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Abstract

The endocytosis of transferrin receptor (TfR) has served as a model to study the receptor-
targeted cargo delivery system for cancer therapy for many years. To accurately evaluate
and optically measure this TfR targeting delivery in vitro, a CHO cell line with enhanced
green fluorescent protein (EGFP)-tagged human TfR was established. A chimera of the
hTfR and EGFP was engineered by fusing EGFP to the amino terminus of hTfR. Data were
provided to demonstrate that hTfR-EGFP chimera was predominantly localized on the plas-
ma membrane with some intracellular fluorescent structures on CHO cells and the EGFP
moiety did not affect the endocytosis property of hTfR. Receptor internalization occurred
similarly to that of HepG2 cells expressing wild-type hTfR. The internalization percentage of
this chimeric receptor was about 81+3% of wild type. Time-dependent co-localization of
hTfR-EGFP and PE-conjugated anti-hTfR mAb in living cells demonstrated the trafficking of
mAb-receptor complexes through the endosomes followed by segregation of part of the
mADb and receptor at the late stages of endocytosis. The CHO-hTfR cells preferentially took
up anti-hTfR mAb conjugated nanoparticles. This CHO-hTfR cell line makes it feasible for
accurate evaluation and visualization of intracellular trafficking of therapeutic agents conju-
gated with transferrin or Abs targeting the hTfRs.

Introduction

The transferrin receptor (TfR, CD71) is a membrane-bound protein involved in transferrin
(Tf)-mediated iron uptake. It is expressed on rapidly dividing cells like tumor cells or cell lines
in culture. In contrast, in nonproliferating cells, expression of TR is low or frequently unde-
tectable [1]. The high levels of expression of TfRs in cancer cells, their extracellular accessibility,
their ability to internalize, and their central role in the pathology of human cancer make TfR
an attractive target that can be exploited for the delivery of cytotoxic agents into tumor cells
[2]. Targeting the human TfR has been shown to be effective in delivering therapeutic agents,
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including chemotherapeutic drugs, cytotoxic proteins, and high molecular weight compounds
into cells and causing cytotoxic effects including growth inhibition and/or induction of apopto-
sis in a variety of malignancies in vitro and in vivo including patients [3]. Our laboratory also
developed Tf or anti-hTfR Ab conjugated peptide, polylysine, polyetherimide, nanoparticle de-
livery systems which exhibited both intrinsic cytotoxic activity and the ability to deliver a wide
variety of therapeutic agents into cancer cells [4,5]. Now we focused on anti-TfR Ab mediated
drug delivery systems, such as mAb-directed HPPS nanoparticles, multivalent antibody-direct-
ed PEI and Au nanoparticles.

In our investigation, in order to accurately evaluate the specificity of this TfR-mediated
cargo transport in vitro, a pair of cell lines in which one highly expresses TR, whereas the
other expresses no detectable TfR as control, is needed.

Immunocytochemical ananlysis in chemically fixed cells has been largely used to visualize
T1R endocytosis. However, it’s much better to track TfR fluorescence in living cells to show the
dynamics of cellular distribution of TfR and its ligands. Stoichiometric labeling of the TR is
useful for further investigation of the therapeutic potential of targeting this receptor.

Given all these, we report here the preparation and the characterization of a CHO cell line
which expresses the functional hTfR chimera with enhanced green fluorescent protein (EGFP)
that is fused to the amino terminus of the receptor. The EGFP-hT{R chimera on CHO cells re-
tains the internalization functionality as wt-hTfR and CHO-hT1R cells provide a good cell
model for evaluating the specificity of anti hTfR mAb-directed nanoparticles in vitro.

Materials and Methods

Cell culture

CHO cells and K562 cells (China Center for Type Culture Collection, Wuhan, PR China) were
cultured in RPMI1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (FBS, Invitrogen) and 100 U/ml ampicillin, 100mg/ml streptomycin. HepG2
cells (China Center for Type Culture Collection, Wuhan, PR China) were cultured in DMEM
complete growth medium (Invitrogen) supplemented with 10% FBS and antibiotics. All cells
were incubated at 37°C in a humidified atmosphere containing 5% CO,.

Plasmid construction and transfection

An enhanced GFP was attached to the amino terminus of human TfR by standard recombinant
techniques. Briefly, total RNA was extracted from TfR highly expressing K562 cells using Trizol
(Invitrogen) following manufacturer's instructions. Total RNA was reverse transcribed to
cDNA using ACE reverse transcriptase (Toyobo, Osaka, Japan).The full-length cDNA of TfR
was achieved by PCR using forward primer 5-GCTAAGATCTpynATGATGGATCAAGCT-3'
and reverse primer 5-GTGTGTCGACs,; TTAAAACTCATTGTC-3". Then the cDNA was li-
gated with pGEM-T vector (Promega, Madison, USA) and finally subcloned into pEGFP-C1
(BD Biosciences, CA, USA) to yield pEGFP-hT{R which was verified by DNA sequencing
(Invitrogen, Shanghai, China) and restriction enzyme digestion.

Linearized pEGFP-hT1R or empty vector pEGFP-C1 were transfected into CHO cells using
Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. Stable transfor-
mants of CHO cells were obtained by selection with G418 (Promega), and then individual
clonal lines of CHO expressing bright fluorescence were established by limited dilution and
single cell plating. The sorted pool of EGFP-expressing cells was maintained and used for ex-
periments as indicated. pEGFP-hT1R stable transformants are denoted as CHO-hT{R cells and
vector (encoding for green fluorescent protein only) stable transformants as CHOvec cells.
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HepG?2 cell line expressing hTfR-wt was set as an hTfR" control and CHO cell line as an EGFP”
hTfR’ control in the following experiments.

Western Blotting

2x10° cells were washed in ice-cold PBS twice and lysed on ice by 150 ul RIPA lysis buffer
(Beyotime, Shanghai, China) and 1.5 pl 100 mM PMSF (Roche, Basel, Switzerland) for 1 min-
ute. Cell lysates were centrifuged at 12000 rpm for 5 min and the supernatants were divided on
12% polyacrylamide gel. The transferred membrane was immunoblotted with mouse anti-
hT{R monoclonal antibody (anti-hTfR mAb, produced by our laboratory [6-8]) overnight at
4°C followed by HRP-labeled goat anti mouse Ab (Southern Biotech, Birmingham, USA) for
1h at 37°C. Proteins were detected using ECL kit (Pierce, Rockford, USA). The B-actin was set
as loading control.

Flow cytometry analysis

2x10° cells were rinsed 3 times with ice-cold PBS supplemented with 1% BSA,1% serum and
then incubated with Alexa Fluor 633 conjugated transferrin (Alexa-Tf, 5 pg per tube, Invitro-
gen, Tfis purified from human serum.) or anti-hTfR mAb for 1 h at 4°C. After 3 times washes,
anti-hTfR mAb treated cells were stained with PE-conjugated donkey anti-mouse Ab (South-
ern Biotech) at 4°C for 30 min. Half of these cells would be incubated at 37°C for another

30 min to allow internalization. Afterward, all cells were stripped with ice-cold medium 1

(150 mM NaCl and 50 mM glycine acid, pH 2.5) for 1 min, followed by two more washes with
RPMI1640 plus 10% FBS. The percentage of fluorescent cells and the mean fluorescence inten-
sity (MFI) were measured by flow cytometry (LSRIL, BD Biosciences, USA).

Immunofluorescence staining in fixed cells and Quantitative
colocalization analysis

Cells grown on coverslips were washed twice in PBS and then treated with Alexa-Tf or anti-
hT{R mAb the same as in Flow cytometry analysis. Cells were then washed intensively and
mounted in Antifade Mounting Medium (Beyotime). Fluorescent signal was acquired using
confocal microscopy (Olympus, Tokyo, Japan)

Quantitative colocalization analysis was performed using Image Pro Plus software (Media-
Cybernetics, Bethesda, MD) to calculate a number of coefficients to characterize colocalization.

Live cell fluorescent imaging and Intracellular localization of mAb-hTfR
chimera

CHO-hTHR cells were grown in glass chambers (Corning, NY, USA) overnight. For live cell fluo-
rescent imaging, a Zeiss LSM 710 confocal microscope (Zeiss, Oberkochen, Germany) equipped
with Zen-2009 software was used to acquire 2-D time-lapse image series. Cells were cultured
with anti-hTfR mAb for 1h at 4°C followed by twice rinsing, and then the chamber was mounted
onto the microscope stage. Immediately after the supplement of secondary antibody conjugated
with PE to the chamber, the image acquisition through the GFP or PE channel was started. Im-
ages were acquired continuously at 2-min intervals for 40 min on the microscope stage. To ob-
serve the intracellular localization of mAb and hTfR- EGFP chimera, cells were incubated with
anti-hTfR mAb for 1h at 4°C. After 3 times washes, anti-hTfR mAb treated cells were stained
with AMCA-conjugated goat anti-mouse Ab (ProteinTech Group) at 4°C for 30 min. Then cells
were incubated for another 5min or 30min at 37°C to allow internalization. After fixation in 4%
paraformaldehyde, a PE anti-mouse LAMP-1 antibody (eBioscience) /Rabbit anti-mouse EEA-1
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(PE seccondary labeling) was used to label intracellular lysosome and endosome. Fluoresecent
images were captured by cofocal microscopy.

Internalization assay

To calculate the internalization percentage of anti-hTfR mAb in CHO-hTHR, following 1h in-
cubation with anti-hTfR mAb at 4°C, cells were incubated with PE-conjugated donkey anti-
mouse Ab for 30 min at 4°C. Then, cells were incubated at 37°C for 30 min. Surface-associated
Ab was removed by a wash with ice-cold medium 1 for 1 min, followed by two more washes
with RPMI1640 plus 10% FBS. The surface-stripped cells were assayed for fluorescence content
using flow cytometry. Fluorescence contained in this fraction was designated as the internal
fraction. In parallel dishes cells were incubated with mAb and secondary Ab all the time at 4°C.
The cells were assayed for fluorescence content which was designated as the surface fraction.
The internalization percentage was calculated as a percentage of internal fluorescence intensity
to the surface fluorescence intensity.

Preparation of anti-hTfR mAb conjugated nanopatrticles

The HDL-mimetic peptide-lipid nanoparticles (HPPS) which were modified by DSPE-PEG
(2000) maleimide around its surface were prepared and purified as reported before [9,10]. 27pl
Traut’s reagent (25 mg/ml, Sigma Aldrich, USA) was mixed with 360pl anti-TfR mAb (10 mg/ml)
in PBS. The mAb-SH could not be collected until 1h reaction of the mixture under a roller mixer
at room temperature. Then a Ultrafiltration device (Amicon Ultra-15, 30000 MWCO, MERK)
was used to remove the excess Traut’s reagent. The anti-hTfR mAb conjugated HPPS (HPPS-
mAb) was prepared by mixing mAb-SH with maleimide-containing HPPS and shaking at room
temperature for 20h. The nanostructure carried DIR-BOA, a near-infrared fluorescent dye as
cargo. Concentration of DIR-BOA was determined from a standard curve of DIR-BOA according
to the same protocol as described before [10,11].

hTfR-EGFP targeting specificity of nanopatrticles

2x10° CHO-hTHR cells and the same amount of CHO cells were co-incubated with HPPS or
HPPS-mAb at concentration of 312.5 nM at 37°C for 30 min. After twice washes, EGFP*DIR-
BOA™ double positive cells were measured by flow cytometry using APC-Cy7 color substitution.

Statistic analysis

Expression of hTfRs was analyzed by Dunnett-t test and percentage data were analyzed by
Mann-Whitney U test using SPSS 17.0 statistical software (SPSS Inc., USA). All values were ex-
pressed as means + SD. Differences were considered to be statistically significant when P<0.05.

Results
Construction and expression of hTfR-EGFP

To prepare fluorescent- labeled hTfR, the EGFP was fused to the amino terminus of full-length
hTfR (Fig 1). Restriction enzyme digestion (Fig 2A) and DNA sequencing (data not shown)
confirmed that hTfR cDNA had been successfully cloned into pEGFP-C1 and the predicted
amino acid sequence of hTfR were in agreement with NM_003234.2 and NP_003225.2 in Gen-
Bank database and published reports [12,13].

hT{R-EGFP has been expressed stably in CHO cell lines (Fig 2B). Then cell lysates were
probed with antibodies specific for human TfR. Western blot analysis showed a specific band
with a molecular weight of about 120kDa emerged in the extract of CHO-hTIR cells but there
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Fig 1. Schematic representation of the hTfR-EGFP chimera. TfR is a type Il transmembrane glycoprotein
found primarily as a homodimer consisting of identical monomers joined by two disulfide bonds. Each
monomer (760 amino acids) consists of three major domains as follows: a large glycosylated extracellular C-
terminal domain (amino acids 90-760) involved in ligand binding, a single-pass transmembrane domain
(amino acids 62—89), and a short intracellular N-terminal domain (amino acids 1-61). The EGFP moiety is
fused to the amino terminus of hTfR.

doi:10.1371/journal.pone.0122452.g001

were no specific bands in the CHOvec and CHO cells. A specific band with molecular weight
of about 95kDa emerged in the extract of hTfR-wt HepG2 cells. This anti-hTfR mADb reveals
the predicted size for the chimera (120 kDa) and does not identify free hTfR at 95 kDa in
CHO-hTHR cells. Furthermore, densitometric analysis suggested that hTfR expression level in
CHO-hTHR cells was considerably the same as in HepG2 cells (Fig 2B). Immunofluorescence
staining also showed that over 99% stable transfected cells could emit green fluorescence and
the chimera was mainly distributed on the membrane of CHO-hT{R cells (Fig 2C). These data
confirmed the stability of hTfR-EGFP on cell surface.
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Fig 2. Construction and Expression of hTfR-EGFP in CHO cells. (A) Sal | and Bglll restriction enzyme
digestion analysis. M: 1kb DNA ladder; lane 1: pEGFP-hTfR, lane 2: pPGEM-T-hTfR, lane 3: pEGFP-C1. (B)
Immunoblot analysis of hTfR expression in cells. Cell lysates were probed by mouse anti-human TfR mAb.
Left: representative WB picture of 4 separate experiments was shown. Right: Densitometric analysis of hTfR
levels of the western blots. P values were calculated on the basis of Dunnett-t test (NS, not significant). (C)
EGFP expression in CHO cells was detected by FCM and fluorescence microscope (insert).

doi:10.1371/journal.pone.0122452.9002
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Fig 3. mAb/Tf was bound (4°C) and endocytosed (37°C) by CHO-hTIR cells. (A) 2x10° CHO-hTfR cells
were incubated with anti-hTfR mAb for 1h followed by PE-conjugated donkey anti-mouse Ab staining for
30min at 4°C (upper). Half cells were incubated at 37°C for another 30 min and then rinsed by ice-cold
medium 1 (Lower). (B) 2x10° CHO-hTfR cells were incubated with Alexa-Tf (5ug per tube) at 4°C (upper) or
37°C for 1h. Then 37°C incubated cells were rinsed with ice-cold medium 1 (lower). Fluorescence was
developed using Olympus fluorescence microscope (60x).

doi:10.1371/journal.pone.0122452.g003

hTfR-EGFP chimera binds with mAb/Tf specifically

To verify the specific binding of hTfR-EGFP chimera with its natural ligand transferrin (Tf)
and anti-hTfR mAb, confocal imaging studies of CHO-hT1R cells incubated with mAb or Tf at
4°C and 37°C were conducted. When CHO-hTH1R cells were treated with mAb or Tf at 4°C to
block vesicular trafficking, the fluorescence of EGFP was visualized mainly at the cell surface.
The pattern of staining of the cells with red fluorescence labeled Tf or anti-hTfR mAb labeled
by PE-conjugated secondary Ab was identical to that of EGFP. Orange to yellow overlap fluo-
rescence in the merged images suggested the colocalization of hTfR-EGFP and mAb/Tf on the
membrane. Moreover, when CHO-hT1R cells were incubated at 37°C for another 30min for
endocytosis, the green and red fluorescence still colocalized to redistribute to the periphery and
in the perinuclear regions of the cell (Fig 3). Thus, mAb/Tf binding with CHO-hT1R cells was
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Table 1. Comparison of the results of coefficients calculations.

Coefficient 4°C mAb-hTfR 37°C mAb-hTfR 4°C TF-hTfR 37°C TF-hTfR
colocalization colocalization colocalization colocalization

Pearson’s correlation coefficient 0.81+0.07 0.90+0.04 0.86+0.03 0.84+0.01

(Rr)

Manders’ overlap coefficient (R) 0.85+0.06 0.92+0.04 0.91+0.03 0.88+0.01

Overlap coefficients k1 and k2 0.83+0.11 1.16+0.04 1.19£0.37 1.24+0.08
0.87+0.12 0.73+0.08 0.73+0.19 0.62+0.03

Colocalization coefficients m1 1.00+£0.00 1.00+0.00 1.00+0.00 1.00+£0.00

and m2 0.88+0.14 0.93+0.06 0.98+0.02 0.93+0.04

Three images from three sections were quantified.

doi:10.1371/journal.pone.0122452.1001

mediated presumably through hTfR. A number of coefficients were calculated to characterize
quantitative colocalization (Table 1). The study determined PCC, MOC, overlap coefficients k1
and k2, and colocalization coefficients m1 and m2. PCC indicated numbers which should be
interpreted as its presence of colocalization (>0.5) and MOC values were within the range of
0.6-1.0 indicating colocalization. Other coefficients, such as pairs of k1-k2 and m1-m?2 also
gave us good values indicating colocalization. Therefore, both pairs of mAb-hTfR and TF-
hT1R should be considered colocalized.

Next, we examined whether this binding was indeed hTfR-specific. For this purpose, vector
control CHOvec cell line was set as a negative control (hTfR") and HepG2 cells as positive con-
trol (hTfR") for comparison with results obtained with the CHO-hT{R cells. Confocal imaging
studies showed binding of mAb with CHO-hT{R(hTfR™) cells and HepG2 cells but not with
CHOvec(hTfR") cells (Fig 4A). This result also supported the western blot analysis (Fig 2B)
suggesting that no detectable amount of free hTfR was present in hTfR-EGFP expressing cells.
HepG2 cells showed a similar distribution of hTfR immunoreactivity, whereas no green fluo-
rescence was detected (Fig 4A), indicating the specificity of the detection of hTfR-EGFP fluo-
rescence in our system.

Although Wei et al [14] showed that human Tf could be internalized by hamster TfR when
CHO cells were incubated with Texas red-Tf at 15°C for 2.5h, in our experiment, after incubat-
ed with Alexa-Tf at 4°C for 1h, CHOvec cells showed low or undetectable red fluorescence on
cell surface. One possible explanation was that under low temperature conditions, human Tf
has a much lower affinity for the Chinese hamster TfR than for the human TfR [15,16].

The hTR-targeting specificity of mAb was further quantified by flow cytometry analysis
(Fig 4B). A 49-fold difference (n = 4, P<0.05) in mAb binding was observed between CHO-
hT{R and CHOvec cells. No difference was observed between CHO-hT{R and HepG2 cells.
These results suggested that mAb binding with CHO-hTIR cells was mediated by hTfR. The in-
ternalization percentage of this chimera hTfR-EGFP was calculated to be 81+3% (data not
shown).

Endocytosis of hTfR-EGFP in Living CHO-hTfR Cells

The characterization of stable expression of hTfR-EGFP described above suggests that this chi-
mera is indeed an appropriate tool to study hTfR trafficking using optical microscopy of live
cells. In following experiments the mAb-induced endocytosis of hTfR-EGFP was visualized in
CHO-hTHR cells. An important question that could now be addressed was to compare the
post-endocytic localization of the monoclonal antibody, and the hTfR. Cells were allowed to in-
ternalize anti-hTfR mAb labeled using PE-conjugated secondary Ab at 37°C, and the time
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Fig 4. Validation of the hTfR-EGFP specificity. (A) Confocal imaging (4°C) and (B) flow cytometry studies
on CHO and CHOvec(hTfR") cells, CHO-hTfR (hTfR*) cells, HepG2 (hTfR*-wt) cells demonstrated the hTfR
targeting of mAb and Tf. (B) Upper: representative FCM pictures were shown. Lower: The bar graph
represented FCM analysis of the percentage of PE positive cells. Mean values * standard deviation (SD),

n = 3; P values were calculated on the basis of SPSS 17.0 statistical software (NS, not significant).

doi:10.1371/journal.pone.0122452.9g004

course of cellular distribution of EGFP and PE red fluorescence was monitored in living cells
using Olympus imaging system. As shown in Fig 5A, the binding of mAb and its diffuse stain-
ing on the cell surface were clearly seen after 2 min of Ab addition. The fluorescent images
were acquired following additional 38 min of continuous endocytosis at 37°C. After 6-8 min of
incubation, the evenly distributed fluorescence first became ‘grainy’, thereafter, a large part of
the grains started to cluster. Green fluorescence was seen to colocalize with internalized red
fluorescence and the resulted orange/yellow fluorescence clustered in the same submembrane
vesicular structures. The endosomal compartments were rapidly moving and often migrating
toward a perinuclear area and had a complex morphology. At the late stages of intracellular
trafficking, green and some red fluorescence remained co-localized in the large perinuclear

PLOS ONE | DOI:10.1371/journal.pone.0122452 March 24, 2015 8/13
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Fig 5. Dynamics of hTfR-EGFP mediated endocytosis in living cells. CHO-hTfR cells expressing
hTfR-EGFP were grown in glass chambers overnight. (A) Cells were cultured with anti-hTfR mAb for 1h at
4°C, and then the chamber was mounted onto the microscope stage. 2 min after the supplement of
secondary antibody conjugated with PE to the chamber, image acquisition of PE and EGFP fluorescences
was performed. Images were acquired continuously at 2-min interval for 40min on a microscope stage.
Presented were the selected images taken during this period. Images were indicated by time points. PE and
EGFP segregation emerged from 18 min. (B and C) Anti-TfR mAb (AMCA secondary labeling) binding cells
were incubated for another 5min or 30min at 37°C to allow internalization. PE conjugated anti- mouse LAMP-
1/ EEA-1 antibody was used to label intracellular lysosome and endosome to show the colocalization with
mAb and hTfR-EGFP chimera at different time point. EEA-1 for 5min and LAMP-1 for 30min.

doi:10.1371/journal.pone.0122452.g005

endosomes. However, a small portion of PE fluorescence was associated with the peripheral ve-
sicular compartments that did not contain EGFP (emerged from 18min).

To further confirm the endocytic pathway of the mAb and TfR-EGFP chimera, intracellular
localization of TfR-mADb with endosome or lysosome was observed by confocal microscopy in
fixed cells. As shown in Fig 5B and 5C, at timepoint 5min, fluorescences of mAb and hT{R
were seen to overlap with the fluorescence of EEA-1 which is an early endosome marker. And
after 30min, localization of mAb/hT{R complexes and of lysosomal markers (LAMP-1)
were visualized.

This real-time fluorescence microscopy of live CHO-THR cells allows visualization of the dy-
namics of TfR-EGFP trafficking during the early and later stages of receptor endocytosis that
are not preserved in chemically fixed cells.

CHO-hTfR cells preferentially took up anti-hTfR mAb-conjugated
nanoparticles

To test the potential utility of CHO-hT1R cells for evaluating the hTfR-targeting specificity of
cargo delivery, EGFP positive CHO-hTR cells and the same amount of EGFP negative CHO

cells were mixed, then cultured with HPPS nanoparticles carrying a near-infrared fluorescent
dye DIR-BOA. As expected, because of the presence of the scavenger receptor class B type I

PLOS ONE | DOI:10.1371/journal.pone.0122452 March 24, 2015 9/183
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of the percentage of DIR-BOA positive cells. Mean values * standard deviation (SD), n = 4; P values were calculated on the basis of SPSS 17.0

statistical software.

doi:10.1371/journal.pone.0122452.9006

(SR-BI) on CHO cells, EGFP negative cells showed weak uptake of HPPS conjugated with or
without anti-hTfR mAb. CHO-hT1R cells also showed a weak uptake of HPPS. However, most
of HPPS-mAb could be delivered into these EGFP positive cells, which made them emit the
near-infrared fluorescence. And the fluorescent intensity of DIR-BOA in these cells increased
as the green fluorescence shifted to the right along the X-axis (Fig 6). That meant the more
hT{R-EGFP was expressed on the cell surface the more DIR-BOA could be delivered into cells.
A 14-fold difference in DIR-BOA uptake was observed between EGFP™ and EGFP" cells and a
25-fold difference between HPPS and HPPS-mAb in CHO-hTHR cells. These data suggested
that HPPS-mAD were preferentially uptaken by CHO-hTH{R cells and this uptake was hT1R tar-
geting. That mixed culture system was very useful in the evaluation of specificity for hT{R-

targeted delivery.

Discussion

Targeting the TR has been shown to be effective in delivering therapeutic agents, including
chemotherapeutic drugs, toxic proteins, and high molecular weight compounds into cells and
causing cytotoxic effects including growth inhibition and/or induction of apoptosis in a variety
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of malignancies in vitro and in vivo including patients [17-20]. rgoptor mediated cargo trans-
port grains started to cluster. Under physiologic conditions, TfR endocytosis is induced by
holo-transferrin (Fe-Tf). TfR capping by anti-TfR antibodies can also induce receptor internal-
ization [6-8,21,22]. Previously, we reported the usage of anti-hTfR scFv fused viral peptide/
HLA-A2 complex to redirect cytotoxic T cells of viral specificity to TfR-expressing K562 cells
[4] and Tf conjugated polyplexes [5] to deliver therapeutic HIF-1o. shRNA into various TfR-ex-
pressing tumor cell lines. And now we are developing several other Ab conjugated nanoparti-
cles for biomedical applications. In testing the efficacy of this TR directed cargo delivery into
human cancer cells, a negative control cell line which expresses no hTfR on cell membrane is
needed for comparison with results obtained from hTfR" cells to assure this hTfR-targeting
specificity. Little or no hTfR expression has been only detected on mature erythroid cells and
pluripotent hematopoietic stem cells [23]. TfR is essential for highly proliferating malignant
cells in iron uptake and hTfR knockdown may affect the regulation of cell growth [24], so
knocking hTfR down in any cancer cells to achieve such negative control cell line is not an ap-
propriate option. In this study, CHO cell line expressing no hTfR was modified to express
hTfR and then used for comparison with results obtained from hTfR™ CHO cells to assure the
hT{R-targeting specificity.

For real-time optical analysis of protein trafficking in individual cells, EGFP moiety was
fused to the hTfR. TR is a type II transmembrane glycoprotein contains a large extracellular
C-terminal domain involved in ligand binding, a transmembrane domain and a short intracel-
lular N-terminal domain [2,23]. The fusion of EGFP to the amino terminus of TfR could be ex-
pected to interfere with processing of newly synthesized TfR but placement of the EGFP at the
carboxyl terminus would possibly hinder the ligand binding. Considering these, the GFP moie-
ty was attached to the amino terminus of the receptor. Characterization of the hTfR-EGFP chi-
mera showed that it behaved essentially unperturbed in its cellular and biochemical properties
when compared with hTfR-wt. hTfR-EGFP mediated mAb and Tf endocytosis was normally
judged by confocal images. Apparently, the attachment of EGFP did not constrain synthesis,
distribution and function of hTfR.

We took advantage of the GFP fluorescence to simultaneously follow the localization of
both hTfR and mAb in living cell. It was found that hTfR-EGFP and mAbD labeled using sec-
ondary antibodies were mainly localized in the same compartments during endocytosis and
the co-localization was prolonged when mADb was continuously present. But a small part of PE
fluorescence and green fluorescence became segregated at later stages (emerged from 18min).
It was reported that TfR recycling is completed within 15 min [25], so it was possible that mAb
dissociated at the late stages of endocytosis from the hTfR-EGFP to be accumulated in vesicular
structures and hTfR-EGFP was recycled back or on the way to the cell surface. These observa-
tions were not consistent with the hypothesis that the bulk of TfR-Tf complexes remain intact
in acidic endosomes and finally are recycled back to the cell surface where Tf is then released
[2,23]. Lepelletier Y et al [21,26] reported that their anti-hTfR mAb A24 could impair TfR re-
cycling through receptor degradation, leading to a reduced Fe-Tf uptake. However, it is not
clear whether our mAb also induces TfR endocytosis in such a nonphysiologic setting. This
possibility requires further investigation. Another possibility might be that EGFP faded faster
than phycoerythin or displayed quenching [27] within acidic endosomes.

The internalization percentage of hTfR-EGFP chimera was about 81+3% of wild type. This
figure is essentially similar to that of native hTfR reported by van Renswoude et al [28]. They
used another hTfR expressing cell line K562 to be incubated with FITC-Tf and **I-Tf and
found only 10-15% of the cell-associated Tf could be removed by acid stripping. Thus,
hTfR-EGFP might be useful for biochemical analyses of the receptor function.
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Western blot analysis demonstrated no free hTfR present in the extract of CHO-hT1R cells.
This result suggested the mAb produced by our lab only showed specificity to human TfR and
showed no cross reactivity to hamster TfR. This will make it more credible for our data ob-
tained from following in vivo tumor-bearing mice experiments when our mAb or mAb deriva-
tives conjugated nanoparticles are applied in cancer therapy.

In summary, the present study was undertaken to address the establishment of CHO-hTfR
cell line which stably expressing hTfR fused with EGFP. We provide evidence here that this cell
line retains endocytosis function as hTfR-wt cells and makes it feasible for accurate evaluation
and visualization of intracellular trafficking of therapeutic agents conjugated with transferrin
or Abs targeting the hTfRs.

Acknowledgments

We are grateful to Prof. Zhihong Zhang and Dr. Honglin Jin (Britton Chance Center for Bio-
medical Photonics, Wuhan National Laboratory for Optoelectronics, Huazhong University of
Science and Technology) for the preparation of the nanoparticle HPPS and for their expert
technical assistance.

Author Contributions

Conceived and designed the experiments: PL GS. Performed the experiments: QH XS CC QJ
HZ. Analyzed the data: QH XS YH PL. Contributed reagents/materials/analysis tools: HZ YH
TY RW. Wrote the paper: QH XS PL.

References

1. QianZM, LiH, Sun H, Ho K. Targeted drug delivery via the transferrin receptor-mediated endocytosis
pathway. Pharmacol Rev. 2002; 54: 561-587. PMID: 12429868

2. Daniels TR, Delgado T, Helguera G, Penichet ML. The transferrin receptor part II: targeted delivery of
therapeutic agents into cancer cells. Clin Immunol. 2006; 121: 159—-176. PMID: 16920030

3. Daniels TR, Bernabeu E, Rodriguez JA, Patel S, Kozman M, Chiappetta DA, et al. The transferrin re-
ceptor and the targeted delivery of therapeutic agents against cancer. Biochim Biophys Acta. 2012;
1820: 291-317. doi: 10.1016/j.bbagen.2011.07.016 PMID: 21851850

4. LiJ,WengX, Liang Z, Zhong M, Chen X, Lu S, et al. Viral specific cytotoxic T cells inhibit the growth of
TfR-expressing tumor cells with antibody targeted viral peptide/HLA-A2 complex. Cell Immunol. 2010;
263: 154—-160. doi: 10.1016/j.cellimm.2010.03.008 PMID: 20406704

5. LiuY,TaoJ,LiY,YangJ, YuY, Wang M, et al. Targeting hypoxia-inducible factor-1alpha with Tf-PEI-
shRNA complex via transferrin receptor-mediated endocytosis inhibits melanoma growth. Mol Ther.
2009; 17: 269-277. doi: 10.1038/mt.2008.266 PMID: 19066596

6. Hong, YangJ, Shen X, Zhu H, Sun X, Wen X, et al. Sinomenine hydrochloride enhancement of the in-
hibitory effects of anti-transferrin receptor antibody- dependent on the COX-2 pathway in human hepa-
toma cells. Cancer Immunol Immunother. 2013; 62: 447—454. doi: 10.1007/s00262-012-1337-y PMID:
22941037

7. LeiP,HeY,YeQ, ZhuHF, Yuan XM, Liu J, et al. Antigen-binding characteristics of AbCD71 and its in-
hibitory effect on PHA-induced lymphoproliferation. Acta Pharmacol Sin. 2007; 28: 1659—-1664. PMID:
17883954

8. QingY, Shuo W, Zhihua W, Huifen Z, Ping L, Lijiang L, et al. The in vitro antitumor effect and in vivo
tumor-specificity distribution of human-mouse chimeric antibody against transferrin receptor. Cancer
Immunol Immunother. 2006; 55: 1111-1121. PMID: 16341531

9. ZhangZ, Cao W, Jin H, Lovell JF, Yang M, Ding L, et al. Biomimetic nanocarrier for direct cytosolic drug
delivery. Angew Chem Int Ed Engl. 2009; 48: 9171-9175. doi: 10.1002/anie.200903112 PMID:
19876988

10. ZhangZ, Chen J, Ding L, Jin H, Lovell JF, Corbin IR, et al. HDL-mimicking peptide-lipid nanoparticles
with improved tumor targeting. Small. 2010; 6: 430—437. doi: 10.1002/smll.200901515 PMID:
19957284

PLOS ONE | DOI:10.1371/journal.pone.0122452 March 24, 2015 12/13


http://www.ncbi.nlm.nih.gov/pubmed/12429868
http://www.ncbi.nlm.nih.gov/pubmed/16920030
http://dx.doi.org/10.1016/j.bbagen.2011.07.016
http://www.ncbi.nlm.nih.gov/pubmed/21851850
http://dx.doi.org/10.1016/j.cellimm.2010.03.008
http://www.ncbi.nlm.nih.gov/pubmed/20406704
http://dx.doi.org/10.1038/mt.2008.266
http://www.ncbi.nlm.nih.gov/pubmed/19066596
http://dx.doi.org/10.1007/s00262-012-1337-y
http://www.ncbi.nlm.nih.gov/pubmed/22941037
http://www.ncbi.nlm.nih.gov/pubmed/17883954
http://www.ncbi.nlm.nih.gov/pubmed/16341531
http://dx.doi.org/10.1002/anie.200903112
http://www.ncbi.nlm.nih.gov/pubmed/19876988
http://dx.doi.org/10.1002/smll.200901515
http://www.ncbi.nlm.nih.gov/pubmed/19957284

@’PLOS | ONE

Transferrin Receptor-EGFP Chimera

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

Lin Q, Chen J, Ng KK, Cao W, Zhang Z, Zheng G. Imaging the cytosolic drug delivery mechanism of
HDL-like nanoparticles. Pharm Res. 2014; 31: 1438-1449. doi: 10.1007/s11095-013-1046-z PMID:
23625096

Navaroli DM, Bellvé KD, Standley C, Lifshitz LM, Cardia J, Lambright D, et al. Rabenosyn-5 defines the
fate of the transferrin receptor following clathrin-mediated endocytosis. Proc Natl Acad Sci U S A. 2012;
109: E471-480. doi: 10.1073/pnas.1115495109 PMID: 22308388

Steere AN, Chasteen ND, Miller BF, Smith VC, MacGillivray RT, Mason AB. Structure-based mutagen-
esis reveals critical residues in the transferrin receptor participating in the mechanism of pH-induced re-
lease of iron from human serum transferrin. Biochemistry. 2012; 51: 2113-2121. doi: 10.1021/
bi3001038 PMID: 22356162

Wei ML, Bonzelius F, Scully RM, Kelly RB, Herman GA. GLUT4 and transferrin receptor are differential-
ly sorted along the endocytic pathway in CHO cells. J Cell Biol. 1998; 140: 565-575. PMID: 9456317

Seligman PA, Butler CD, Massey EJ, Kaur JA, Brown JP, Plowman GD, et al. The p97 antigen is
mapped to the g24-qgter region of chromosome 3; the same region as the transferrin receptor. Am J
Hum Genet. 1986; 38: 540-548. PMID: 3010712

Miller YE, Jones C, Scoggin C, Morse H, Seligman P. Chromosome 3q (22-ter) encodes the human
transferrin receptor. Am J Hum Genet. 1983; 35: 573-583. PMID: 6309000

Yu W, Pirollo KF, Rait A, Yu B, Xiang LM, Huang WQ, et al. A sterically stabilized immunolipoplex for
systemic administration of a therapeutic gene. Gene Ther. 2004; 11: 1434—1440. PMID: 15229629

Pirollo KF, Zon G, Rait A, Zhou Q, Yu W, Hogrefe R, et al. Tumor-targeting nanoimmunoliposome com-
plex for short interfering RNA delivery. Hum Gene Ther. 2006; 17: 117-124. PMID: 16409130

Xu L, Huang CC, Huang W, Tang WH, Rait A, Yin YZ, et al. Systemic tumortargeted gene delivery by
anti-transferrin receptor scFv-immunoliposomes. Mol Cancer Ther. 2002; 1: 337-346. PMID:
12489850

Xu L, Tang WH, Huang CC, Alexander W, Xiang LM, Pirollo KF, et al. Systemic p53 gene therapy of
cancer with immunolipoplexes targeted by anti-transferrin receptor scFv. Mol Med. 2001; 7: 723-734.
PMID: 11713371

Moura IC, Lepelletier Y, Arnulf B, England P, Baude C, Beaumont C, et al. A neutralizing monoclonal
antibody (mAb A24) directed against the transferrin receptor induces apoptosis of tumor T lymphocytes
from ATL patients. Blood. 2004; 103: 1838—1845. PMID: 14592824

Shen X, Zhu HF, He FR, Xing W, Li L, Liu J, et al. An anti-transferrin receptor antibody enhanced the
growth inhibitory effects of chemotherapeutic drugs on human non-hematopoietic tumor cells. Int Immu-
nopharmacol. 2008; 8: 1813—-1820. doi: 10.1016/}.intimp.2008.08.022 PMID: 18817895

Daniels TR, Delgado T, Rodriguez JA, Helguera G, Penichet ML. The transferrin receptor part I: Biology
and targeting with cytotoxic antibodies for the treatment of cancer. Clin Immunol. 2006; 121: 144—158.
PMID: 16904380

Levy JE, Jin O, Fujiwara Y, Kuo F, Andrews NC. Transferrin receptor is necessary for development of
erythrocytes and the nervous system. Nat Genet. 1999; 21: 396-399. PMID: 10192390

Maxfield FR, McGraw TE. Endocytic recycling. Nat Rev Mol Cell Biol. 2004; 5: 121-132. PMID:
15040445

Lepelletier Y, Camara-Clayette V, Jin H, Hermant A, Coulon S, Dussiot M, et al. Prevention of mantle
lymphoma tumor establishment by routing transferrin receptor toward lysosomal compartments. Can-
cer Res. 2007; 67: 1145-1154. PMID: 17283149

Haldar S, Chattopadhyay A. Dipolar relaxation within the protein matrix of the green fluorescent protein:
a red edge excitation shift study. J Phys Chem B. 2007; 111: 14436—-14439. PMID: 18052368

van Renswoude J, Bridges KR, Harford JB, Klausner RD. Receptor-mediated endocytosis of transferrin
and the uptake of fe in K562 cells: identification of a nonlysosomal acidic compartment. Proc Natl Acad
SciU S A. 1982; 79: 6186-6190. PMID: 6292894

PLOS ONE | DOI:10.1371/journal.pone.0122452 March 24, 2015 13/13


http://dx.doi.org/10.1007/s11095-013-1046-z
http://www.ncbi.nlm.nih.gov/pubmed/23625096
http://dx.doi.org/10.1073/pnas.1115495109
http://www.ncbi.nlm.nih.gov/pubmed/22308388
http://dx.doi.org/10.1021/bi3001038
http://dx.doi.org/10.1021/bi3001038
http://www.ncbi.nlm.nih.gov/pubmed/22356162
http://www.ncbi.nlm.nih.gov/pubmed/9456317
http://www.ncbi.nlm.nih.gov/pubmed/3010712
http://www.ncbi.nlm.nih.gov/pubmed/6309000
http://www.ncbi.nlm.nih.gov/pubmed/15229629
http://www.ncbi.nlm.nih.gov/pubmed/16409130
http://www.ncbi.nlm.nih.gov/pubmed/12489850
http://www.ncbi.nlm.nih.gov/pubmed/11713371
http://www.ncbi.nlm.nih.gov/pubmed/14592824
http://dx.doi.org/10.1016/j.intimp.2008.08.022
http://www.ncbi.nlm.nih.gov/pubmed/18817895
http://www.ncbi.nlm.nih.gov/pubmed/16904380
http://www.ncbi.nlm.nih.gov/pubmed/10192390
http://www.ncbi.nlm.nih.gov/pubmed/15040445
http://www.ncbi.nlm.nih.gov/pubmed/17283149
http://www.ncbi.nlm.nih.gov/pubmed/18052368
http://www.ncbi.nlm.nih.gov/pubmed/6292894


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


