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enhancéd delivery of current drugs to the desired disease site is crucial. Simple and efficient
diagnostic tools are also in high demand for early detection and monitoring of treatment

progress.

[0004] Controlled release technologies have received more and more attention as they
provide many advantages, such as prolonged efficacy time, less side effects, and improved
bioavailability, in comparison with conventional dosage forms. In recent years, particulate
drug delivery systems have emerged as one of the most promising ai)proaches to achieve site-
specific or targeting drug delivery, and been a major focus in the pharmaceutical industry. The
achievement of controlled release of phélmaceutically active agents to the specific site of

action at the therapeutically optimal rate and dose regimen has been a major goal in designing



WO 2010/ 059135PCT/ SG2009/ 000447 2 such delivery systens. Various

pol ynmers have been used as carrier materials in drug delivery

resear ch, Jbi oconpati bl e and bi odegr adabl e pol S
FDA approve po@ﬁﬁ -l actide-co-glycolide) (PL&G), are¥£§%$%%$y&%£€d.
[ 0005] Nanoparticles have been the focys of recent research efforts,
since many cell types are known to be ‘Capable of' ingesting

smal | -si ze tter of wer than about 200 n mechani,sns uc )
o1 nocyt (8 GRFTY SRl SO ROBTE Y E HORSPaE (B FBRgT RS s g daftvery
nol ecul akseaedhg xemamcumampamﬂstarﬁeaod@ﬁaszenﬁolﬁﬁersn wedieias FIDA dppfoRsd
be | oaded upto napopar.t that are not recﬂgnlzed by the imune
system Hdy %:o&;r OZ'G G otrs cprapenly used to target cancer

s b t
S Ut BB BB i o
coul d f ware kmowhdo recripitie bf msﬁx@srqajhmadnmdmrscf i lowieh éhdnoahput 26 nosky

f | heal t h . . cut dc_si
of f oot s B Ry FebE % R Tefs JBR {rposin on SRR oG RIOBER0. Lo
nanocr y shaleculare waigtit tcompmnﬁs;v peptidegi protejns opEr hidsic ogidsnicamibeclvaded into

o101 S SRRl o B8 YA, R mE AL B GBS il

6 22-63 2)havb H&mtuséd/iort@gendaﬁab kellsttarmpeins afjar arﬁamjaxﬁmdsblhmdemeraml (Gao X,

t hat hav f ect nmobi | | zi,n
oo e gl Nehge Houdhth, LB 215 oef e ATRR i A it oPa i conft ﬁ?@ﬁ'b%i
Accor di ngkd/to tﬁc;:lt'ﬁe @mnﬁim écik m)fhethﬁy (Thesea bf hanoerysialnofien Heas\a iohaith Flsk
nmeans a net . verl ancer agen t er ce
T o Bl FRut vt st oy or B aras FltoRe e (R gh spocystal
di ffi §U|u‘se ?ﬁd amdnptbwwd@@@ﬂgsf probéi€iad bpmﬁll USHONERNS régEidifE tthe Polgn8Oused for
pI’OVI es the ti,on o traci e Lve e antl cance
b L e e BEpeph oxird S nats prile AoeIg e Siasnpier med2oBidn
leN rérN%/mzmazﬁ Ig%}ﬂﬁﬁﬂgj rsﬁltafcbleeta?g‘euﬂglhgﬁtﬂtd o cadear B&tuh_ th&M%Rt Ytﬂ@l%rﬂdgslde
n.a Ir resen I pventil on VI des
a ni crooﬁewe}l@l Eﬂ%r%ﬁaiiﬁ?@s eﬁelﬁ%egrsq B IFIQHS SfforiSgademmi ok gosh and
m cron. tife mcroparticle.includes a bioconpatible polynmer and a

nanoparticle. Further, the mcroparticle includes an anti-cancer
agent or a[%ﬂ@]rthedmglﬁaﬂ is yn gbjeetsif disl presernt] inventien torpropide treaus and a method

hydr at e Y

&1 a1 o SERlihe an oyl bl P SR ) Yol Ry YR O, ot
in the risnabexst meatianed adlfﬁ@ﬁlﬁ@armdtdr&wﬁadmeédaaﬂg sahcoseans and fredod]alson
athird r c Iy [

i cropafty iy il FREbbg WB b beRe RO Rl G30e Heph el el
m cr on. ragaed, m the bpdy. Thislobjernis baldebbyproadiogamicoperticlElee definsbisslaim 1.

i ncl udes providing a polar solvent. The process al so

SUMMARY OF THE INVENTION

{0007] In a first aspect the present invention provides a microparticle. The microparticle
has a width of at least about 1 micron. The microparticle includes a biocompatible polymer
and a nanoparticle. Further, the microparticle includes an anti-cancer agent or a

pharmaceutically acceptable salt, ester, prodrug or hydrate thereof.

[0008] In a second aspect the present invention relates to the use of a microparticle

according to the first aspect in the manufacture of a medicament for treating cancer.

[0009] In a third aspect the present invenfion provides a process of forming a
microparticle. The microparticle has a width of at least about 1 micron. The microparticle

includes & nanoparticle. The process includes providing a polar solvent. The process also
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention will be better understood with reference to the detailed description
when considered in conjunction with non-limiting examples and the accompanying drawings,
in which: '

[0013] Figure 1 depicts the use of drug carrier particles with antibodies immobilized
thereon in the art. The antibody directs the particle from extracellular fluid (&) to target cells
().

[0014] Figure 2 depicts the current use of quantum dots that are internalized into a cell.
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depicting the steps of endocytosis of quantumdots (1) that allows

crossing tp SJJ8 menbrane (2). [ 0016] Figure 4A: _{
@ size are tzaken up by both healthy cells (3) and canggi}’sg;g@@&o(‘g
Figure 413: Mcroparticles according to the invention are nostly

t aken up by cancer cells (4) conpared to healthy bells (3). [0017]
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[0018] Figure 6A shows a SEM image of the PLGA nanoparticles on a glass substrate.

[0019] Figure 6B is a fluorescent photograph of the PLGA nanoparticles in aqueous
solution under UV excitation.

[0020] Figure 6C is a confocal image depicting internalization of green PLGA
nanoparticles into the cytoplasm of CCD-112CoN cells after 2-h incubation at 37 °C followed

by counterstaining of nucleus with red propidium iodide (only green channel shown).

[0021] Figuxe 6D is the image of Fig. 6C with all channels shown, i.e. nucleus and
nanoparticles.

[0022] Figure 7A depicts the cellular uptake of green QD-loaded PLGA nanoparticles
into human non-small lung cancer cells, NCI-H1299, with counterstaining of nuclens with
red propidium iodide (only green channel shown).

[0023] Figure 7B is the image of Fig. 7A with all channels shown, i.e. nucleus and
nanoparticles.

[0024] Fignre 8A depicts the cellular uptake of green QD-loaded PLGA nanoparticles
into human breast cancer cells, MCF-7, with counterstaining of nucleus with red propidium
iodide (only green chanmel shown). ]

[0025] Figure 8B is the image of Fig. 8A with all channels shown, i.e. nucleus and
nanoparticles.

[0026] Figure 9A shows the cellular uptake of red QD-loaded PLGA nanoparticles into
rat glioma cells, C6, with counterstaining of nucleus with blue DAPI (only red channel
shown).

[0027] Figurxe 9B is the image of Fig. 9A with all channels shown, i.e. nucleus and

nanoparticles.

[0028] Figuxe 10A shows the cellular uptake of green QD-loaded PLGA nanoparticles



[0022] Figure 7A depicts the cellular uptake of green QD | oaded PLGA
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[0025] Kby oPecBBhirmet MBwhiRge of Fig. 8A with all channels shown,
I .e. nucleus and nanoparticles. [ 0026] Figure 9A shows the
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CCD- 112 Gatbpartidlds ifoiban Sbahali colhnadklls) GO0 $204N, Rwitte ouBter{taining Fmaeltus
channel VV’Sl&Omeg DAPI (only cyan channel shown).

[0031] Figure 11B is the image of Fig. 11A with all channels shown, i.e. nucleus and

nanoparticles.
[0032] Figure 12 shows an SEM image of nearly uniform microparticles, which include
hydrophobic QDs, after size separation.

[0033] Figure 13A shows a confocal image of CCD-112CoN, non-cancer cells, after 2-h
incubation at 37 °C with green hydrophobic QDs, followed by counterstaining of the nucleus
with red PIL. Only the red channel is shown.

[0034] Figure 13B is the image of Fig. 13A with only the green channel shown.
[0035] Figure 13C is the image of Fig. 13A with all channels shown.

[0036] Figure 14A shows a confocal image of breast cancer cells, MCF-7, after 2-h
incubation at 37 °C with green hydrophobic QDs, followed by counterstaining of nucleus by
red PI. Only the red channel is shown.

[0037] Figure 14B is the image of Fig, 14A with only the green channel shown.
[0038] Figare 14C is the image of Fig. 14A with all channels shown.

[0039] Figure 15 shows intracellular distribution of microparticles by a series of confocal
images of MCF-7 cell sectioned at different XY planes with 1 p.m interval steps along the Z
direction, after cells were incubated with green QD-incorporated PLGA microparticles, cell

nuclei are counterstained red with PI.

[0040] Figure 16A is a confocal image of CCD-112CoN cells after 4-h incubation with
DOX-nanoparticles at 37 °C. The inset represents fluorescence intensity profiles of DOX
(upper curve) and DAPI (lower curve) in the counter-stained CCD-112CoN cells with DAPL.

[0041] Figure 16B shows the cumulative release of DOX from the DOX-nanoparticles in
pH 7.4 PBS buffer solution at 37 °C.

[0042] Figure 16C depicts a confocal image of CCD-112CoN cells after 4-h incubation



[0029] Figure 1011 is the imge of Fig. 10Awith all channels shown,
I .e. nucleus and nanoparticles. [ 0030] Figure 11A shows the
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[ 0039] I%llcgﬁarﬁélg%felgﬁ%?\?gs ?ﬁ@?é&@f‘?&ﬂﬁsﬁg‘%ﬁ%l”r‘?ﬁfﬁ@% of mi croparticles
by a serie O i1 | | ¢ diffierent
XY pl anes &0?ﬂ %Qﬁém [ nltsé1 ;Eggjl%%%l? £e16 a %lr%é ﬁe&ﬁ%&égﬁagltﬁ?%@tbﬁe ‘ﬂ%g
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cel | nu%&imﬁrsﬁo‘?g)unterstai ned red with PL [ 0040] Figure 16A is a
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DOX- nanopajppiA| guf’et 7B acsicssHE ih AR FIERI@ AL 'I?h &
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count er - st L8] il 72 depdisaBe rdagdiolk PigDANE with only the blue channel shown.
[0049] Figure 17F depicts the image of Fig. 17C with both green and blue channels (but
not the red channel).
[0050] Figure 18A depicts a confocal image of fluorescent drug incorporated

microparticles.

{6051] Figure 188 depicts a confocal image of a MCF-7 cell after incubation with blue
drug-incorporated microparticles, the cell nucleus is counterstained red with PI (all channels

shown).
[0052] Figure 18C is the confocal image of Fig. 18B with only the blue channel shown.

[0053] Figure 18D depicis cell viability after being treated up to 4 days with control
placebo particles (blank), QD-loaded microparticles (QD), and drug-loaded microparticles
(CPT).

[0054] Figure 19A is a confocal image of CCD-112CoN cells {non-cancer cells) after
treatment with fluorescent drug-loaded microparticles and conterstaining cell nuclei with red

PI (blue and red channel images shown).
[0055] Figure 19B is the confocal iméige of Fig, 19A with only the red channel shown.,
[0056] Figure 19C is the confocal image of Fig. 19A with only the blue channel shown.
[0057) Figure 20A is a confocal image of NIH3T3 cells (nom-cancer cells) after

treatment with fluorescent drug-loaded microparticles and couterstaining cell nuclei with red



[0041] Figure 1611 shows the cunul ative rel ease of DOX fromthe
DOX- nanoparticles in pH 7.4 PBS buffer solution at 37C. [0042] Figure
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[0061] Figure 21B is the confocal image of Fig. 21A with only the blue channel shown.
[0062] Figure 21C is the confocal image of Fig. 21A with only the red channel shown.

DETAILED DESCRIPTION OF THE INVENTION

[0063] The present invention provides a microparficle. As used herein, the term “micro-
particle" refers to a microscopic particle with a size measured in micrometres (um).
Typically, the microparticle has an average width, including diameter, of from about 1 pm to
about 100 pm, such as an average width of from about 1 pm to about 50 pm, for instance
from about 1 pm to about 25 pm. In some embodiments the microparticle has a width of
maximally about 5 microns. In some embodiments the microparticle has a width of a width of
at least about 2 microns. In particular, the microparticle may have an average width of from
about 1 um to about 10 um, such as about 1 pm to about 7 pm, about 1 pm to .about 6 um,
about 1 pm to about 5 pm, about 1.5 pum to about 5 um, about 2 pm to about 5 um, about 2
pm to about 6 pm, about 2.5 ﬁm to about 5 pm, about 2.5 pm to about 6 pum, about 3 pm to
about 6 um, about 3 pm fo about 5 um, about 4 um to about 6 pm or about 4 pm to about 5

jm.

[0064] The microparticle may in some embodiments be a member of a plurality of
microparticles. Such a plurality of microparticles may be of, or at least essentially of, a
selected width range. As a few illustrative examples, the microparticles may have, e.g. at least
essentially, have a width of a range of about 2 to about 5 pm, about 3 to about 5 pm, of about
3.5 to about 5 pm, or about 4 to 5 pm. A respective plurality of microparticles may in some
embodiments also be of, or at least essentially of, the same width. As a few illustrative
examples, all or at least essentially all microparticles may be of a width of about 2 pm, of
about 2.5 pm, of about 3 pm, of about 3.5 um, of about 4 um, of about 4.5 pm or of about 5
um, Any technique available in the art can be employed to obtain microparticles of a desired

width or of a desired width rangg, such as for example size-selective fractionation.
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polymer that produces little if any adverse biological response when used in vivo. The term

thus generally refers to the inability of a polymer to promote a measurably adverse biological
response in a cell, including in the body of an animal, including a human. A biocompatible
polymer can have one or more of the following properties: non-toxic, non-mutagenic, non-
allergenic, non-carcinogenic, and/or non-irritating. A biocompatible polymer, in the least, can
be innocuous and tolerated by the respective cell and/or body. A biocompatible polymer, by
itself, may also improve one or more functions in the body. A variety of biocbmpatible
polymers is suitable for the formation of a microparticie according to the invention. The
biocompatible polymers can be synthetic polymers, naturally occurring polymers or
combinations thereof. As used herein the term "synthetic polymer" refers to polymers that are
not found in nature, including polymers that are made from naturally occurring biomaterials.
Examples of suitable biocompatible polymers include non-absorbable polymers such as
polypropylene, polyethylene, polyethylene terephthalate, polytetrafluoroethylene, polyaryl-
etherketone, nylon, fluorinated ethylene propylene, polybutester, and silicone, or copolymers
thereof (e.g., a copolymer of polypropylene and polyethylene); absorbable polymers such as
polyglycolic acid (PGA), polylactic acid (PLA), polycaprolactone, and polyhydroxy-
alkanoate, copolymers thereof (e.g., a copolymer of PGA and PLA), and mixtures thereof.

[0066] A wide variety of biodegradable polymers is also suitable for a microparticle of
the invention. Biodegradable polymers, as defined herein, are a subset of biocompatible
polymers that gradually disintegrate or are absorbed in vivo over a period of .time (e.g.,
within months or years). Disintegration may for instance occur- via hydrolysis, may be
catalysed by an enzyme and may be assisted by conditions to which the microparticles are
exposed in the cell. Examples of biodegradable polymers suitable for a microparticle
according to the invention include, but are :not limited to, polyesters, polyanhydrides,
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fractionation.
[0067] In certain embodiments, the microparticle is formed from a biocompatible

polymer, such as a biodegradable polymer. It may for instance be formed from a poly(a-
hydroxy acid), such as a poly(lactide) ("PL.A"), a copolymer of lactide and glycolide, such as
a poly(D,L-lactide-co-glycolide) ("PLG"), or a copolymer of D,L-lactide and caprolactone.
Poly(D,L-lactide~-co-glycolide) polymers include those having a lactide/glycolide molar ratio
ranging, for example, from 20:80 to 25:75 to 40:60 to 45:55 to 55:45 to 60:40 to 75:25 to
80:20, and having a molecular weight ranging, for example, from 5,000 to 10,000 to 20,000
to 40,000 to 50,000 to 70,000 to 100,000 to 200,00 Daltons. The microparticle may also
include or be formed from poly (lactic acid)-d-o-tocopheryl polyethylene gl'yool 1000
succinate (e.g. Pan, J., et al., Biotechnology & Bioengineering (2008) 101, 622-633). Yet
further illustrative examples of a biocompatible polymer are a collagen, a chitosan, an
alginate, heparin, gelatine and hyaluronic acid, six naturally occurring polymers. In this
regard polyhydroxybutyrate (sup-ra) is a polyester produced as granules by microorganisms.
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formula MI1A. Examples of such nanocrystals may be group II-VI semiconductor

nanocrystals (i.e. nanocrystals including a metal from main group II or subgroup IIB, and an
element from main group VI) wherein the core and/or the shell includes CdS, CdSe, CdTe,
MgTe, ZnS, ZnSe, ZnTe, HgS, HaSe, or HgTe. The nanocrystal core may also be any group
III-V semiconductor nanocrystal (i.e. nanocrystals including a metal from main group III and
an element from main group V). Each of both of the core and/or the shell may, for example,
include GaN, GaP, GaAs, GaSb, InN, InP, InAs, InSb, AIN, AlP, AlAs, AlSb. Specific

examples of core shell nanocrystals that can be used in the present invention include, but are
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[0081] In some illustrative embodiments, x as used in the above chemical formulas has a
value of 0.10 <x < 0.90 or 0.15 < x < (.85, and more preferably a value of 0.2 <x <0.8. In
particularly preferred embodiments, the nanocrystals have the composition Zn,Cd; .S and
Zn,Cd,;xSe. Such nanocrystals are prefe;red in which x has a value of 0.10 < x < 0.95, and

more preferably a value of 0.2 <x < 0.8,

[0082] In certain embodiments in which the nanocrystal core is made from III-V
nanocrystals of the invention, each of the elements M1 and M2 are independently selected
irom Ga and In. The element A may be selected from P, As and Sb. All possible
combinations of these elements M1, M2 and A are within the scope of the invention. In some
illustrative embodiments, nanocrystals have the composition Gacln; P, Ga,Ini.As and
GayIny.,As.

[0083] In one embodiment the nanoparticle, e.g, nanocrystal, includes semiconducting
material, wherein as explained above the semiconducting material may include at least one of

ametal and a metalloid.

[6084] In one embodiment, the nanoparticle is a coordination nanoparticle that may for
instance have a coordination nanonetwork of nucleotides and lanthanide ions and include a
dye molecule. An example of such a nanoparticle that has a fluorescence dye has been
disclosed by Nishiyabu, R., et al., Angew. Chem. Int. Ed. (2009) 48, DOI: 10.1002/anie.
200904124).
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dye has been- di scl osed by N shiyabu, R, ., Ange Chem 1Int.

Ed. (2009){0d$8] ID@oinelbmbiidesithe ﬂﬁ&ﬁﬁ&iﬂ%‘ﬁre distributed non-uniformly in the
microparticle. In some embodiments all or at least essentially all nanoparticles of the plurality
of nanoparticles are arranged close to the microparticle surface or proximate the surface of
the microparticle. In some embodiments all, at least essentially all, or most of the
nanoparticles ate in contact with the surface of the microparticle. All, at least essentially all,
or most of the nanoparticles may in some embodiments be arranged in a near-surface zone of
the microparticle. This near-surface zone is defined by the distance of O to about 250 nm
from the surface of the microparticle, i.e. the portion immediately below the surface of the
microparticle.

[0089] The distribution of the nanoparticles within the microparticle of the invention can
be controlled by the stirring speed upon their formation and the amount of nanoparticles used.

Where the microparticles are formed by a process that involves emulsification with a non-

polar solvent and an aqueous solution the volume ratio of non-polar phase and aqueons phase
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camptothecin, as the controlled release therapeutic agent.

[0091] As regards the anti-cancer agent that is included in the microparticle of the present
invention, the anti-cancer agent is typically present in an amount of at least about 0.5 weight
%, such as about 1.0 weight % based on the total weight of the polymer of the microparticle.
In some embodiments the anti-cancer agent is present in an amount of at.least 1 about.2
weight %, for instance at least about 1.3 weight %, based on the total weight of the polymer
of the microparticle. In some embodiments, the anti-cancer agent is present in an amount of
at least about 2.0 weight % based on the total weight of the polymer of the microparticle,

such as in an amount of at least about 3.0 weight %. The anti-cancer agent is in some
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Accordmgly, the use of microparticles of the present invention overcomes this draw-back by

providing a passage into cancer cells for compounds that cannot cross the cell membrane.



[0098] O her exanples of substances capable of nodul ating kinase
activity include, but are not Iimted to, indolinones, tyrphostins,
qui nazol i L ol ines, and quinolines. The indoli
qui nazol i ﬁé lﬁ}y%%ﬁ%sti ns, qui nolines, and qui noxol i negeg§§%?0r9m%“f7
above include well known conpounds Sﬁég as those described in the
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conpounds. Gentitabine (2',2 -difluorodeoxycytidine), d adribine,

Fl udar abi r{@lﬂﬂ}l[ﬁfsﬂfn&mmﬂmdlrﬁ&ns:ﬁ]ﬁtaﬁwﬁma&eagéfﬂllba\hmd]e{beacuﬂﬁﬁﬂ%ule such as

5- Fl i | P bl

ot a?glr)' : %@@g ﬁt ﬁ%nelg%gl%t tﬁi’gﬁs tﬁ‘z ﬁ%tt-ge%ceg &Ef‘gﬁ? %C%(;[gg?ﬁslg}%’sntﬁlew acid
nucl eos nwédecalephwhsis for exatplin dptaneonea Spiageimmat(éesbﬂﬂmdantwemM%S) A
agent | cu‘?l @ocﬁ{% 11159185 ct,lﬁ %I&u@qﬁ%& %%%I?NX n[.f.tglgcu? gé & gdCtBOaC gF q(een]e

Vi nbl as |ne NCr I s I ne or |ne or a Xane,
or Pacl (209%k1357,8% % firen iniveduglien @tnaawahmRMAcmoteqtdas)eEmies ¢fsnc-RNA

| xabepi uleEé‘iE]El{ﬁﬂé sueR ¢9t Ufmi Rt A.{m %ﬂ%@ﬁseat@ﬁgt ntott%htédean PYiNA

are not Imte arsenic tri oxli tretam ne

et oo Spisaelmad; AN sl Y rodguiernioh SlartmmRetive
M t ony Cisflenchd tEIAREHLY, O Smiclt TRA QhiiRNA) ﬁtsetmgoal gifan%mglﬁtmm (hRNA

01031 In anot her aspect, .the |nvent|on rovi des neth for tr
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[0104] The tnicroparticles used in a nethod of the invention further
|ncI ude at | east one of an anti-cancer agent (herein also ternmed the
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i ncr ease ef of
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both. Further a microparticle used in a method of the invention includes a biocompatible
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i nacti ve.
may be monitored, due to the presence of detectable QDs in the microparticles. Thus, the

-

present invention also encompasses a method that allows predicting or diagnosing cancer in a
subject. The method includes the steps of (a) obtaining a biological sample from the subject;



[0112] The present invention also provides a nethod for screening for
cancer cells for their responsiveness to a selected conpound. The

nmet hod al el ective application of such conpou

cancer cells Ollw%%%sence of heal t hy non-cancer cells. %@é%@ﬂ§0&4%y
i nvol ve identifying anutant polypeptigf in human cells using

techni ques that are routine and standard in the art, such as those
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provides a nethod of identifying a cell that is resistant to

apopt osi s j0d@R]cAcgrdieglgemt 9; moremiceopasidestovat alsesbenisedrr the ngnafatturd of a
t he rret e c ar foa wdt f QL
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t echni que avai ue based on an
enul si oﬁan@awleaésqr;@gwslimeqsmmp@ﬁp € mayimtheé use IS ANAR V8irg or in
or gani Caﬁlaﬁﬁrﬁrosiﬁ&ﬁ&@féx@%mﬁﬁﬁff&q F'o?él)re G¥g. dryi ng. [0115]

As an illustrative éxanple, an enulsion may be forned from any
sui t abl e qorto)natfufifierafse offdspatiie mldrblﬁwlilﬂés ishQhethéd 6f fiHcRES d&eaﬁﬂg%
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[0116] Exanples of non-polar |iqu I ncl ud are not
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g' g hgg; pagﬁlgt?ﬂﬁm&ﬂﬁﬁeﬁtomws g?ﬁ&@ﬂl hﬁméqfdph@éﬂ éiﬂ ?%%a%ggﬁ%geﬁﬂ §€a
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i sobut yincluge by yoradnere ﬁﬂd’whﬁ&% qhweQiandpﬁﬁﬁbﬁﬁr@.y B dsed 9 m@gloding and
ionic |I%UId Exa | es of a non-polar ionic liquid include, but are
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butyl- %@gf#ﬁ%&ﬁ&%@@ ARG Bfdnt OFHRIRARE ALl may pramay not alsoémve activity

1- hexyl- | i m dazolium bis(irifluoronethyl sul fon

1- but y 1%Hb ﬁ?EﬁtPﬁ% fond deE® FanRsTHReYd( Pradreasotetvde.nyitaqm fb@ﬁ{mpnm:%s amides,

tri heX%aﬁSﬂd‘c@sd e&%ﬁ&é@om hatsoRiafek Of dhRh@ive -ahliRAARE 8gent. For example, a
1-hexyl-3 I m %{zo i um

tris( pe‘fﬂ‘%‘lﬂ rvgg'{ Flyq QXY STO} Bﬂﬁp{c]sbepprgfnéled in a microparticle as an ester that is
1- but y lechvemddnyy -HytictaisOld Wi e xat lhyefoap oapbaie, Suitable esters that may be

tris(pentafl uoroethyl)trifluoro hos hat.e

| nhexyl c(qng? e;édlélc MS}BHW tmglpﬂﬁaﬂ?tﬁes citrates, lactates, phosphates,
N -tet riafmtd%yhgalamtm mmlﬁesﬂsﬂwylalesl-piqilﬁydtespwutﬁhaﬁb, Nfutirates, maleates,
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group may be provided in a microparticle as an amide that is converted by hydrolysis in vive

to the amine compound. Typically, the prodrug is inactive, or less active than the active



[0118] In typical enbodi ments of such a nethod a bi oconpatible
pol ymer and, where the microparticle to be fornmed includes a

nanoparti %dﬁzolﬁﬁfol}%()pa” icle are provided. In the procgé@sg 0@%{,&3#&
S

sol vent and a non-pol ar solvent are provided. The pol ar
for exanple, be water or an aqueous sgéutlon The pol ar sol vent and
the non-polar solvent are at |east subStantially immscible wth each

ot her. The bioco atlble mer i s digsolved e of the pol ar

S0l vent  SPEHG HBG PG PULAE 07 g0 atgoa BB g R s igso i /or
the pol ymreboli: ﬁmﬁd&rﬁa&]lsm prodiay afvaacdiva&aleﬂzm:iﬁbanﬁeo @ﬁ&l@&hesadﬁv{re Mdnti-
The nano al‘éIC| |s d|s€ ed in O”Eﬁxque hﬁﬁ@%gal d the
non- pol af €915 813,%’3}}1?88'5? B e J&tH 11 f pcivg apfi-
may, f orcaaxarqghm At]ﬂodinugpmysladcaed ftolne prodivar fosnltv entive Mhﬁl’lﬁ atsiggle step or
nanopar t 0 ol ar r .exanpl.e. be

di spgr se %&* Ba‘} %n%n%nlﬂg%l 15%“ é\}gﬁﬁ}ﬂf Ivgﬂlg% rrr}éaye%ﬁ%%ﬁ’ﬁ\%ﬁ AAYe Eﬁg’ Ity or may be

nanopar tln@d’ﬂefeand t he bi oconpati bl e pol ynmer are dissol ved/ di spersed in
the sane solvent. In sone enbodi nents the nanoparticle and the
bi oconpat i B1d2hEhs pesens iuveation alsg devisies semneibed ifor sopreningrfer swicercedlls o

sone enhfgi R n%mteﬁ&s KRR QBktEd eélﬁpduﬁd diteSRtHed al'lcfbvsaﬂlé @éw&ﬁte apP\®ation of

dlffersfrom olvent in t he bi npat i mer 1's
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agitated, for. exanple stirre ti.o

2010/ 05 eSS it T 45 70057 TRCHEDaRHR et TSR RS Bytant Ktases. (38
sone entubshing Sbwhéthor Popthaddlsifanilpds, ﬁxommaﬁybﬁﬂlzaﬁom PERMngliFRatd, 6tc8.

i ncludes emul sification. A honobgenizer nmay be used in the process of
the i nvent 03431 Inghisgeganh thednvantion fivthep prosrdes h nmathashefiiderdifigihg asell that is
shaki ng, r

"t or narey i SBUER et st AP ARG Ainl i el g o
agi t at i dhexrosefl tonp amisiepadirlerntia Wit 9€ Rbest %St ycamystigrag, anepipsisénducing
enpl Oye%agéﬁWTﬁceéffe”c?thﬁE?é&?eMeé@.@d ﬁ&%ﬁécél&aﬁ@&ernyoe%m@wat ation. As an
exanple, a stirrer'in the formof any comrercially available stirrer
with any n[mlatmmcscbparﬁdmga&pﬁﬁﬁg m@yhelbmmﬁﬁ@h n@@rdberfgmg@l By d@§i feCithique
stirrin e resul t n a desi.r.ed intensity o
agitati %n B’ﬁf a \/én 2 ‘%ﬁﬂae%e l@f‘q“fu#alsgﬁloél & | FPUFign. it 1 25y suspension
I nst anc@olrymﬁezalomarsghfenﬁ esippratiomgorgpee hadfer eapathtion Aocackrvaldéh)r gl sfiray-
about 1(&959 pm O- about 1800 rpm or 0- about 5000 rpm [0119] The
position of the nanoparticle within the mcroparticle can be

cont rol | eqfolpysitAe aaqhamweoéxa;dg,fe NANGRAIohCingy kFeUﬁﬁ%a fralﬂeangoswab%
of the nanp a[th(jj e W t:{f Q the_m ¢roparticle can be control e
ratio of“’l‘r’1 fAaHE FRoiusPuERess a pelar ghass eng amap-pelsr P]éﬁ#? may

used. The pfiﬁﬂ‘i@d’t B}epmicmg ﬁ)tes@%ctivh@:oﬂﬁl RERSAL dndll £néh-hbar Solduk. nAtrE%ectwe
pol arit It corre s to

t.he , bi oc mer, and t
e nol Befit g0 ans BERG Aol ST Gy daemblina Hofler Garve pr alpolar proti
nanopar soleére. Iheomeeinbiodinegts the mparﬁtl’es/ artdothe fbﬁacsmpﬁtaﬂep&liméﬂwe lpI'OVlded
ticle |

th f
the 11 ni & REPIRERiRor oV Bish B sbecshe Bl iAo B0 b gty
t he nanegdedtn ﬂieeiemwae:oaceatrpmm tiatvapeidr iphise. Asanimdiscible lignidraaagecous

the dif nang

bi ocorrpgtls.il{l@%}g p&g]?/%lr‘rﬁ%&}sl tions Eorﬁ]}@n%n 9 m"'%tg ﬁfe1{r2mt Sﬁ%eﬁe the anti-
sur f acecacer dgenimscy pPar ¢anggound Wran é*eaddcdqmpizhb aiﬂsnedrmpeantramﬂnetm thisumédat,
a decreg eln the difference in polarity between the nanoparticle and
t he bi otonpatibl e polymer positions the nanoparticle closer to the

surface ofjoifsp FI&B@fhbx@b@lar hqm&s%a%e |b'ilt SRRt BRed 'tcﬂi%ﬁie?al ollOhexane,
i nst ancg a non- ar nanoparticle is used as well 'as a pO ar

cpianes pecfohsxansy bengeng rolyens, dishigromethapen chipsaforis cathian dgpaghloride,
carbon disulfide, dioxane, diethyl ether, diisopropylether, methyl propyl ketone, methyl

pol ymer-

isoamyl ketone, methyl isobutyl ketone, cyclohexanone, isobutyl isobutyrate, ethylene glycol
diacetate, and a non-polar ionic liquid. Examples of a non-polar ionic liquid inciude, but are



25 selected to be in the range fromabout 1: 20 to about 1:1, such as
about I: 10 to about 1:1, about 1: 10 to about 1:2, about 1: 8 to

about 1:1, q%}ﬁﬁ)% 8 to about 1:2, about 1: 6 to abou&,{:}ﬁé%qo@g@g{]tl:

6 to about dut 1: 6 to about 1: 3, including a ra

1: 6. [0122] In some enbodi ments the,nanoparticle is a non-polar
nanoparticle and the bi ocorrpatl bl e polynmer is a polar or an
anphi phi li ¢. pol ymer. 1n_ such odi_nment. the progcess of formng the

micr oparlfqt§1“%1t‘?ﬁlat§’ ﬂﬁ@yha@l%%w% vy sl Gegnergreiybsylonyliapide pisgrifl i)
process ddiigk, urieﬁl ps@eﬂgmﬁﬁdaaom@ﬂm{mﬂadremetﬁymwn@ﬁﬂ doiifle RifDERSR ctate, 1-

nanopar (7EVE-PR SR St B e Py i
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271 owt noRrpaiSoRiARan-Shis B ABhERI AR BN RlS TN,
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of the tepfl HOGL- N ﬁ{'roﬂ tlﬂs H}ﬁlo%ﬁeﬁ?)héﬂf;ogﬁ?tmﬂ@éﬂ ﬁ%utl}YS-

(1i) th nélty agl tation. I ncrease 1n

vol une dﬁetbﬂemn@azobwnéaﬁxqih@whmh@ﬂqelqg@bfbﬁ -medhligridazobumtlighifluorpanethyl-
nanopar teh e SyTHin@Rend 1 h-bi§1- SR Giti@izofllle. M croparticle. An increase

in the intensity of agitation al'so positions the nanoparticle closer
to the surf{(Ha®] Bkarhples wfcdipslar tapedtie. liquids 031:331heﬂ1§11 lesidiegli diisRbrm,

b0l yner PEg i, Sy Ere ma OB G Hm RERgisgtuyketone,

f olr m ng ackeneri cmrekmmhe, Bﬁlyl ianethied dsqbutyV i ﬂmhuyyraﬂa,e eﬂiydnmrrglart:mlb Wiacetate,
E ;

pol ymer Cdel%lgt%yncxplaggge dn:%s% NG ][Q lﬂg&glctapeet\an %gogl%r eﬁla%e acye q:%fd, N-

the pro yrer an
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pol ar p%ﬁﬁe 'aﬁfl hﬂﬁé[ﬁ)fisulfgglﬁle . ?ﬂc%ﬁ/%n@qgélﬁ]ﬂar bk atrQ ﬁoﬁﬂ}]ﬁé’d

phase a non- ar sol vent vent 1Is

subst anttp ghetiatohmethaiob| tatylj qlwhphefogmcam%odméwarmc aeid H&HshésO(OH)],
non- pol af NS@hLaRt —fﬁﬂaﬂﬁﬁ%ﬁllﬁpﬁﬁ{ﬁiﬂlﬁnﬁg rdFRHloropendlf OCESS

furthernmore includes agi ng the two- phase m xture. Thereby the
process i npXiusies tepical winbgdintaisiof siichid Rethod a didconpititpapilimteandAwhaetied
above, the oSl i n, of. th article wi,thin the croparticle_i
cont rof PGBl B bE dorereh, RERARH Axfpintiingt Detotanle A Birndea®nd he
I nt ensi tpyoasts agxolemtsnbnntpmdl d nompolhheolnmﬂcnpapmvnieésm palar sd)l&eﬂthmy, for

surface GQLCIP Bl@eb ﬁ&ﬂp &aE[l]lté fibdus (S§MB ff‘ heya?ar Q&I%&tlaﬁﬁ' oﬁl%oéarbsolv?ﬁ are at

nanopart I ISR CI‘O ar SO CO
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i ncreas %if{/tg% #,Bﬁ,r "Rlveft Md Ttﬁ%enéﬁPf(a) EEes&{r?r&h‘i‘Fﬁbo'in %8}11% rHﬂﬁﬁrﬁeﬁtQ v&lif'é?e fhe

pol ar so posi tions the nanoparticle cloder hie centre o

m cr opapelyales is hydrophilipripamy he dissgdved indep mi@;\ﬁelvenh @hﬁn@mpﬁw}ﬁ ig fisperegd
i ncl ude i@ ofb Wrahd #JMIansolQé}ﬂ%arthé @bBDolal RolvBG. We?@ﬁie%n@f:arﬁb‘l@hs 3 polar

mcroparticle a prurality of nanoparticles may be dispersed in a
sui t abl &2aQpagtcif 1 lt Ry piof EEATRLS, bsfdispeised i the p?lawé‘é@pf @ thpgipnopagticle is

| nst anc@,nolotr SRLSpaREd ﬂnials}efor%aﬁé%qﬁ 2P 12 @d8 3R QOKdr. Bsome
sui tabl e non,— oIa sol vent. a \éﬁ | ur %|It of olar Fﬁﬂ% artlcles
may, as SH0P efisythe & Ranpppticle %B@F&m wr e di5palustldisperred in the
]posit L | OBarpé Sbﬂ?&tltﬂ&lﬂ?é&gé tembtbﬁ@emst e mahdffifartﬁﬂlél Eaﬂi)?ﬁet biokin alblélpdslymer are
ur er r C roll.e e 0 na artl es IS rse

above) . RS Ssadset it RS THEh 11 A FAPOIRPRE %&ﬁﬂ@ G g gistolved
nanopar fin &lselent thaediffe fdie tisugolwpeinwhichahdrbiotappatiblcpalymanid dispetsed.
The non-polar solvent and the polar solvent are combined, so that a two-phase mixture is

of

formed. The two-phase mixture is agitated, for example stirred. The formation of a



[0126] The microparticles described herein can be adm nistered to an

-organism including a hunman patient per se, or in pharnaceutical
conposi ti they are mxed with other active in | S

i n conbi n%%%ﬁ%grapy or suitable carriers or excipi ghf’ggd%"ﬁdmﬁ

Techni ques for formnul ati on and admi ni ?t rati on of respective
mcroparticles resemble or are identi 41 to those of |ow ol ecul ar

wei ght coppounds yveot%ll established in the art npl ary routes,
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resultin
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starch, pepahe I%%%%ﬁ%nlag%%ﬁt”a%d UDh SRAGPRED ve TR ar§Hebid 8o, m
some embodiments the polar solvent is used in excess when compared to the non-polar

solvent. In some embodiments the ratio of the non-polar solvent to the polar solvent used is



[ 0134] Pharnaceutical preparations that can be used orally include
push-fit capsul es nade of gelatin; as well as soft, seal ed capsul es
made of ¢ ' a plasticizer, such as glycerol or r.bitol
push-fit &géﬁﬁ@gﬁgn contain the active i ngredi ents i § Cygﬁ%‘;??fﬁ?—oé“"
2010/ 059135PCT/ SG20091000447 28 with fj.ller such as |actose, binders
such as starches and/ or lubricants sdh as talc or magne5| um
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in a formprescr, gover nnent al enc
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armn o doR e ar Meosfion TIARANRKIGL pih hERTPLaties ILOTIRNRE ) B
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roduct i.nsert,
P microparticles is also controlled by the ratio of the volume of the non-polar solvent to the

polar phase. An increase in the ratio of the volume of the non-polar phase to the polar solvent
positions the nanoparticle closer to the centre of the microparticle. . .

[0124] As explained above, the microparticle may include a plurality of nanoparticles, In
the formation of such a microparticle a plurality of nanoparticles may be dispersed in a
suitable solvent. A plurality of non-polar nanoparticles may, for instance, be dispersed in the



WD 20101059135PCT/ S&20091000447 29 [0139] In order that the
i nvention may be readily understood and put into practical effect,

parti cul al’w&%]%l ts will now be described by way of F‘Sﬂ%&’%{é@%‘g

non-limting exanples. It is understood that nodificat
may be made wi thout departing fromth 6scope of the invention.
EXEMPLARY EMBCDI MENTS OF THE | NVENTI 0140] Fi g 1 and Fig. 2

illustrate the current use of quantu Fig. 2) conparison to
ext r acel THRlp oAy grelent n'*% rRluragj épah”‘f |IE‘BE£?9§§°1%FT§FY$ &% ¢ Turher

cel | surédxampleand dissergdnar §|130Yarrb©1veﬁﬂ1 ’lEHef ﬁ@sﬁﬁdﬁeofrﬁﬁnﬁadogaﬂtlﬂie& Qﬁhﬂﬁ@ the

corrpoundsw]}\?]gli:lFE E ant um dot 3 ow for int rnallzaeg{ ({T

nore ef fBEMS Bnye 6&9{?]‘30 ‘813 P e qoqopat efsnqoqarigles gisgersed (see

upt ake adboog)aAt devrehed & the)amonat ehghacydrtidesposhicgsalid taiogaticlea Blveér to the
The cel l ul ar mechani sm of

diff

elndogflteogﬁégs &6\% chpaﬁ?”g?/aﬂgbrch%ﬁ@ of transportation for a quantum
dot. Th

that cont ol B2f PERACAGHE, ol ltles gﬁj@%&@nﬁi S T plf R shetined
si ze- der?éﬁcf@mﬁo@@ﬂpdl dghiveny tla leesugtkingd ey shira i mtegana@rcageaﬁ Bolelivershever a
i nvent i qfoibRed! PerfTBAKINRO WHich evaeanaw figt lﬁglg.l‘?) en%dm%%U{s? ﬂ%?é 18yfs

equal ly 'incorporated into healthy cel 3) cancer cel

M cr oparifiosiages with epnyemipnableign éﬂtﬁ’ﬁb@rﬂai' 9&) ﬁWWB@mofﬁmée éoq@m:ﬁﬁ@e

Wi thin aop@bifl. Phe &rﬂr '%ontﬁﬂﬁ:ﬁeﬁlﬁiéhﬂés Eﬁﬁﬁ%oﬂ&x@w‘ SRRmBkraf&d it bebtrdl B
conparison to he

[t cel ls 014 epicts the
for mat i GRS QYEF 31?% Y {5 8‘111&%1 5% aP%@ﬂfFﬂﬁ%é&%lr %ge ’Cﬁ%"géﬁ\ﬂé"r Hgpugs epee it has
trioct ylbpémamlfahﬁszrameﬁl tte tHeTédgadish | tof e treted;t @t the%ﬁeﬂite The Gk Psfr @irR¥led

into ne GA nanoparticle 5 nd i cl es
by coat LIRFOMPLAPIBPEIeR IS SRAEDEH B o B St AGLRSA troR Pt
nor phol diggnds sucl &labibodiegmapbsimeidortchatrslizdpeledsegy and ef fective

cel lul ar p@t ake of |um nescent PLGA nanoparticles (in conparison to

t he mi cr opl@126]cThesmistopartiisles dossnbedberein vpn byrimiaistersd th ahpaganishp fichiding
quant um,dphsn XRBRYP 9@ lo? §n Bﬁd}ﬁ'ﬂa@uﬁéal QBmeQQnons%%ré‘ @ I\/F, r&réinﬁ?edvﬁﬁﬁother

obt ai ned and uUsed i'n these_exanp
PLGA naddipsringistieatsops lgwag@u@%% thelé%sor smf@]ﬂe %‘npr§ 0F emlmnfé@c&wbmques

phot ogr Moaﬁumﬁ@l E’ﬁcﬁé‘dxﬂﬁﬂs&ﬁﬁéﬂ biCleSife ctvl?b ﬁﬂu SSMeSc1 SOl rhiNG ob BRededial to
exci tati,on. ﬁ %F‘g ‘)@9 confo al image for the
i nternaﬂf‘)f%toff& W oRotEREay Ve R ?18‘5’ r?ﬁt @? it iGe e Fé‘;‘?’f-’B SRS
CCD- 112M&£b1ht5‘ar];ahb’el’1mﬁcdltd r@ﬁﬂ,b@dngwmal, agif ﬁeﬁi@fdlg‘éﬁ‘fb YA plurality of the
count er st.al of nuc re um | I

2 opr o ERPRETE® B BRaSHT ol § chish B, o Hardie e assmﬁeuﬁ?&he
t he nanopeappartitlesmapialisbdefigl infijectalde ar srpyabbeiotmj fop msmhcé hea u¥pgRion
with al Erﬁlrhaé%??dr&ulatﬁlaﬂs depi cting both PLGA nanoparticles and nuclei.

[0127] Suitable routes of administration may, for example, include depot, oral, rectal,
transmucosal, or intestinal administration; parenteral delivery, including intramuscular,
subcutaneous, iniravenous, intramedullary injections, as well as intrathecal, direct
intraventricular, intraperitoneal, intranasal, or intraocular injections. It is noted in this regard
that for admunistering microparticles a surgical procedure is not required. Where the
microparticles include a biodegradable polymer there is no need for device removal afier
release of the anti-cancer agent. Nevertheless the microparticles may be included in or on a

scaffold, a coating, a patch, composite material, a gel or a plaster.

[0128] Alternately, one may administer the microparticles in a local rather than systemic
manner, for example, via injection of the compound directly into a solid tumor, often in a

depot or sustained release formulation.

[0129] Pharmaceutical compositions that include the microparticles of the present



WO 2010/ 059135PCT/ SG2009/ 000447 30 [0145] Fig. 7 shows the

cel lul ar uptake of green Q| oaded PLGA nanoparticles as universal
carriers i non-smal |l |lung cancer cells, NCl-H

was used f‘gzr)gc@}t?n grstal ning the nucleus. Fig. 7A depi i’f%g%Pﬁ@%m“?
obtained image with only the green chgﬁnel show ng the
nanoparticles, while Fig. 78 depicts e obtained inmage with all
channel s, thus depicting both_PLG knanoparticles and nuclei.

[0146] FiYentignshayder ManHatvel dp amtasme Bt 4F deslf @poWBaged- Famenns of

nanopar t doab@fionst uﬂmgrsaésom{ | Sfafulbie) HdERIMAGEAS leviRGE! eﬁﬁtél :
MCF-7. Red PI used .for coiﬂtg stai ning the nucletﬁg?a FE Bing

depi cts fﬁ”ﬁ@sﬁlﬂf‘ﬁ&ﬁéﬁaﬁﬂ%‘g YRWOtR BO¢9i¥Sgr een channel , shovm ng the

nanoparti c ile 88 depicts the .obtained i
Channel s 130 HotsmBequifan SoRBeR forE 4R AofiriEts i el et inveation
[ 0147] Rhggs m@y bdnﬁmmutatw ig edrrimhia:malqnmaiee ugifig ewtbrQivrt phykéeloBL4BY acceptable

t
Count or P2 EF picilieing Bloitleld Ry a6k gies o, St BobeslfBR 3R mBoragites
only t héﬂ’toel@feléﬁﬁmlthafsﬁ@\hﬁ mged h]@armamp@ﬁﬂbﬂ Broper, fomhinlagionrigydep@8dent upon

depicts tﬁ@gou%fadﬁmsﬁmg%hmh all channels, thus depicting both
PLGA nanoparticles and nucler. [0148] Fig. 10 shows-the cellul ar

upt ake of [IISENF&lnjcasts dhPh@RopanQasst the ientic Mal BERHNAELER N S8R
cells, 112 N Red P) sed .for co e{) ai ni ng the nucl eus,

Fig. 1040 ? ipgiaise By RS HRgUy FrRiIe, DEES Grab s cHams) soivtion,
showi ng Rihger'a antoﬁaﬂi torghesologdosl salife Buffed Fobr dtammtcasen emediétaition, Obdnefe@@s
[o140] FPEPRAS S e Bohe Rt bt BFIRBRUHIR. Shef Benstimetsn
nanopartgenérdﬁrhmvmmhsmfl brobl asts, N H 3T3. Blue DAPI was used for
count erstai ning the nucleus. Fig. 11A depicts the obtained i mage with

only the cifddlcFranmeal, admigisiratipns hisie noitopiarticiey esn bnifounwlaigd madly by
depi ct s chininfiy ﬁieﬁ?%ﬂh%n‘%ehﬂcﬂiyl a&g%tms'c%met@ %ud@mv&t tlt'ghéo hSu

PLGA nanoparticles and nucl el . epi ct th

mor phol GeiACENthablel the)camppynds of the we%qonhgﬂdbeo@%ﬁated@wblﬁ@op%f éttag@s

mcr Opabﬁpsﬁiegsh%\ﬁ&é} rgﬂ:lsl;lgyﬁlps,tﬁhﬁ'nbﬁ ﬁﬂns)/\faﬁd"ﬂ:féoﬁlfgﬂfoxc 8tdl Smgest:ton by a
CCDllZCoN nd eas%nllgl}ancer C@h &1215 é shows™ an
SEM | maGeE 18 epteq PR MeHca) rReransor gl  oiaed by oiting 2

[015%] t Boll eitagﬁhpvqmanﬂtgngﬁgcﬁhg lan&igeltmg iits (i1 a;fcaebiho%es%frtgfaﬂanmhgntlrﬁ of
i ncubati copunt er al n e, NUCl eus wW

oGP et dercaddild SHEMC Y SRS I 0Pl 8, MBIt of gt i
mcr opaStntd:Ile%clElegts &@Alrd_@prtmuhrtﬁlher@bum e dugaggincludidg brtoge,t frerosed
channel .. 3hoW &gs}?w eeeuut'égegpfeaé&io%sgt&ta% FoP & RRHAING S d RO G ME Daren,

only the greeh
rice starch, potato starch gelatine, gum fragacanth, methyl cellulose, hydroxypropylmethyl-

cellulose, sodinm carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired,
disintegrating agents may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or
alginic acid or a salt thereof such as sodium alginate.

[0133] Dragee cores are provided with suitable coatings. For this purpose, concentrated
sugar solutions may be used, which may optionally contain gum arabic, tale, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions,
and suitable organic solvents or solvent mixtures, Dyestuffs or pigments may be added to the
tablets or dragee coatings for identification or to characterize different combinations of active
compound doses. -

[0134] Pharmaceutical preparations that can be used orally include push-fit capsules
made of gelatine, as well as soff, sealed capsules made of gelatine and 2 plasticizer, such as
glycerol or sorbitol. The push-fit capsules can contain the active ingredients in admixture



WO 2010/ 059135PCT/ SG2009/ 000447 31 showi ng the microparticles. Fig.
13C depicts the obtained image with all channels, thus depicting both

PLGA m cr and nucl ei . [0153] Fig. 14 sho
i mage of B?ggi?ﬁ%:gg%scer cells after 2-h incubation at ‘g’ic@sﬁg@%@@% by
counterstaining of nucleus by red PL Ej,g. 14A depicts the obtained

i mage with only the red channel, shovm%zfg nuclei. Fig. 14B depicts the
obt ai ned | wth on]y the green channel show nglﬁt he quantum dots
in the n¥ tfuches. Iaﬁpﬁf biBdersy) 8Yic 15 Starrbes Lnd{ 0 SyDTiRREe SHeht AS Aal¢ or

Epfnntel Sma lﬁmlﬂe@mﬁfelm Wioﬁialﬂ—%biﬁh@rﬁoﬁza&ogﬂ Qe gk ﬁgﬁb cles may be
ective ce ar en micraoparticles rme ac
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counterstained red with PI (all channels depicted, cf. e.g. Fig. 14).
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m croparti The ceI re.stai r
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depi cting both gquantum dots and drug In the cropartic
the cel MATBACHEAeIEdytermipgnsefal lostsdn BEp@r SG2009/ 000447

{0138] The microparticles may, if desired, be presented in a pack or dispenser device

which may contain one or more unit dosage forms containing the microparticles with the
active ingredient. The pack may for instance include metal or plastic foil, such as a blister
pack. The pack or dispenser device may be accompanied by instructions for administration.
The pack or dispenser may also be accompanied with a notice associated with the container
in a form prescribed by a governmental agency regulating the manufacture, use, or sale of
pharmaceuticals, which notice is reflective of approval by the agency of the form of the
compound for human or veterinary administration. Such notice, for example, may be the
labeling approved by the U. S. Food and Drug Administration or other government agency
for prescription drugs, or the approved product insert,



32 [0157] Fig. 18 shows optical property and bi ol ogi cal
application of QD and/or drug-incorporated mcroparticles. Fig. 18A

is a conf of fluorescent drug incorporated

Fig. 18B ?@9% @@% ocal i mge of NCF 7 cell after |ncuggﬁigﬁﬁ&%(ﬁ$§lue
drug-incorporated mcroparticles, ?2 clearly shows cellul ar
selectivity and uptake of nlcropartlc s made according to the

present in nucl ei re stained red with PI

channel s a (ﬁgéjnﬁ’v\?fd myg@onp_apag eferdily anferstogd apd E‘gﬁFde’&qanﬂ'ﬁgé“

gs i ndFilgtmch&B @mttdmmatty Wiﬂleni@tlbu& ﬁjbs%ﬁb@i byheup, of e filfovidg lﬁ@ﬁ%ﬁ!ﬁé
rug depicte e,ce eu s a

Chat snoginplrs R piftytelr g onBidion 5 geautivehs nege et st aBg rom

cel | vi dhe kdopy ofithe éivehtient ed up to 4 days with control placebo

particles (blank), QD.l1oaded nicroparticles (Q), and drug-|oaded

m croparticles (CPTE [0158] Figures 19 to 21 show selectivity in
t he uptake of drug YIBODIMENT SHOF I BANVENEIQNy cel | s and

by cancer cells. Results are sinilar to the selectivi ty of QD1 oaded
3y flr op( art l[mhe}smg 1 2h@FROD lﬁﬁﬁatlfeﬁtﬂé\cdrffﬁum ﬁxﬁhmlt fz? %r&:hﬁ@tﬂ\'
cells ea n- cgncer Qus, ce a eat nen rescen
drug-1o 856&#8{}]8{)3?@1 glteéén B it uﬁ%’rl °é1i'esvﬁéttl3ér‘°saﬁ€ ae]} SY145P @Rc pre
This is @ﬁer@l‘lljﬁmbtéundaffeﬂﬁwﬁnsTt@ﬁlh@dﬁd’e&ﬁﬁ@ldﬂd%@ﬂﬂ dleelia Goknhed d6f3anew|for

i mages. %1 A8 on IS emcon ecal |mage of Fig. 19Awth only the red
channel o P SRS dep| cted but not the

dr ug- |Oadefﬁllﬁl]clrflgpgrﬁlh§tt%§s el Qi IJaPQPfaﬁe ﬁ%e-ts 1@&9%9 gocgtogis A

19A with on | ue ¢ annel uor e
the i cﬂemmu gotesangeh diffuse, acmts th@tPIQSﬁ@ @vembramc [Thgscellular [10ddb@listRi of

20A is enmatdaﬁahowe@aepehd&t '1:1| Wiy of ahH OHQG@A tf'&ya"tﬁﬂnﬁﬁf“&&r Qe plasma

cells) after treat ment” Wt | uor'escent "drug-1 oad m croparti cl’es.

Cel | ul afmegihrans (2)jbereb XF%HSHEQHS fodprmy tfﬁlqiﬂtﬂmﬁoetw fhﬁqwe%m det1). nage of

the corres | u red chann 20B i.s th

conf ocal [ﬂ%ﬂ I'?}g '/I?—dﬁpl e e Eﬁ‘i‘a?ﬁ fe‘ﬁg‘lgﬁ‘ga]‘é?ﬁ Prdgro aﬁs atcmélmgt Re
fl uores ﬂmtmdmu@ i(B) hﬂecom;ﬁﬁmatd igohrtem ddgas qag.d A: DQhart@h &die € letually
Pt Bl S S B PIl ( hib  da. i
dr ug- | oadedtisrewith apddihi of I:ZeS pm are, Ml péricd of 2lihs, reRrabbfaRétihp by E@Cer
of C6 cel Ls(sﬁidnancer .cell Eéﬂ%%ﬁﬂ? eatnment with fluorescent -

dr ug- Iog‘f} ccP{%’ﬁ?fqn nuclei were stained red with PI.
This is a d [ hanpel.
"mges. FSPARE %tvﬁagﬂwﬁftocﬂﬁnﬁ%ﬁgﬁf’?ﬁﬁw&%ﬁl b S SVREE Bl
channel tridetyiphosphine oxifie(FORY (bt esartack) oap bnnbdrponatednmpa:emscfoaned PLGA
depicte t | e f e_of
o, orienchiicleic) i PECA BGuRiReltel P duhs PP ERN. 108 a5 €
depi ct edisibbrlumiggscenh snghlibg mogphebeyni crop articles. WO

2010/ 059135PCT/ SG2009/ 000447 33 [0162] In order that the invention
may be red®44) Rigdeshoptsdie matrhelogyiand sifentiye celiulr wttlecaf lumingsgent RIGAr

enbodi nﬁéﬂo%)ﬂttues &l t 891‘?s%ﬁr PaR BYord@¥idds Bg?h%g{v}eﬂ}%%mﬂ%@gdateg' LARY

exanpl e I's understood that nodification

wi t hout hygerhobicngpaptusndetseMopedepeste nariclgsmicldli o0 nm in size were obtained
and used in these examples. Fig. 6A is a SEM image of the PLGA nanoparticles on glass

substrates. Fig. 6B is a fluorescent photograph of the PLGA nanoparticles in aqueous
solution under UV excitation. Fig. 6C and Fig, 6D are the same confocal image for the
internalization of the green PLGA nanoparticles into the cytoplasm of CCD-112CoN cells
after 2-h incubation at 37 °C followed by counterstaining of nucleus with red propidium
iodide (PI). Fig. 6C is a representation of the image with only the green channel, showing the
nanoparticles, while Fig, 6D is a representation of the image with all channels, thus depicting
both PLGA nanoparticles and nuclei.



EXAMPLES Exanpl e 1: Production of quantum dots

(QD)/ nanoparticl es-incorporated mcroparticles [0163] These
m cropart iygh espREfsPr epared by a nodified T,SG2009,000447
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interaction with green microparticles. Fig. 13A depicts the obtained image with only the red
channel, showing nuclei. Fig. 13B depicts the obtained image with only the green channel,



[0167] SEMimages were taken and analyzed with the SmleView program
(obtained fromJeol Ltd., japan) to determ ne the average size and

size di st rddsthhpsdf the obt ai ned particles. In the Sn},&flygg}%mwﬂ
0

program nean size is determ ned by neasuring the size
particles in the SEMinage and the si di stribution can be
determ ned from standard devi ati on. Exanple 2: Cell uptake of PLGA
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(C6) were obtained from Anerican Type Culture Coll ection (ATCC).
Cel I's wer el0A83]n¥igi Ireshoiws aDhEcatdagemoidugnast empertcelils afier B-hlifesHRES) atl3 7WeEM

pent o1 | DTS ool S RRARI ) roB B e T4 BB el Gorined impeciy
every otonérthdagd ciginely shewinmgsmelte dFigt 1483 @egictsOfie obtaired dnBgé withatmiy ek

T e

cont ai niimgees WiTCH! chdvmelseiius uispmm weth BLGAL anbropmm]emmcb Hﬁ(ﬂﬁll‘ Effective
di ' f | t
ﬁdl iy AL g B bR 5, St 1B ahd s Rent iy ni’e&h\ve e
I
R

r to ell mnate exces nanopdar tIC
whi ch weprfoepd imagesodi MCES eadl sehidonsd |af diffegent|2EY \planes withrd iumentem $teps

70% et h ug | ab Al Ngeieged t
fac? [ tg{begde?egmﬁ%%ht% hﬁ%cgq“ one%f{n[hﬁgetgrtl c%}eégglg ﬁ&r@tﬁﬂed ?II‘ﬁA
sanpl es mieppartilen amb calk —urldi gourterstingd r@s%h 1 fadlehainngds dedétetn of Dag.djig.

Conf ocalj4f | uorescent m croscopy was perfornmed using an O ynpus FV500
system supported with a 60x water-inmrersion objective. |nmages were

capt ur ed |n1§3§qrxgoasoﬁep1&34mé %OZﬂrophgﬁké Mdt I&Q&I:Poll%@%e%@ Behiiods Oof0
-5.0 |nzste§B processedb FV10- ASW 1. 3 Vi ewner. Il viability

[0169] BwIopasic 'Wlﬂlt?o sigdp \momqﬁ%tﬁ%#l%%agtm@amn with fhe clinical
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readily a}g)pr eciate that the present invention is well adapt ed
carry otftPEHEBhj ects and obtain the ends and advant ages ment i oned

as well a er ent rein. .Furt her
Soparent 101980 B TA T YonbiRRmiaRs st Shotam iy Ch e fopi o dbag) of o
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epartin m t SCO an t of the. invention e
CoNMposi o%? PrElgﬁ &p‘?] Ei#)(i’éé 155 SsBehain Lustagpn efg &s]) andidegdeded .
conpoungicreiesivlé Iatlintiatek Where @I B bt loeREEmeaE einvierophriiglce TRy, 120
ccope oF 1§ HETORTCHENNOF MGRge caf Al nrokiopto s e Ay P Geists ODg
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docunent ,is part of the staat e 019 jtyhe art or,__is_common general ol ihe
micropatticles. Fig. 17E depicts the obtained image with only the blue channel, showing the
drg in the microparticles. Fig. 17F depicts the obtained image with green and blue channels,

thus depicting both quantum dots and drug in the microparticles (but not the cellular nuclei).
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[0159] Fig. 19A is a confocal image of CCD-112CoN cells (healthy non-cancerous cells)
after treatment with fluorescent drug-loaded microparticles. Cellular nuclei were stained red
with PL This is an overlaid image of the corresponding blue and red channel images. Fig.
19B is the confocal image of Fig. 19A with only the red channel shown, i.e. the cell nucieus
depicted, but not the drug-loaded microparticles. Fig. 19C is the confocal image of Fig. 19A
with only the blue channel shown, i.e. the fluorescent drug in the microparticles depicted, but

not the cell nucleus.

[0160] Fig. 20A is a confocal image of NIH3T3 cells (healthy non-cancerous cells) after
treatment with fluorescent drug-loaded microparticles. Cellular nuclei were stained red with
P1. This is an overlaid image of the corresponding blue and red channel images. Fig. 20B is
the confocal image of Fig. 20A with only the blue channel shown, i.e. the fluorescent drug in
the microparticles depicted, but not the cell nucleus. Fig. 20C is the confocal image of Fig.
20A. with only the red channel shown, i.e. the cell nucleus depicted, but not the drug-loaded
microparticles.

[0161] Fig. 21A is a confocai image of C6 cells (cancer cells) afier treatment with
fluorescent drug-loaded microparticles. Cellular nuclei were stained red with PL.-This is an
overlaid image of the corresponding blue and red channel images. Fig. 21B is the confocal
image of Fig. 21A with only the blue channel shown, i.e. the fluorescent drug in the
microparticles depicted, but not the cell nucleus. Fig, 21C is the confocal image of Fig. 21A
with only the red channel shown, i.e. the cell nucleus depicted, but not the drug-loaded
microparticles.



1. Amcreparticle conprisfr ing a biocOwatible Niftier, a
nanoparticle, and an itnticancer &seani a pharnmaceutically acceptable
salt, est g or hydrate thereof wherein the m | has
a width oﬁ%%@ﬁ@igm crons to about 5 mcrons. 2. The ?ﬁ?’gre%“tﬁgﬁ"?‘\?i e
of claim1, wherein the nanopartiele 5§ a quintimdot. . 3. The

m eMparti el eof any one of claims 1-27 wherein the

bi ocoi npat i bl ol ymer is .a. biodegradabl e lymer, ... 4.. - Th

i or opar ¢ MBPE Breteihas e igndoR mio oRacions oG aaah Hist B haroie et
of | a- po h&ﬁ@ﬂ%%ﬂbﬁdﬁﬁféﬁ%vﬁﬂhﬁﬁ b8 dqeetritet! %@P@f ﬂfﬁ following ngn—limiﬁng
pol ycaprol act ope, - . poly roxybutyrie acjd, polyanhYydride an

ol yort 115aerls, RghindeBiRs A FONGREHO elstciaay B mhdnu o epahe Form fhe
4, wher eichpd dfehd@k¥tahPha- hydMWky. acid) is one ale polylactide,:a

pol ygl ycol'i de, a poly(l aetide-collycolide), and conbi nations t her eof
The mciropartiel epfany one of clains 1-5, conprising a plurality of
nanopaitieles. . 7.. The m eropartEeAmPeEScl ai m 6, wheiein the
nanaparticles are colMprised hi the mcro - particle in an ; non& of
0.1 to 50 [ el | i ; b ' . any
one of rl Nﬁ%smi?%?@{\xger eiq:;1ll"tﬂﬁgl dgt\strtla?gﬁﬁip Iltalgg%’ﬁi éﬁﬁ%ﬁc& i-tllc?]r!@t he

m cropartiele in an appunt of 0.1 to020 w %X thta,fji)i oconpattl.e
pol yner . [0163] These microparticles are prepared by a modified emulsification/solvent-

evaporation method, and formulated by using a biocompatible amphiphilic copolymer as the
matrix material. As a biocompatible polymer the FDA approved poly(DL-lactide-co-
glycolide) (PLGA) is chosen for the present example (P2191, Sigma).

[0164] CdSe/ZnS quantum dots were obtained using published protocols, for example
disclosed in Zhong, XH, et al., J. Am. Chem. Soc. (2003) 125, 8589-8594; Zhong, XH, ef al.,
J. Am. Chem. Soc. (2003) 125, 13559; Peng, ZA, & Peng, X, J. Am. Chem. Soc. (2001) 123,
183; Yu, WW, Peng, X, Angew. Chem. Int. Ed. (2002) 41, 2368; Qu, L, & Peng, X, J Am.
Chem. Soc. (2002) 124, 2049), Briefly, in some experiments cadminm stearate (0.2044 g, 0.3
mmol), stearic acid (0.1707 g, 0.6 mmol), trioctylphosphine oxide (TOPO; 5.0 g) and
octadecylamine (5.0 g) were added to a flask, and the mixture was heated to 310-330 °C
under Argon flow until a clear solution formed. At this temperature, an excess amount of Se
solution (0.1184 g, 1.5 momeol Se) in troctylphosphine (4.0 g) was swiftly injected into the
reaction flask, whereafter the temperature was set at 270-300 °C. After 5-10 min, heating was
stopped to stop the reaction and allow the flask to cool to room temperature. 3 mL of the as-
prepared crude CdSe reaction mixiure containing 0.1 mmeol of CdSe was reheated to 290-320
°C. At this temperature, ZnEt, solution (0.2 M) in TOP and Se solution (0.2 M) in TOP were
added alternatively at time intervals of 20 s. After the addition, the reaction mixture was
heated until no further PL peak shift (about 3-6 min). Heating was stopped to stop the
reaction. The ratio of Zn/Cd in each targeted ZnxCd;,Se nanbcrystals can be achieved by the

alteration of the amounts of Zn and Se precursors.

[0165] In other experiments, a mixture of CdO (0.0064 g, 0.05 mmol), ZnO (0.0081 g,
0.10 mumol), oleic acid (0.5 mL), and octadecene (4.0 ml)) were heated to ~80 °C and
degassed under a vacuum of 10 Pa for 20 min. The reaction vessel was then filled with argon,
and its temperature was increased to 310 °C. After the CdO and ZnO precursors were

dissolved completely to form a clear colorless solution, the temperature was lowered to 300



9. The microparticle of any one of claims 6-8, wherein at |east
eiseatially all of the nanoparticles are arranged proximate the

surface of g oparticle. .. 10. The m ereparti ol ‘f’c‘i‘fsc%o%ﬂ&?r
wherein atwf’g‘glg/{bgyégsgent ially all of the nanoptirticles are arranged

in a near-surface zone of the mcropargjele; the near-surface zone
bei ng defined by the.distan' Co oft to about.250 nrn 'front the

surface @ h teroplati ', cle. PCT/ S02Q091000447 Recej ved . 3
Sept enmber 52%31%1%%1@%%(% (?)r“?‘? 919972 &P d?mﬁﬁ)}n BW@SEES‘F“"CWQ? Y gected
for use iimodlis hetastutionevitin tarfnetmé hﬂieﬁﬂ%nts&ﬁi&@éﬁoﬂlnﬁﬂmﬁw&p?ﬂlcﬁoo °C
cancer t ttoring,' 12. .process of.formng am.crgparttc]|e,
Che m or P SufRE el and Gtk GEE Feshline Fogocsiiudl o aplss exppriments
m crons, thiempimiiré et changpdic 2501 9C. @Qn;]nbﬂslsﬁsheﬂsaﬁ@éﬁ)@a‘étmédéh%x diff@ent time
rocess g [4.S1 NG~ REOVI.dj:N ol ar 'spol vent and proyiding .
Pnon- pol g]ﬁgig% ’vaélﬁ%tfv JtQ'F‘FeE"]IE‘l ILaﬁ%e%atfﬁp‘(‘?gﬁfecgﬁﬁdlfWeeaf’h Eﬂﬁ‘f’b%lhﬁsre sggqpsgg,ghquots
bei ng at Weeagtensheddn asitiichlokfoini(B5SC) bd @rminkies gedeth oPtHaGarticles immediately.
[0166] In a typical procedure in preparing nanoparticles (QD)-incorporated
microparticles, 100 mg PLGA is dissolved in 4 ml dichloromethane (MeCl,) (DR0440,
Tedia) (acting as a non-polar solvent), and mixed together with 15 mg purified nanoparticles

dispersed in 1 ml MeCl,. A mixture of water and poly (vinyl alcohol) was used as the polar
solvent. 30 ml agueous solution of poly (vinyl alcohol) (PVA, 2% w/v) (P8136, Sigma)
(acting as a polar solvent) were provided. The nanoparticles/PLGA. solution (oil phase) was
added into this aqueous solution under magnetic stirring at 400 rpm. The resultant solution
was subjected to a homogenizer (T25, IKA) for emulsification at 6,000 rpm for 2min at room
temperature. After evaporating MeCl, from the oil-in-water emulsion, nanoparticles-
mmcorporated microparticles were collected by centrifugation at 6,000 rpm for 10 min and
further cleaned with deionized water for 3 times to remove excess PVA, nanoparticles , efc.
When preparing drug- or nanoparticles/drug-incorporated microparticles, the drug was
dissolved in oil phase for hydrophobic drug and aqueous phase for hydrophilic drag. Using

this protocol nanoparticles were localized next to the surface in the obtained microparticles.

[0167) SEM images were taken and analyzed with the SmileView program (obtained
from Jeol Ltd., japan) to determine the average size and size distribution of the obtained
particles. In the SmileView program, mean size is determined by measuring the size of 60
particles in the SEM image and the size distribution can be determined from standard

deviation.
Example 2: Cell uptake of PLGA particles

[0168] Human colon fibroblast cells (CCD-112 CoN), rat fibroblast cells (NIH/3T3),
human non-small lung cancer cells (CRI.-5803), human breast cancer cells (MCE-7 cells), rat
glioma cells (C6) were obtained from American Type Culture Collection (ATCC). Cells were
maintained in DMEM medium supplemented with 10% FBS, 1.0mM sodium pyruvate,
0.ImM non-essential amino acids and 1% penicillin-streptomycin solution, and culture
medium was replenished every other day. Cells were seeded at 2.0 x 10* cells/cm?® in Lab-
Tek chambered cover glasses (Nunc) and cultured as a monolayer at 37 °C in a humidified



di ssolving a bioconpat’' ible polynmer in one of the polar solvent and
t he non-pol ar sol vent, dispersing the nanoparticle in one of the

pol ar Sol e non-pol ar sol vent., conbining the -
PHESss RaDRCAB Py

sol vent an e polar solvent, thereby formng a two-p
and .. agitating the two-phase m'xturgs -thereby allow ng the
formation of a Meropartiele. ... 137 - The proceas of claim 12,

wherei n the nanoperti.cle, i s~a.non-pol nanoparticle and.the .

bi 000 AT BTEO GRS 826,05 R (5h P ke Jar e ben S Jrops medium was

conpr i simglaced bydhastéedésviohgion ((B00pGED ifailiukd Bediomy aid thentbrdl8pewas Agther

t he nanapartjcle in a sui | n-pol ar solvent, thereby.formn

anon- pol ?ubﬁﬁgggr,é ﬂr or 45“&% g? né' %{;&F ﬁggﬂgﬁi}?mt %‘ﬁ&@@“ﬁm Y was wathed

Sol Vent ,3 tifes with dresls pleviediinel ®BSbudifer td €lsihate excess nanoparticles which were not
associated to the cells. Cells were then fixed with 70% ethanol. Nucleus staining was carried
out using PI or DAPI to facilitate determine the location of the particles in the cells. The
samples were then mounted in the fluorescent mounting medium (Dako). Confocal

fluorescent microscopy was performed wsing an Olympus FV500 system supported with a
60x water-immersion objective. Images were captured in section of 1024 x 1024 pixels
without zoom and with a 0.0 -5.0 pm z-step, and processed by FV10-ASW 1.3 Viewer.

Cell viability

[0169] Cell viability was tested with human breast cancer cells (MCF-7 cells) applying
the established colorimetric MTT assay. Cells were seeded at 2.3%10% cells/em? in the 96-
well plates for quantitative cytotoxicity experiments and cultured as a monolayer. Cells were
incubated with the culture medium containing drug-encapsulated microparticles for 1 to 4
days at 37 °C ina humidified atmosphere containing 5% CO,. The viability or efficacy of the
microparticles on cells was evaluated by measuring the optical density at 570 nm with a
reference at 630 nm, using a microplate reader (Tecan). The optical density is directly

proportional to the number of viable cells.

[0170] One skilled in the art would readily appreciate that the present invention is well
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. Further, it will be readily apparent fo one skilled in the art that varying
substitutions and modifications may be made to the invention disclosed herein without
departing from the scope and spirit of the invention. The compositions, methods, procedures,
ueatulénts, molecules and specific compounds described herein are presently representative
of preferred embodiments are exemplary and are not intended as limitations on the scope of
the invention. Changes therein and other uses will occur to those skilled in the art which are
encompassed within the spirit of £he invention are defined by the scope of the claims. The
listing or discussion of a previously published document in this specification ‘should not
necessarily be taken as an acknowledgement that the document is part of the state of the art or

is comumon general knowledge.

[0171] The inventions illustratively described herein may suitably be practiced in the
absence of any clement or elements, limitation or limitations, not specifically disclosed



. Ssubstantially inmscible Wth the non-pol ar Sol vent, thereby inning
a two-phase. . mxture, and. agitating the two-phase m nute, thereby
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12 or erel *he non- pol ar solvent and the pol ar
used |ns rati o onion-polar solvent/polgr solvent in thetense from
about 1:10 to about 1 2. 15. The process of any one of claims 12 to
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t her eof read\madadelﬂaaétwﬂhﬁutﬂﬂﬂﬁdﬁoﬁ %ddlthﬂaH}’, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by exemplary embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are

considered to be within the scope of this invention.

[0172] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso or
negative ljmi;cation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

[0173] Other embodiments are within the following claims. In addition, where features or
aspects of the invention are described in terms of Markush groups, those skilled in the art will
recognize that the invention is also thereby described in terms of any individual member or

subgroup of members of the Markush group.



wherein the anti-cancer agent or the pharmaceutially acceptable salt,
ester, prodrug or hydrate thereof is dissolved in one of the

non- pol ar sol vent and the polar solvent, 16. Use of a mcroparticle
for the preparation of a medicanent for treating cancer, wherein the
m croparticle conprises a bioconpatible polyner and an anti-cancer
agent or a pharmaceutically acceptable salt, ester, prodrug or
hydrate thereof; wherein the mcroparticle has a width of at |east
about 1 micron; and wherein the mcroparticle is predom nantly
taken up by cancer cells when conpared-to.healthy cells. 17. The use
of cl ai m.16€litmer ei n the microparticle further conprises a
nanoparticle. 18. A.nethod of seleetlvelydlreetlnlan anScancer agent,
or a pharnaygut is¢Rihed izccept abl e” sal.t, ester, prodrug or hydrate
thereog to one nore cancer cells within a p4uraI|ty 0 (healthy .

cells,.the th d cQ . rov1 [:n el | Iat| t he
cel | populat" mg glfl ﬂ%’%‘?“h “%‘@P ?PtBr
m)rte can;:erI celch!im;tagmmmtph:rmamtiuﬂigampthbipmmm p'ndmg?hlﬁjdmtetgl@rwﬁ
m ctoparticle %51;%] e yrrer
and an antl-car%e?e%gﬁggéﬁc?p ar grr}aﬁg{éhf "y a%g gﬁé nP

2, The mmpartlclc ofclmml wherein the nanopartxclelsaquamm dot. '

. 3. . The mxeropamcle of any ene of clalms 1-2, whcrcm the b:ocompatible polymer isa
o b:odegmdable polymet.. ~

4. - The mwropa:ticle of claim 3, wherein the bmdegmdahle polymar is one ofg -
poly(alpha—hydroxy amd}, a polya]kylwbonaie, polycaprolactone, _ )
pclyhydroxybutym acid, a polyanhydride and a polyorthocstcr and oombmauons '
thereof :

" 5. The microparticle of claim 4, wherein the poly(alpha-hydroxy acid) is onc 6fa
. poiyiactide, g pc;lyglyoo!ide, Y ;;oly(lacﬁde-co-giycolide), and oombinations thereof.

6. The mxcmpamclc of any one of clam:s 1-5, compnsmg a plurahty ofmnoparticles.

. | The :mtmparnclc of claim 6, whetem the nanoparticles are comprxsed m tile mxm-
pmxcle in an gmoudi of 0.1 to 50 wt % ofthe hoco@aﬁble pol)iﬂier '

. 8, The :mcmpaxticle ofany one of claims 1- 7, wherem the anti-catcer agcnt is
comprised in the nnmpamcle in an amiount of 0. 1 to- 20 wt %of the bmcompatible ‘

polymar

9. The nnc:ropamclc of any one of clainis 6-8, wherein at }east essenﬁally all ofthe .
- nanopamclcs are armagad proximate the surﬁme of the microparticle, -

‘ 16. The uncmpartwlc of cla:m 9, wherein at Ieast esserﬂally all of the namparhclos are
) arranged in a near-surfuce zone of the micropazticle, the near.surface zone bemg
: deﬁned by the distance of Oto ahout 250 nm ﬁ'om the sucface of the uucropazt:cle



‘'salt, ester, prodrug or hydrate. thereog wherel n the menparti cl e
has a width of at |east about] mcron, ° . . . PCT/SG20097000447
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11.. The mxcropartlcle of any one of claims 110 for use in at Ieast one ofcancea: therapy,
cancer dmgnost:cs and cancer therapy momtormg. T

12, A process of formmg a rmaopartlcle, the mxcropartlcle havmg a width of about 2 .
© mictons to about 5 mlcrons, wherein the microparticlé comprises ananopartm]e, the
process compnsmg X
providing & poler solvent and prowdmg a non-polar solvent, the polar solvent and the -
non—polar solvent being at Icast substantially immiscible with cach other,
dlssolwng a bmcompatible polymcr in one of the polar solvent and the non-polar
. solth ' ’
dispersing the nanoparttcle in one of the polar solvent and the non-polar solvent
. “combining the non-polar_ ;olvent and the polar solvcnt, thereby forming a hw(q-phﬂsc
. mixture, and ) : oo S L
ngmtmg the two-phase mixture, thereby a]lowmg the format:on ofa rmcr0part1cle. Lo

13. ‘The process of claim 12, wherein the nanopart:c]e isa non-polar nanopartxcle and the

bmoompat:ble polymar isan ampmphihc polymer the process comprising: -

: dlssolvmg the biocompatible polymer and d:spmmg the nanopart:tcle in a suitable
non-;poiar solvcnt, thereby forming a non-polar phast, L. .
' adding to the non-polar phase a polar solvent, the polar solvcnt bcmg at. lcast -

. substantially immiscible wn‘h thc non-polar solvent, thereby ﬁ)rmmg a two-phase

mixture, and o : LT

. agwatmg the two-phase mxxttn‘e, thereby allowmg the formation of a m1¢ropa1‘hcle

i4. The pmms of cleums 120r 13 wherem the non-polar solverrt and the polar solvent
are used in 4 ratio of nun—polar solvent / polar solvent | m the rangc from about 1; 10t0

'about12

© 15. . The process of any one of claims 12 to 14, wherein the microparticle ﬁ.lrthcr
comprises an. ant:—cancer agent or apharmaceutmal]y acceptable saIt, ester, pmdrug or
hydrate thercof] : S : -
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, 39
wherein the anti-cancer agent or the pharmaéeﬁtiéaliy acocﬁtablc salt, cster, prodrug
or hydrate thefeof is dissolved in one of the non-polar solvent and the polar solvezit, -

16. Use of a microparticle for the preparation of a medicament for treating cancer,
wherein the microparticle comprises a biocompatible polymer and an anti-cancer
agent or a pharmaceutically acceptable salt, ester, prodrug or hydrate thereof;
wherein the microparticle has a width of at least about 1 micron; and
wherein the microparticle is predominantly taken up by cancer cells when compared

to healthy cells.
17. The use of ¢laim 16, wherein the microparticle further comprises a nanoparticle.

18. A method of séleétivalydirecting"an anti-cancer agent, or a pharmaceutically

acceptable salt, ester, prodmg or hydrate thereoﬁ to one ormore cancer cells within a

_plurahty of healthy célls, the method oompnsmg:

' \' pf:ovndmg acell poxrulemon. the cell population compnsmg 8 plurahty of healthy cells

and oné or more cancer cells, -
contactmg the cell popuiatmn w1th a mmmpamclc, the microparticle compnsmg F:3
bmmmpaﬁb!e polymer and an anti-cancer agent or a pharmaceuticelly acceptable |

salt, ester, prodrug o hydrate thereof, " " |
wherein the microparticle has a width of at Teast sbout 1 micron,



