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Abstract

Traceable poly(ethylene oxide)-poly(ester) micellegere developed through chemical
conjugation of a near-infrared (NIR) dye to theygester) end by click chemistry. This strategy
was tried for micelles with poly{caprolactone) (PCL) or poly{benzyl carboxylate-

caprolactone) (PBCL) cores. The surface of botheltds was also modified with the breast
cancer targeting peptide, P18-4. The results shahegositive contribution of PBCL over PCL
core on micellar thermodynamic and kinetic stapilts well as accumulation in primary
orthotopic MDA-MB-231 tumors within 4-96 h follominintravenous administration in mice.
This was in contrast ton vitro studies where better uptake of PEO-PCL versus PBOL

micelles by MDA-MB-231 cells was observed. The pre of P18-4 enhanced timevitro cell

uptake and homing of both polymeric micelles indsteumors, but only at early time points. In
conclusion, the use of developed NIR labeling tegpim provided means for following the fate
of PEO-poly(ester) based nano-carriers in live agmOur results showed micellar stabilization
through the use of PBCL over PCL cores, to haveeersignificant effect in enhancing the level
and duration of nano-carrier accumulation in priynhreast tumors than the modification of

polymeric micellar surface with breast tumor tamggipeptide, P18-4 peptide.

Keywords: Breast cancer, nanocarriers, living imaging, payimmicelles, biodistribution.



1. Introduction

Proper design and development of nanocarriers @apatbtumor accumulation and
targeted drug delivery has been the focus of sestrdies in recent years. The common practice
is to modify the chemical structure of biomatebailding blocks, in order to optimize the size,
morphology and stability of self-assembled nanastmes for passive accumulation into solid
tumors through enhanced permeation and retenti®R)Eeffect [1-3]. Surface modification
with targeting ligands can also be pursued to erdathe homing and interaction of
nanoparticles with tumor cells. Success of thesta#tpproach would depend on finding the
appropriate ligand at the optimum ligand surfacasdg [4,5]. Development of traceable
nanocarriers, which can be visualized in live ansnean expedite their optimization process for
enhanced drug delivery to tumor cells. Traceableoarriers can also be further developed for
use in the personalization of cancer therapy, tieteof cancer progress and/or monitoring of
treatment outcome in patients [6,7].

The objective of this study was to, first, devetogceable poly(ethylene oxide)-pady(
caprolactone) (PEO-PCL) based polymeric micellesntuse this technology to investigate the
effect of adding a hydrophobic pendent groug @romatic, benzyl group) on the PCL block as
well as a surface peptide ligand on thevivo biodistribution of the corresponding nanocarriers
in a breast tumor-bearing animal model.

Self-assembled nanostructures composed of polyétayoxide)-poly(ester)s such as
PEO-PCL [8-11], poly(ethylene oxide)-poly(lactidEO-PLA) [12,13], and poly(ethylene
oxide)-poly(lactide-co-glycolide) (PEO-PLGA) [14]1have been the subject of tremendous
research for drug solubilization and targeted @elivin cancer [16]. The increasing interest in

the use of these structures is due to their bioetitmifity, biodegradability and safe history of



use in human [17,18]. However, despite a long hystd use as drug delivery systems, limited
information on the effect of structural featureteefing core hydrophobicity and thus micellar
stability among nanocarriers formed from poly(etimg oxide)-poly(ester)s on their
biodistribution andn vivo tumor targeting is available [5,19-21]. Previousiie have reported
on the development of novel self-associating PE(pster) based block copolymers through
introduction of pendant benzyl carboxylate groupshee PCL segment of PEO-PCL leading to
the production of PEO-polyfbenzyl carboxylate-caprolactone) (PEO-PBCL) [22]. This
modification, according to oun vitro studies, increases the kinetic and thermodynatailiy,
and also decreases the rate of degradation of golgmmicelles formed through self-association
of these block copolymers [23]. In the currendgiuraceable nanocarriers based on PEO-PCL
and PEO-PBCL were developed through chemical carioig of a near infrared dye (NIR) to
their core-forming block for live imaging of miceedéaing tumors. The NIR labeling provided
means to assess the effect of core structure onextent and kinetics of primary tumor
accumulation, for plain nanocarriers as well as¢hsurface-modified with a novel breast tumor

targeting peptide, P18-4, in an orthotopic breaster mouse model.

2. Materials and methods

2.1.Materials

Methoxy-polyethylene oxide (PEO) (average moleculagight of 5000 g/mol) and
cholera toxin were purchased from Sigma (St. LoMi®). e-Caprolactone was purchased from
Lancaster Synthesis (UKi-Benzyl carboxylate-caprolactone monomer was synthesized by

Alberta Research Chemicals Inc (Edmonton, AB) atiogrto a previously published procedure



[22]. a-Propargyl carboxylate-caprolactone (PCC) monomer was synthesized acuprdi a
previously published procedure [2&fannous octoate was purchased from MP Biomediceals
(Germany). Cy5.5-azide was purchased from Lumipr@telandale Beach, FL). Cell culture
media MEM, fetal bovine serum (FBS), sodium pyreydt-glutamine, non-essential amino
acids, and penicillin-streptomycin-fungizone (AAtiHi) were purchased from GIBCO, Life
Technologies Inc. (Burlington, ON, Canada). MEGMdmen kit was purchased from Lonza
(Basel, Switzerland). Peptide P18-4 was synthesi@ecbrding to a previously published
procedure [25]. 2014S Teklad Global 14% proteireradmaintenance diet was purchased from
Harlan Labs (Indianapolis, IN). Spectra/por diadysibing (MWCO - 3.5 kDa) was purchased
from Spectrum Laboratories (Rancho Dominguez, @A) toluene was prepared by refluxing

under HSQ,. All other chemicals were reagent grade.

2.2. Cdl lines

The luciferase expressing human breast cancelimelMDA-MB-231 (clone D3H2LN)
was purchased from Caliper Life Sciences (WoodleidN, Canada). The MDA-MB-231-luc-
D3H2LN cells were grown in MEM medium supplementedh 10% FBS, 1mM sodium
pyruvate, 0.1 mM non-essential amino acids (NEAANM L-glutamine, 100 IU/mL penicillin,
100 pg/mL streptomycin, and 0.25 pg/mL fungizone3at°C in 5% CQ atmosphere. The
human mammary cell line MCF10A was purchased fron€& (Manassas, VA). The MCF10A
cells were grown in MEGM medium kit supplementedhwiiO0 ng/mL cholera toxin at 37 °C in

5% CQ atmosphere.

2.3. Synthesis of Cy5.5 conjugated block copolymers



Block copolymers of PEO-PCL and PEO-PBCL were sgsited by ring-opening
polymerization of e-caprolactone (0.1 g) oo-benzyl carboxylate-caprolactone (0.2 Q),
respectively, using methoxy-PEO (MW: 5000 g/molb(@) as initiator and stannous octoate as
catalyst according to a method described previo@B22,26].

Block copolymers of PEO-PCL or PEO-PBCL were engpea with a-propargyl
carboxylates-caprolactone (PCC) using stannous octoate asysat&8lriefly, PEO-PCL (0.1 g)
and PCC (0.014 g) or, PEO-PBCL (0.1 g) and PCC1@ g were added to a 25 mL round-
bottom flask previously filled with 5 mL dry toluerunder constant stirring. Stannous octoate
(0.010 equiv of monomer) was added to the flasle flask was then refluxed for 30 h. The
reaction was terminated by cooling the productdonr temperature. The product was then
precipitated in hexane and the supernatant wasudisd. The final product was washed with
ether and dried under vacuum for further use.

Near-infrared fluorophore (NIRF) Cy5.5-azide wasjogated to the terminal alkyne of
PCC in PEO-PCL-PCC or PEO-PBCL-PCC using HuisgeBsdipolar cycloaddition (azide-
alkyne click chemistry) reaction. The terminal alkygroup of PCC reacted with the terminal
azide group of Cy5.5 azide to form a 1,3-triazahg.r Cu(l) acts as a catalyst for the reaction.
Cu(l) is prepared in situ by the addition of Cu(MBTA Complex, and ascorbic acid, reducing
Cu(ll) to Cu(l). Briefly, 10 umol PEO-PCL-PCC (68gnor PEO-PBCL-PCC (75 mg) was
dissolved under constant stirring in a 10 mL robottom flask containing 2 mL degassed
DMSO. Cy5.5 azide (1 pmol; 0.7 mg) was dissolved(0 uL DMSO and added to the mixture
under constant stirring followed by addition of @dxc acid (0.5 pmol; 0.1 mg) previously
dissolved in 100 pL water. The flask was then deg@svith argon for about 30 s. 10 mM Cu-

TBTA Complex solution (0.5 umol; 60 pL) was finaklglded followed by degassing for 30 s



using argon. The reaction mixture was sealed acubmted with stirring at room temperature in
the dark for 16 h. Argon was flushed through thelest vial at 4 and 8 h time-points. After
incubation, the mixture was separated from the neacted dye by dialysis against DMSO for 24

h followed by dialysis against water for 24 h tomr/e the DMSO, and then lyophilized.

2.4. Synthesis of P18-4 modified block copolymers

Acetal-PEO-PCL and acetal-PEO-PBCL were synthesaerbrding to a previously
published procedure [27]. P18-4-attached PEO-PCLPBO-PBCL were synthesized from
acetal-PEO-PCL or acetal-PEO-PBCL according to evipusly published procedure [5,28].
Briefly, acetal-PEO-PCL and acetal-PEO-PBCL bloadpaymer micelles were prepared
through formation of micelles (6 mg/mL) by a coxssit evaporation method as described
previously [8,22]. The micellar solution was themdified to pH 2 with 0.5 M HCI and stirred
for 2 h at room temperature. The resulting soluti@s then neutralized with 0.5 M NaOH to pH
7 followed by addition of an appropriate volumecohcentrated PBS to maintain the pH at 7.4.
An aqueous solution of the peptide P18-4 in 1% DM8&> prepared and was added to the
micellar solution under constant stirring such ttieg P18-4:polymer molar ratio is 1:5. The
solution was allowed to stir for 2 h after whichB¥sCN (10 eq.) was added and the reaction
was stirred for 96 h. The resulting micellar sauatiwas dialyzed against distilled water and

lyophilized.

2.5. Characterization of synthesized block copolymers
The number-average molecular weight of PEO-PCL RB@-PBCL block copolymers

was determined from th#H NMR spectrum of the block copolymers in CR@600 MHz,



Bruker Avance lll instrument, Bruker BioSpin Corption, Billerica, MA) by comparing the
peak intensity of methylene hydrogens of PECH>CH,O-, 6 = 3.65 ppm) to the hydrogens of
methylene group of PCL or PBCL backbone (@€ 6 = 4.05 ppm), considering a 5000 g/mol
molecular weight for PEO.

The number-average molecular weight of PEO-PCL-REECPEO-PBCL-PCC tri-block
copolymers was determined from th¢ NMR spectrum of the block copolymers in CR@t
600 MHz by comparing the peak intensity of the logdns of PEO (-B,CH,0-, 6 = 3.65 ppm)
to the methylene hydrogens of PCC block (M} 6 = 4.75 ppm), considering a 5000 g/mol
molecular weight for PEO.

The conjugation efficiency of Cy5.5 to PEO-PCL-P@G@d PEO-PBCL-PCC was
determined by fluorescence spectrophotometer usin§pectraMax M4 microplate reader
(Molecular Devices, Sunnyvale, CA), measuring tkeitation at 673 nm and emission at 707
nm as described the manufacturer. The conjugafitmeacy of P18-4 peptide to acetal-PEO-
PCL and acetal-PEO-PBCL micelles was determinedeverse-phase HPLC according to a

previously published procedure [5,28].

2.6. Preparation and characterization of block copolymer micelles

Cy5.5-loaded PEO-PCL or PEO-PBCL block copolymereattes were prepared through
formation of mixed micelles by a co-solvent evapioramethod as described previously [8,22].
Briefly, either PEO-PCL (18 mg) and PEO-PCL-PCC-Gy& mg) or PEO-PBCL (18.88 mg)
and PEO-PBCL-PCC-Cy5.5 (1.12 mg) were mixed ansiotired in THF (0.4 mL). The solution
was added to 4 mL of doubly distilled water in agwise manner under moderate stirring at

room temperature, followed by evaporation of THRdemvacuum. The prepared micellar



solution was then centrifuged to remove any agdesga he concentration of Cy5.5 dye in the
micelles was 0.4 pg/mg of the polymer.

Cy5.5-loaded PEO-PCL or PEO-PBCL block copolymecathes with P18-4 peptide
modification on their surface were prepared by clvent evaporation method as described
above. For peptide density of 0.1 mol/mol of théyper, mixed micelles were prepared using
either PEO-PCL (9.0 mg), P18-4-PEO-PCL (9.0 mgy] BEO-PCL-PCC-Cy5.5 (2.0 mg); or
PEO-PBCL (9.4 mg), P18-4-PEO-PBCL (9.4 mg), and FBTL-PCC-Cy5.5 (1.1 mg). For
peptide density of 0.2 mol/mol of the polymer, nuxaicelles were prepared using either P18-4-
PEO-PCL (18.0 mg), and PEO-PCL-PCC-Cy5.5 (2.0 mgP18-4-PEO-PBCL (18.9 mg), and
PEO-PBCL-PCC-Cy5.5 (1.1 mg). Polymeric micellesmidw peptide density of 0.1 mol/mol of
the polymer were termed as 10%P18-4-PEO-PCL or 1@4PPEO-PBCL. Polymeric micelles
having high peptide density of 0.2 mol/mol of th@ymer, termed as 20%P18-4-PEO-PCL or
20%P18-4-PEO-PBCL. The concentration of Cy5.5 dythé P18-4 decorated micelles was 0.4
p1g/mg of the polymer.

The Z-average size and size distribution of miselleere measured by dynamic light
scattering (DLS) using a commercial Zetasizer NaBofMalvern Instruments, Worcestershire,
UK). All DLS measurements were made at 25.0 + @1with a 173° scattering angle. The
samples were dissolved with deionized water andribeged prior to analysis. For this
measurement, plain PEO-PCL-PCC or PEO-PBCL-PCC wemed in the preparation of
micelles, instead of PEO-PCL-PCC-Cy5.5 or PEO-PBC-Cy5.5, respectively. This is
because the excitation and emission spectra of5Qybuld interfere with the He-Ne 633 nm

laser of the Zetasizer Nano-ZS.



The CMC of the polymeric micelles was determinethgifluorescence spectroscopy.
Briefly, solutions of Cy5.5-loaded unmodified or 84 decorated PEO-PCL or PEO-PBCL
micelles having concentrations ranging from 400iZnL were prepared in 96-well opaque
plates. The intensity of light emitted at 707 nnteafexcitation at 673 nm was measured by
fluorescence spectroscopy at 25 °C using a flueresespectrophotometer.

Kinetic stability of the micellar formulations wasvaluated after incubation with a
destabilizing agent, sodium dodecyl sulfate (SD&)oeding to previously published method
[23,29]. Briefly, micellar stock solutions of PE@PR, PEO-PBCL, 10%P18-4-PEO-PCL, or
10%P18-4-PEO-PBCL having concentrations of 3 mghwtre mixed with aqueous stock
solution of SDS (20 mg/mL) at a ratio of 2:1 v/vi¢elle:SDS). Samples were analyzed at
predetermined time intervals by DLS for intensitgtdbution as well as polydispersity index

(PDI).

2.7. Invitro cell uptake study using flow cytometry

MDA-MB-231-luc cells or MCF10A cells were seedetbir24-well plates at densities of
1 x 10 cells/well and incubated at 37 °C for 24 h urigy are 70% confluent. Free Cy5.5 and
micelles of PEO-PCL, PEO-PBCL, 10%P18-4-PEO-PCL%PQ@8-4-PEO-PBCL, 20%P18-4-
PEO-PCL, 20%P18-4-PEO-PBCL at a concentration 2fy@/mL of Cy5.5 (equivalent to 0.5
mg/mL of micellar solution) were added to the wétidriplicate and incubated with cells for 4
and 24 h at 37 °C. For the competition experimeviBA-MB-231-luc cells were pre-incubated
with excess free p18-4 peptide (1 mg/mL) for 30 mamd then incubated with the above
mentioned formulations for 24 h at 37 °C accordm@ previously described method [30]. After

the incubation period, cells were washed three dimvéh cold PBS and trypsinized. A 4%

10



paraformaldehyde in PBS solution was added tohexdells and the Cy5.5 uptake was acquired
on a BD FACSCalibur™ flow cytometer (BD Biosciencéganklin Lakes, NJ). The cell-

associated Cy5.5 was excited using a red-diode (&85 nm) and the FL4 channel (675 nm)
was used to detect the cell-associated fluoresc@imedata was analyzed with FCS Express™

software (De Novo Software, Los Angeles, CA).

2.8. Invitro cdl uptake study using confocal microscopy

Confocal microscopy was used to assess the uptakenpugated Cy5.5 in different
micellar formulations in MDA-MB-231-luc cells. Csllwere seeded into 12-well plates
containing round cover slips (0.2 mm thicknessjasities of 2 x 10cells/well and incubated
at 37 °C for 24 h until they are 20% confluent.~@y5.5 and micelles of PEO-PCL, PEO-
PBCL, 10%P18-4-PEO-PCL, 10%P18-4-PEO-PBCL, 20%RPE®-PCL, and 20%P18-4-
PEO-PBCL at a concentration of 0.2 pg/mL of Cy%efujvalent to 0.5 mg/mL of micellar
solution) were added to the wells in triplicate ancubated with cells 24 h at 37 °C. After the
incubation period, cells were washed three timds wold PBS and fixed for 10 m using 4%
paraformaldehyde in PBS solution. The cover-sligsesremoved and were inverted on a slide
with a drop of mounting media containing DAPI. ieles were allowed to cure in the dark for
24 h. Uptake of Cy5.5 in cells was visualized b¥eass LSM 710 confocal microscope (Carl
Zeiss Microscope systems, Jena, Germany) using(Bxie405 nm; Em: 410-500 nm) and red
(Ex: 633 nm; Em: 633-744 nm) filters with 20x mégation. The images were analyzed using

Zen 2012 software (Carl Zeiss Microscope systeers, JGermany).

2.9. Animal mode|

11



Female athymic NIH-IIl mice were purchased from @#® River (Wilmington, MA).

All experiments were performed using 4-6 week adhéle mice. All animal studies were
conducted in accordance with the guidelines ofGaeadian Council on Animal Care (CCAC)
with approval from the Animal Care and Use CommitfACUC) of the University of Alberta
(Edmonton, AB, Canada). Mice were kept on the 20T4&lad Global 14% protein rodent
maintenance diet which is low on chlorophyll to miize fluorescence from food. To establish
the orthotopic mammary fat pad tumor model, miceewandomly assigned into five groups of
six mice per group. Mice were injected with 2 ¥ MDA-MB-231-luc cells in 50 pL solution
of 50% Matrigel Basement Membrane Matrix (BD Bi@saes, Franklin Lakes, NJ), into the left
abdominal mammary fat pad [31]. The mice were uskdn the tumors reached a size of 600
mm® (4 weeks after injection). Animals were monitoally according to previously reported

method [30].

2.10. In vivo imaging and tissue biodistribution

Animals were treated with micellar solutions of Gfoaded PEO-PCL, PEO-PBCL,
10%P18-4-PEO-PCL, and 10%P18-4-PEO-PBCL at coratgmis of 250 mg/kg of body
weight (equivalent to 0.1 mg/kg of free Cy5.5) [38} IV injection through the tail vein. At
various time-points of 4, 24, 48, and 72 h, micerevémaged for fluorescence and
bioluminescence using the IVIS Spectrum PreclinicaVivo Imaging System (PerkinElmer,
Waltham, MA). Forin vivo fluorescence imaging, animals were imaged forsQ B bin, level B
at an excitation and emission wavelength of 68Canch 720 nm respectively. Spectral unmixing

was used to analyze the images and remove tracastofluorescence. For bioluminescence

12



imaging, luciferin potassium salt (150 mg/kg) inB#was injected sc into the loose skin on the
back of the neck 15 m prior to imaging. Animals &anaged for 0.5 s, 10 bin, level B.

At 48 and 72 h time-points, three mice were rangosdlected from each group and
euthanized immediately aftem vivo bioluminescence imaging. Tumors and other orghwer (
lung, kidneys, heart, spleen, and brain) were excend soaked in a 12-well plate containing
luciferin (300 pg/mL) prior to imaging. The organgere imaged for fluorescence and
bioluminescence using the IVIS Spectrum Imagingt&ys Forex vivo fluorescence imaging,
animals were imaged for 0.5 s, 10 bin, level Brakacitation and emission wavelength of 680
nm and 720 nm respectively. For bioluminescencegintg animals were imaged for 0.5 s, 10

bin, level B.

2.11. Satistics

Compiled data were presented as means + standaatide (SD) or mean + standard
error (SE). Where feasible, the data were analya@estatistical significance using unpaired
student’s t-test, or one-way analysis of variadd@QVA) followed by Tukey's post-hoc test as

noted in the results section. The level of sigaifice was set at< 0.05.

3. Results

3.1. Characteristics of NIR dye labeled PEO-PCL and PEO-PBCL block copolymers

Labeling of PEO-PCL and PEO-PBCL block copolymersthwNIR dye was

accomplished in three stepSclieme 1): first, PEO-PCL and PEO-PBCL were synthesized by

ring-opening polymerization ofe-caprolactone anda-benzyl carboxylate-caprolactone

13



monomer, respectively, in the presence of methd@ P22]. The molecular weights of PEO-
PCL and PEO-PBCL were measured to be 6290 and g/nadl, respectively, bjH NMR (Fig.

S2, Supporting Information). The degree of polymeiaa (DP) of the core-forming block was
calculated to be 11 for both PEO-PCL and PEO-PBCdble S1, Supporting Information). In
the second step-propargyl carboxylate-caprolactone (PCC) was conjugated to the PEO-PCL
and PEO-PBCL end. Conjugation of PCC to PEO-PCRED-PBCL led to a decrease in DP of
PCL and PBCL segments in the block copolymers fibinto 7. Finally, Cy5.5 azide was
conjugated to the PCC end of PEO-PCL-PCC or PEOIPBCC via copper-catalyzed azide-
alkyne cyclo-addition (CUAAC) click chemistry reet [33]. The average molar conjugation
efficiency of Cy5.5 to the block copolymers was®%&o and 76.1 % for PEO-PCL-PCC-Cy5.5
and PEO-PBCL-PCC-Cy5.5, respectively. PEO-PBCL-PGIbwed significantly higher
conjugation efficiency of Cy5.5 than PEO-PCL-PCC «F0.05; student's-test). P18-4 was
successfully conjugated to the PEO end of acet@-PEL or acetal-PEO-PBCL with an
average molar conjugation of 20.1 % and 20.5 %peetsvely, as confirmed by HPLO &ble

S1, Scheme S3, Supporting Information) [5,34].

3.2. Characteristics of mixed polymeric micelles without and with NIR labeling

Cy5.5 labeled block copolymers were assembled tpnperic micelles by a co-solvent
evaporation method through preparation of mixedeftes Scheme 2) [8,22]. Mixed micelles at
smilar conditions and ratios without Cy5.5 wereoatkeveloped to make micelles compatiable
with DLS measurements. The physicochemical chaiatitss of prepared mixed polymeric
micelles without Cy5.5 are listed ihable 1. The average size of mixed micelles formed from

PCL containing block copolymers was significantighter P < 0.05; Students-test) compared
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to micelles formed from PBCL containing block copukrs. Similar results were seen in the
case of PDI. The average size of PEO-PBCL micallesved a significant increase € 0.05;
one-way ANOVA) as the P18-4 peptide was attached & density was increased. The
increasing trend in average diameter was only @kseior mixed micelles of PEO-PCL at 20 %
P18-4.

For NIR labeled mixed micelles, as the block copwy forms micelles, the Cy5.5 dye
enters the core thus showing a decrease in thasitfyeof emitted light (quenching). The
concentration at which the slope of the graph oission v/s concentration starts to decrease is
termed as the critical micellar concentration (CM®Iicelles formed from PBCL containing
block copolymers exhibited a 7-fold decrease in CiMi@&n compared with those formed from
PCL containing block copolymersl éble 1) similar to previous findings where a different
method was used to measure CMC of similar strust[#8]. Formation of mixed micelles with
P18-4 modified block copolymers did not signifidgrthange the CMC of block copolymei® (
> 0.05; one-way ANOVA) irrespective of the P18-4dified block copolymer density. Of note
is that at the highest concentration of 400 pg/rhthe copolymers, the intensity of emitted light
from all micellar systems was similar to each otfiexk 0.05; one-way ANOVA, Tukey's post-
hoc test) indicating that all the micellar systdms a similar quenching of the Cy5.5 dye.

PEO-PCL based micelles, unmodified or modified vilithmol % P18-4 peptide showed
a significant decrease in the signal intensityhef micellar peak to ~50 and ~21 %, respectively,
within 24 h of incubation with SDSF{g. 1). PEO-PBCL based micelles, on the other hand,
whether modified with P18-4 or not, showed a sign&nsity of> 90 % throughout the 72 h
incubation with SDS. Hence, attachment of benzybasylate to the micellar core resulted in

improved stability against micellar dissociationtire presence of SDS. This was in line with
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previously published results from our lab [23]. fRation of mixed micelles with P18-4 modified
PEO-PCL or PEO-PBCL, however, led to a decreasthenstability of the micelles against

dissociation.

Scheme 1. Synthetic scheme for the preparation of Cy5.5-kadb@lolymeric micelles.
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Scheme 2. Combination of block copolymer for preparing thesGylabeled mixed micelles.
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Table 1. Characteristics of prepared mixed block copolymarelles.

Polymeric P18-4 density Z-Average micellar PDI + SO# CMC * SD (uM¥

Micelles? (mol/moly° size + SD (nnf)
PEO-PCL(I:11) - 148.5+13.6 0.499 + 0.051 3.40£0.28
PEO-PBCL (IV:V) - 30.2+04* 0.184 + 0.009* 0.49 £ 0.07*
10%P18-4-PEO-PCL (l:1I:111) 0.1 110.0+11.8 0.831 £ 0.158 3.71+0.39
10%P18-4-PEO-PBCL (IV:V:VI) 0.1 404 +04* 0.302 £ 0.019* 0.77 £0.02*
20%P18-4-PEO-PCL (lL:11:111) 0.2 318.4 £89.7 0.422 +0.063 4.22 +0.73
20%P18-4-PEO-PBCL (IV:V:VI) 0.2 522+08* 0.293 £ 0.022* 1.18 £ 0.40*

#The number shown in the parentheses indicatesotibination of block copolymers used in mixed miegl{see

Scheme 2).

® Density of peptide in polymeric micelles expresasdhe mole of peptide per mole of polymer.
©Z-Average micellar size estimated by DLS techni(ue 3).
“ Average polydispersity index (PDI) of micellar sidistribution ¢ = 3).
®Measured from the onset of a decrease in the sibfhe intensity of emission of Cy5.5 as a functigiiblock copolymer

concentrationr{ = 3).

" Significantly different from its counterpart miceltontaining PCLF < 0.05; Student'stest).

Intensity (%)
[$2]
e
[

0 20 40
Time (hrs)

Fig. 1. Characteristics of prepared mixed micelles. Thecgrgage intensity of micellar peak (2 mg/mL) as a

60

80

- PEO-PCL
10%P18-4-PEO-PCL

PEO-PBCL

10%P18-4-PEO-PBCL

function of time in the presence of SDS (6.7 mg/nitgch point represents mean + S3=(3).
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3.3. Invitro uptake by breast cancer versus normal cells

As seen irFig. 2, the fluorescent signal for peptide-modified PEOLRand PEO-PBCL
micelles in MDA-MB-231-luc breast cancer cells whagher than that for plain micelles
particularly after 24 h incubatiorP (< 0.05; Studentg-test). At this incubation time, PEO-PCL
and PEO-PBCL micelles presenting 10 mol % of Pi#gtide demonstrated 1.7- and 1.3-fold
greater breast cancer cell associated fluorescdrog 2A) than unmodified micelles,
respectively. In the case of PEO-PCL and PEO-PB@ieltes presenting 20 mol % of P18-4
peptide, cellular association increased by 2.0- aritifold, when compared to unmodified
micelles, respectively. The unmodified PEO-PCL &iD-PBCL micelles showed similar cell
associated fluorescende ¥ 0.05; Students‘test) at 4 h. However, PEO-PCL micelles exhibited
a significantly higher cell associated fluorescetiten PEO-PBCL ones at 24 R € 0.05;

unpaired studentstest).
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Fig. 2. Cellular association of Cy5.5-labeled micelles bipMMB-231-luc (A), and MCF10A (B) cells. The bar

graphs show the mean fluorescence intensity (MFthe cells after 4 and 24 h incubation. This ekpent was

also done with and without competition (pre-treattnasing excess of free P18-4) using MDA-MB-231-tells

after 24 h incubation (C). The data are presensesh@an + SEnE3). *: Significant difference between PEO-PCL

and PEO-PBCL (with or without peptide on their sgd). #: Significant difference between PEO-PCL B48-4-

PEO-PCL, or PEO-PBCL and P18-4-PEO-PBCL. §: Sigaiit difference from the competition group aftee-pr

incubation with excess free peptide< 0.05; unpaired Studentdest).
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The uptake of Cy5.5-loaded polymeric micelles vaso determined in MCF10A
mammary epithelial cells as seerFiy. 2B. In the case of MCF10A cells, after 24 h incubatio
PEO-PCL and PEO-PBCL micelles presenting 10 mof ®1&-4 peptide demonstrated 1.4- and
1.1-fold greater cellular association than unmedifimicelles, respectively. This was lower than
the cellular association seen by these micelleSMIDA-MB-231-luc breast cancer cells.
However, in the case of PEO-PCL and PEO-PBCL nasepresenting 20 mol % of P18-4
peptide, MCF10A cellular association increased 8/f@8ld and 1.6-fold, respectively, which
was more than 2.0-fold and 1.2-fold, seen in theasir cancer celld=(g. 2A). This indicated a
higher non-specific cellular association for PEOLR{Dd PEO-PBCL micelles modified with 20
mol % of P18-4 peptide.

To explore whether the increased cell associatidlDA-MB-231-luc cells is due to the
presence of receptor for the P18-4 peptide, cotnpetstudy was carried out, in which cells
were pre-treated with excess P18-4 peptide befarebating the cells for 24 h with PCL and
PBCL based micellar formulations. As seerfrig. 2C, the presence of excess free P18-4 peptide
significantly reduced the cellular association &@PCL and PEO-PBCL micelles presenting
10 mol % of P18-4 peptidd>(< 0.05; unpaired studentdest). However, the presence of excess
free P18-4 peptide did not affect the cellular asdmn of PEO-PCL micelles presenting 20
mol % of P18-4 peptides. For PEO-PBCL micelleshas tevel of peptide conjugation, still
competition with free peptide was observed.

The uptake of Cy5.5-labeled polymeric micelles watermined by MDA-MB-231-luc
breast cancer cells using confocal microscopy &eh incubation. As seen Fig. 3, peptide
modification increased intracellular fluorescenédabeled PEO-PCL and PEO-PBCL micelles

in the cytoplasm. Both PEO-PCL and PEO-PBCL miselleesenting 20 mol % of P18-4
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peptide, showed strong fluorescence in cells wimenpared with their unmodified counterparts
or counterparts presenting 10 mol % of P18-4 pepidso, PEO-PCL micelles, with or without
P18-4 modification showed stronger Cy5.5 fluoreseein cells when compared to PEO-PBCL
micelles. These observations were in accordande out past findings and data from cellular

association studie$ig. 2).
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Fig. 3. Cellular uptake of Cy5.5-labeled micelles with difnt polymer compositions: PEO-PCL (A), 10%P18-4-
PEO-PCL (B), 20%P18-4-PEO-PCL (C), PEO-PBCL (D)%F18-4-PEO-PBCL (E), 20%P18-4-PEO-PBCL (F),
and free Cy5.5 (G), in MDA-MB-231-luc cells usingrdocal microscopy after 24 h incubation. Imagewesent

nuclear stain DAPI (pink) alone, Cy5.5 (blue-yel)aalone, and the merged dyes.
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3.4. Imaging of Cy5.5 labeled micellesin orthotopic breast cancer mouse model

The bioluminescence signal can be seen at the sifglimjection Fig. 4F) i.e. left
mammary fat pad, indicating successful generatibrpramary breast tumor at its natural
location. The imaging studies-if. 4) showed, upon intravenous injection, plain PEO-PCL
micelles, started accumulating in the liver, tumand neck (presumably the cervical lymph
nodes) within 4 h post-injection. After 24 h, thesieelles started showing higher accumulation
in tumor along with increased accumulation in liaed neck. Dorsal images showed uptake of
plain PEO-PCL micelles in the kidneys and spleaptile modified PEO-PCL micelles had
similar patterns of distribution except that theylyoshowed uptake in kidneys upon dorsal
assessment and no accumulation in spleen. Siregallts were seen for the ventral images after
48 h, with decrease in fluorescence in both liveadt tumors 72 h post-injection. Dorsal images
presented increased fluorescence in kidneys fdr B&IO-PCL micelles at 48 h and 72 h, which
perhaps points to the elimination of PEO-PCL polsgrfeom this organ at later time points.

In the case of PEO-PBCL micelles, unmodified meelaccumulated primarily in the
tumor with strong fluorescence signals throughdw body whereas PEO-PBCL micelles
modified with 10 mol % P18-4 peptide showed uptgkanarily in the tumor with weak
fluorescent signals throughout the body, 4 h postetion. After 24 h post-injection, ventral
images showed unmodified PEO-PBCL micelles prirgaiih the tumor with weaker
fluorescence signals throughout the body. In tlse @d PEO-PBCL micelles modified with P18-
4 peptide, fluorescent signals were primarily & tilnmor site. Ventral images at 48 and 72 h for
both, unmodified and 10 mol % P18-4 peptide modifREO-PBCL micelles, showed similar

results of strong fluorescent signals primarilynfrthe tumor site. Dorsal images at 24, 48, and
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72 h time-points showed strong fluorescent sigfral® the tumor site at exact locations that are
seen in the dorsal images of bioluminescekeg. G5, Supporting Information).

Comparing the average radiant efficiency in thedufmom thein vivo images, revealed
P18-4 modified micelles to exhibit higher accumigliatin the tumor at the earlier time-points. In
the case of PEO-PCL micelles, P18-4 modified méseHad a significantly higher accumulation
in the tumor site 4 h after injection when compate@dheir unmodified counterpart® & 0.05;
Student'd-test). At later time-points, the average radidfitiency significantly decreased and
was similar for both plain and P18-4 modified PEOEPmicelles. This decrease in the
fluorescent intensity may be due to clearance bykitineys and liver as seenRig. 4.

In the case of PEO-PBCL micelles, P18-4 modifiedeites presented a significantly
higher accumulation in the tumor site 4 and 24 terainjection when compared to their
unmodified counterpartd(< 0.05; Student'stest). For P18-4 modified PEO-PBCL micelles,
the average radiant efficiency in the tumor reaamneaimum at 24 and 48 h post-injection after
which it started to decrease by 72 h. In the cagdamn PEO-PBCL micelles, the average radiant
efficiency shows an increasing trend from 4 - 7ghching a value similar to the maximum

average radiant efficiency of P18-4 modified PEGZRBnicelles, only after 72 h.
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Fig. 4. In vivo NIR imaging of Cy5.5-labeled micelles composedliffierent polymers: PEO-PCL (A), 10%P18-4-
PEO-PCL (B), PEO-PBCL (C), and 10%P18-4-PEO-PBCI), @nd untreated (E) at 4, 24, 48, and 72 h after
intravenous administration. Images show mice in \bptral position. Each time-point represents imafj@ne
representative mouse from a group of six mice. ksag (F) show the bioluminescence signals from MDB-
231-luc cells. Each time-point represents imagenaf representative mouse in the groups. The bahgnaepresent
the average radiant efficiency in tumor of plaird &1.8-4 modified PEO-PCL (G), and PEO-PBCL (H) rhéseat

4, 24, 48, and 72 h after intravenous administnati®ignificantly different from its plain counteag (P < 0.05,

unpaired Studentstest).
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Fluorescence from Cy5.5 was used to image the dirdalition of PEO-PCL and PEO-
PBCL micellesex vivo in different organs from animals euthanizad48 and 72h after micellar
tail vein injection. As seen ifrig. 5B, both plain and P18-4 peptide modified PEO-PCL
micelles, showed increased fluorescence primanilyhe kidneys indicating clearance through
kidneys within 72 h. This was similar to the reswdeen duringn vivo imaging Eig. 4B). Both
plain and peptide modified PEO-PBCL micelles, ore thther hand, showed increased
fluorescence signals in the liver and tumors. Therage radiant efficiency of the tumor was
significantly higher for plain and P18-4 modifieB®-PBCL micelles when compared with their
PEO-PCL micelle counterpart® € 0.05; one-way ANOVA). P18-4 modification; howeydid
not significantly increase the average radiantcedficy of the tumor at both 48 and 72 h when
compared to plain PEO-PCL and PEO-PBCL micelless Was similar to the results of 48 and
72 h readings iim vivo images Fig. 4C). PEO-PBCL micelles, whether unmodified or modifie
with P18-4 peptide, showed a significantly higheerage radiant efficiency in heart, liver, lung,
and spleen, and a significantly lower average radefficiency in kidney when compared with
their PEO-PCL counterparts at 48 h time-poiRt { 0.05; one-way ANOVA). The higher
average radiant efficiency in the kidneys indicatadter clearance for PEO-PCL micelles.
Similar results were also seen after 72 h, but wetestatistically significant for some groups.
P18-4 modification did not significantly change theerage radiant efficiency in most organs
other than the tumor when compared to plain misgfe> 0.05; one-way ANOVA) except for
spleen and heart. P18-4 modified PEO-PBCL micélbesa reduced radiant efficiency at 48 and
72 hin spleen and P18-4 modified PEO-PCL micéikss a reduced radiant efficiency at 48 h in
heart when compared to their unmodified counterpdithough the average radiant efficiency

can be used to compare the distribution in anyroegaongst different groups, it is not advisable
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to use this measure to compare the distributioNI&¥ label between different organs. This is
because of the attenuation effect of hemoglobilNtBt emission and presence of hemoglobin at

different quantities in different organs [35].
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Fig. 5. Ex vivo NIR imaging of Cy5.5-labeled micelles composedliffierent polymers: PEO-PCL (A), 10%P18-4-
PEO-PCL (B), PEO-PBCL (C), and 10%P18-4-PEO-PBC]), (Intreated (E), and bioluminescence signal (BBat
and 72 h after intravenous administration. Imadesns(counter clockwise from top left corner) liv&idneys,
lungs, spleen, brain, tumor, and heart. Each tioietpepresents image of one mouse from the grobe.graphs at
the bottom (G) represent the average radiant effmy of cy5.5 fluorescence in tumor, liver, kidneggleen, heart,
and lungs at 48 and 72 h after intravenous admatish. *Significant difference between PEO-PCL &PHO-
PBCL (with or without peptide on their surface).igt8ficant difference between PEO-PCL and P18-4-HEQ,,

or PEO-PBCL and P18-4-PEO-PBCR € 0.05; unpaired Studentdest).
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4. Discussion

The main objective of our study was to developdadte polymeric micellar carriers that
can be used to investigate the effect of modiftcegiin the micellar core and shell structure on
their in vivo biodistribution. For this purpose, we have chenhycabnjugated the near infra-red
(NIR) probe Cy5.5, to the hydrophobic block of PPGL and PEO-PBCL. The surface of both
nanocarriers were also modified with a novel breaster targeting peptide ligand developed by
our research group in previous studies [25]. THecefof core/ and shell modifications on the
micellar physicochemical propertias,vitro cancer celkpecificity, andn vivo biodistribution in
mice bearing orthotopic MDA-MB-231 breast tumorssvtiaen assessed.

NIR dyes are suitable for optical imaging in liveéiraals enabling deeper tissue imaging
[5,6]. In polymeric micelles, the NIR probes cather be conjugated to the hydrophilic shell of
the micellar system [21phr encapsulated [36] or conjugated [5,37] to thedrbghobic core
[7,38]. Conjugation of NIR probes to the micellarrface can change the interaction of the
nanocarrier with proteins from the complement gsyst¢hus leading to their early removal
through reticuloendothelial system recognitioncdh also affect the interaction of nanocarriers
with other non-specific normal cells upon encouni®rysical encapsulation of NIR probes into
the core of micelles on the other hand, cannotaniaee the detainment of the NIR probe within
the carrier under sinin vivo condition. To the best of our knowledge, thishe first report on
the development of traceable PEO-PCL and PEO-PB&Elles through chemical conjugation
of NIR dye to the poly(ester) core of these naneea and their tumor targeting ligand modified
counterparts. Conjugation of NIR dyes to the pdig€B structures is particularly challenging

due to the unstable nature of the poly(ester) bamiter the required harsh chemical reaction
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conditions. In this study, cy5.5 was selected as NiR dye because it is widely used in
literature for tracking of nanocarriers and is &fale with various functional groups that enable
multiple types of chemical conjugations. Howeveqni a clinical perspective, other FDA
approved dyes such as indocyanine green mightdferpble due to its excitation and emission
>780 nm at which wavelength there is no interfeeedcie to tissue autofluorescence, and
heamoglobin.

The experiments were conducted using PEO-PCL a@HPBCL micelles with similar
DP (8-11) for thes-caprolactone and-benzyl carboxylate-caprolactone monomers and the
PEO (~ 5,000 Da) was used as the macro-initiatothfeir polymerization. The DP values were
chosen to be uniform for the core-forming bloclkwoth polymers to eliminate the possibility of
differences in our observations due to the hydrbphblock length. The Cy5.5 labeled PEO-
PCL and PEO-PBCL polymers were then mixed withegigplain or P18-4 modified PEO-PCL
or PEO-PBCL polymers, respectively, to achieve NiBeled micellesScheme 1). Mixed PEO-
PCL micelles showed a significantly larger average £100 nm) and PDI compared to their
PEO-PBCL counterparts (~ 50 nm)aple 1, Fig. $4, Supporting Information). The decrease in
the size of PEO-PBCL micelles when compared to PEXD-micelles may be due to the ability
of PEO-PBCL to formt-n stacking interactions which may enable better jpacf the micelles.
The decrease in PDI of PEO-PBCL micelles is also imagication of the improved
physicochemical stability of these micelles comdgePEO-PCL micelles [23].

In line with our previous findings [23], we haveesea higher thermodynamic stability
for PEO-PBCL based micelles compared to PEO-PCls @ evidenced by lower CMC of
PEO-PBCL micelles at similar length of the blockpotymers Table 1). The high

thermodynamic stability of the polymeric micelles @an important factor determining the
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stability of polymeric micelles in the biologicatsem [39]. Presence of aromatic groups on the
PCL block also led to an increase in the kinetb#ity as measured by a decrease in the rate of
dissociation of micelles when incubated with SIB&)(1). This may be due to then stacking

of the benzyl carboxylate groups in PEO-PBCL meellleading to resistance towards
dissociation [23].

P18-4 is a stable decapeptide having the amino seigdience WXEAAYQrFL (lower
case letter denotes-amino acid; X is norleucine) and a molecular weigh 1296 Da. The
peptide is shown to have a high affinity for brezestcer cells compared to noncancerous cells.
This peptide is believed to interact with Keratiroth breast cancer cells [40]. Formation of
mixed micelles with P18-4 modified polymers did radtect the thermodynamic stability of
micelles, but decreased their kinetic stabilitfhe presence of SDS. Pre-treatment of cells with
free P18-4 peptide, resulted in a reduction inupgke P18-4 modified micelles in MDA-MB-
231 breast cancer cells to the level seen for timeadified micellesKig. 2C). This indicates that
the P18-4 modified polymeric micelles are takentbmugh receptor mediated endocytosis
[25,41]. Increasing the P18-4 density significamtlgreased the cellular uptake of Cy5.5-loaded
micelles in MDA-MB-231 cellsKig. 2 andFig. 3). These results are in agreement with those
reported by us for P18-4 modified liposomes andOpftbdified micelles [30,42]. At higher
peptide density of 20 mole %, presence of free # p@ptide did not affect the uptake of P18-4
modified PEO-PCL and PEO-PBCL micelles. Besides,results have shown higher uptake of
micelles presenting high P18-4 density (20 mol % MCF10A normal cells which suggest the
possibility of non-specific cell uptake. Similarstdts were also seen previously for high density
P18-4 modified liposomes in MCF10A cells [30]. lantrast, micelles modified at 10 mol %

with P18-4 were more specifically associated witDAMMB-231 compared to MCF10A cells.

32



This is in line with previous reports which haveowsim the P18-4 peptide to have higher
specificity for cancer cells and at the same timéniternalized by these cells [25].

Micelles formed from PEO-PCL showed significantlighrer uptake in MDA-MB-231
breast cancer cells compared to the ones compo$e®®E®-PBCL [43]. The lower
thermodynamic and kinetic stability of PEO-PCL nliee might have led to their dissociation
inside the cell, thus de-quenching the Cy5.5 digewsng higher fluorescence when compared to
PEO-PBCL micelles. In addition to MFI, an increas¢he % Cy5.5 positive cells for PEO-PCL
micelles when compared to PEO-PBCL micelles hasla&n observed.

In vivo biodistribution studies were carried out in anhotbpic breast tumor animal
model [44]. It is known that the response to drags be highly varied depending on the site of
the tumor. For instance, doxorubicin could inhiB2% of the tumor growth in am vivo
xenograft model, whereas only 40% drug activity ¥easd in tumors at the orthotopic site [45].
Thus, orthotopic models are necessary for a moweirate analysis of tumor growth and
treatment. To follow the growth of the tumor andacatrack any possible metastasis, MDA-MB-
231 cells expressing firefly luciferase were used.

Both PEO-PCL and PEO-PBCL micelles showed fluomeseein liver, spleen, and
kidneys indicating their recognition by the majogans of RES along with renal clearance in
kidney, respectivelyKig. 5). Plain and P18-4 modified PEO-PCL micelles présgrhigher
accumulation in kidneys indicating faster renalacémce compared to their PEO-PBCL
counterparts. Glomerular filtration, which is thest step in renal clearance, is highly size-
selective. The PEO-PCL micelles had a size @00 nm which is higher than the threshold for

renal clearance [46]. It is; therefore, most likéiat the PEO-PCL micelles dissociated in the
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serum leading to their faster clearance. In linthwthis assumption, PEO-PCL micelles have
shown lowelin vitro thermodynamic and kinetic stability compared to PERCL micelles [43].

PEO-PBCL micelles were shown to be more stable BEa@-PCL ones and accordingly
presented higher tumor accumulation than the PEO-BX®s. However, in addition to the
tumor, PEO-PBCL micelles had significantly high@camulation in heart, liver, lungs, and
spleen, but lower accumulation in the kidneys, whempared to PEO-PCL micelleBig. 5).
The higher accumulation into the other organs niaply be a reflection of less elimination of
PEO-PBCL micelles through the kidneys and theithargretention in the blood compared to
PEO-PCL micelles.

The micelles may further be developed for encapisnaf anti-cancer drugs and used as
theranostics for the simultaneous delivery of dimigumor site and following the progress of
disease, at the same time. The thermodynamic aridistability of the nanocarrier, however,
may be influenced by the encap9sulated drug. Thay impact the extent and kinetics of
micellar distribution in different organs, as well.

P18-4 modification resulted in more rapid accumaiabf micelles in the tumor site. At
later time points (> 4 h for P18-4 modified PEO-Pé&id > 24 h for P18-4 modified PEO-PCL)
no significant difference in tumor accumulationRE8-4 modified mixed micelles versus plain
micelles was noted, however. Previous studies uBiB® modified nanocarriers has reported
similar results, although the receptor for RGD pmhptis also over-expressed in the tumor
endothelium and the rapid accumulation for the R@@lified carriers may be due to the uptake
of these targeted nanocarriers in the tumor entlotheather than due to retention in the tumor
cells [47]. Unlike RGD peptide, the receptor for8PL is shown to be majorly expressed by

tumor cells rather than angiogenic endotheliumeasing the chance of retention by tumor cells
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for P18-4 modified micelles. The longer effect e@ptide in tumor accumulation of PEO-PBCL
may also be a reflection of higher stability andwsdr dissociation and separation of peptide
conjugated polymers from these nano-carriers.

Interestingly, P18-4 modified PEO-PBCL micelles wkd lower accumulation in the
spleen, while P18-4 modified PEO-PCL micelles shibwever accumulation in heart at 48h
when compared to the corresponding micellar cangtms without the peptide. Previous
studies have demonstrated that high densities giges on the nanocarrier surface can lead to
an abnormal uptake by the RES organs like spledrivar resulting in faster clearance from the

body [48,49]. Therefore the 10 mole % density o8Imicelles may be considered appropriate.

5. Conclusion

In general, lableing of PEO-poly(ester) micellesotilgh chemical conjugation of NIR
probe Cy5.5 to their poly(ester) core, provided nsefor following the fate of PEO-poly(ester)
micelles bothin vitro and in live animals facilitating discovery of stture activity relationships
with respect to the biodistribution and targetiragabilities of these nano-carries. In this study,
the highly stable PEO-PBCL micelles showed exted@sdlence time and higher levels at breast
tumor follwoing intravenous administartion in tummgaring mice, perhaps due to theattenuated
dissociation and renal elimination of PEO-PBCL oR&O-PCL micelles. PEO-PBCL micelles,
however, showed higher distribution to RES org&wface modification of both nanocarriers
with the novel P18-4 peptide resulted in their leighnd more specific uptake by breast cancer

cellsinvitro and rapid accumulation at the tumor Siteyivo.
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The results of this study demonstrated the tremesngmtential of developed traceable
nanocarriers, and their P18-4 modified counterpéotsfurther advancement to image-able
targeted therapy tools for breast cancer. The tesalso shed light on the structural
characteristics of block copolymers that can bel useoptimize the kinetics and extent of tumor

distribution for PEO-PCL based micelles.
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