-633 | abel | ed
silica nanogarticles. Cells were treated for 24 hours before imaging. WO

2012/ 021922PCT/ AU2011 040 rt Ex | i ¢l

| abel led with FITC (fé-ﬁﬁ%d@kﬁﬁ@ﬁﬁ%ey%"ﬁ?@sfgéaéﬁ*&r@éﬁ%f’h@“&wm
Phycoerythrin pagggggghydﬂ tob@,egwattm:ag@‘giA‘HeLa cells will be cultured to
50% confl uence and particles as descri bed above (about 30pg/nil) wll be

added directly to the culture nmedium After 40h, the cultures wll be

washed once wi th PBS : i '
particles which had né{?@igéﬁgf‘r%g%}ﬁf)i{eg?%q%ﬁﬂﬁmggh{bﬁé%{]diﬁtmgdG.EWYTﬂ. of
10 water with stirring. As a functionalised ceramic precursor, 0.003 mP_I of 3-(2-
aminoethylamino)propyltrimethoxysilane was added and the mixture stirred

for 6.5 hours, over which time the solution became progressively more

cloudy. This provided a suspension of nanoparticles.

15 5 mg of mPEG-silane (MW = 5000) was added and the solution left
stirring for 15 hours. The solution was then centrifuged (13,000 for 1 minute)
to isolate the particles, which were then washed three times with 2 mL of

ethanol, and suspended in 2 mL ethanol.

20 The particles were imaged by FEG-SEM, which showed a size range
of 30 — 100 nm. Reference is made to Figure 20.

B. Microemulsion synthesis of particles for biomolecule encapsulation

25 0.636 g of NP9 was dissolved in 5 mL of cyclohexane (0.2 mol/L) by
stirring (magnetic) in a glass vial. 0.109 mL of 1-pentanoi was added as a co-
surfactant with continued stirring (0.2 mol/L). 1.14 mL of the
cyclohexane/NP9/1-pentanol solution was pipetted into a second glass vial
(x2).

30

0.011 mL of 0.01M HNO3 was added to the subsamples above and

the solutions stirred for 40 minutes to homogenise, forming a microemulsion.



10epi fl uorescent mcroscopy to thereby nonitor intracellular release of the
del i vered Phycoerythrin. Unl ess the context requires otherw se or
speci fi cavbyostmied to the contrary, integers, steps or peramotimoofsot he

i nvention recited herein as 15singular integers, steps or elenents clearly
enconpass both singular and plural forns of the recited integers, steps or

el ements. Throughout this specificatjon, unless the context requires
ot herwi se, the word "conprise”, or variatidns such as "conprises" or
"conprising”, will 20 be understood to inply the inclusion of a stated

step or elenment or integer or group of steps or elenments or integers, but

not the exclusion of (?59(25’?7{19 @éﬁm& ofakbfaRR ﬂnﬂd@?l%ﬁ@w% ae&%ylfb e

steps, elenents or egers hus, the cont I's specification,
the term "conpri s;ubsg?nplgs andatlhelresmtmg sauticrisstirred fiordl 7aﬁ1blourhtflsh351ﬁ@|useitfl@e

o ety o PR, oG E ach Bitae R, s 2Oy S5 Rl SEEBRR A hev, e

been given By Wayef thehlstifibl b 5 tritutes R &djaét theeH tvgehterthamedboltad. al |
such nodi fications and variations thereto as woul d be apparent to persons

of skill in the art are 30deened to fall within the broad scope and anbit
of the invention as h&pes miS&IubRS-DNA j:gf@ng%agggﬁpa 20 bh5083aPA0 44
CLAI M5: 1A particul ate su sL’t(gnge C(t))nprsli@n&p( ticl gs of agc@?am C

matrix bearing a06ungimloinavatgr) was,added WIt!i\rﬁilmmt@IO@r&mﬂppiﬁeano 08p ap: ef of
promoting penet " hie? wa%fac}d%‘a Bhd LELSHY éaﬂﬁ&e%ﬂhl élrnﬁ’@d
10
0.002 mL (0.009 mMol) of 3-(2-
aminoethylamino)propyltrimethoxysilane was added as the functionalised

ceramic precursor to each sample and the mixtures stirred for 6 hours.

15 0.8 mg of MPEG-silane (MW = 5000) was added to each sample, and
the samples were then left stirring for 18 hours. 1 mL of acetone was added

to each sample and the solutions stirred for 10 minutes.

The solutions were then centrifuged (13,000 for 1 minute) to isolate
20 ° the particles, which were then washed three times with 2 mL of ethanol. The -
sample containing fluoro-DNA (CS11-0028) was suspended in 2 mL of
ethanol. The sample made using water only (CS11-0029) was dried at 40 °C
and weighed as 7.3 mg.

25 Several drops of the particles labelled with fluoro-DNA were dried on a
microscope slide and imaged using a fluorescence microscope equipped
with a FITC filter at 40 x magnification and 4 second exposure. Reference is
made to Figure 21.

30 Figure 22 illustrates the transfection of cultured human hepatocytes
with AlexaFluor-633 labelled silica nanoparticles. Cells were treated for 24

hours before imaging.



a bionol ecul e di sposed within pores of the particles, the bionol ecul e being
rel easable fromthe particles by dissolution of the ceramc nmatrix. The
parti cul ave 2s1mei®nce of claim 1, wherein the bionol eculpeTiav2eubdi@ati al |y
non-rel easable fromthe particles by leaching in the absence of dissolution
of the ceramc matrix. The particul ate substance of claim 2, wherein the
functional group chemcally interacts wt he bi onol ecul e to substantially
prevent | eaching. The particul ate substance of any one of clains 1 to 3,
wherein the ceramic matrix bearing a functional group conprises a
functionalised silica matrix. The particul ate substance of any one of

clains 1 to 4, whereif, il Hxdhigié onal group of the ceramc matrix conprises
Wp_‘Frﬁ_B%e '

an am noal kyl am no gr . articul ate substance of any one of clains 1
to 5, wherein the bionolecule conprises an RNA, an anti sense nucl eotide, an

O emr, 2 Ty Bl g TN e e 2

carbohydrate or a m xt C nore o '
2012/ 021922BCT/ AR EAMAA] B4hycdrytirn payladdonll besystiesisedcdeba callswidibe of

clainms 1 to 6, wherein po thyl ene gl ycol chains_ar t

surface of the pgyiured éB. géﬁe‘%’&fﬁﬁ”@ Iért"g %ﬂiﬁ@f’%rﬂ:se dgﬁ&w %ﬁg\’%f(tag?%tl m 1
to 7, wherein a 8egrRiwill b8'addBd dfecHuB tislciituré hrediumS After 48h, tHeacyttaresi cl es.
The particul ate substance of any one of cl ai erein.said

to 8,
particles have awmmw@smdmcgvgthz@apmnﬁt%@ef%%m B OHE QPRI y
fromabout 0.1 tggri}igi@gcmﬁhq T, Bt ' pérbtanéd SHRSINECand MK Rsge by ai s

1to 9, werein articles have a nean particle size of about 20 to
about 100nmQ Theepiflublesubrtt micsosxipyrioethefetynyoniter intracelilasreleass obthe

wherein said partilcl es Pﬁve %ﬁore size of fromabout 1 to about 50nm The
particul ate subsPENEEELFMURETENEN ot clains 1 to 11, wherein said particles
have a | oadi ng of bionol ecule fromabout 1 to about 20% w w.

Unless the context requires otherwise or specifically stated to the
contrary, integers, steps or elements of the invention recited herein as
15 singular integers, steps or elements clearly encompass both singular and

plural forms of the recited integers, steps or elements.

Throughout this specification, unless the context requires otherwise,

the word “comprise”, or variations such as “comprises” or “comprising”, will

20 be understood to imply the inclusion of a stated step or element or integer or
group of steps or elements or integers, but not the exclusion of any other

step or element or integer or group of steps, elements or integers. Thus, in

the context of this specification, the term “comprising” is used in an inclusive

sense and thus should be understood as meaning “including principally, but

25 not necessarily solely”.

It will be appreciated that the foregoing description has been given by
way of illustrative example of the invention and that all such modifications
and variations thereto as would be apparent to persons of skill in the art are

30 deemed to fall within the broad scope and ambit of the invention as herein
set forth.



The particul ate substance of any one of clains 1 to 12, wherein a pol yner
or conplexing agent is disposed in the pores of the particles with the

bi onol ecuve.2ommei1garti cul ate substance of claim 13, wherer/auba/polsymer is
a pol yethylinam ne, polylysine, or polyhistidine, or a substance that

provi des a proton sponge effect. A process for making particles conprising
a bi onol ecul e di sposed in pores thereof, sgid process conprising:

a) conbi ni ng: a hydr ophobi ¢ phase coﬁﬁ#ising a hydrophobic liquid, a
first ceram c precursor and a surfactant; and WO

2012/ 021922PCT/ ARRAME001040 46 a hydrophilic phase conprising a
hydrophilic |iquid, a second ceram c precursor and the bionolecule, so as
to forman enul sion conprising droplets of the hydrophilic phase dispersed

in the hydrophobjc phg$@rticakie BiBsthhed to@ptisiagenul sion as the particles
forminside the droplets; wherein the first ceramc pr?cur,sor conBr' ses a
functional group which is Rasticles ef arcesrmicomatiy brRavingr afynahope! IREPLYE: j ¢l es
into cells. gThe proc | S i b rietrati6®@déf theng t he
sur f act ant v5vith t he ﬁ@ﬁ?@%ﬁb@guﬁ’ﬁ%d?%%ggﬁggagguﬁrﬁgﬁfﬁﬁgﬁf’? st ceramc
precursor, so as to fprarticledintogalis@ebi c phase, said steps bei ng conduct ed

prior (o step ). The procesifbiethid! Gisddsdd within YRR thogdrides aeal
group of the first ceram c” precursor 1s capable of chemcally interacting
with, for exanple el ebibmotacule being yeleasabiaformienarticles hedissaivtipe ofithe
. ceramic matrix.
10
2. The particulate substance of claim 1, wherein the biomolecule is
substantially non-releasable from the particles by leaching in the

absence of dissolution of the ceramic matrix.

15 3. The particulate substance of claim 2, wherein the functional group
chemically interacts with the biomolecule to substantially prevent
leaching.

4. The particulate substance of any one of claims 1 to 3, wherein the
20 ceramic matrix bearing a functional group comprises a functionalised

silica matrix.

5. The particulate substance of any one of claims 1 to 4, wherein the
functional group of the ceramic matrix comprises an aminoalkylamino
25 group.

6. The particulate substance of any one of claims 1 to 5, wherein the

biomolebule comprises an RNA, an antisense nucleotide, an

antisense, an aptamer, a DNA, a protein, a glycoprotein, a

30 polypeptide, a carbohydrate or a mixture or adduct of any two or more
of these.



The process of any one of clainms 15 to 17, wherein the first ceramc
precursor is an am nofunctional ceramc precursor. The process of claim18
wher ei n twe 2arinef2anct i onal ceramic precursor is an am mofrateoiimoal4o ’
al koxysi | ane. The process of claim18 or 19, wherein the am nofuncti onal
ceram c precursor conprises an am noal kyl ami no group. The process of claim
20, wherein the am nofunctional ceram c prggursor is

3- (2-am noet hyl ami no) propyl trinethoxysilane, 3-[2-(2-

an noet hyl am no) et hyl am no] propyl tri net hoxysi | ane, 3- ( 2-

am noet hyl am no) pr opyThé rpaetidutaty ssubatamcer of3dgy (e of claims 1 to 6, wherein

o more of those. o8y Be8YserheRlnt e EPHBRTe s frafl et ighygicey 1o

8. The particulate substance of any one of claims 1 to 7, wherein a
5 targeting group is coupled to the surface of the particles.
9. The particulate substance of any one of claims 1 to 8, wherein said

particles have a mean particle size of about 0.1 to 10 micron,
preferably from about 0.1 to 1 micron.
10
'10.  The particulate substance of any one of claims 1 to 9, wherein said
particles have a mean particle size of about 20 to about 100nm.

11.  The particulate substance of any one of claims 1 to 10, wherein said
15 particles have a pore size of from about 1 to about 50nm.

12.  The particulate substance of any one of claims 1to 11, wherein said
particles have a loading of biomolecule from about 1 to about 20%
wiw.

20

13.  The particulate substance of any one of claims 1 to 12, wherein a
polymer or complexing agent is disposed in the pores of the particles
with the biomolecule.

25 14. The particulate substance of claim 13, wherein the polymer is a
polyethylinamine, polylysine, or polyhistidine, or a substance that
provides a proton sponge effect.

15. A process for making particles comprising a biomolecule disposed in
30 pores thereof, said process comprising:
a) combining:
a hydrophobic phase comprising a hydrophobic liquid, a first
ceramic precursor and a surfactant; and



10 25. 15 26. 20 27. 25 30 28. The process of any one of clains
15 to 21, wherein the surfactant has an HLB of about 8 to about 16. The
process oloamp/ane2of clains 15 to 22, wherein the hydrephohizeildogubd has a
viscosity of about 0.5 to about 15000 nPa.s.

46

a hydrophilic phase comprising a hydrophilic liquid, a second
ceramic precursor and the biomolecule,
so as to form an emulsion comprising droplets of the hydrophilic
phase dispersed in the hydrophobic phase; and
5 b) agitating the emulsion as the particles form inside the droplets;
wherein the first ceramic precursor comprises a functional group
which is capable of promoting penetration of the particles into cells.

16.  The process of claim 15, comprising the steps of:
10 combining the surfactant with the hydrophobic liquid; and
adding the first ceramic precursor,
so as to form the hydrophobic phase, said steps being conducted
prior to step a).

15 17.  The process of claim 15 or 16, wherein the functional group ofthe first
ceramic precursor is capable of chemically interacting with, for
example electrostatically interacting with, the biomolecule.

18.  The process of any one of claims 15 to 17, wherein the first ceramic
20 precursor is an aminofunctional ceramic precursor.

19. The process of claim 18, wherein the aminofunctional ceramic
precursor is an aminofunctional alkoxysilane.

25 20. The process of claim 18 or 19, wherein the aminofunctional ceramic
precursor comprises an aminoalkylamino group.

21. The process of claim 20, wherein the aminofunctional ceramic
precursor is 3-(2-aminoethylamino)propyl trimethoxysilane, 3-[2-(2- .
30 aminoethylamino)ethylamino]propyl trimethoxysilane, 3-(2-
aminoethylamino)propyl triethoxysilane or 3-[2-(2-
aminoethylamino)ethylamino]propy! triethoxysilane, or a mixture of
any two or more of these.



The process of any one of clainms 15 to 23, wherein the hydrophobic Iiquid
conprises a paraffin oil, vegetable oil or a mneral oil. The process of
any one oWocbeiresni5 to 24, wherein the first ceranic pretwor/dos4a base
and the hydrophilic phase has a pH below the pKa of the first ceramc
precursor. The process of claim25, conprising the steps of: conbining the
hydrophilic |iquid and the second ceramc ecursor; adjusting the pHto
bel ow the pKa of the first ceram c precursor; and addi ng the bionol ecul e
so as to formthe hydrophilic phase, said steps being conducted prior to’
step a). The process of claim 26, wherein the step of adjusting the pH

conpri ses exposi | uti f th ] |
yrophi i o |1 quidl | o RRERBEYRIRGE CAISS o dnd HarToCapE purroiat e

solution fromthe res%mH?quathgt@Irb gbolits. sol ution has reached a desired
pH bel ow t he pKa of the first ceramc precursor. The process of any one of

clainms 15 to 27, wherein the hydrophilic liquid is aqueous. WO

2012/ 021922BCT/ AYRO111 0010405 4BadSndbPaSHSEs P ta122, vatisre®f the lhgdraphbbict o 28
wherein the second cer anfjc p?secu?s%r conprises wat er %Ioggs F9r hfg!ol | oi dal ’
mPa.s.

silica or a prehydr ol ligédihas pivissasity Rioahays 0.5 to about 1

24.  The process of any one of claims 15 to 23, wherein the hydrophobic |
liquid comprises a paraffin oil, vegetable oil or a mineral oil.
10
25.  The process of any one of claims 15 to 24, wherein the first ceramic
precursor is a base and the hydrophilic phase has a pH below the pK,
of the first ceramic precursor.

15 26. The process of claim 25, comprising the steps of:
combining the hydrophilic liquid and the second ceramic
precursor,
adjusting the pH to below the pK, of the first ceramic precursor,
and
20 adding the biomalecule,
so as to form the hydrophilic phase, said steps being conducted prior
to step a).

27. The process of claim 26, wherein the step of adjusting the pH
25 comprises exposing a solution of the second ceramic precursor in the
hydrophilic liquid to a cation exchange resin and then separating the
solution from the resin once the pH of the solution has reached a
desired pH below the pK, of the first ceramic precursor.

30 28. The process of any one of claims 135 to 27, wherein the hydrophilic
liquid is aqueous.



The process of any one of clains 15 to 29, wherein the bionolecule is
negatively charged or is sufficiently large that it is incapable of passing
t hrough pwoesi2aiR2142be particles. The process of clai m 30pcuhaneiwoide

bi onol ecul e conprises an RNA, an anti sense nucl eotide, and antisense, an
aptaner, a DNA, a protein, a glycoprotein, a polypeptide, a carbohydrate or
a mxture or adduct of any two or nore of ese. The process of claim 31,
wherein the bionol ecul e conpri ses si RNA e process of any one of clains
15 to 32 additionally conprising: C)adding a surface treating agent to the

emul si on fol | owi pg fOTrﬁ@F'rmSQfoftérﬁ/ pa¢ tof dlaimss 05 ds 28y wharéiacthet sexmindt he
particles. The process of

clai m 33, wherein th ?urface hr.%ati Bi aagrer;t
conprises a pol yet hyl GafaMifl PEIRUrRaFAMPESHY MPIPW'3PSPhANY 8T & g ai“d
bi ndi ng group bei ng caRARIBIIE SiicyH alkoxide. pol yet hyl ene glycol chain to the
surface of the particles. The process of claim34, wherein the surface

treating agent is a PEGsilane, such as a trial koxysilyl-PEG The process of

any one of gl ai Mgy 33 1% gRce¥dISr fybriel st chivhE 36@0 RO SRhéreih thebiumeletie isses a
targeting group Tor targeting a target in a patient

2012/ 021922PCT/ AL201 Inemptivaly awarged Wicispsuffieisatiniargeihat #6is saPablR ehe
surface treating agen g{gxlrégﬁ\ § ioftHeoXarditle¥] - PEG conprising the
targeting group at th%a%i 5‘7 oﬁ%r% the PEG fromthe trial koxysil ane
group. 538. The process of any one of clains 15 to 37, wherein a polyner or

conpl exing agent s a i 80, viterGhIROBROMIIM SorhpiiseRUNRNAS t he

particles with t%i‘a‘ bi gﬂ%ﬂ@%&;o{%@n %’Qﬁg&%rr%ﬁs_s of claim 38@%\/\herei n the

pol yner is 1® pol yet hyan rentisemse aucleotide, and antisense, an aptamer, a DNA, a
protein, a glycoprotein, a polypeptide, a carbohydrate or a mixture or

adduct of any two or more of these.

32.  The process of claim 31, wherein the biomolecule comprises siRNA.
15
33. The process of any one of claims 15 to 32 additionally comprising:
c) adding a surface treating agent to the emulsion following
formation of the particles so as to surface treat the particles.

20 34. The process of claim 33, wherein the surface treating agent
comprises a polyethylene glycol chain coupled to a binding group,
said binding group being capable of binding the polyethylene glycol
chain to the surface of the particles.

25 35. The process of claim 34, wherein the surface treating agentis a PEG-
silane, such as a trialkoxysilyl-PEG.

36. The process of any one of claims 33 to 35, wherein the surface
treating agent comprises a targeting group for targeting a target ina

30 patient.



10pol yl ysi ne,

sponge effect.

or a polyhistidine or a substance that provides a proton

40. A process for making particles conprising a bionol ecule

di sposed wo 2pmyesother eof , said process conprising: 15apCcomii2niing1040 a
hydr ophobi c phase conprising a hydrophobic |iquid and a surfactant; and
a hydrophilic phase conprising a hydrophilic liquid and a catal yst, 20so as

to forman enul sion conprising droplets of
i n the hydrophobi c phase; b) adding a cerdm c precursor to the emul sion

and hydrolysing the ceram c precursor; c¢) adjusting the pH of the

hydr ophi | i ¢ phasgyto hé §5t86e

I s capabl e of pronoting penetration of the particles into cells. WO
2012/ 021922PCT/ AU2011/ 001040
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38.

39.

40.

The process of any one of claims 15 to 37, wherein a polymer or
complexing agent is added such that it is disposed within the pores of
the particles with the biomolecule.

The process of claim 38, wherein the polymer is a polyethylinamine, a
polylysine, or a polyhistidine or a substance that provides a proton

sponge effect.

A process for making particles comprising a biomolecule disposed in
pores thereof, said process comprising:
a) combining:

a hydrophobic phase comprising a hydrophobic liquid and a
surfactant; and

a hydrophilic phase comprising a hydrophilic liquid and a
catalyst,
so as to form an emulsion comprising droplets of the hydrophilic
phase dispersed in the hydrophobic phase;
b) adding a ceramic precursor to the emulsion and hydrolysing
the ceramic precursor;
C) adjusting the pH of the hydrophilic phase to a range suitable for
the biomolecule;
d) adding the biomolecule and a functionalised ceramic precursor
to the emulsion; and
e) agitating the emulsion as the particles form inside the droplets,
wherein the functionalised ceramic precursor comprises a functional
group which is capable of promoting penetration of the particles into
cells.

henlarapting LPuP ahii&: ei n

he hydrophilic phase di spersed

s%l'dfa&hi@nfw whiehgn bth@rrehﬁacé dreatty agentng t he
bi onol ecul e and a functionalised ceram c_precursar %o t he enul si on; ., and

agitating the enul si ofPraRrisesa WiafkoxsivsPES SRMAL R
the functionalised cejigf en@bPHY PEG MM BRIkoAySiliMeldrangl 30group which

e)



50 The process of claim40, wherein the functional group of the
functionalised ceram c precursor is capable of chemcally interacting with,
for exanpwe ei2einestatically interacting with, the bi orolraazba/ooTize
process of any one of clains 40 or 41, wherein the functionalised ceramc
precursor is an am nofunctional ceram c precursor. The process of claim42,
wherei n the am nofunctional ceram c precurgpr i s an am nofunct.i onal

al koxysi | ane. The process of claim42 or , Wherein the am nofuncti onal
ceram c precursor conprises an am noal kyl am no group. The process of claim
44, wherein the ani nofheqirbces of edlaim @Oprvearemothe functional group of the

3-(2-am noet hyl am no) propYl trinethaoxysilane, 34242- . . .
am noet hyl am no) et hyl fg_’ﬁf’{?&f]qb?%@ﬁ?‘tam'ﬁéf%m it %?Féaﬁ% {afzc_:hemlcally interacting
ani noet hyl am no) pr oPyyith rfopekmiyei didiiestticatpimieracting with, the biomolecule.

am noet hyl am no) et hyl am no] propy!l triethoxysilane, or a mxture of any two
or nore of these. The process of any one of clains 40 to 45, wherein the

surfactant RBas agoHLBrpf rpleessd ofarkybrstilairke 409idh, @Reramhedbrstinalised

et hoxyl ate. The process of any one of clains 40 to 46, wherein said

hydr ophobi ¢ phase addfPQfﬁmpleﬁU&%’bsr?%ég"%’f%@t%@?ﬁ%’@ ¢t Pr&qit3Pas an

al cohol, for exanple 1-pentanol. The process of any one of clains 40 to 47,

wherei n the hydrophobic Iiquid conprises an al kane such @s from hexane (C6)
to dodecane (CL2%#3. a Thelparasmef Wirim 42, Whareie i @migelypghional caIamIc,q

tol uene and benzene, : : ]
2012/ 021922PCT/ Au2011?%%%%@irlamfaﬁdﬁgpgmﬁys“am

10
44. The process of claim 42 or 43, wherein the aminofunctional ceramic

precursor comprises an aminoalkylamino group.

45. The process of claim 44, wherein the aminofunctional ceramic
15 precursor is 3-(2-aminoethylamino)propyl trimethoxysilane, 3-[2-(2-
aminoethylamino)ethylamino]propyl trimethoxysilane, 3-(2-
aminoethylamino)propyl triethoxysilane or 3-[2-(2-
aminoethylamino)ethylamino]propy! triethoxysilane, or a mixture of

any two or more of these.

20
46. The process of any one of claims 40 to 45, wherein the surfactant has

an HLB of about 8 to about 16, such as nonylphenol ethoxylate.

47. The process of any one of claims 40 to 46, wherein said hydrophobic
25 phase additionally comprises a co-surfactant, such as an alcohol, for

example 1-pentanol.

48. The process of any one of claims 40 to 47, wherein the hydrophobic

liquid comprises an alkane such as from hexane (C6) to dodecane

30 (C12), a cycloalkane such as cyclohexane, aromatics such as toluene
and benzene, and blends such as kerosene.



The process of any one of clains 40 to 48, wherein the hydrophilic liquid
conprises water and the catalyst is an acid. The process of any one of

cl ai rs 40Wwoaokd2192erei n t he bi onol ecul e i s negativel y ebargeoiign1i4s
sufficiently large that it is incapable of passing through pores of the
particles. The process of claimb50, wherein the bionolecule conprises an
RNA, an antisense nucl eotide, and anti sensy, an aptanmer, a DNA, a prot ei n,
a glycoprotein, a polypeptide, a carbohydrate or a m xture or adduct of any
two or nore of these. The process of claim&51, wherein the bionol ecule
conpri ses si RNA.49he THeopres® bf anyooee;fcfaimbalioms 48) wherain, the iyt uphilis
adjusting the pH of the enulsion to n. 4, for.,exanple by addition
of a base, such as Nd@qdemf’?ﬁﬁf Wgﬂ‘gbﬁ B?taS'St ér?é‘ %ﬁl tion of the

bi onol ecul e and the functionalised ceram c precursor. The process of any
one of clains 40 to 53, additionally c risi rface treating
agent to the emuP&i onl h%ﬂ"IOSﬁ?W@fQ'H%&q? "BF“B%%A'%&%?%'”@E&? c@e?%é ur f ace
treat the pgrticles. tiREIC @d il i8i suffidentyhedrge thahé suircapabler efat i ng
agent conprises a polye hyle ycol chain Qougled to a binding group,

sai d bi nding group bePar§ingaipsm Rﬁreﬁp heRprtifiesSpol yet hyl ene gl ycol chain
to the surface of the particles. The process of claim 55, V\/nerei n the

surface treating agent is a PEG silane, such as a tria kox l-lzl%fA WO
2012/ 021922PCT/ ASP01 1T wonwsess ebclaimed ) wieseis the bigripleny to 56

wherein the surface tér?aatdnﬁsn@&%%:e%f?@@r hﬁ@sarﬂlséﬁéeﬂeéh Q?tétlh@ﬂpaf'NA a
targeting a target in a patient. The process of claimb5 wherei.n t he

surface trdéting agenproteings glyeepratain iapalypgpiideya catbohydiate P& RyXtFROr
targeting group at thgdd{lc?to%n)gﬁ/go P; mbpgﬁﬁlg@sgr omthe trial koxysil ane
clhains

group. The process of “any one 0 to 58, wherein a polyner or
conpl exi ng agent is added such that it is disposed V\Athl n the pores of the

particles wth t?Zt E;ﬁ%hﬁqcc%gbfagﬁn Bﬁ%ﬁéa%nrptfhe%@rh wﬁg;r@'ee SIRA.

polymer is a pol I'ysine, or a o ne or a
subst ance that provi des a proton sponge effect. Partlcles made by a process

as clal rred n ang3oneTﬁé p%cae's,s of g‘r?y b 9PC|aImS 40 to 52, including adjusting the pH
of the emulsion to greater than 4, for example by addition of a base,
such as NaOH, KOH and NH4OH, prior to the addition of the
biomolecule and the functionalised ceramic precursor.

20 54. The process of any one of claims 40 to 53, additionally comprising:
f) adding a surface treating agent to the emulsion following
formation of the particles so as to surface treat the particles.

55. The process of claim 54, wherein the surface treating agent
25 comprises a polyethylene glycol chain coupled to a binding group,
said binding group being capable of binding the polyethylene glycol

chain to the surface of the particles.

56. The process of claim 55, wherein the surface treating agent is a PEG-
30 . silane, such as a trialkoxysilyl-PEG.



A pharnaceutical conposition conprising a particulate substance of any one
of claims 1 to 11, or particles of claim®6l, together with a

phar macewvbaldgp1mecept abl e carrier, diluent or excipi ercr/A20midoomo of
treating a disease, disorder or condition in a nmanmal including the step of
adm nistering the particul ate substance of any one of clains 1 to 11, or

particles of claim®6l, or the pharmaceuti céa)d conposition of claimb56 to
said mammal to thereby treat said disease,”disorder or condition. A

particul ate substance of any one of clains 1 to 11, or particles of claim

61, for use in tgpatifig BréliettaFCanylbRe delaifis 591E156, Wherinthebguridce
treating agent comprises a targeting group for targeting a target ina
patient.

5 58. The process of claim 57, wherein the surface treating agent
comprises a trialkoxysilyl-PEG comprising the targeting group at the
distal end of the PEG from the trialkoxysilane group.

59. The process of any one of claims 40 to 58, wherein a polymer or
10 complexing agent is added such that it is disposed within the pores of
the particles with the biomolecule.

60. The process of claim 59, wherein the polymeris a polyethylinamine, a
polylysine, or a polyhistidine or a substance that provides a proton
15 sponge effect.

61. Particles made by a process as claimed in any one of claims 15 to 60.

62. A pharmaceutical composition comprising a particulate substance of
20 any one of claims 1 to 11, or particles of claim 61, together with a
pharmaceutically acceptable carrier, diluent or excipient.

63. A method of treating a disease, disorder or condition in a mammal
including the step of administering the particulate substance of any
25 one of claims 1 to 11, or particles of claim 61, or the pharmaceutical
composition of claim 56 to said mammal to thereby treat said disease,

disorder or condition.

64. A particulate substance of any one of claims 1 to 11, or particles of
30 claim 61, for use in treating a disease, disorder or condition in a

mammat.



