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Abstract In this study, we demonstrated the poten-

tial use of nucleic acid ligand (aptamers) conjugated

gold nanoparticles (AuNPs) for cancer cell detection.

Through specific binding of the aptamers toward

platelet-derived growth factor (PDGF), MDA-MB-

231 and Hs578T cells (cancer cells) that over-express

PDGF, interact with Apt-AuNPs to a greater extent

than do H184B5F5/M10 cells (normal cells). These

results were confirmed through inductively coupled

plasma mass spectrometry measurements of the gold

ion concentrations within these cells. Aggregation of

the Apt-AuNPs in the cytoplasm of the cancer cells

led to the generation of an intense scattered light upon

photo-illumination; this phenomenon allows the dif-

ferentiation of cancer cells from normal cells using a

dark field optical microscope. The presence of Apt-

AuNPs suppressed the proliferation of MDA-MB-231

cancer cells, but not H184B5F5/M10 cells.

Keywords Aptamer � Gold nanoparticles �
Breast cancer cells � Imaging � Proliferation �
Nanomedicine

Introduction

A number of monodisperse nanoparticles (NPs) have

been applied to drug delivery, cancer cell diagnostics,

and therapeutics (Fukumori and Ichikawa 2006; Jain

2005; Pissuwan et al. 2006; Zhi et al. 2006). Owing

to their high degrees of contrast and size-dependent

optical properties, bioconjugated gold nanoparticles

(AuNPs) (Chen et al. 2005; Sokolov et al. 2003b)

and quantum dots (Alivisatos et al. 2005) have

become useful materials for cell imaging, providing

anatomic details of cells and tissue architectures that

are important for cancer diagnostics. Although quan-

tum dots offer the advantages of optical and chemical

stability, narrow emission profiles, and size-depen-

dent emission properties when excited at the same

wavelength, their applications are somewhat limited

by their potential toxicity (Chan and Nie 1998). In

contrast, colloidal AuNPs are highly suitable for cell

imaging because of their ease of preparation and

bioconjugation, high contrast, large absorption coef-

ficients, and potential non-cytotoxicity (El-Sayed

et al. 2005; Sokolov et al. 2003b). For example,

antibody-bioconjugated AuNPs have been used for

specific staining of targeted cells and monitored by

electron microscopy (Horisberger 1981).

Surface plasmon resonance (SPR) results show

that AuNPs exhibit strong extinction properties at the

visible-to-near-infrared region, depending on their

sizes and shapes (Hu et al. 2006). SPR is a result of

the coherent collective oscillation of the conduction
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band electrons in small metallic particles under

irradiation with light. Light scattered by the AuNPs

is strong and stable. This property allows the

detection of 10-16 M AuNPs with an average diam-

eter of 118 nm (Yguerabide and Yguerabide 1998),

and the targeted imaging of cancer cells through the

combined use of bioconjugated AuNPs and confocal

scanning optical microscopy (Sokolov et al. 2003a,

b), multiphoton plasmon resonance microscopy

(Yelin et al. 2003), or dark-field microscopy (El-

Sayed et al. 2005). In addition, plasmon resonance, in

response to incoming light, causes local heating or

the release of therapeutic molecules that may destroy

or cure diseased tissues, respectively. For example,

antibody-conjugated gold nanoshells and nanorods

have been employed to selectively kill cancer cells

(Huang et al. 2006; Loo et al. 2005).

In this paper, we have prepared aptamer-bioconju-

gated AuNPs (Apt-AuNPs) and described their use as

novel contrast agents for the detection of cancer cells

under a simple and inexpensive conventional dark-

field optical microscope (DFM). Aptamers are nucle-

otides typically having lengths ranging between 15

and 70 bases. They can be selected by a process

referred to as systematic evolution of ligands by

exponential enrichment (SELEX) from a pool of DNA

or RNA by repetitive binding of the oligonucleotides

to target molecules (Green et al. 1990; Tuerk and

Gold 1990). They are reliable affinity substitutes for

antibodies with benefits derived mainly from their

temperature stability and ease of production.

Although advances in SELEX techniques have

resulted in an increase in the number of applications

of DNA and RNA aptamers in various areas of

biotechnology, e.g., sensing, purification, and thera-

peutic applications (Hamula et al. 2006; Proske et al.

2005; Tombelli et al. 2005), very few reports describe

the use of aptamers and NPs for selective targeting of

cancer cells (Farokhzad et al. 2006; Herr et al. 2006).

Representative applications include cell imaging and

drug delivery using fluorophore-labeled (Farokhzad

et al. 2004) and drug-encapsulated (Farokhzad et al.

2006) NPs that had been functionalized with various

aptamers.

In this study, we prepared Apt-AuNPs for selective

targeting of cancer cells. In these systems, the AuNPs

act as a signaling moiety and the aptamers act as

recognition units that have a high affinity (Kd = 0.1–

10 nM) toward platelet-derived growth factor (PDGF)

(Green et al. 1996). PDGF, which can stimulate the

division and proliferation of cells through binding

with receptors on the cell membrane surface, is a

ubiquitous mitogen and chemotactic factor for many

connective tissue cells (Heldin and Westermark

1999). The expression of PDGF in normal cells

occurs at undetectable or low levels, while in cells

with malignancies and developmental abnormalities,

it is over-expressed (Bronzert et al. 1987; Leitzel

et al. 1991). PDGF induced aggregation of the Apt-

AuNPs in the cells led to a remarkably diverse range

of scattering images. In addition, the Apt-AuNPs

prohibited the metabolic activity and proliferation of

cancer cells, but had no determinant effect on normal

cells.

Experimental section

Chemicals

Sodium tetrachloroaurate(III) dehydrate was obtained

from Sigma (St. Louis, MO, USA). Trisodium citrate

and 6-mercapto-1-hexanol were purchased from

Aldrich (Milwaukee, WI, USA). The 50-thiol-modi-

fied aptamer having the sequence 50-CAG GCT ACG

GCA CGT AGA GCA TCA CCA TGA TCC TG-30

was purchased from Integrated DNA Technology Inc.

(Coralville, IA, USA). Recombinant human PDGFs

were purchased from R&D Systems Inc. (Minneap-

olis, MN, USA). PDGFs were dissolved in 4.0 mM

HCl containing 0.1% bovine serum albumin (BSA).

BSA, trypsinogen, and lysozyme were obtained from

Sigma.

Synthesis of 32-nm AuNPs

Trisodium citrate (1%; 0.5 mL) was added rapidly to

an aliquot of 0.01% NaAuCl4 (50.0 mL) that was

heated at 100 �C under reflux (Frens 1973; Grabar

et al. 1995). Heating under reflux was continued for

an additional 8 min, during which time the color

changed to deep red. The solution was set aside to

cool to room temperature; it was stable for at least

6 months. The as-prepared AuNP solution had a

maximum absorbance at 528 nm (Cintra 10e, GBC,

Victoria, Australia), which is a characteristic surface

plasmon resonance band for 32-nm AuNPs. TEM

images (H-7100 TEM, Hitachi, Tokyo, Japan) also
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confirmed that the diameters of the AuNPs were 32

(±1) nm (Fig. 1a). Herein, the concentration of the

as-prepared 32-nm-diameter AuNPs is denoted as

19; this value corresponds to a concentration of ca.

0.3 nM (Jana et al. 2001).

Preparation of Apt-AuNPs

The thiol-modified aptamer was attached to the AuNPs

according to the method modified from literature

(Storhoff et al. 1998). The 50-thiol-modified aptamer

was received in a disulfide form [HOCH2(CH2)5S-S-

50-oligo], protected by a mercaptohexanol group.

These aptamers were reacted directly with the AuNPs

through attachment of both the HOCH2(CH2)5S and

oligo-S units onto the AuNP surface; the bioconjugate

is denoted as ‘‘Apt-AuNP.’’ A 0.8 mL aliquot of

aqueous AuNP solution was mixed with 0.2 mL of

0.5 lM thio-aptamer to obtain a final concentration of

0.2 nM AuNPs and 0.1 lM aptamers. After reaction

for 24 h at room temperature, the mixture was

equilibrated with 0.1% BSA for 60 min at room

temperature before conducting two centrifuge/wash

cycles (6,000 rpm, 5 min) to remove any excess thiol-

aptamer. Following the removal of the supernatants,

the oily precipitates were resuspended in 4.0 mM

trisodium citrate solution containing 0.1% BSA and

then stored in a refrigerator (4 �C). BSA was present to

prevent aggregation of the Apt-AuNPs in the serum-

free media. In order to determine the number of

aptamers on each Apt-AuNP, a 10.0 lL aliquot of

1.0 M 2-mercaptoethanol was added to displace the

aptamers from the surfaces of the Apt-AuNPs

(0.20 nM, 990.0 lL). The displaced aptamers in the

supernatant were labeled with oligreen (Quant-iT

OliGreen ssDNA reagent, Molecular Probe, Eugene,

Oregon, USA). Fluorescence intensity measurements

at 538 nm show that the surface concentration of

aptamers is ca. 200 aptamers per AuNP (Storhoff et al.

1998). For the control experiment, mercaptohexanol-

modified AuNPs (MH-AuNPs) were used and pro-

tected with BSA prior to cell incubation.

Cells incubated in media with/without AuNPs

or Apt-AuNPs

One normal epithelial cell line, H184B5F5/M10

(human mammary cells), and three cancer epithelial

cell lines, MDA-MB-231, Hs578T, and MCF-7

(human breast adenocarcinoma), were obtained from

American Type Culture Collection (ATCC, Rock-

ville, MD) and tested in this study. MDA-MB-231

cancer cells and H184B5F5/M10 cells were cultured

in Minimum essential medium (Gibco BRL, New

York, USA) containing 10% fetal bovine serum

(FBS; Gibco). Hs578T cancer cells were grown in

Dulbecco’s modified Eagle’s medium (Gibco) and

MCF-7 cancer cells were grown in Minimum essen-

tial medium Eagle (Gibco); both of these media were

supplemented with 10% FBS and 0.01 mg/mg bovine

insulin (Gibco). Cells were grown at 37 �C in a

humidified atmosphere with 5% CO2 (in air). The

medium was changed every 3 days. At ca. 80%

confluency, the cells were trypsinized with trypsin/

EDTA solution (0.25% trypsin, 1 mM EDTA) for 5–

10 min at 37 �C to detach the cells for reseeding and

growing in the new culture dishes at a density of ca.

105 cells per culture dish. After 24 h, the growth

Fig. 1 TEM images of (a) AuNPs and Apt-AuNPs (b) in the absence and (c) in the presence of 1.0 nM PDGF

J Nanopart Res (2009) 11:775–783 777

123



medium was removed and the cells were washed

three times with phosphate-buffered saline (PBS)

solution. The cells were incubated in serum-free

media (1.0 mL) each containing 1.3 pM AuNPs, Apt-

AuNPs, and MH-AuNPs for 3 h to minimize non-

specific adsorption of serum proteins onto the particle

surfaces.

Dark field microscopy (DFM) and transmission

electron microscopy (TEM) imaging

An Olympus IX70 inverted microscope (Tokyo,

Japan) was used to construct the scattering imaging.

A 100-W halogen lamp in conjunction with a high-

numerical-aperture dark-field condenser (numeric

aperture: 1.2–1.4; U-DCW, Olympus) was used to

illuminate the AuNPs. The scattering signals were

collected using a 209 objective (numeric aperture:

0.4). The wide-field images were collected using a

digital color camera (Coolpix 5400, Nikon, Tokyo,

Japan) attached to the side port of the microscope.

For TEM imaging, excess particles were removed by

conducting a five-cycle washing/centrifugation clean-

ing process. The cells were then fixed in 2.5%

glutaraldehyde that was prepared in 0.1% sodium

cacodylate buffer. The samples were subsequently

post-fixed and stained with 1% aqueous OsO4 and

then dehydrated using a series of ethanol solutions

(50%, 70%, 80%, 90%, and 95% for 10 min each;

and twice with 100% for 15 min) prior to being resin-

embedded. Thin sections containing the cells were

placed on grids prior to TEM measurement at 75 kV.

Inductively coupled plasma mass spectrometry

(ICP-MS) measurements

ICP-MS (Elan 6000, Perkin–Elmer, Norwalk, CT)

measurements were performed to determine the

concentrations of the AuNPs and Apt-AuNPs within

cells. Different types of cells were incubated for 3 h

in media (1.0 mL) with/without 1.3 pM Apt-AuNPs

or AuNPs. After washing five times with PBS, the

cells were harvested through trypsinization and then

dissolved in 2% HNO3 aqueous solution (1.5 mL).

The cells were disrupted by sonication for 20 min at

0 �C and then the concentrations of the gold ions

were determined using ICP-MS. The number of gold

ions (atoms) was then converted to the number of

AuNPs by using the following relationship: number

of 32-nm AuNPs per mL = {[4/3p r3 9 d/atomic

weight of Au] 9 6.02 9 1023} per mL = number of

Au atoms per mL/1,012,401, in which r is the radius

of AuNP and d (19.3 g/cm3) is the density of Au (Liu

et al. 2007).

AlamarBlue assay

AlamarBlue assays (colorimetric methods) were

carried out to investigate the proliferation and

metabolic activity of cells. For living cells, mito-

chondrial reductase enzymes are active and reduce

AlamarBlue (AbD Serotec Ltd., Kidlington, Oxford,

UK) to form a product that has a different color from

the AlamarBlue. By measuring the absorbance at

570 nm with background subtraction at 650 nm, the

vitality of the cells in the culture was determined

according to a linear plot of absorbance versus cell

numbers ranging from 5,000 to 40,000 cells/mL.

These experiments were repeated three times and by

using a t-test, the results from three different trials

were not different based on 95% confidence.

Results and discussion

DFM measurements of cancer and normal cells

In order to determine a procedure for readily

differentiating cancer and normal cells in the study,

we conducted DFM measurements of cells in the

presence of Apt-AuNPs. To achieve high sensitivity,

it was necessary to optimize the size of the Apt-

AuNPs. Although smaller-sized Apt-AuNPs are

transported across the cytoplasmic membrane more

easily, their scattering of light is weaker than that of

larger-sized Apt-AuNPs. In addition, we found that

the faintly greenish light that scattered from Apt-

AuNPs having sizes below 26 nm was not readily

resolved from the light scattered from the cellular

organelles. In this study, we found that the use of 32-

nm Apt-AuNPs was optimal. We point out that light

scattering undergoes red shift and become stronger

upon increasing the size of AuNPs. Through thiol-

modification, we prepared the bioconjugated Apt-

AuNPs that exhibit a slightly higher SPR absorption

(*0.03 a.u.) than that of the AuNPs, mainly due to

changes in the dielectric constant of the surrounding

AuNP surfaces. Apt-AuNPs were also characterized
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by TEM, while no changes in the sizes and no

aggregation occurred (Fig. 1b).

Figure 2a exhibits the light scattering images of

cancer cells of different morphologies (MDA-MB-

231, Hs578T, and MCF-7) and a non-cancer normal

epithelial cell line (H184B5F5/M10) that had not

been incubated with the Apt-AuNPs. MDA-MB-231

cancer cells have similar shapes to those of Hs578T

cancer cells, but the former are nearly twice as large

as the latter. The MCF-7 (cancer) and H184B5F5/

M10 cells have round shapes that are different from

those of the other two types of cells. Some areas

within the cells display dim greenish spots in all cell

lines, which is likely due to autofluorescence and

scattering from the organelles that are distributed in

the cells’ cytoplasms and membranes (El-Sayed et al.

2005).

After incubation with the Apt-AuNPs, the incor-

porated NPs led to the appearance of spotted patterns

within the cytoplasms of the MDA-MB-231 and

Hs578T cancer cells. Aggregation of the Apt-AuNPs

resulted in bright yellowish scattered spots that allow

the ready identification of individual cells (Fig. 2b).

On the contrary, only small and faintly reddish dots

occurred within the MCF-7 (cancer) and H184B5F5/

M10 cells, indicating that less extent of aggregation

occurred in those cells. This approach is quite

sensitive: the culture media contained the Apt-AuNPs

at concentrations of only ca. 1.3 pM. Aggregation of

the Apt-AuNPs occurred mainly as a result of specific

binding through cross-linking with the PDGF (Huang

et al. 2005) present in the cytoplasm of the cells; this

result is supported by the fact that only a slight degree

of aggregation occurred in the MCF-7 (cancer) and

H184B5F5/M10 cells, which include lower contents

of PDGF. The PDGF concentrations determined in

MDA-MB-231 and MCF-7 were 5.0 and 1.0 ng/mL,

respectively (Bronzert et al. 1987). In contrast, for

the control experiment, we observed no significant

differences between the scattering images of the four

Fig. 2 Light scattering images of three sets of cancer cells

(MDA-MB-231, Hs578T, and MCF-7) and one set of normal

cells (H184B5F5/M10) cultured (a) in the absence Apt-AuNPs,

and (b, c) in the presence of (b) Apt-AuNPs and (c) MH-

AuNPs (control) for 3 h at 37 �C in a humidified atmosphere

with 5% CO2 (in air)
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types of cells in the absence and presence of MH-

AuNPs (cf. Fig. 2a and c). This finding suggests that

specific interactions occurred between the Apt-AuN-

Ps and the PDGF.

The amount of Apt-AuNPs within a cell

We used TEM to gain further evidence for the PDGF-

induced aggregation of Apt-AuNPs within the MDA-

MB-231 (cancer) and H184B5F5/M10 cells. The TEM

images in Fig. 3 reveal that Apt-AuNPs accumulated

predominantly within the random area of cytoplasm in

these two cells. Because the NPs used in this study

were too large to cross the nuclear membrane through

nuclear pores (\30 nm), we observed no light

scattering from the nucleus (Tkachenko et al. 2003).

TEM images also suggested that aggregation of the

Apt-AuNPs inside the MDA-MB-231 cancer cells

(Fig. 3a) occurred to a greater extent than that inside

the H184B5F5/M10 cells (Fig. 3b). This finding is

consistent with the results of the DFM measurements

in Fig. 2b; larger aggregates scattered light more

strongly.

As indicated in Fig. 2b, the amounts of Apt-AuNPs

incorporated in the MCF-7 cancer cells and the

H184B5F5/M10 cells were lower than those in the

MDA-MB-231 and Hs578T cancer cells. ICP-MS

measurements support these DFM results: the amounts

of Apt-AuNPs within the four types of cells displayed in

Fig. 4 decreased in the order MDA-MB-231 (can-

cer) [ Hs578T (cancer) [ H184B5F5/M10 [ MCF-7

(cancer). The amount of Apt-AuNPs in the H184B5F5/

M10 cells was greater than that in the MCF-7 cancer

cells; this result was unexpected because it has been

reported that most cancer cells express relatively

higher amounts of PDGF (Bronzert et al. 1987; Peres

et al. 1987). Nevertheless, Coltrera et al. (1995) dem-

onstrated that the cytoplasmic expression of PDGF can

be detected in both benign and malignant breast tissues.

In order to further support our contention that the

amount of Apt-AuNPs within a cell is correlated to

the amount of PDGF present, we separately cultured

the cells in a medium containing PDGF (1.0 nM)

prior to adding the Apt-AuNPs. The PDGF concen-

trations before and after treatment were about 0.2 and

Fig. 3 TEM images of

Apt-AuNPs in (a) MDA-

MB-231 cancer cells and

(b) H184B5F5/M10 cells.

The Apt-AuNP aggregates

are marked with black

arrows. Cells were exposed

to the Apt-AuNPs for 3 h,

fixed with osmium

tetroxide, sectioned, and

then visualized using a

Hitachi H-7100 electron

microscope

Fig. 4 Contents of Apt-AuNPs (dark gray) and MH-AuNPs

(control, light gray) in four types of breast cells. The

concentrations of gold ions were determined using ICP-MS
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1.0 nM, respectively. As expected, greater amounts

of Apt-AuNPs entered the treated cells; the amount of

Apt-AuNPs incorporated in the MDA-MB-231 can-

cer cells cultured in the medium containing additional

PDGF (2,689 Apt-AuNPs per cell) was ca. 5-fold

higher than that of the untreated cells (540 Apt-

AuNPs per cell). We observed no differences in the

amounts of Apt-AuNPs incorporated when the cell

culture media contained other proteins, such as BSA,

trypsinogen, and lysozyme (within the random error

of ±30 Apt-AuNPs per cell).

Differentiation cancer cells by Apt-AuNPs

In order to test the ability of the Apt-AuNPs to

differentiate normal cells from some types of cancer

cells, we cultured MDA-MB-231 cancer cells in the

presence of H184B5F5/M10 cells and then analyzed

these mixtures using DFM. One representative image

(Fig. 5a) demonstrates that the combination of DFM

and Apt-AuNPs is a practical tool for the identifica-

tion of cancer cells. The bright cells that are

highlighted by red arrows are MDA-MB-231 cancer

cells; the others are H184B5F5/M10 cells. We were

able to differentiate cancer cells from normal ones

even at a cell number ratio of 1:100 (Fig. 5b). These

results clearly suggest that the present approach has

great potential for use in cancer diagnosis.

Effect of Apt-AuNPs on cell proliferation

By counting cell numbers, we found that incorpora-

tion of the Apt-AuNPs into the MDA-MB-231 cancer

cells suppressed their growth, but had no effect on the

growth of the H184B5F5/M10 cells. The TEM

images in Fig. 3 indicate clearly that the Apt-AuNPs

resided within the cytoplasm of the MDA-MB-231

cancer cells, suggesting that it was the specific

binding of the Apt-AuNPs toward the PDGF that

suppressed the growth of these cells (Floege et al.

1999). We also performed AlamarBlue assays to

determine the proliferation and metabolic activity of

the two types of cells. Figure 6 indicates that the Apt-

AuNPs suppressed the proliferation of MDA-MB-231

cancer cells by ca. 20%, but had a less-than-1% effect

on the H184B5F5/M10 cells.

In this study, we calculated the percentages of cell

proliferation from the absorbance ratios of the

AlamarBlue assays for the cells cultured for 3 h in

Fig. 5 DFM images of mixtures of cancer MDA-MB-231 and

normal H184B5F5/M10 cells after incubation for 3 h in a

medium containing Apt-AuNPs. The original ratios of the cell

numbers of MDA-MB-231 and H184B5F5/M10 were (a) 1:1

and (b) 1:100. The MDA-MB-231 cancer cells are highlighted

with red arrows; the other cells are H184B5F5/M10 cells

Fig. 6 AlamarBlue assays used to determine the cell prolif-

eration percentages (%) of cancer MDA-MB-231 and normal

H184B5F5/M10 cells that had been incubated for 3 h in media

containing 0.3 nM PDGF aptamers and 1.3 pM Apt-AuNPs or

1.3 pM MH-AuNPs (control)
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the presence of MH-AuNPs (control) or Apt-AuNPs

to those cultured for 3 h in the absence of MH-AuNPs

(control) and Apt-AuNPs. We note that the effective

concentration of the Apt-AuNPs was ca. 1,000-fold

lower than that reported for other gold-based NP

systems (Bhattacharya et al. 2004; Pernodet et al.

2006; Tsoli et al. 2005). The aptamer itself (i.e., not

bound to AuNPs) had no suppressive effect on the

proliferation of the MDA-MB-231 cancer cells,

mainly because it possesses a negative charge and

could not migrate across the cell membranes effi-

ciently (Thomas and Klibanov 2003). We also

conclude that the MH-AuNPs (control) had no

suppressive effect on the proliferation of the two types

of cells (Connor et al. 2005; de la Fuente et al. 2006).

Although the Apt-AuNPs slightly suppressed the

proliferation of the H184B5F5/M10 cells, this effect

was trivial when compared with that of the MDA-

MB-231 cancer cells. We also found that the

suppression effect of the Apt-AuNPs increased upon

increasing their concentration and incubation time,

reaching saturation at 1.3 pM and 3 h, respectively.

Because nonspecific adsorption occurs at a much

slower rate, we expected that the suppression effi-

ciency of the Apt-AuNPs would increase if fresh Apt-

AuNPs were added. In order to support this reason-

ing, we added fresh Apt-AuNPs (1.3 pM) every

45 min (four times) to MDA-MB-231 cancer cells.

After incubation for 3 h, the suppression of the

proliferation of MDA-MB-231 cancer cells was ca.

40%. Under similar conditions, the suppression of the

proliferation of H184B5F5/M10 cells was still less

than 1%.

Conclusion

DFM measurements using Apt-AuNPs are useful for

the identification of some types of cancer cells among

normal cells. PDGF-induced aggregation of Apt-

AuNP, led to a high-intensity scattered light that had

a different color from that scattered from the original

Apt-AuNPs and cell organelles. When comparing

immunostaining, our approach offers advantages of

lower cost and minimum matrix interference. We also

point out that fluorescence decay under light illumi-

nation is problematic when applying fluorescence

measurements. We also found that the Apt-AuNPs

suppressed the growth of cancer cells, but had no

detrimental effect on normal cells. These results

suggest that aptamer-bioconjugated NPs may be

suitable for use in cancer therapy. At present, we

are focusing on the preparation of Au nanorods that

are bioconjugated with various aptamers for cancer

therapy. It is our belief that the proliferation of cancer

cells will be suppressed to a great extent when they

are selectively irradiated under light.
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