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Abstract—The expression of LFA-1 diverges from th
physiological condition, thus active targeting @rican provide the
benefits from difference into LFA-1 expression arious conditions.
Here, the selectivity of cIBR-conjugated nanop#etic(cIBR-NPs),
in terms of uptake, was investigated using PBMCgelll PBMC-
Molt-3 cells and Molt-3 cells. The expressions ¢&fA-1 on Molt-3
cells, from flow cytometry and Western blot, possesthe highest
level whereas PBMCs showed the lowest level. Tmetlé uptake
profiles of cIBR-NPs were obtained by flow cytonyetwhich the
degree of cellular uptake presented a similar tneitd the level of
LFA-1 indicating the influence of LFA-1 expression the cellular
uptake of cIBR-NPs. The conformation of LFA-1 hadlight effect
on the cellular uptake of cIBR-NPs. Overall we destmted that
cIBR-NPs enhanced cellular uptake and improvedstiectivity of
drug carriers to LFA-1 on the leukemia cells, whietated with the
order of LFA-1 expression.
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|. INTRODUCTION

CTIVE targeting is the method of targeting therdpat

is becoming an interesting therapeutic strategy
treating cancers. It takes advantage from the réiffielevel of
specific receptor between targeted and untargedid. dThe
crucial constituent of active targeting carrier niegyclassified
into three parts; targeting moiety, targeted remepnd the
suitable carrier. To achieve the active targetirayrier,
targeting moiety, which selectively binds to thegtted
receptor is attached to the surface of the catwiémprove its
selectivity. The targeting moiety performs as aigator for
the carriers, to deliver drug carriers to the ttedecells
through molecular recognition such as receptomiiyeor
antigen-antibody interaction rather than
characteristics of the nanoparticles. The levekcoeptor plays
an important role in the selectivity of the actitergeting
carrier. For the targeted cell, the level of taegeteceptor
must significantly differ from the normal cells. Tabricate
the targeted drug delivery system for cancer treatmthe
targeted receptors that are preferentially expresse tumor
cells are carefully selected.
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Polymeric nanoparticles, with biodegradability and
biocompatibility, have extensively served as casridor
anticancer agents by providing greater efficiermyntrolled
release, and less harmful properties than the nraked
conventional drugs.

For leukemic cells, there are many markers or recephat
can be used as a targeted receptor. The selecfiaheo
targeted marker requires careful investigation daethe
presence of different markers in each leukemic typk. For
example, leptin receptor [1], FMS-like tyrosine &&e 3 [2],
[3], CD163 [4], [5], IL-2 receptors [6]. One suchrdidate for
the targeted receptor is the lymphocyte functiosoesited
antigen-1 [7], since an overexpressing of LFA-1 weysorted
in certain leukemia cells [8], [9]. According to roprevious
study, LFA-1 was used as a targeted receptor ontjmes of
leukemic cell lines and cIBR-conjugated PLGA (p(@bctic-
co-glycolic acid) nanoparticles were synthesizedhasactive
targeting nanoparticle for LFA-1 expressing cellee results
showed a correlation between the level of LFA-1 ahe
f¢legree of cellular uptake in the four different @gp of
leukemic cell lines. Therefore, the cIBR peptidiestvity to
different leukemic cell types was demonstratedhis study
[10].

LFA-1 is the integrin adhesion molecule with 2 meame-
spanning subunits: alpha and beta chains [11],. [LEA-1
interacts with the Ig-like super family of proteibst its major
ligand is intracellular adhesion molecule-1 (ICAM-1LFA-1
mediated adhesion to cells, and to the extracellmatrix
(ECM), is important in regulating leukocyte adhesiand T
cell activation. LFA-1 is exclusively expressed leakocyte

e

the phaisic cells, which is found on lymphoid cells of both TidaB

lineages and on a large proportion of bone marr@hs c
(~50%) [13], but not on exudated macrophages or- non
lymphoid tissues [14]. It is absent, or presentow levels on
myeloid, erythroid precursor, and nonhematopoietits [15],
[16]. In the physiological condition, there are®) to 40,000
LFA-1 surface sites per peripheral lymphocyte, wittore
plentiful expression on T than B lymphocytes, andhw
increased expression on T blast cells [15]. Thuas,isi
beneficial for active targeting treatment in leukeerelated
diseases. On the other hand, the LFA-1 expressiocaacer
cells was reported in higher levels than on noriaakocyte.
Chigaevet al. reported that the expression of LFA-1 on the
human histiocytic lymphoma cell line (U937) was (3-
130,000 sites per cell and the human lymphoblasteidline
(JY) was 200,000-250,000 LFA-1 sites per cell [17].

cIBR peptide, a promising moiety for LFA-1 receptiarthe
cyclo (1,12) PenPRGGSVLVTGC that is derived from
residues of 1-21 in domain 1(N terminus) of ICAMHlwas
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proven to have the closest affinity with and speitif
properties of LFA-1 when compared to the other lsgsized
peptides in the studies [18], [19]. Recently, cIBRs been
coupled with PLGA nanoparticles (cIBR-NPs) for #&tigg
lymphoblastic leukemic T cells [12] resulting inethrapid

internalization of cIBR-NPsia receptor-mediated endocytosis(EDC),

by the LFA-1 expressing cell line. In addition, &BNPs
blocked the adhesion of T cells to lung epithelclls
generating a high level of ICAM-1 [12] and block&dcell

(PLGA, inherent viscosity 0.67 dL/g, Mw ~90 kDa) sva
purchased from LACTEL Absorbable Polymers Inteiorsi
(Pelham, AL, USA). Pluronic F-127 was purchasednfr@-
BASF The chemical company (St. Louis, MO, USA). tini-
3-[3-dimethylaminopropyl]  carbodiimide  hydrochlogid
N-hydroxysuccinimide (NHS), and Phorbol 12-
myristate 13-acetate (PMA) were purchased from &igm
Aldrich. (St. Louis, MO, USA). Coumarin-6 was olted
from Polysciences, Inc. (Warrington, PA, USA). RPM40

conjugation to dendritic cells moréfieiently than untargeted medium was purchased from Invitrogen Cooperatioraf@

nanoparticles (NPs), free peptides, and antibd@iels Due to
the delivery of cIBR-NPs to LFA-1 on the targetel ¢akes
place the receptor-ligand recognition between thBRc
peptide and LFA-1. Thus the level of LFA-1 on taegkcell is
the main factor to be considered to be an apprgptiaatment
of cIBR-conjugated PLGA nanoparticles. However,
previous study reported different levels of LFARLfour types
of leukemic cell lines and a correlation betweea kével of
expression and the degree of uptake but no studies
reported a correlation between the level of expoesand the
selectivity of active targeting carrier between aamncells
versus normal leukocyte cells. Therefore, it is amant to
prove the level of expression of LFA-1 and the ciiléy of
the cIBR-NPs of the LFA-1 high expressing leukero@ls
and normal leukocytic cells. This can lead to a&aprofile
of the developed drug delivery system through angidhe
unnecessary effect on LFA-1 normal expressing cells

In this study, LFA-1 was chosen to be used as dhget
receptor on the
nanoparticles, on which the cIBR peptide was caaijed to
the surface of the PLGA nanoparticles. This wasttmly the
selectivity of cIBR-conjugated PLGA nanoparticlés, the
terms of binding and internalization, by PBMCs (natf cell),
Mixed PBMC-Molt-3 cells (model of cell combinatigrand
human lymphoblastic leukemia cell line (Molt-3 &ll The
level of LFA-1 expression was determined in the REBMrom
ten healthy subjects,
combination of PBMCs and Molt-3 cells with ratio df1),
and Molt-3 cells. Comparison of selectivity in cIBYPs was
evaluated by the degree of binding and internatindby these
cell types. Herein, we have reported the abilityfaifricated
cIBR-PLGA nanoparticles to target leukemic cellthea than
normal cells. The binding of cIBR-NPs by PMA actiea and
non-activated cells were examined. The relatedrin&ion
such as levels of LFA-1 expression,
characteristics, binding, and internalization divdey devices
were also discussed. Results from this study maydeel to
improve the efficacy of drug carrier for selectigelivery to
targeting cell.

IIl. MATERIALS AND METHODS

A.Materials
cIBR peptide

Mixed PBMC-Molt-3 cells (the

nanoparticl

Island, NY, USA). Bovine serum albumin (BSA) was
purchased from Fluka Biochemika (St. Louis, MO, UYSA
Monoclonal anti-human CD11 (anti LFA-1) was purdaths
from Ancell (Bayport, MN, USA). Tris base was puasied
from Fisher ChemAlert (Fair Lawn, NJ, USA). Mantitwas

oupbtained from May and Beaker LTD. (DagenhaBEgsex

RM10 7XS, UK). Dialysis membrane (MWCO 12,000-
14,000) was purchased from Membrane Filtration Bctsd
Inc. (Seguin, Texas, USA). Molt-3 cells were obeainfrom
American Type Culture Collection (Manassas, VA, USA
Rabbit polyclonal anti CD11a was purchased from akbc
(Cambridge, UK). Horseradish peroxidase (HRP)-cgajed
sheep anti-rabbit IgG antibody was obtained froronfaga
(Madison, WI, USA). SuperSigial West Pico
Chemiluminescent was purchased from Pierce (Rodkfdy;
USA). Polyvinylidine fluoride transfer membrane was
purchased from Pall Corporation (Pensacola, FL, JSA
Prestained protein ladder was purchased from Fdasen

leukemic cells for active targetingHanover, MD, USA).

B.Methods

1. Cell Line

Molt-3 cells were cultured in suspension in RPMI4Q6
medium supplemented with 10% (v/v) fetal bovineuggr100
units/ml of penicillin, and 100 pg/ml of streptontycin a
humidified 37°C incubator with 5% G@tmosphere.

2. lIsolation of Peripheral Blood Mononuclear Cells
(PBMGs)

In this study, peripheral blood mononuclear cefipresent
normal cells for studying the LFA-1 expression, RHBIPs
binding and uptake by the PBMCs as compared tcetbbthe
leukemic cell line (Molt-3 cells). PBMCs were takers
normal cells instead of the lymphocytes, which hdeen
reported to express LFA-1. Peripheral blood samplese
faken from healthy volunteers (8 female and 2 mai&)
sterile, pyrogen-free disposable syringes with éoxio-free
heparin (200 i.u./u.i./40 pl). Isolation of PBMCeoiin the
subjects was performed using standard density enadi
centrifugation (Lymphoprep™) (Axis-Shield PoC AS,
Rodelgkka, Oslo, Norway). In brief, PBMCs were wesh
resuspended and cultured in serum-free RPMI 164@iume
containing 0.5% L-glutamine and 1% penicillin-st@pycin.

(cyclo(1,12)-Pen-PRGGSVLVTGC-OH)After 24 h incubation at 37°C, cells were washed adjusted

(Mw 1,174.5) was synthesized on a Pioneer peptidith the serum-free medium, at 2 xklis/ml.

synthesizer (PerSeptive Biosystems, CA). Poly (Btfit-
coglycolic acid) (50:50) with terminal carboxylatgroup
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3. Mixed PBMC-Molt-3 Cells

In this work, PBMCs and Molt-3 cells, with a ratd 1:1
were generated to imitate the condition that coragoef
normal cells and tumor cells (Mixed PBMC-Molt-3 Isg!
After 24 h of incubation, PBMCs and Molt-3 cells ree
seeded into 96-well tissue culture plate. The delhsity of
each cell type, in each well, was 2.5 X télls per well in 5.0
ml serum free medium.

4. LFA-1 Expression

Two methods; flow cytometry and Western blottinggrev
included in the determination of LFA-1 expressian éach
cell sample. Different principles and techniqueghsdse two
methods were employed to confirm each otHeor flow
cytometry, the signal specificity depends on theibaady
whereas the Western blotting assay depends onnitiiteody
and molecular weight. A critical issue for usingibadies to
measure a protein with flow cytometry is the religp of
guantitative measurements. To evaluate the quawngta
reliability, the LFA-1 expressions on these cellrgranalyzed
using Western blotting, and compared the resultpavéllel
samples analyzed using flow cytometry.

i. Flow Cytometry

In order to verify the relationship between the réegof
LFA-1 expression and nanoparticles uptake, thetivela
expression of LFA-1 on PBMCs, Mixed PBMC-Molt-3 Isel
and Molt-3 cells were quantified in this study. KGelvere
washed three times with phosphate buffer salineS(PH
7.4) and resuspended in serum free RPMI 1640. (&ks1G
cells/ml) were then added with normal AB serum (@band
incubated, at 4°C, for 10 min to block non—spedifiading.
After that, cells were reacted with anti LFA-1-FIT@.1
mg/ml) at 4°C for 45 min. Excess antibodies werageed by
centrifugation at 3,000 rpm for 90 sec, and waghegk times
with cold 0.1% BSA in PBS. Finally, cells were fikevith 4%
paraformaldehyde. The fluorescent intensity waeniened
using a FACscan flow cytometer.
performed using Cell Quest software (BD BioscienSan
Jose, CAUSA).

ii. Immunoblotting for LFA-1 Receptor Expression

To confirm the results from the flow cytometry, the

immunoblotting assay was used to determine thel lefe
LFA-1 on each cell type. Cells were activated vath pM of

PMA, in serum free media, for 24 h. After 24 h, Igel
(1x10cells) were lysed in RIPA buffer (25 mM TriseHCIHp

Solon, OH, USA), for 2 h and probed by 1 pg/ml -d4ftA
antibody, for 3 h. The secondary antibody was adwié the
dilution of 1:10,000 for 2 h. Peroxidase activitpsvdetected
using SuperSign8l West Pico Chemiluminescent (Pierce,
Rockford, IL, USA).

5. Preparation of Coumarin 6-Loaded PLGA
Nanoparticles

Nanoparticles (NPs) encapsulating coumarin-6 were
prepared using the solvent displacement method . [12]
Coumarin 6 (0.05% w/v) and 40 mg PLGA were disstlire
3 ml of acetone and sonicated for 15 min. This umxtwas
slowly dropped (17.6 ml/h) into the stirred aquesotution
containing 0.1% Pluronic F127 COOH (25 ml), anionic
surfactant. Carboxylated Pluronic F127 was syn#eesifrom
hydroxylated Pluronic F127 according to the repbrte
procedure [21]. After spontaneous formation of tRes,
organic solvent was evaporated by stirring for athyoom
temperature. Free coumarin-6 and excess PluroniotCO
were removed by dialysis against 0.2% manitol sofytfor
24 h. The size, size distribution, and zeta poa¢mf PLGA
nanoparticles encapsulating coumarin-6 were evaduasing
photon correlation spectroscopy (PCS; ZetaSizeersion
5.00, Malvern Instruments, UK).

6. Conjugation of cIBR Peptide to PLGA-Nanoparticles

Covalent coupling of carboxyl terminuses of modifie
Pluronic F127 on to the surface of PLGA nanopatialvith
free amino acid terminus of cIBR peptide used ED@ BHS
as coupling agents. Coumarin-6 loaded PLGA nanimpest
coated with Pluronic F-127-COOH (2.2 mg/ml) weréféred
using 2-N-morpholino) ethanesulfonic acid (MES, pH 6.5).
Nanoparticles were then incubated, for 15 min vi@i® mM
EDC and 50 mM NHS. The activated carboxyl termisuse
Pluronic F127-COOH on the surface of nanoparticlese
coupled with the amino terminus of the cIBR pept{dg0
pmole) for 12 h, at room temperature. Conjugated Niere

Data analysis wallected by centrifugation (12,000 rpm, 10 minfamashed

three times with purified water. The size, sizearibsition, and
Zeta potential of cIBR-NPs were characterized uSigg.
7. Comparison of Cell Binding and Internalization of

cIBR-NP between PMA activated and non-activated EBM

Two conditions of cells, as described above, were
incubated with 0.4 pM of PMA in serum free media to
stimulate the up-regulation of LFA-1 on the cellmiwanes,
or without PMA in serum free media, for 24 h. Celiere
washed three times and resuspened in an optimameolof

7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholateserum free media. Cells were seeded in 96-welkphetich

0.1% SDS) containing protease inhibitors. Cell gsaof
PBMCs from three volunteers (No.1, 2, and 3) andtido
cells were collected by centrifugation at 10,00énrfor 15
min, at room temperature. The protein concentratiaere
measured by the Bradford method and standardizédBR8A.
Fifty micrograms of crude proteins were separatgdSbBS-
PAGE and transferred to a polyvinylidene fluorid@VDF)

containing CaGl(1.5 mM) at the density of 5 x 1@ells/well
in 100 pl and then incubated with cIBR-NPs suspdnite
serum free medium (2.2 mg/70 pl) at 37°C for défertime
intervals (5, 30, and 60 min) to observe the plertigptake
kinetics. Cells were then repeatedly centrifuge@d@ rpm,
4°C for 2 min) and washed three times with cold RPBf
fixed with 4% paraformaldehyde. The fluorescenemsities

membrane. The membrane was blocked by 5% non-fat dvf cells were measured using the FACscan flow cgtem

milk in PBS containing 0.1% Tween 20 (Solon Indwyk

Data analysis was performed using Cell Quest softwa
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8. In vitro Cellular Binding and Internalization of

Nanoparticles

Cells (5 x 16 cells/well) were seeded into a 96-well plate

containing CaGl (1.5 mM) in serum free medium and
incubated with coumarin-6 encapsulated cIBR-NPsNBs
without peptide-conjugation at the concentratior2 & mg/ml
at 37°C, for 5, 30, and 60 min. Cell pellets weodected by
centrifugation (2,200 rpm, 4°C for 2 min) and waslibree
times with cold 0.1%
particles, which were not entrapped by cells arediwith 4%
paraformaldehyde. The fluorescent intensity was suesl
using FACscan flow cytometer. Data analysis was$opered
using Cell Quest software.

9. Statistical Analysis

Statistical evaluation of data was performed usay

BSA in PBS to eliminate excess

*kk

150~
2
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5
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PBMC Mixed Molt-3
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Fig. 1 Expression of LFA-1 on PBMCs, Molt-3 cebsid Mixed cells
(Mixed PBMC-Molt-3 cells) after incubation with antFA-1-FITC

Analysis of Variance (one-way ANOVA). Newman—Keuls antibody. Data are given as median (n=10) andritve bars were

post-hoc test was used to assess where the samificof

differences occurred. To compare the significante th

calculated from stacked replicate. * indicgye®.05 and ***
indicategp<0.001

differences between the means of the two groups an

independent t-test was performed; in all casesalaev of
p<0.05 was accepted as the level of significance.

A Determination of LFA-1 Expression on PBMCs, Molt
cells, and Mixed PBMC-Molt-3 Cells

1. Flow cytometry

Because active targeting takes advantage of theaulalr
recognition as described above, the appropriatetashould
be carefully selected. The target receptor on #recer cells
should be overexpressed while lowered on normds.cel
this study, the relative expression of LFA-1 on P& Molt-
3 cells, and Mixed PBMC-Molt-3 cells were quantitaty
assessed using flow cytometry. After incubatings¢heells
with anti-LFA-1-FITC for 45 min, the LFA-1 levelsnothe
three cell conditions were analyzed using flow oygtry. The
results showed that Molt-3 cells expressed a prentidegree
of LFA-1 on cell surfaces with the mean fluorescemensity
(MFI) value of 73.68, compared to the PBMCs and édix
PBMC-Molt-3 cells (27.01 and 37.09, respectivelly)g( 1).
The fluorescent intensity of Molt-3 cells, afteracting with
anti-LFA-1-FITC, was ~2.73 and *.85-fold greater than
PBMCs and Mixed PBMC-Molt-3 cells, respectively. rFo
PBMCs and Mixed PBMC-Molt-3 cells, expression ofA-E
levels was not significantly different. The averddé-1 level
on PBMCs, from the ten healthy volunteers, was ~&&%ith
was less than the LFA-1 level on Molt-3 cells sliiot clear of
the optimal level of receptor that should be usea @argeted
receptor when comparing them to normal cells, batgreater
difference in the level of LFA-1 is very beneficidbr
distinguishing the target cell from normal cellsevértheless,
the binding and internalization ability of the drugrrier
should be considered with the level of LFA-1 foreth
appropriation of active targeting drug carrier.

RESULTSAND DISCUSSION

2.  Western Blotting for LFA-1 Receptor Expression

The presence of LFA-1 adhesion molecules on PBMTGs a
Molt-3 cells were investigated using Western biatito
support the results from the flow cytometry. Figa2 showed
that levels of LFA-1 protein were detected in aatdd and
non-activated Molt-3 cells by PMA. The densitometri
analysis revealed that the level of LFA-1 proteironi
activated and non- activated Molt-3 cells were not
significantly different in the manner @<0.05. The LFA-1
protein level was detected in the low levels invated and
non-activated PBMCs comparing to Molt-3 cells (F2g(b)).
The data also showed that there was more interidivel
protein level in Molt-3 cells when compared to PB#/C
supporting the results, from the flow cytometryatttPBMCs
showed the low level of LFA-1 expression.

B Preparation of Coumarin6—Loaded PLGA
Nanoparticles

In the active targeting carrier, the targetingatigs were
associated with functional group on surface of pantcles.
The specific ligand of LFA-1, cIBR peptide, was oded to
associate with the carboxylic group on surface oGR
nanoparticles to improve the selectivity of thegaarrier to
targeted cell [10]-[12]. The solvent displacemergtiod was
employed to prepare the carboxylated-PLGA nanapasti
Coumarin-6, a fluorescent marker for the detectibthe drug
carrier when internalized to cells, was added ifioGA
solution to form coumarin 6—loaded PLGA nanopagsciThe
particle size, polydispersity index, and zeta ptatnof
nanoparticles were characterized in Table |. Thearme
diameter of untargeted nanoparticles and cIBR aatpd
nanoparticles were 196.8 + 58 and 230.2 * 10.1 nm,
respectively.
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carbodiimide reagents (EDC and NHS). The activdaayl
groups on nanoparticlesurfaces were coupled with fr
amino groups in cIBR peptides to form amide borafstis
conjugation. After the reaction, free cIBR peptidegre
collected and assayed using HF-UV to determine density of
peptides on the surface of nanoparticles. It calculated by
assuming a normal Gussian particles size distobutiThe
density of cIBR value wa36.9 + 4.5 pmol/c) with the
particle sizeand total surface arewere 230.2 nm and 0.0389
m?/g of PLGA, respectivelyTable II).

TABLE Il
DENSITY OFPEPTIDES ON THESURFACE OFNANOPARTICLES

. Total Density of cIBR
Size (nm) surface area (pmol/crr?)
(mPlg of PLGA) p
cIBR-NPs 230.2 0.0389 36.9+45

cells were resolved on 6.5% SIPAGE, transferred to a PVC
membrane and blotted with anti CD11a antibodigs. k-1 protein
in activated and non-activated Molt-3 céilg 0.4 uM PMA for 24 h
(b) LFA-1 protein in activated Molt-3 cel{4), nor-activated Molt-3
cells (2), activated PBMC; No.1 (3), naativated PBM(;, No.1 (4),
activated PBMC; No.2 (5), noaetivated PBM(, No.2 (6), activated
PBMC; No.3 (7) and non-activated PB§MR0.3 (8) by 0.4 uM
PMA. Each lane represents 1 X' t@lls and 50 pg of prote
equivalents were loade

A low polydispersity index of 0.059 and 0.077 wésained
from both formulationsndicating a narrow size distribution
the nanopatrticles suspension, and consequentlyn@denous
distribution. Surface charge is an important elemeh
stability of colloidal nanoparticles system in madi The
repulsion among the nanoparticles wiame type of surface
charge provides extra stability. The zeta potentdl
untargeted-NPs and cIBR-NPs wer29.5 and-39.4 mV,
respectively. This may be due to the masking oforini
surface charges by Pluronic 127 COOH coating. Th
physiochemical proptes of drug carriers are the esser
factors to predict the fate of system after admiiai®n.
Particle size is an important parameter as it ¢eactlly affect
the physical stability, cellular uptake, biodistriton, and dru
release from the nanoparticles [22]

TABLE |
PROPERTIES OINANOPARTICLES

Zeta potential

. Mean size Polydispersit
Nanoparticles (nm) indes value
(mVv)
untrageted NPs 196.8 +5.8 0.059 £ 0.0 -29.5+£3.23
cIBR-NPs 230.2+10.1 0.077 £0.0 -39.4+1.37

Values are given as mean + S.D. (n=3)

C. Conjugation of cIBR Peptide to PLGA Nanoparti

The modifying surface characteristic can preverrticles
uptake by the reticuendothelial system (RE but cannot
assist nanoparticles to deliver exactly to the dsrd site
Active targeting was employed to assist nanopadichy
attaching the targeting ligand to the nanoparticdase. In
this study, the carbodiimide reaction was use¢ the covalent
conjugation between the cIBR peptide and carboxgtimup
on the nanoparticles surface. The carboxyl grouplafonic
F-127 COOH was converted to an active carboxyl foyr

Values are representative of three experimentsr{mes.D.)

D. Comparison of Cell Binding and Uptake cIBR-NP
between PMA activated and r-activated cells

LFA-1 switches from the inactive to the active fornbiod
to ICAM-1 by either insideout or outside-in activation [23],
[24]. Insideeout activation of LF~1 is induced by chemokine
activation of Gprotein coupled receptor[23] and can be
mediated by the use of PMA. The out+in activation off32
and other integrins is a method for lig-induced (leukocyte,
LFA-1) to modulate signaling pathways within a ¢[24].
PMA was previously reported to activate proteinasies C
(PKC) via the phosphorylation of the2-linked proteins
Rackl (receptor for activated PKC) and MacMARC
(macrophagenriched myristolated alani-rich C kinase
substrate), a member of the MARCKS family of P
substrates, leading to the forming of high aviditysters o
LFA-1 [12]. Anderson et al. reported that the expressio
LFA-1 was not enhanced by PMA expos([25]. Thus, the
effect of PMA on cellular uptake was investigatea the
function of LFA-L upon the cellular uptake of cll-NPs. For
PBMCs, the resultpresented the significant difference
cellular uptake between PMA activated and -activated
cells, at 5 min. Beyond 30 min, the profile of Ugan both
cells were similar (Fig.)3 On the other hand, the similar tre
of uptake between activated anon-activated cells was found
in Mixed PBMC-Molt-3 cells at all time pointsFig. 4). An
incubation time of 60 min, the cellular uptake tBR-NPs by
activated Molt3 cells was significantly different from tl
non-activated MolB8 cells but the cellular ptake profiles
within 60 min were similarg<0.05) (Fig. 5). Since, the PMA
activation of the cIBR binding is tin-dependent [25], it may
help to eplain the difference in the percent uptake of ¢
NPs between activated and ractivated Molt-3 cells, at 60
min. The effect of PMA on the cellular uptake oBR-NPs
by LFA-1 expressing cells may not be clear but the abilit
cIBR-NPs binding to theor-activated cells may be due to the
appearance of Gain the medium that binds to the metal-
dependent binding site (MIDAS) of LI-1 to keep LFA-1 in
the closed conformation and cIBR peptide prefeatigt
binding to the closed from of LF-1 [25]. cIBR peptide
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containing Pro-Arg-Gly (PRG) sequence [18], [2&/] is
recognized by LFA-1 and the ICAM-1 interaction witRA-1
can be mimicked by strongly binding to LFA-1 clugt28]. It
may control the conformation change of I-domainLBfA-1
[25]. This information helps to support the uptalmslity of
CIBR-NPs by LFA-1 expressing cells in the PMA-lauki
condition.

500 [=INo PMA
- . PMA
S 4004
§ *% =
£ 3004
=
3
S 2001
o
S
Z 1001
O' L v
5 30 60

Incubation Time (min)
Fig. 3 The influence of the conformation of LFA-i the uptake of
cIBR-NPs by activated PBMCs (black) and non-ac&dad®BMCs
(white) from three healthy subjects. Data are gi@emean + S.D.
(n=3); ** indicatesp<0.01

N PMA
4004
3004

Fluorescent Intensity

2004
100+
0~ T J
5 30 60

Incubation Time (min)

Fig. 4 The influence of the conformation of LFA-t the uptake of

cIBR-NPs by activated Mixed PBMC-Molt-3 cells (bka@nd non-

activated Mixed PBMC-Molt-3 cells (white). Data aji@en as mean
+S.D. (n=3)

E. In vitro Cellular Binding and Internalization of
Nanoparticles

The aim of active targeting was to improve the wuat
binding and internalization of nanocarrires. Thhisding and
internalization of the cIBR-NPs and untargeted N&@®ach
different cell type is our goal to prove the sekatt of cIBR-
NPs.

500 1 No PMA *
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Fig. 5 The influence of the conformation of LFA-i the uptake of
cIBR-NPs by activated Molt-3 cells (black) and raxstivated Molt-3
cells (white). Data are given as mean = S.D. (n¥8)dicates
p<0.05

After incubation of the cIBR-NPs and untargeted Nt
three cell conditions, at 5, 30, and 60 min, calildinding and
internalization of both formulations were investigg using a
flow cytometer. The increase of fluorescent intéasiof NPs
treated cells related to that of the untreatedrobrells was
expressed as mean fluorescent intensities of Nfasett cells
related to that of the untreated control cells wagressed as
mean fluorescent intensity, relative to the contrdhe
florescences from both cIBR-NPs and untargeted NPs
internalized in cells were shown in Fig. 6, Figand Fig. 8.
The significant fluorescent difference between clBRs and
untargeted NPs can be clearly determined in dlitgeés. The
fluorescent intensity of cIBR-NPs in cells was héghhan
untargeted NPs at all time poirf& 30, and 60 min) with the
range of 1.60-2.73-fold in three cell conditiondieTgreater
amount of cIBR-NPs in the cells indicated the ewlean
internalization and retention effect of the targetarriervia
ligand-receptor endocytosis, indicating that cIBRsNwere
better target than nanoparticles without cIBR cgafion.
Without targeting ligand, the untargeted NPs coerter the
cells and diffuse away from the cells over time.eTh
fluorescent intensities of Molt-3 cells after 5 miof
incubation, with cIBR-NPs were higher than thoséB8MCs
and Mixed PBMC-Molt-3 cells by ~2.44 and ~1.5-fold,
respectively, indicating that the uptake activifyMolt-3 cells
occurred more rapidly than in PBMCs and Mixed PBMC-
Molt-3 cells (Fig. 10). Moreover, the results alstwowed the
prominent binding and internalization of cIBR-NPsNlolt-3
cells at all time points when compared to thosé®BMCs.
This suggests that the binding and internalizatiapacity of
cIBR-NPs by Molt-3 cells was more specific and ®ight
than PBMCs, due to the low LFA-1 level on the meamier of
PBMCs (normal cells). The cIBR-NPs targeted toRBMCs
had a low capacity for binding and internalizatisnggesting
that the targeting and safety profile of cIBR-NBsni the high
and low level of LFA-1 on their cell membranes. In
comparison to the binding and internalization bem&lixed
PBMC-Molt-3 cells and Molt-3 cells, except 30 mithe
profile of uptake of cIBR-NPs showed no significant
difference when compared to the fluorescent intgnef
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Mixed PBMC-Molt-3 cells to Molt-3 cells. Additionigi, the
results were parallel, in the same direction, WiEA-1 level,
which Molt-3 cells showed to have the highest LFAetels
on the cell surface membrane, and the highestlaeliinding
and internalization. Similarly, PBMCs showed the Ievels
of LFA-1 expression, cellular binding and interzation of
cIBR-NPs were also presented in the lowest dedtewas
suggested that the degree of expression of LFA+tlved in
the level of binding and internalization of cIBR-8/Rn LFA-
1 expressing cell. Taking the linear regression,lthe rate of
cellular binding and internalization was preseritethe terms
of a slope. Interestingly, the slope of Molt-3 sedhowed the
highest values for both the untargeted NPs and ¢lBR,
indicating the highest rate of binding and inteizetion of
with the values of 4.67 and 11.69 FI/min, respettivwhen
compare to other cells (Fig. 9 and Fig. 11). In panson to
the slope between untargeted NPs and cIBR-NPsiethdts
demonstrated that the slope of cIBR-NRsre ~ 2.33, 4.43,
and 1.93-fold greater than those of untargeted iNRdolt-3
cells, Mixed PBMC-Molt-3 cells, and PBMCs, respeety. It
was suggested that the binding and internalizatibeIBR-
NPs were more rapid than untargeted NH&e result
confirmed that targeting of cIBR peptide conjugation
nanoparticles is significant and effective for LHA-
overexpressing cells.

- BN CIBR-NPs *
G 2000 *
g
= 15007 *
c
@
& 10007
o
S
2 5001
0' T T
5 30 60

Incubation time (min)

Fig. 6 The comparison between the binding andriaieration of
cIBR-NPs and NPs after incubation with Molt-3 ceResults are
given as mean = S.D. (n=10); * indicates).05

10001
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*%*
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5 30 60

Incubation time (min)

15000 E=aNPs

I cIBR-NPs

Fluorescent Intensity

Fig. 7 The comparison between the binding andiadéezation of
cIBR-NPs and NPs after incubation with Mixed PBM@ii3
cells.Results are given as mean + S.D. (n=10)dicates<0.05 and
** indicatesp<0.01
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Fig. 8 The comparison between the binding andradéezation of
cIBR-NPs and NPs after incubation with PBMCs. Rissalle given
as mean £ S.D. (n=10); * indicatps0.05 and ** indicatep<0.01
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Fig. 9 Linear regression line of untargeted NPslinig profiles by
PBMCs, Molt-3 cells, and Mixed PBMC-Molt-3 cells
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Fig. 10 Kinetic binding profiles of cIBR-NPs by PE}M, Molt-3
cells, and Mixed PBMC-Molt-3 cells after incubatifom 5, 30, and
60 min. Data represents mean = S.D.(n=10); * ind&xa<0.05, **

indicateg<0.01 and *** indicate<0.001
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Fig. 11 Linear regression lines of cIBR-NPs bindimdfiles by
PBMCs, Molt-3 cells, and Mixed PBMC-Molt-3 cells

IV. CONCLUSIONS

PLGA nanoparticles and cIBR coupled PLGA nanopkesic

[4]

(5]

(6]

(7
(8]
[9]

[10]

[11]

have been formulatedia solvent displacement method. Thel'?!

results of cellular uptake of cIBR-NPs showed arréase in
nanoparticle uptake in LFA-1 expressing cells angared to
untargeted nanoparticles using flow cytometry. Moez, the
results demonstrated the correspondence of LFAptesgion

level and the cellular uptake of cIBR-NPs. Molt-2lls
presented the highest degree of LFA-1 expressiond
exhibited the highest degree of cIBR-NPs bindirgM& was

represented as the normal cell model in this study,

comparing the selectivity of cIBR-NPs versus leukeicell
line (Molt-3 cells). PBMCs showed the lowest degoé&FA-

1 expression, and the lowest cellular uptake of tHrgeted

carrier when compare to the other cells, indicatithg

selectivity and safety profile of cIBR-NPs when egpd to
the different LFA-1 levels on various cell typeh€eBe studies
suggest that cIBR peptides assist in improvingsecificity
of nanocarriers as the targeting moiety. The clBRjegated
PLGA nanoparticles system was proven to be ancéitea
candidate of nanocarriers for detecting and tangdtiFA-1 on

leukemic cells, minimizing effect on healthy cellShe
obtained information may be useful for systemicivéey of

target NPs to patients with other kinds of cane&th possible

disseminated tumors, in the future.
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