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Molecular imaging technology using metal nanoparticles 
has been extensively applied to biomedical diagnostics. For 
example, fluorescence imaging using Quantum Dot (QD) 
nanocrystals1 and surface-enhanced Raman imaging using 
gold nanoparticles2 are extensively used for sensitive and 
selective biomarker imaging in cells and tissues. Recently, 
scattering-based phase contrast optical imaging technique is 
emerging as a new optical visualization tool for in vivo 
biomedical imaging. This technique provides a fast and cost
effective high resolution imaging method compared with 
current expensive imaging modalities. To better improve 
spatial resolution in phase contrast optical imaging, gold 
nanoshells are used as contrast agents. Gold nanoshells 
constitute a novel kind of optically tunable nanoparticle 
consisting of a dielectric silica core surrounded by a thin 
gold layer. Gold nanoshells offer a variety of biomedical 
applications, such as blood immunoassay,3 photothermal 
cancer therapy,4 and X-ray computed tomography.5 Recent
ly, Loo et al.6 used gold nanoshell bioconjugates as contrast 
agents to improve the resolution of a phase contrast optical 
image. They used a dark field microscope to demonstrate the 
feasibility of nanoshell bioconjugates for targeting and 
imaging the biomarker, human epidermal growth factor 
receptor 2 (HER2), in live human breast SKBr3 breast 
cancer cells. In this work, low magnification (x 10 and x 40) 
dark field images for 50-60 cells were obtained and, only an 
average scattering intensity value for nanoshell-labeled cells 
could be evaluated. However, a highly resolved optical 
image, down to a single cell level, is very important to 
understand the mechanism of disease markers' expression in 
its specific area. For this purpose, in the present study, a high 
magnification (x 100) phase contrast imaging technique 
using gold nanoshells has been used to obtain a sensitive 
cancer marker image in a single cell level. As optical 
imaging targets, a C6 glyoma cell expressing ERK2 markers 
inside the cell and a human embryonic kidney (HEK) 293 
cell expressing PLC/1 markers on its surface membrane 
were used, respectively. It has been previously reported that 
overexpression of ERK2 protein is closely related to a 
cancer development or progression.7 Overexpression of 

PLC/1 marker is also closely associated with human 
hyperproliferative tissues, including breast carcinoma, color
ectal carcinoma, and familial adenomatous polyposis.8,9 It is 
the main purpose of this communication to evaluate the 
feasibility of gold nanoshell bioconjugates for the highly 
resolved phase contrast imaging of a single cell expressing 
cancer markers in its specific area.

Gold nanoshells were fabricated by the process previously 
reported.10-13 Figure 1 shows the TEM and SEM images of 
70 nm average diameter-size silica nanoparticles and gold/ 
silica nanoshells durng three stages of shell growth. Here, 
the gold shell thickness was estimated to be 20 nm. First, 
very small gold metal particles were seeded onto the surface 
of silica. Then the gold seeds were grown to cover the whole 
silica surface via chemical reduction in solution. To attach 
the gold nanoshells selectively onto marker antibodies in

Figure 1. TEM and SEM images of (a) silica nanoparticles, (b) 
gold-seeded silica nanoparticles, and (c) gold-coated nanoshells.
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Figure 2. Phase contrast images of (a) an ERK2-expressing C6 glyoma cell in its cytoplasm area, (b) a PLC f 1-expressing HEK293 cell on 
its surface membrane, and (c) Serial optical sections of a PLCf1-expressing HEK293 cell using gold nanoshells. The z-axis interval for the 
optical slices is 500 nm. Cells were incubated for 30 min on gold nanoshells, after which the free gold nanoshells were washed away.

cells, anti-mouse IgG was conjugated to the nanoshell 
surface. Ortho-pyridyldisulfide-polyethylene glycol-Msuc- 
cinimidyl propionate (OPSS-PEG-NHS) was used for the 
antibody conjugation.4,6,10 The S-S terminal group of ortho
pyridyldisulfide was cleaved and chemically bonded onto 
the metal surface. The other terminal group, N-succinimidyl 
propionate, was bound to an amine group on the antibody. 
Anti-mouse IgG-labeled nanoshells could be obtained by the 
reaction between nanoshells and PEG-labeled anti-mouse 
IgG (1 mg/mL) for 1 h. The remaining nonspecific adsorp
tion sites were coated with 1.4 ^M SH-PEG to prevent their 
aggregation. Phase contrast reflectance images of nanoshell- 
labeled cells were collected with a Leica TCS SL confocal 
microscope.

First, ERK2 markers were expressed in the cytoplasm area 
of a C6 glyoma cell. Figure 2(a) shows the phase contrast 
image of an ERK2-expressing C6 glyoma cell in its 
cytoplasm area. A highly scattering cell image for the 
marker expressed cytoplasm area could be easily identified. 
Second, PLC/1 markers were expressed on the surface 
membrane of a HEK 293 cell. Figure 2(b) displays the phase 
contrast image of a PLC /1 -expressing HEK293 cell. The 
anti-mouse IgG-conjugated nanoshells were effectively 
attached to the cancer cells on which the PLC/1 markers 
were expressed and a clear gold color phase contrast image 
was observed. To demonstrate that the markers are only ex
pressed on the surface membrane, 10 optical sections for a 
HEK293 cell expressing PLC/1 were obtained using a con
focal microscope. As shown in Figure 2(c), optical sections 
from 10 confocal planes (corresponding to a distance bet
ween planes of 500 nm) reveal that the marker is only ex
pressed on the surface membrane. Our results demonstrate 
that the phase contrast imaging technology using gold 
nanoshells can be applied to a highly sensitive imaging of 
biomarkers in the specific area of a single cancer cell. In 
particular, the scattering-based phase contrast imaging techni
que is a very simple and cost-effective process compared 

with the rather complicated fluorescence or Raman imaging 
techniques.
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