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ABSTRACT

Purpose The application of gold nanoparticles (AuNPs) in bio-
medical field was limited due to the low stability in the biological
condition. Herein, to enhance stability and tumor targeting ability of
AuNPs, their surface was modified with biocompatible glycol chi-
tosan (GC) and the in vivo biodistribution of GC coated AuNPs
(GC-AuNPs) were studied through computed tomography (CT).
Methods Polymer-coated gold nanoparticles were produced
using GC as a reducing agent and a stabilizer. Their feasibility in
biomedical application was explored through CT in tumor-
bearing mice.

Results Stability of gold nanoparticles increased in the physiolog-
ical condition due to the GC coating layer on the surface. Tomo-
graphic images of tumor were successfully obtained in the tumor-
xenografted animal model when the GC-AuNPs were used as a
CT contrast agent. The tumor targeting property of the gold
nanoparticles was due to the properties of GC because GC-
AuNPs were accumulated in the tumor, while most of heparin-
coated nanoparticles were found in the liver and spleen.
Conclusions The polymer properties on the surface played an
important role in the behavior of gold nanoparticles in the bio-
logical condition and the enhanced stability and tumor targeting
property of nanoparticles were inherited from GC on the surface.

KEY WORDS CTcontrast agent - glycol chitosan - gold
nanoparticle - tumor targeting

ABBREVIATIONS
AuNPs Gold nanoparticles
cT Computed tomography

EDC | -Ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride

GC Glycol chitosan

GC-AuNPs Glycol chitosan coated gold
nanoparticles

HEPA-AuUNPs  Heparin coated gold nanoparticles

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide

NHS N-hydroxy succinimide

PBS Phosphate-buffered saline
TEM Transmission electron microscopy

INTRODUCTION

For the biomedical application, researchers have studied gold
nanoparticles (AuNPs) over many years. Their unique prop-
erties such as biocompatibility have promoted the use of
AulNPs in biology or clinical fields (1,2). Also their strong
fluorescence absorption by resonance energy transfer
(FRET) was applied for the molecular imaging probe (3,4).
In addition, AuNPs were used as platform for delivery carrier
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(5,6), or therapeutic agents (7,8) because their surface can
be easily modified with simple chemistry. Nevertheless,
the application of bare AuNPs was limited due to the
low stability in the physiological condition. To overcome
the limitation, the surface was modified with various
polymers such as PEG (9), heparin (10) and chitosan
(11) to enhance the stability. Those biocompatible poly-
mers played an important role in the enhanced stability
and additional functionality in the biological condition.
However, the influence of the polymers on the behavior
of AuNPs in the body has not been clearly studied vyet,
even though the properties of coating polymers are
critical. Only the effects of particle size (12,13), surface
charge (14), or molecular weight of polymers (15) on
cellular uptake have been reported.

In this study, we developed the tumor targeting
AuNPs through surface modification with glycol chito-
san (GC). GC is a derivate of chitosan with improved
hydrophilicity, which is obtained from N-deacetylation
of chitin (16).
because it has been well known for its biocompatibility

GC was selected as a coating material

and tumor targeting property (17,18) and frequently
used in various biomedical application such as drug
delivery, siRNA carrier, cancer imaging, and therapy
(19-22). We expected the synergic effect of GC-coated
AuNPs (GC-AuNPs), which inherited tumor targeting
property and biocompatibility from the GC on the
surface. The selective accumulation of AuNPs in the
tumor tissue was applied to a CT contrast agent for
cancer imaging. Their characteristics and the behavior
in the biological condition were compared with that of
heparin-coated AuNPs (HEPA-AuNPs), which our group
has reported previously (10), to understand the role of
GC in the tumor targeting property of GC-AuNPs in
tumor-bearing mice.

Among the several imaging techniques, computed to-
mography (CT) was used to study the tumor targeting
properties of GC-AulNP. CT has been used clinically
because of unlimited penetration depth and high spatial
resolution. In addition, AulNPs can be used as a CT
contrast agent with low toxicity, high X-ray absorption
coeflicient, and slow clearance in the body (23). Hence, it
was suggested that AuNPs could overcome the drawbacks
of an iodine-based CT contrast agent, which has renal
toxicity and fast excretion (24). Moreover, CT does not
require any additional labeling in contrast to other im-
aging techniques such as positron emission tomography
(PET) and optical imaging. It is crucial in assessment of
properties of nanoparticles because other materials intro-
duced on the nanoparticles can alter the properties of
polymers and nanoparticles. For this reason, CT imaging
was used to visualize the cancer using GC-AuNPs and
analyze the behavior of the nanoparticles in the body.

MATERIALS AND METHODS
Materials

Gold(II) chloride trihydrate HAuCl,-3H,O, 99%), glycol
chitosan (GC, degree of deacetylation=282.7%;
MW=250,000), and 1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDC) were purchased from
Sigma (St. Louis, MO, USA). N-hydroxy succinimide
(NHS; 98%) was obtained from Aldrich (Milwaukee, WI,
USA). Water used in the experiment was double-distilled
and all other chemicals were used as received without any
purification.

Instruments

Centrifugation of AuNPs was performed in Micro 17TR
(Hanil, Korea) with 2-ml Eppendorf tubes at 10,000 rpm
for 10 min. The TEM images were acquired from JEM-
3010 (JEOL, Japan) operating at 300 kV. 10 pl of AuNP
colloid was dropped on carbon-coated, 200-mesh copper
grids, followed by removing extra solution and drying in
a vacuum oven for 24 h. UV-vis absorption was inves-
tigated in UV-1650PC (Shimadzu, Japan). Particle size
distribution and zeta () -potential data were obtained
with ELS-Z2 (Otsuka, Japan). Fourier-transform infrared
(FT-IR)
(Perkin Elmer) on the wave number range from 4,000
to 400 cm~'. GC-AuNP colloid was dried on the KBr
pellets, which were prepared with the pressure of 10 t.

spectra were obtained from Spectrum GX

CT images of live mice were acquired under intraperi-
toneal anesthesia (pentobarbital salt, 50 mg/kg) using
Skyscan 1076 microCT (Skyscan Inc., Belgium) with
following parameters: 70 KV, 140 pA, 35 um of resolu-
tion, 632 ms of exposure time and 1° of rotation step.

Preparation of Polymer Coated Gold Nanoparticles

Glycol chitosan coated gold nanoparticles (GC-AuNP)
were produced as previously reported (25). Briefly,
300 ml of aqueous GC solution (0.1 wt.%, w/w) was
boiled to 70°C and mixed with 100 ml of HAuCl,-3-
H50O solution (I mM) under stirring for over 24 h until
solution turned from light yellow to deep red. Then, the
solution was cooled down to room temperature. The
colloid was centrifuged (9000 rpm, 15 min) twice with
distilled-water and sonicated for less than 1 min to dis-
perse nanoparticles uniformly.

To compare the properties of GC-AuNP, heparin
coated AuNPs (HEPA-AuNP) were also made in our
experiment as previously reported (10). Briefly, heparin
(50 mg), EDC (5 mg) and NHS (3 mg) were dissolved in
10 ml of slightly acidic (pH=5) water and DOPA (3 mg)
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was added to the solution under stirring for 12 h. The
product was purified with extensive dialysis method for
3 days. The same volume of AulNP colloid and aqueous
solution of DOPA-modified heparin (0.2 wt.% w/w) were
mixed and stirred for 6 h. The colloid was centrifuged
(9,000 rpm, 15 min) twice with distilled-water and soni-
cated for less than 1 min to disperse nanoparticles
uniformly.

Cytotoxicity (MTT Assay)

The cytotoxicity was determined through MTT colorimetric
procedure. HeLa cells (obtained from ATCC, Rockville, MD,
USA) were seeded at a density of 2x 10" cells/well in 96-well
flat-bottomed plates (SPL Life Sciences, Seoul, Korea) and
allowed to adhere in DMEM medium (Wel GENE, Daegu,
Korea) containing 10% (v/v) FBS (Gibco, Grand Island, NY)
and 1% (W/V) penicillin/streptomycin at 37°C in a humid-
ified atmosphere of 5% COy for 24 h. The cells were washed
twice with phosphate-buffered saline (PBS) and exposed to
various concentrations of citrate-reduced AuNP, GC-AuNP
from 0.036 to 1.8 mg/ml. After 24 h, the medium was
aspirated and the cells were washed twice with PBS to remove
excess nanoparticles. Then 0.5 mg/ml of MTT solution in
fresh medium was added and incubated for another 2 h at
37°C. The media were removed and the blue formazan
crystals were dissolved in DMSO. Before colorimetric mea-
surement, the dissolved solutions were transferred to
Eppendorf tubes and centrifuged to remove precipitated
citrate-reduced AuNPs. It was due to their instability when
they were exposed to culture medium. Ultraviolet absorbance
at 570 nm was measured with a microplate reader
(VERSAMAXTM, Molecular Devices Corp., Sunnyvale,
CA) and the data were expressed as the percentages of viable
cells compared to the control group.

Cellular Uptake

Murine macrophage cells (RAW264.7) and murine co-
lon cancer cells (C'T-26) were obtained from the Amer-
ican Type Culture Collection (Manassas, VA), respective-
ly. CT-26 were cultured in DMEM (Gibco, Grand Island, NY,
USA) media and RAW264.7 in RPMI 1640 (Gibco, Grand
Island, NY, USA) containing 10% fetal bovine serum (FBS;
Invitrogen Canada, Burlington, ON, Canada), 100 U/ml pen-
icillin G, and 100 mg/ml streptomycin. For microscopic ex-
amination cells were seeded at a density of 2% 10" cells onto
15 mm gelatin-coated cover slips in 12-well plates and allowed
to grow until a confluence of 70—80%. Prior to the experi-
ment, cells were washed twice with PBS (pH 7.4) to remove
the remnant growth medium, and then incubated for 30 min
in serum-free medium containing AuNPs (0.05 mg Au/ml).
The cells were then washed twice with cold PBS (pH 7.4),
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fixed with fresh 4% paraformaldehyde for 5 min at room
temperature, and mounted with Fluoromount-G™
(SouthernBiotech, Birmingham, AL). The intracellular local-
ization of nanoparticles was observed using IX81-ZDC focus
drift compensating microscope (Olympus, Tokyo, Japan)
equipped with a dark-field condenser.

Liver Metastasis Animal Model

CT-26 colon cancer cells were cultured in Dubecco’s
modified Eagle’s medium (DMEM, Gibco, Grand Is-
land, NY) containing 10% (v/v) FBS (Gibco) and 1%
(W/V) penicillin/streptomycin at 37°C in a humidified
atmosphere of 5% COy. G3H/HeN mice (5.5 weeks,
male) were anesthetized with ketamine (80 mg/kg body
weight) and xylazine (10 mg/kg body weight) by intra-
peritoneal injection. After anesthesia, laparotomy was
performed with direct injection of CT-26 cancer cells
(3%10° cells) in 10 pl of saline into left lobe in the
liver. CT images of the live mice were obtained after
10 days of colon cancer transplantation.

CT Imaging

For CT image study, AuNPs were concentrated up to
50 mg Au/ml before injection. After injection (100 ul)
to CT-26 tumor bearing mice through tail vein, the
mice were scanned by m vivo micro-computed tomogra-
phy (Skyscan 1076, Skyscan Inc., Belgium) under intra-
peritoneal anesthesia (pentobarbital salt, 50 mg/kg) with
following parameters: 70 KV, 140 pA, 35 pm of reso-
lution, 632 ms of exposure time and 1° of rotation step.
CT images were taken before injection, 30 min, 1 h
and 24 h after injection.

OCH,CH,0H OCH,CH,OH
0
0
NH, o NH,

Glycol chitosan
Gold nanoparticle

| GC soln. | - ‘\

|

y

‘\\ HAUCI

GC-AuNP

Scheme | Chemical structure of glycol chitosan (GC) and surface-modified
AuNPs (GC-AuNP).
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The dissected liver tissues with metastatic cancer were re-
trieved and fixed in 4% (v/v) buffered formalin solution,
dehydrated and embedded in paraffin. Sections were cut with
thickness of 6 mm and stained with hematoxylin and eosin
(H&E). The samples were observed through IX81 microscope
(Olympus) equipped with a dark-field condenser.

RESULTS AND DISCUSSION
Characterization of GC-AuNPs
Conventional method of AuNP synthesis was reduction of

HAuCl, with sodium citrate. However, the citrate-stabilized
AuNPs are not appropriate for the biological purpose due to
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Fig. 2 Cell viability after incubation for 24 h with AuNP and GC-AuNP

stability and biocompatibility of AuNPs in the biological
condition, we used GC as a reducing agent and a stabilizer
in the HAuCl, solution during the AuNP formation instead
of sodium citrate (Scheme 1). In addition, it has been known
that GC nanoparticles have an excellent tumor targeting
property in various tumor-bearing mice (22). Therefore, we
expected that the use of GC also promote the selective
accumulation of AulNPs in the tumor.

eXIA160 GC-AuNP  Water

o

0.08

0.06

ave, attenuation coefficient

0 10 20 30 40 50 60
Conc. of AuNPs (mg/ml)
Fig. 3 (a) In vitro microCT images of eXIA™ 160, GC-AuNP (60 mg/ml)
and water. (b) Averaged attenuation coefficient of GC-AuNP as a function of
concentration.
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UV-vis spectroscopy revealed that the surface plasmon
resonance (SPR) peak of GC-AuNPs wasslightly red-shifted
from 521 to 526 nm (Fig. 1a). This indicated successful surface
modification of AuNPs because the polymer layer changed
refractive index around AulNPs (26,27). In addition, polymer
coating layer was observed around GC-AuNPs in the trans-
mission electron microscopy (TEM) images (Fig. 1b), while the
citrate reduced AuNPs showed no layers (Fig. lc).
Monodispersed spherical GC-AuNPs with the diameter of
approx. 20 nm were clearly seen without aggregation in the
TEM images. It was also confirmed with dynamic light scat-
tering (DLS). Without polymer coating, the particle size in the
colloid state was 24.0%+6.2 nm, which was almost the same
with that in an anhydrous state ('EM images). However, the
diameter of GC-AuNPs increased up to 99.4+ 16.8 nm due to
the hydrated expansion of the polymer layer in aqueous state,

CT-26 RAW264.7

.

Control [ ‘Q'

HEPA-AuNP

Fig. 4 Dark-field microscopic images of CT-26 (colon cancer cells) and
RAW264.7 (macrophage) after 30 min of incubation with GC-AuNP and
HEPA-AUNP
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even though the core size was almost similar with that of citrate-
reduced AuNPs as shown in TEM images. This result showed
that the hydrodynamic volume of AuNPs can be changed
significantly because of the GC polymer properties on the
surface. The surface charge of AuNPs measured with zeta (€)
potential analyzer also reflected the properties of polymers. (-
potential of GC-AuNPs was positive (+34.48 £ 1.0 mV) because
of electropositive amine groups of GC (28), while that of citrate-
reduced AulNPs was —26.01+0.4 mV. The existence of GC on
the AuNPs’ surface was also confirmed with Fourier-
transform infrared (FT-IR) spectroscopy. The broad
peak at 3,310 cm ' (bonded NH or NH,) and at
1,405 cm™!

on the surface of AuNPs (29), since the new peaks of

(primary amine) were the evidence of GC

amine groups was observed (Fig. le). In particular, the
stability and biocompatibility of GC-AuNPs in physio-
logical condition should be guaranteed for the biomed-
ical application. For this reason, the diameter of GC-
AuNPs in PBS buffer solution was monitored to evalu-
ate their stability before cellular experiment. Asshown in
Fig. 1d, GC-AulNPs maintained their sizes more than 2 days
in the buffer condition due to the enhanced stability caused by
encapsulation with GC. On the other hand, the particle
diameter of uncoated AuNPs appeared as a point, because
aggregation occurred as soon as they were exposed to PBS.
Therefore, it was not possible to keep track of its size any
longer. In addition, we checked the stability of GC-AuNP
under mild acidic condition (pH=3) in our previous work
(data not shown), which guaranteed the integrity of GC-

Fig. 5 (a) Cross sectional CT images and (b) its reconstructed 3D images of
liver with colorectal metastases after 30 min of intravenous injection of GC-
AuNP (c) Histological images of CT-26 colon cancer in liver after 2 h of
treatment with GC-AuNP and (d) its dark-field image.
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Fig. 6 (a) Cross sectional CT images and (b) its reconstructed 3D images
of liver with colorectal metastases after 30 min of intravenous injection of
HEPA-AUNP (c) Histological images of CT-26 colon cancer in liver after 2 h
of treatment with HEPA-AUNP and (d) its dark-field image.

AuNPs in the tumor (25). Biocompatibility of GC-AuNPs was
confirmed through MTT assay (Fig. 2). When HeLa cells were
incubated for 24 h with GC-AulNPs, severe toxicity was not
observed and cell viability were slightly higher than that of
uncoated AuNPs. Consequently, the stability and biocompat-
ibility were significantly improved by the GC coating layer on
the surface, which ensure their application in biomedical field.

Feasibility of GC-AuNPs as a CT Contrast Agent

It has been reported that AuNPs can absorb not only visible
light but also X-ray. Moreover, AuNPs can overcome the
disadvantages of iodine-based contrast agent due to the low
toxicity, slow clearance and higher X-ray absorption coeffhi-
cient (9,23,24). For this reason, the feasibility of GC-AuNPs
as a C'T contrast agent was tested for C'T imaging study with
them. GC-AulNPs were concentrated up to 50 mg Au/ml to
maximize X-ray absorption and their phantom CT images

of test tubes were compared with that of eXIA™ 160 (com-
mercial C'T contrast agent) and water (Fig. 3a). The phan-
tom images were highly contrasted with GC-AuNPs, which
were comparable to that of commercial CT contrast agent.
In addition, X-ray absorption increased linearly according to
the concentration of GC-AuNP (Fig. 3b). It also increased
according to concentration regardless of their polymer coat-
ing layers on the surface when it was compared with heparin
coated AuNPs (HEPA-AuNPs), which our group previously
reported (10). This result suggested that only Au atom is
responsible for X-ray absorption, and their surface proper-
ties did not affect it. Therefore, CT imaging can be used to
monitor the behavior of polymer-coated AuNPs in the body
without interference of X-ray absorption from the polymers
on the AuNP surface.

Selective Internalization of AuNPs According to Cell
Lines and Surface Properties

The behavior of GC-AuNPs in cellular level was explored
using two types of cells, i.e. colon cancer cells (C'T-26) and
macrophage cells (RAW264.7). The two cell lines were cho-
sen because they clearly showed different aspect of cellular
uptake and the tumor targeting property of GC-AuNPs.
They were incubated for 30 min with GC-AuNPs and intra-
cellular localization of nanoparticles was observed through
dark-field microscopy. As shown in Fig. 4, they did not show
a strong signal in the dark-field microscopy before they were
exposed to AuNPs (denoted as control). However, GC-
AuNPs were found exclusively in C'T-26 colon cancer cells,
not in macrophage cells. The selective uptake of GG-AuNPs
in cancer cells was due to the tumor targeting properties of
GC on the surface of AuNPs. It was reported that pKa value
of GC (pKa=6.5) induced positive charges of amine func-
tional groups in acidic microenvironment of tumor tissues
(30). Because of that, GC-coated nanoparticles were thought
to be easily internalized in cancer cells.

To examine the tumor targeting property of GC-AulNPs
more thoroughly, AuNPs with different surface properties
was also used in cellular uptake. Previously, we developed
liver-targeting AuNPs using heparin as a coating material

Table I Attenuation Coefficient of HEPA-AUNP and GC-AuNP in Liver, Heart, Spleen and Metastatic Cancer (tumor) According to Injection Time

HEPA-AuUNP GC-AuNP

30 min 60 min [20 min 24 h 30 min 60 min 120 min 24 h
Liver |.148 I.167 I.166 [.101 0.953 1.053 1.061 0.887
Heart 0.920 0.983 0.945 0.955 0.983 [.148 1.022 0.978
Spleen 1.138 1.237 [.583 |.445 I.107 1.226 1.272 1.130
Tumor 0.887 0.894 0.838 0.812 1.577 2.043 2.060 [.170

* Hundredth (x 107)
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(HEPA-AuNP), which selectively accumulated in the normal
liver tissue, not in the tumor. According to the previous
works, heparin promotes uptake of AuNPs by the reticulo-
endothelial system and the endothelial cells in the liver
(10,31). As seen in Fig. 4, the signals of HEPA-AuNPs
were observed only in RAW264.7 macrophage cells. In
short, heparin increased cellular uptake of HEPA-
AuNPs in macrophage cells, while GC boosted that of
GC-AulNPs in cancerous cells. Therefore, the tumor
targeting property of GG-AuNP was endowed by GC
on the surface and the polymer properties on the sur-
face made a different aspect of the particles’ behavior in
the biological environment.

CT Imaging of Tumor with GC-AuNPs

Using GC-AuNPs as a tumor targeting CT contrast agent,
positive-contrasted tumor imaging was possible in metastatic
liver cancer model. Colorectal liver metastasis was induced by
direct injection of C'T-26 colon cancer cells in the liver. GC-
AulNPs were selectively accumulated in the tumor within 30 min
when GC-AuNPs (0.1 ml, 50 mg Au/ml) were injected intrave-
nously into the CT-26 tumor bearing mice (150~200 mg
Au/kg). Consequently, positively contrasted C'T image of the
tumor tissue was obtained in Fig. 5a, which was coincided with
the cellular uptake result. Moreover, the tumor specific GC-
AuNPs revealed several tumor sites spread over the liver simul-
taneously, as seen in the reconstructed 3D image of liver with
metastatic cancer (Fig. 5b). This result indicated that the tumor
targeting property of GC-AuNPs was so sensitive and efficient
that even small tumors (< 0.6 mm) in various locations were able
to be detected at the same time. For further investigation, the
mice were sacrificed and analyzed histologically. The liver
tissues with metastatic cancers were excised and stained with
H&E to observe through optical and dark-field microscope.
Tumors were easily distinguished from the normal liver tissue
by H&E staming (Fig. 5¢). It provided more information on
the tumor specific accumulation of GC-AuNPs when they
were overlapped with dark-field images. GC-AuNPs were
found inside the tumor tissue and the signals from normal
liver tissue was relatively weak (Fig. 5d). Due to the insensi-
tivity of dark-field microscopy, the detected signal from GC-
AuNPs in the tumor did not perfectly coincide with that of
the CT image. However, we confirmed that the enhanced
CT contrast of tumor was achieved by gold nanoparticles,
not by tumor tissue itself In addition, some NPs were
observed outside of the tumor in the dark-field microscopic
mmage. It was thought that the high vascularity of tumor
caused GC-AulNPs to remain around tumor tissue, due to
their enhanced stability and the long circulation (32).

When the same amount of HEPA-AulNPs was injected
intravenously, cancer was negatively contrasted in the cross
sectional C'T image after 30 min (Fig. 6a and b). It is due to
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the selective accumulation of HEPA-AulNPs in the Kupffer
cells, which were widely distributed in the normal tissue. It
was reported that reduced number of macrophage, especial-
ly Kupfler cells leads the increment of metastasis (33,34). In
other words, HEPA-AuNPs did not internalize in the tumor
tissue even though the diameter of tumor was more than
2 mm because of decreased Kupffer cells in the tumor. It was
also confirmed with dark-field microscopic images of liver
cancer. Scattered light signals from HEPA-AuNPs were
detected only from the hepatocytes, not from the CGT-26
cancer tissues (Fig. 6¢ and d).

The different properties
resulted in a disparate aspect of biodistribution as well.
After injection of HEPA-AuNPs and GC-AulNPs into the
tumor bearing mice, the attenuation coefficients in major
tissues were summarized in Table I. The table demon-
strated that HEPA-AuNPs were accumulated in the
spleen and liver, while most of GCG-AuNPs in the tumor.

surface of nanoparticles

This result also proved that the properties of polymers
on the surface of AuNPs determined the different aspect
of biodistribution. In this study, we showed that GC-AuNPs
with tumor targeting property was able to be applied in the
medical field as a C'T contrast agent. Moreover, it provided
accurate anatomical data of the metastatic liver cancer in the
CT images. Therefore, our GC-AulNP showed its potential as a
tumor specific C'T contrast agent for cancer imaging. In addi-
tion, the abundant amine groups of GC-AuNPs provide many
sites for chemical conjugation of anti-cancer drugs, which
would open up possibilities that GC-AuNPs may be developed
as a multifunctional platform for cancer imaging and therapy.

CONCLUSION

Tumor targeting GC-AuNPs were produced through sur-
face modification with biocompatible polymers. They were
characterized with TEM images, UV—vis absorption spectra,
C-potential, and DLS. They showed excellent stability, bio-
compatibility, and enhanced tumor accumulation. These
properties were inherited from GC on the surface, which
were distinguished from that of HEPA-AulNPs. These prop-
erties were applied to C'T' image of tumors. Several tumor
sites of metastatic liver cancer were successfully located in the
CT images, which were also confirmed with histological
analysis and dark-field microscopy.
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