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Abstract

A novel functionaliztion of gold nanorods (GNRs) intracellular delivery system was prepared via electrostatically layer-by-layer
assemblying, in which multilayer polyelectrolyte-coated GNRs were used as vector and antisense oligodeoxynucleotides (ASODNSs) as
therapeutic gene. The as-prepared positively charged GNRs were firstly modified with two successive polyelectrolyte layers of the
negatively charged poly(sodium-4-styrenesulfonate) (PSS) and positively charged polyenthylenimine (PEI) in order to greatly improve
the biocompatibility of these cetyltrimethylammonium bromide(CTAB)-coated GNRs and facilitate further biofunctionalization. The
multilayered polyelectrolyte functionalized GNRs were characterized by UV-vis spectroscopy, transmission electron microscopy
(TEM) and MTT assay. The polyelectrolytes-coated GNRs were then used as vector for ASODNs. Electrochemical impedance
spectroscopy(EIS) was employed to confirm the formation of the GNRs-ASODNSs conjugates through electrostatic interaction.
Furthermore, cellular uptake and delivery efficiency of the GNRs-ASODNSs conjugates as well as cellular apoptosis induced by the
ASODNSs transfected with gold nanorods were investigated by confocal microscopy and flow cytometry, exhibiting efficient
intracellular delivery and improved antitumor activity of ASODNs by the polyelectrolytes-coated GNRs carriers.
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1. Introduction anticancer agents are an area of heightened interest in

Antisense technology has emerged as an exciting t_he field _of t_elomerase inhibition [6]. Hovyever, prac-
and promising strategy of cancer therapy [1, 2]. The tlcql_appll_catlons of ASODNs as therz_;\peutlc_chemlcal
principle of this technology is the sequence-specific entities raise severgl problems_, including their suscep-
binding of an antisense oligonucleotide to target  tPility to enzymatic hydrolysis and poor cellular up-
mRNA, thereby leading to the inhibition of specific take. Therefore, efficient delivery strategies are re-

gene expression and consequently to tumor cells apop- quired_to the introdu_ction of this_kind of th_erapeqtic
tosis. genes into cells. Various transfection agents including

Telomerase is a unique ribonucleoprotein enzyme viral and nonviral (cationic lipids, polymers, etc), have

that is responsible for adding the telomeric repeats onto ~ 0€en utilized to deliver functional proteins and genes
the 3’ends of chromosomes [3]. Telomerase is consi- into cells, but each system has particular limitations [7,

dered as a promising anticancer target not only for can- 8]. . i
cer diagnosis but also for the development of novel In recent years, the applications of nanomaterials as

therapeutic agents, because it is active in majority of ~ 9€ne carriers in biological systems have attrat_:ted great
malignant tumors but not in most normal somatic cells ~ Interest [9-12]. Gold nanorods (GNRs) are unique class

[4, 5]. Antisense oligonucleotides (ASODNS) as novel of one-dimensional metal nanostructures and have two
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Figure 1. Schematic diagram of the layer-by-layer assembling process of the GNRs-based ASODNs conjugates

through electrostatic interactions.

distinct plasmon resonance absorption bands, a longi-
tudinal band corresponding to electron motion along
the axis of the particle and the transverse band corre-
sponding to motion along the short axis. The absorp-
tion maximum for the longitudinal band shifts itself to
longer wavelengths with increasing aspect ratio. In ad-
dition, the chemical modification on the gold nanorods
surface can be easily achieved. With these tunable op-
tical and structural properties, GNRs show great prom-
ise for a range of applications in optical sensing [13,
14], biomedical imaging [15-17], pho-tothermal thera-
py [18, 19], cancer diagnostic marker [20, 21], bio-
sensing applications [22-24] and gene delivery [25].
Despite these prospects, however, their utilization in
the nonviral vectors for ASODNs delivery has been
little investigated so far.

Herein, we present the versatile strategy for prepar-
ing a novel GNRs-based ASODNs intracellular deliv-
ery system through electrostatic layer-by-layer assem-
bling (Figure 1). In this work, in order to reduce cyto-
toxicity of the GNRs and facilitate further bio-
functionalization, the as-prepared GNRs, typically
coated with positively charged cetyltrimethylammo-
nium bromide (CTAB), were firstly modified with two
successive polyelectrolyte layers of the negatively
charged poly (sodium-4-styrene sulfonate) (PSS) and
positively charged polyenthylenimine (PEI) via electro-
static interaction and forming PEI/PSS/CTAB/GNRs
carrying agent. The polyelectrolytes-coated GNRs were
then used as vector for ASODNs. Furthermore, cellular
uptake and delivery efficiency of the GNRs-ASODNSs
conjugates as well as cellular apoptosis induced by the
ASODNSs transfected with gold nanorods were in-
vestigated through confocal microscopy and flow cy-
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tometry. The results indicate the potential of these me-
tallic nanostructures for use as novel vectors in gene
therapeutic applications.

2 Materials and methods
2.1. Materials

Cetyltrimethylammonium bromide (CTAB), hydro-
gen tetrachloroaurate(lll) trihydrate (HAuCls 3H20,
99.9 %), silver nitrate (AgNQs), L-ascorbic acid(AA,
99.5 %), and sodium borohydride (NaBH4, 99 %) were
purchased from Sinopharm Che-mical Rea-gent Co.,
Ltd. Poly(sodium-4-styrene-sulfonate) (PSS, Mw ~70
000g/mol) and poly-enthylenimine ( PEI, 25 K) , were
obtained from Aldrich. The human telomerase antsense
oligodeoxy-nucleotides (ASODNS) sequence used in
the current work was 5°’-GGAG CGCGCGGCATCGC
GGG-3’ and modified with fluo-rescently labeled on 5’
end (FAM-GGAGCGC GCGGCATCGCGGG-3’), wh-
ich were obtained from Shanghai Sangon Biological
Engineering Technology & Services Co., Ltd.

2.2. Synthesis of Gold Nanorods

Gold Nanorods were synthesized according to the
protocols described by Murphy et al [34,35]. Briefly,
0.25 mM HAuCIsin 0.1 M CTAB solution was reduced
by ice-cold NaBHs (0.01 M) to yield small nanopar-
ticles (less than 5nm) as the Au seeds solution. 15 uL
of seed solution was added to a growth solution (30 ml)
containing 0.1 M CTAB, 0.4 mM HAuUCI4,0.06 mM Ag
NOs, 0.64 mM AA,and the gold nanorods were then
obtained after at least 3h.

2.3. Preparation of polyelectrolyte-coated GNRs
and GNRs-ASODNSs conjugates
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The unpurified gold nanorods (containing excess
CTAB) were centrifuged twice at 14000 rpm for 10
min and resuspended in 1ml NaCl (ImM) and PSS
(200 puL 10mg/ml ) .PSS is a negatively charged po-
lyelectrolyte which coats the positively charged CTAB
bilayer of gold nanorods. Following that, using the
same strategy, the negative charged surface of
PSS/CTAB/GNRs were reconverted to positive charge
by further coating with a layer of PEI polyelectrolyte.
Between coating processes, excess polymer was re-
moved by centrifugation. At the completion of the
coating process, nanorods were centrifuged twice and
resuspended in distilled water to produce a PEI/
PSS/CTAB/GNRs solution.

The positively charged PEI/PSS/CTAB/GNRs were
then mixed with ASODNs (0.01 mM) (or fluo-
rescently labeled on 5’-end FAM-ASODNS), and were
vortexed for 2 min and then shaken 3h at room tem-
perature, which finally were stored at 4 ‘C for future
use. The ASODNs linked to the PEI/PSS/CTAB
/GNRs by electrostatic interaction to form the GNRs-
ASODNSs conjugates.

UV-vis spectroscopy was performed on a Varian
model Cary 100 Scan UV-vis spectrophotometer over
the range from 400 to 900 nm. Transmission electron
microscopy (TEM) measurements were performed on a
JEOL-2011 TEM instrument operating at an accelerat-
ing voltage of 200 kV. The quantity of the GNRs was
carried out by inductively coupled plasma (ICP) meas-
urements, performed on a Varian Vista ICP-AES spec-
trometer.

2.4. Cytotoxicity Determination of polyelectrolyte-
coated GNRs by MTT Assay

HelLa cells were cultured in RPMI (Roswell Park
Memorial Institute) 1640 medium supplemented with
10% fetal bovine serum (FBS). Actively growing HelLa
cells were seeded at a density of 1x10s cells/well of a
96-well tissue culture plate and incubated overnight.
The cells were treated with CTAB/GNRs,
PEI/PSS/CTAB/GNRs for 48 h in quadruplets. Control
cells were used without GNRs treatment. At the end of
each exposure, the toxicity level of GNRs was assessed
by 3-(4,5-dimethylazol-2-yl) -2,5-diphenyl -tetrazolium
bromide (MTT) assay. The MTT assay helps in cell-
viability assessment by measuring the enzymatic reduc-
tion of yellow tetrazolium MTT to a purple formazan,
as measured at 570 nm using UV-vis mi-croplate read-
er (Tecan Co.). All experiments were performed 3
times in quadruplets, and the average of all of the ex-
periments has been shown as cell-viability percentage
in comparison with the control experiment, while un-
treated controls were considered as 100% viable.

2.5. Transmission Electron Microscopy (TEM) im-

aging of cells treated with polyelectrolyte-coated
GNRs
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HelLa cells were seeded at a density of 1x10s cells
in a 60mm tissue culture dish and grown overnight.
The cells were incubation with PEI/PSS/CTAB/GNRs
(100 uM) for 6 h and then the cells were washed thor-
oughly with chilled PBS, centrifuged into a small pellet,
and fixed with 2 % glutaraldehyde in PBS (0.01 M, pH
7.4 ) for 120 min, and then washed three times with
PBS (10 min every time). The cells were postfixed with
1 % osmium tetraoxide in the same buffer for 30 min,
then washed three times with PBS, dehydrated through
a series of alcohol concentrations (30 %, 50 %, 70 %,
90 %, 100 %), embedded in Epon, and sliced to a
thickness of 70 nm. Images of the slices images were
recorded at 100 kV using a Hitachi 600 transmission
electron microscope (TEM).

2.6. Electrochemical Assay of the Electrostatically
layer-by-layer Assemb- ling process of polyelectro-
lyte-coated GNRs-ASODNSs conjugate

The glassy carbon electrode (GC, 3 mm in diameter)
was polished to a mirror-like surface with 1.0, 0.3, and
0.05 um alumina slurry followed by rinsing thoroughly
with doubly distilled water. The electrodes were suc-
cessively sonicated in 1:1nitric acid, acetone and dou-
bly distilled water, and then allowed to dry. A 10 pL of
1mM CTAB/GNRs solution was dropped on the sur-
face of pretreated GC electrode and dried at room tem-
perature. For preparation of PSS/CTAB/GNRs modi-
fied electrode, the CTAB/GNRs modified elec-trode
was dipped into 0.1 % PSS solution for 30 min at room
temperature, then washed away the loosely bounded
polymers with double distilled water. Similar process
was successively applied by electrostatic interaction to
prepare PEI/PSS/CTAB/GNRs, ASODN
[PEI/PSS/CTAB/GNRs modified GC electrode.

Electrochemical impedance spectroscopy (EIS)
measurements were carried out with using CHI660B
electrochemistry workstation (CH Instruments). The
various GNRs modified GC electrode, a saturated cal-
omel electrode (SCE) and a platinum electrode were
used as the working electrode, reference and counter
electrode, respectively. The impedance measurements
were performed in the presence of 10 mM KsFe
(CN)s/KaFe(CN)s by applying an ac voltage with 5 mV
amplitude in a frequency range from 1Hz to 100 kHz
under open circuit potential condition. The differences
in electron-transfer among a variety of modified elec-
trodes were taken as the signal produced by the layer-
by-layer electrostatic interaction among GNRs, poly-
eletrolytes, and ASODNS.

2.7. Cell Transfection assay

For Confocal microscopy, the Hela cells were fixed
on chambered slides and incubated with fluorescence
FAM-labeled ASODNs /PEI/PSS /CTAB/GNRs (100
UMPEI/PSS/ CTAB/GNRs, 150 nM ASODNSs ) solu-

tion for 2 h at 37 °C in 5 % CO, atmosphere. After in-
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cubition,-the cells were thoroughly washed with PBS 3 Results and discussion
and then observed by a Carl Zeiss LSM 5 PASCAL The GNRs were prepared by the seed-mediated

;:_onfon;aélmn;icroscope. Ar;I a:crgo_n Iasgar for g,:M e_>:c_ita— growth method in CTAB surfactapt_ solution an(_j_via
lon atl 466 nm was used for Imaging and An oll Im- - cTAB_djrected approach were stabilized by a positive-
mersion objective (PlanApo, Magn = 63x1.4) was used |y, charged bilayer. As it is well known that CTAB
for the cellular fluorescence imaging. coating onto the surface of GNRs is problematic for

_ For flow cell cytometry, HeLa cells were incubated  cy44t0xicity and bioconjugation, surface modify-cation
with FAM-ASODNs (150 nM), FAM-ASODNS/PEl/ ot the as-synthesized gold nanorods with bio-

PSS/ICTAB/GNRSs for 2 h at 37 "C in 5 % CO; atmo-  compatible and functionalization-friendly stabilizing
sphere, respectively. After 2h, the culture was renewed,  agents has become an important step to realize these
and the cells were washed with PBS. The cells were  fynctional nanorods for biomedical and biological ap-
then analyzed by flow cytometry. These samples were  plications [26-28]. In our experiment, the CTAB-GNRs
tested under the same experimental conditions. The \were further coated with multilayers of polyeletroleytes
delivery efficiency was calculated as the percentage of by an electrostatic layer-by-layer assembling technigue
ﬂuorescent Ce||S out Of the tOtal numbel’ Of Ce||S. The in order to mask the CTAB |ayer and to generate the
fluorescence was detected from the FAM labeled on  higcompatible positively charged GNRs as carriers for

ASODNS at 488 nm excitation. delivering the antisense oligonucleotides. The UV-vis
) spectra of the GNRs as a function of different polymer
2.8. Cellular Apoptosis Assay by flow cytometry coatings are shown in Figure 2. The spectra showed

HeLa cells were seeded at a density of 1.5x<104  typijcal absorption characteristics of GNRs. The longi-
cells/ml and were grown for 24 h prior to treatment  tydinal and tran-sverse plasmon resonance bands are
with ASODNs/ PEI/PSS/ICTAB /GNRs. The cells were  |ocated at ~ 727 nm and 521 nm, respectively. It can be
incubated respectively with naked ASODNSs (150 nM),  sgen that there is a small red shift (~ 9 nm) in the longi-
ASODNSs/PEI /PSS/CTAB/GNRs (100uM PEIPSS/CT  tydinal plasmon band maxima after coating with two
AB/GNRs, 150 nM ASODNSs), PEI/PSS/CTAB/GNRs layers of polymer PSS and PElI (727 nm for
(100 uM) and CTAB/GNRs (100uM) for 2 h at 37 'C  CTAB/GNRs and 736 nm after two layers of polyelec-
in 5 % CO, atmosphere. After that, the treated cells  trolyte coating). It is known that the nanocrystal plas-
were thoroughly washed, resuspended in RPMI 1640  mon band is dictated by the local dielectric function.
me-dium and further incubated for 48h. The cells were  Therefore, the observed red shift is consistent with the
then collected for flow cytometry analysis. We used the  changes in the local refractive index from that of water
PI staining method to identify dead cells, if any, caused  to that of polyelectrolytes [29]. The water dispersible
by exposure of the cells to ASODNSs transfected by ~ PEI/PSS /CTAB/GNRs were observed to be colloidally
PEI/PSS/CTAB/GNRs. stable for several weeks at room temperature.
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Figure 2. UV-vis spectra of gold nanorods at different stages of surface modification: curve 1, as-prepared CTAB/
GNRs; curve 2, PSS/ICTAB/GNRSs; curve 3, PEI/PSS/CTAB/GNRs; Features a and b in the curves correspond to
transverse and longitudinal plasmon bands for gold nanorods.
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Figure 3. TEM images of (a) as-prepared CTAB/GNRs and (b) PEI/PSS /CTAB/GNRs.
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Figure 4. Viabilities of HelLa cells after incubation with PEI/PSS/CTAB/GNRs (closed bars) and CTAB/GNRs

(open bars). Data represent mean values for n=3.

Direct visualization of polymer coating of the
GNRs can be achieved by TEM measurements. TEM
images indicated a high yield of GNRs structures with
an average length of 30 nm and average diameter of 10
nm (aspect ratio of 3). Figure 3 shows the high-
magnification TEM micrographs of (a) the uncoated
gold nanorods and (b) gold nanorods coated with two
layers of PEI and PSS polyelectrolytes. It can be ob-
served that there is a faint layer surrounding the darker
rods, indicating that GNRs are uniformly coated by the
multilayer polyelectrolytes. The thickness of the poly-
mer coating of GNRs was estimated to be ~3-5nm.

To examine their biocompatibility of polyelectro-
Iyte-coated GNRs, the cytotoxicity study was con-
ducted to evaluate their effect on Hela cell line by 3-
(4,5-dimethylazol-2-yl)-2,5-diphenyl-etrazolium  bro-
mide (MTT) assay. In the MTT assay, the ab-sorbance
of formazan (produced by the cleavage of MTT by de-
hydrogenases in living cells) at 570 nm is directly pro-
portional to the number of live cells. It can be clearly
seen from Figure 4 that the GNRs display marked cyto-
toxicity even at low dosages. In compa-rison, for the
cells treated with PEI/PSS/CTAB/GNRs, the cell via-
bility was greatly improved and 80 % of the cells even
at the maximum dosage (200 puM) was observed. The

Nano Biomed. Eng. 2010, 2, 15-23

results indicate the modification of poly-electrolyte
multilayers onto the surface of GNRs make a dramatic
decrease in cytotoxicity. In addition, we also examined
whether the polyelectrolyte-coated GNRs were capable
of being taken up into the cells using transmission elec-
tron microscopy. It can be seen from TEM images of
Hela cells after incubation with the polyelectrolyte-
coated GNRs (Figure 5) that the GNRs have located in
the cytoplasm, indicating their effective into cells
through possible endocytosis uptaking process. There-
fore, based on their biocompatibility and cellular inter-
nalizing ability, we used the polyelec-troyte-coated
GNRs as a transfection vehicle for intra-cellular deliv-
ery of antisense oligonucleotides.

The positively charged polyelectroyte-coated GNRs
were then mixed to the negatively charged antisense
oligonucleotides to construct the GNRs-ASODNSs con-
jugates through the electrostatic interaction. As electro-
chemical impedance spectroscopy (EIS) in electro-
chemistry is considered as an effective approach for
monitoring the electrostatic layer-by-layer assembling
process [30,31], this technique could be employed to
confirm the formation of the GNRs-ASODNSs conju-
gates. Figure 6 shows representative Nyquist diagrams
of the electrochemical impedance spectra of
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Figure 5. (a) TEM image of HelLa cells with PEI/PSS/ICTAB/GNRs. (b) The circled area in part a is shown at
higher magnification, showing the PEI/PSS/CTAB/GNRs inside the cell cytoplasm.
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Figure 6. Nyquist plots for electrochemical impedance spectroscopy (EIS) measurements of various modified GC
electrode in the presence of 10mmol/L [Fe(CN)6]3-/ 4- with 0.1mol/L KCI as the supporting electrolyte: (a)
CTAB/GNRs, (b) PSS/ICTAB/GNRs, (c) PEI/PSS/CTAB/GNRSs, (d) ASODNs/ PEI/PSS/CTAB/GNRs.

CTAB/GNRs (curve a), PSS/ICTAB /GNRs (curve b),
PEI/PSS/ICTAB/GNRs  (curve ¢) and ASO
DNs/PEI/PSS/ICTAB/GNRs (curve d) modified elec-
trode in the presence of [Fe(CN)s]** as a redox probe.
As shown in Figure 6, each of the impedance spectra
includes a semicircle portion and a linear line portion,
which correspond to the electron transfer process and
diffusion process, respectively. The diameter of the
semicircle represents the electron-transfer resistance at
the electrode surface. As shown in Figure 6, there is
very small semicircle diameter corresponding to very
low electron-transfer resistance observed at CTAB/
GNRs modified electrode (curve a). After stepwise
coating of polyelectrolytes, the electron-transfer resis-
tances of the PSS/ICTAB/GNRs (curve b), PEI/PSS/
CTAB/GNRs(curve c) and ASODNS/PEI/PSS/ CTAB
/GNRs (curve d) modified electrode are about 1.5, 0.8,
and 5.1 kQ, respectively, exhibiting this layer-by-layer
assem-bling process on the surfaces of the
CTAB/GNRs. The EIS results suggest that the PSS,
PEI and ASODNs were successively adsorbed to the
GNRs by electro-static interaction, which can be ex-
plained that the negatively charged PSS polymer coat-
ing on the surface of the GNRs relatively restricted the

Nano Biomed. Eng. 2010, 2, 15-23

electron transfer of Fe(CN)*+ redox couple, successive
adsorption of the positively charged PEI polymer fa-
cilitated the electron transfer of the redox couple and
further adsorption of negatively charged ASODNSs rela-
tively hindered the electron transfer of this redox cou-
ple. We further investigated the avai-lability on cell
interna-lization of the GNRs-ASODNSs conjugates. A
combi-nation of confocal microscopy and flow cytome-
try was used to make qualitative and quantitative assay
of PEI/PSS/CTAB/GNRs delivery into the HeLa cells.
Figure 7 represents confocal ima-ges of HelLa cells
incubated with the GNRs-ASODNSs conjugates. To
visualize intracellular uptake of the ASODNs-loading
GNRs  conjugates, fluore-scence  FAM-labeled
ASODNs were used for the complex formation. It can
be clearly seen in confocal micro-scopy images that
FAM-ASODNS/PEI/PSS/CTAB/G NRs have entered
into the cell cyto-plasm and nucleus from the observa-
tion of the FAM fluorescent signal (green) within cells.
And the conjugates are more concentrated in the nucle-
us of the HelLa cells. This result suggest that after
transported inside the cell cytosol by the
PEI/PSS/CTAB/GNRs carriers,
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Figure 7. Confocal fluorescence images of HeLa cells incubated with the fluorophore labeled FAM-ASODNSs
/PEI/PSS/CTAB/GNRs for 2 h. a) intracellular FAM-ASODNSs/PEI/PSS/CTAB/GNRs (green fluorescence); b)
visible light image; c) merge image (combined light and fluorescence images). Scale bars =5 pum.

==
[ b
—

b
Pﬁc
2 ! a
S /
(TH]
l L M2 1
1
"
= 2. “3"" e v \
10% 10" 10= 1073 10*

FL1-H

Figure 8. Flow cytometry of cells incubated with FAM-ASODNSs/PEI/ PSS/CTAB/GNRs (a) and FAM-ASODNSs
(b) as compared to unlabeled cells (c) demonstrates the ability to quantify the delivery efficiency of PEI/PSS/CT

AB/GNRs for ASODNs delivery in HeLa cells. After washings, the cells were analyzed by flow cytometry. The
fluorescence was detected from the FAM tagged on ASODN:Ss.

ASO-DNs could be delivered into cell nuclei for inhib-
iting the target MRNA of telomerase, which was possi-
bly ascribed to its special characteristic of strong nu-
cleus localization of ASODNSs as reported [32,33].

A flow cytometry enabled the quantitative assay of
ASODNS/PEI/PSS/CTAB/GNRs delivery into HelLa
cells. HelLa cells incubated with either FAM-ASODNs/
PEI/PSS/CTAB/GNRs or naked FAM-ASODNSs for 2
h were analyzed by using flow cytometry to evaluate
the delivery efficiency of PEI/PSS/CTAB/GNRs for
ASODNSs delivery and using FAM as fluorescence la-
beling. Figure 8 shows the cellular delivery efficiency
of FAM-ASODNS/PEI/PSS/CTAB/GNRs is about
45.5 %, in contrast, almost no cellular internalization
was observed for FAM-ASODNSs alone. This suggested
that while ASODNs were unable to traverse across cell
membranes by themselves, PEI/PSS/CTAB/GNRs
were effective in transporting DNA inside cells and
could be utilized as efficient gene delivery vectors,
which were attributed to the stable GNRs conjugates
prevent-ing ASODNSs from enzyme degradation.

Finally, we monitored cellular apoptosis induced by
the ASODNSs transfected by polyelectrolyte-coated
GNRs. Flow cytometry was used to quantitatively eval-
uate the cell apoptosis efficiency after treating HelLa
cells with ASODNSs/PEI/PSS/CTAB/GNRs, PEI/ PSS/

Nano Biomed. Eng. 2010, 2, 15-23

CTAB/GNRs and naked ASODNSs, respectively, and
further incubation for a period of time (48 h). As
shown in Figure 9, we observed significantly higher
percentage of apoptosed cells treated with the GNRs-
ASODNSs conjugates than those treated with polyelec-
trolyte coated GNRs or naked ASODNSs, indicating the
enhanced cellular delivery of ASODNSs by PEI/PSS/CT
AB/GNRs can much more effectively inhibit telome-
rase activity and subsequently induce the cell apoptosis.
Therefore, PEI/PSS/ICTAB/GNRs could be used as
suitable nanocarriers for therapeutic gene delivery ap-
plications due to its high surface area, efficient intracel-
lular transporting ability and bio-compatibility.

4 Conclusions

In this study, we have prepared a novel GNRs-
based ASODNs delivery system via electrostatically
layer-by-layer assemblying, in which biocompatible
multilayer polyelectrolyte-coated gold nanorods were
used as vector and ASODNSs as therapeutic gene. The
results showed efficient intracellular delivery and im-
proved antitumor activity of ASODNs by PEI/PSS/
CTAB/GNRs carriers. Therefore, these polyelectrolytes
coated GNRs could hold great promising for biolo-
gical delivery applications and gene therapy.
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Figure 9. Flow cytometric assay for (a) untreated control HelLa cells and cells treated with (b) PEI/PSS
/CTAB/GNRs, (¢) ASODNS/PEI/PSS/CTAB/GNRs, and (d) naked ASODNSs. The cells were harvested, washed in
PBS, fixed in 70 % ethanol, RNase treated, stained with propidium iodide and used for flow cytometric analysis.
(Inset: each black point corresponds to a single cell. The right quadrant corresponds to living cells, the left quadrant
corresponds to apoptotic cells. (A) cells treated with PEI/PSS/CTAB/GNRs (B) cells treated with ASODNSs
[PEI/PSS/ICTAB/GNRs).
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