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Purpose: This work aimed to synthesize surfactant-free AuNPs for targeted delivery of
plasmid DNA encoded p53 gene and to avoid conventional production method of Gold
nanoparticles (AuNPs) which may adversely affect the final shape, diversity, and size due to
accumulation of the formulated surfactant — gold complex to the surface.

Methods: The AuNPs were fabricated using seeded-growth method with L-Cystine methyl
ester hydrochloride as capping agent, then loaded with plasmid DNA encoded p53 gene. The
resultant AuNPs and AuNPs-p53 complex were evaluated for physical characteristics and
morphology. Confirmation of complex formation was performed using gel electrophoresis.
Furthermore, the efficient delivery and cytotoxicity behavior of the encoded gene were
examined on both healthy lung cells (WI38) and cancerous lung cells (A549).

Results: L-cysteine methyl ester hydrochloride AuNPs showed acceptable physical char-
acteristics (30 nm, +36.9 mv, and spherical morphology). P53 attachment to AuNPs was
confirmed by gel electrophoresis. The RT-PCR proved the overexpression of p53 by the
fabricated AuNPs-p53 complex. The high percentage of cell viability in normal Iung cell line
(WI 38) proved the safety of L-cysteine methyl ester functionalized AuNPs. Additionally, the
apoptotic effect due to expression of p53 gene loaded on AuNPs was only prominent in lung
cancer cell line (A549), revealing selectivity and targeting efficiency of anticancer AuNPs-
p53 complex.

Conclusion: AuNPs can be considered as a potential delivery system for effective transfec-
tion of plasmid DNA which can be used for successful treatment of cancer.

Keywords: gold nanoparticles, plasmid DNA, human lung cancer, transfection, gene

delivery

Introduction
Improving cancer medications is perceived as a necessary need for drug designers,
academic analysts, and financing bodies. Chemotherapy is the foremost approach
for treating different types of cancer; however, the disease prognosis is affected by
resistance of cancer cells to chemotherapy and radiotherapy, and the individual
patient's improvement according to the protocol and stage of cancer that control
cancer metastasis.' Nowadays, the activation of important silent genes or knocking
down of deviated gene inside cancer cells or cancer stem cells has become one of
the most promising approaches in cancer treatment.>

The defect and deviation in behavior of protein 53 (p53) was observed clearly
with many types of human cancer. Therefore, the genetically-encoded p53 protein;
the tumor suppressor, was suspected to show an extraordinary importance in cancer
development and treatment.* P53 gene controls most of the vital functions of cells
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like cell apoptosis, digestion system, cell cycle and cell
cycle arrest.”” In expansion, p53 is specifically enrolled to
the mitochondria and actuates apoptosis free of its work.®
When a normal human cell loses the routine activity of
p53 as a result of sudden mutation or gene deletion, it fails
to arrange different vital processes such as cell death and
growth. Consequently, the cell changes its nature, stops the
apoptosis program, and becomes eternized cancer cell.’
Although the role of p53 in tumor suppression was estab-
lished in different types of cancer, new released data from
scientific communities confirmed its important role in
cancer treatment through handling levels of reactive oxy-
gen species (ROS), controlling digestion system, and
improvement of autophagy.””'' However, using p53 in
cancer therapy has been limited due to lack of efficient
delivery to the target mal-functioning organ. Therefore, the
complexation of p53 with different types of nanoparticles
has been strongly suggested for efficient cellular uptake of
p53.'? The recent studies in nanomaterials and polymer
engineering reported a great turning point in the field of
nanoscale delivery. It overcomes many of non-viral vec-
tors' drawbacks by increasing their loading efficiency,
tissue targeting, and passing of biological barriers."?
Nowadays, inorganic nanomaterials appear widely in dif-
ferent research and studies due to their unique optical and
electrical characteristics, ease of preparation, low in-vivo
toxicity, and biocompatibility. Among these inorganic
nanomaterials, silver, graphene oxide, gold, and calcium
phosphate are considered for biomedical efficiency.'*'
Gold nanoparticles (AuNPs) were broadly utilized in dif-
ferent fields like immunoassays, clinical chemistry'®
biosensors,'” monitoring of cells and tissues,'® and optical
imaging.'® The synthesized gold nanoparticles (AuNPs)
are formed with an inert, toxic-free and biocompatible
core, with high capability to connect with and enter cells,
so it may be favored as a starting material for carrier
construction.'®'® In spite of the fact that AuNPs are multi-
functional, a number of problems are still present with this
type of nanoparticle like toxicity of fabricated particles, as
well as the in vitro and in vivo efficiency due to utilization
of harmful chemicals and surfactants.?’ Thus, this work
aimed to synthesize surfactant-free AuNPs for targeted
delivery of plasmid DNA encoded p53 gene, and to eval-
uate their influence on in vitro cytotoxicity and transfec-
tion efficiency of p53 gene. The importance of this work
lies in gaining both the advantage of powerful apoptotic
effect of p53 and AuNPs which already have cytotoxic
properties without hazards of using surfactant.

Materials And Methods

Materials

Plasmid DNA (pcDNA3 p53 WT) was kindly donated by
David Meek (Addgene plasmid #69003). Chloride salt of
gold (IIT) (AuCl;), sodium borohydride (NaBH,), hydro-
xylammonium chloride (HONH,.HCI), Dimethyl sulfox-
ide (DMSO), and L-Cysteine methyl ester hydrochloride
98% (HsCH,CH[NH,]COOCH;3.HCI) were purchased
from Sigma Aldrich Co. (St Louis, MO, USA). Highly
purified water was used as a solvent. Healthy lung cells
(WI38) and cancerous lung cells (A549) were obtained
from Cell Culture laboratory-VACSERA-EGYPT. RPMI
1640, 10% fetal
Biowhittaker-Belgium. RPMI 1640, minimum essential
medium with Earle’s salts (E-MEM) from GIBCO-USA,
nonessential amino acids and 1 mM Sodium Pyruvate 100

calf serum were obtained from

U/mL Penicillin, 100 pg/mL Streptomycin, L-Glutamine,
and 2.5 mcg/mL Amphotericin B solution were purchased
from CellGro, Inc. VA, USA.

Preparation Of Gold Nanoparticles (Au
NPs) L-Cysteine Seeds

Gold nanoparticles were fabricated according to pre-
viously reported method that was initiated by Guo group
in 2015 with certain modification.?! The present study
employed only L- cysteine methyl ester hydrochloride as
capping agent without any other surface-active agents or
chemicals. Briefly, the original seeds were prepared by the
addition of 0.5 mmol L' from the aqueous solution of
gold chloride (77 mL) to a 0.5 mmol of L™' L-cysteine
methyl ester hydrochloride solution (0.75 mL) and the
mixture was stirred for 2000 rpm (200 rpm x 10 mins) at
room temperature. After that, ice cold solution of
144 mmol L' NaBH, (0.27 mL) was added to the pre-
vious contents resulting in instantaneous color change into
dark brown from faint yellow. One hour later, the obtained
AuNPs-L-cysteine seeds were used as Seeds (GR1) for the
next step.

Seed-mediated growth method was utilized in presence of
hydroxylammonium chloride as reducing agent for the sake of
optimization of different generations of AuNPs.?' > Fifty mL
of AuCl; (0.5 mmol L"), 0.49 mL of a 51.6 mmol L'
L-cysteine methyl ester hydrochloride solution and different
volumes of the colloidal seeds’ solution were added together,
then the mixture was stirred gently followed by addition of
0.33 mL of 115.8 mmol L ™" hydroxylamine hydrochloride and
stirring for 6 hrs.
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Characterization Of Gold Nanoparticles
(AuNPs)

Ultraviolet-Visible Spectroscopy

The fabrication of gold nanoparticles was preliminary
confirmed by using the specific surface resonance band
of plasmon around 530 nm which was achieved with a
Jenway 6305 spectrophotometer with a Xenon lamp (1
nm resolution, 200-1000 nm range, UK). Moreover, the
prepared colloid gold nanoparticles were stored at 4°C for
90 days (vials protected from light) and the obtained
spectra from stored colloids were compared with freshly
prepared one for qualitative evaluation of samples'
stability.**

Measurement Of Particle Size And Surface Zeta
Potential

The particle size, surface zeta potential, and polydispersity
index (PDI) of colloid gold nanoparticles were measured,
using dynamic light scattering Malvern Instruments, Zeta
Sizer Nano-series (Nano ZS, UK). Highly purified deio-
nized water was used to dilute all samples before all steps
of measurements at normal room temperature. Each sam-
ple was measured three times, and was represented after
calculation of standard deviation (sample reading = SD).

Sample Imaging With TEM (Transmission Electron
Microscopy)

The prepared nanoparticles were placed on copper net-
work coated with carbon and kept for drying overnight
in air, prior to inspection of sample morphology with a
JEOL JEM-2100 TEM operating at 200 kV.

Production And Purification Of pDNA

Encoded P53 Gene

The gene DNA3 p53 was amplified in a cell culture of E.
coli DH5-Alpha. The bacteria was incubated at 37°C over-
night in Luria-Bertani culture medium supported with 100
ng/mL of ampicillin.”® Cells were collected by centrifuga-
tion and the plasmid was purified by kit-free alkaline lysis
plasmid miniprep. The concentration of collected purified
pDNA was estimated using spectrophotometrical techni-
que to measure the density by determination of absorption
at 260 nm using the standard equation:

concentration (ug/mL) = Optical Density,s x 50
x practical dilution factor (1)

The purity of obtained DNA was confirmed by calculating
the OD260/OD280 ratio.

Preparation Of Au NPs-P53 Complex

A certain volume of AuNPs colloidal solution was added
into a p53 solution, with ratio 1:2 followed by incubation
and gentle shaking at room temperature for six hours. The
mass ratio (1:2 of AuNPs to p53) was selected based on

preliminary studies (data not shown).

Agarose Gel Electrophoresis

Gel retardation (electrophoresis) was implemented to ver-
ify complex formation. Ladder, free plasmid, and AuNPs-
p53 complex were loaded onto 1% (w/v) agarose gel in
Tris buffer. The run was applied for 30 min at 120 V and
the resulting data were imaged with UV camera.?

Characterization Of Au NPs-P53

Complex

The colloidal AuNPs-p53 complex was characterized for
its particle size, zeta potential, and morphology at the
same conditions previously described in section 2.3.

Cell Culture And Treatment

For the sake of reaching full conception of the transfection
efficiency of the formulated Au NPs-p53 complex, a com-
parison between a normal cell line (WI-38) and cancer cell
line (A549) was conducted. Cancerous lung cells (A549)
were cultured in RPMI 1640 medium while healthy lung
cells (WI38) were maintained in E-MEM culture medium.
Both media were supplemented with 10% FBS (fetal bovine
serum), 1% L-glutamine, and 1% antibiotic-antimycotic
mixture (10,000U/mL potassium penicillin, 10,000pg/mL
streptomycin sulphate and 25pug/mL amphotericin B).*’

In Vitro Transfection Study

After completion of cell seeding and attachment, the lung
cancer Cell line A549 media were gently discarded. A 200
pL of different solution of AuNp/p53 complex, and free
plasmid were dispensed into three replicates, and then
incubated at body temperature for two consecutive cycles
in 96-well plate. The first incubation cycle was for 4 hrs,
followed by second cycle for 24 hrs after replacement of
media with new one. The transfection efficiency was eval-
uated by quantification of the level of mRNA transcription
for p53 gene by RT-PCR. For the sake of comparison,
healthy cell line (WI-38) was used as standard as it nor-
mally contains pDNA encoded gene p53.
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Gene Expression By RT-PCR

RT-PCR was carried out to estimate the expression of p53
level alone and in AuNP-p53 complex using RT-PCR kit (Life
Technologies, Thermo Fisher Scientific, Waltham, MA,
USA). In the reaction tube, 25uL of 2X SYBR® Green RT-
PCR Reaction Mix was added. Then, 1.5uL of forward primer
(10uM) (p53 F: 5'- CCCCTCCTGGCCCCTGTCATCTTC-
3" and 1.5 pL of reverse primer (10uM) (p53 R: 5'-
GCAGCGCCTCACAACCTCCGTCAT-3"). Seventeen pL
of RNase free water was added, and the samples were dena-
tured for 3—5 mins at 95°C. Magnification step was processed
through 30 sec cycle 35 times, with annealing at 57°C, and
extension at 72°C for 45 sec. Finally, samples were exposed to
heating at 72°C for 5 min; then the reaction was terminated.*®
A housekeeping gene (B-actin) was also included to normalize
the gene levels before analysis.

In Vitro Cytotoxicity
Cytotoxic effects of AuNPs on both A549 and WI-38 cell lines
were determined using MTT assay. Pre-cultured 96-well plates
were treated with serial concentrations of obtained AuNPs and
AuNP.p53 complex for 24 hrs at 37°C. Treated cell lines were
microscopically examined using Cell culture inverted micro-
scope (Hund - Germany) to follow the morphological changes
and cell growth. When cells nearly covered the bottom of the
plates, dead cells were washed-out with a mixture of PBS
(phosphate buffer saline) containing 0.05% Tween. Media
were aspirated and 25 pL of 0.5% MTT solution was added
in dark conditions and incubated for 3—4 hrs at 37°C. MTT
formazan crystals were dissolved on a plate and gentle shaking
was performed for 30 mins (Stuart - England). Optical densi-
ties (OD) were read using (Biotek — 8000, USA) ELISA plate
reader. Viability percentage was calculated as follows:*’
Viability % =(optical density of sample/
optical density of control)x 100 (2)

Results represent average of 3 independent repetitions
with 3 replicates for both AuNPs and AuNPs-p53 with
two cell lines, A549 and WI-38. Results were used for
calculation of ICsq at the previous conditions.

Statistical Analysis

In order to evaluate the statistical significance of the
obtained results and for the sake of comparison,
Student's #-test was used to compare averages of obtained
results. Statistical significance was set at P < 0.05. Lower
and upper fiducial limits were also determined at 95%
confidence interval.

Results And Discussion

Preparation And Characterization Of

AuNPs

The results showed the ability of production of AuNPs in
the presence of a suitable capping agent such as L-Cysteine
methyl hydrochloride ester, which agreed with previously
published results.?” L-Cysteine ester is expected to anchor
to the gold depending on the mercapto group (—SH) which
exhibits a great affinity to gold metal, allowing anchoring of
cysteine to the nanoparticles. The study was able to avoid
using nonspecific cytotoxicity and uncontrolled cell death
triggered by cetyltrimethylammonium bromide (CTAB).*

Ultraviolet-Visible Spectroscopy

Ultraviolet-visible spectrum of AuNPs prepared using
L-cysteine methyl ester hydrochloride as capping agent was
represented in Figure 1. The prepared AuNPs solution had a
wine red colour. The figure confirms the fabrication of gold
nanoparticles by showing clear characteristic bands of plas-
mon at Ay 532 nm of the freshly prepared GR 5 AuNPs
scanning. This peak coincides with the characteristic peak of
gold nanoparticles in literature reports.®'** The UV-visible
spectroscopy could not detect a clear plasmon band for
AuNPs from GR 1 and GR 2, which may suggest ultra-
small size.*'** Figure 1 also confirms the stability of the
stored samples of gold nanoparticles. Whereas, UV-Vis
absorption spectra from freshly prepared gold nanoparticles
and samples that were stored for 90 days revealed slight
difference in the maximum of resonance bands (Ajax
539-532 nm), and there was no evidence of degradation or
appearance of new peaks. The slight shift in the plasmon

AuNPs
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Figure | UV.VIS absorption spectra for freshly prepared AuNPs (GR5) compared
to the same sample after 90 days' storage at 4°C in a dark room.

submit your manuscript

8402

Dove

International Journal of Nanomedicine 2019:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Abdel-Rashid et al

band absorption could be attributed to increase in effect of
surface functionalization of AuNPs which may cause slight
elevation of value of local refractive index at the surface of
stored gold nanoparticles.>* The band intensity is very sensi-
tive to any change in pH of the medium and increase in
cysteine surface capping which may occur during storage
which may be changed during storage.>> The previous results
propose the suitability of the fabrication method and offer a
qualitative stability of the obtained gold nanoparticles.

Measurements Of Particle Size And Surface Zeta
Potential
In this study, chloride gold III solution (a precursor) was
used rather than HAuCly solution to avoid elevation of the
acidity of the aqueous solution which would affect the
fabrication process and the gold particle size.*' At the first
seed growth GR1, seeds exhibited a mean diameter around
1.8 nm, as shown in Table 1. This small particle size may be
due to reduction of AuCl; solution with ice-cold NaBH, in
the presence of L-cystine ester. Successive seed growth
method using L-cysteine methyl ester was applied to
synthesize positively-charged spherical gold nanoparticles.
Further surface reduction of gold chloride III was per-
formed in the presence of Au-L-cysteine methyl ester
seeds with hydroxylammonium chloride. This step pro-
duced samples of GR2 to GR5 with mean diameters
between 7-30 nm (Table 1). The proportional increase in
particle size of gold nano-seeds could be clarified by the
successive ripening manner of the gold nano-seeds.?'~*%>’
The results encouraged the ending of successive seed-
mediated growth after reaching GRS. This decision was
based on reports that revealed further seed-mediated
growth may lead to significant increase in particle size
which may not favor complex formation and cellular
uptake process.’*>” Guo et al (2015) formed AuNPs that
reached 195 nm at GR12.?' Past studies have shown that
cellular uptake of AuNPs may be changed depending on
molecular size. Moreover, it was also the suitable particle

Table | DLS Characterization Of AuNPs

Seeds Particle Size PDI * SD Zeta Potential
Growth t SD (nm) + SD (mv)
Number

GR | 1.8 +0.2 0.632 + 0.04 | +354 + 3.5
GR 2 6.9+ 04 0.543 + 0.04 | +33.8 £ 4.0
GR 3 11.6 £ 0.3 0.354 + 0.01 +36.7 £ 2.7
GR 4 18.3 £ 0.9 0.401 +0.02 | +35.8 + 3.1

GR 5 30+ 1.5 0.321 + 0.0l +369 £ 29

size of AuNPs for cell internalization, ranging from 2—40
nm.3%4? Furthermore, it was recommended to use AuNPs
of median size to insure higher cellular uptake, especially
after complexing with DNA molecules.*'

The PDI of the prepared AuNPs ranged between 0.3—
0.6 as shown in Table 1, where GR5 showed the lowest
PDI value.

The zeta potential measurements were also demon-
strated in Table 1. The zeta potential showed positive
charge for all AuNPs solutions. This could be attributed
to the functionalization of gold nanoparticles with
L-cysteine methyl ester which contains an ammonium
group (—NH3+), due to free hydrogen ions that adhere to
amine group in acidic aqueous media. This positive charge
is essential to the stability of the colloidal nanogold solu-
tion and complex formation with pDNA via electrostatic
attachment.

Basing on the obtained results, GR 5 L- cysteine func-
tionalized AuNPs (particle size 30 nm, PDI 0.321, zeta
potential +36.9 mv) were selected for subsequent exam-

inations and complex formation.

Sample Imaging With TEM (Transmission Electron
Microscopy)

Samples imaging was performed with TEM to investigate
the morphology of resultant AuNPs. Figure 2 showed the
micrograph of AuNPs. It was illustrated that, the obtained
nanoparticles displayed nearly spherical shape, proving that
the applied procedure fashioned spherical nanoparticles.

The results confirmed the formation of spherical particles
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Figure 2 Transmission electron micrograph of synthesized AuNPs (x50000).
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with complete absence of nanorods which usually appear
when CTAB is used as surfactant.*®

Preparation Of Au NPs.p53 Complex
Agarose Gel Electrophoresis

The standard gel retardation assay was used to estimate the
ability of AuNPs to condense p53 plasmid DNA mole-
cules. In Figure 3, no unbound pDNA and resistance to
migration were evident for complete complexation
between p53 and AuNPs at ratio 2/1.

Characterization Of Au NPs.p53 Complex

The results showed a significant (P<0.001) increase in
particle size after complexation. The results revealed that
the particle size of the fabricated AuNP-p53 complex was
80 £ 2 nm and PDI was 0.252. Also, the Zeta potential of
the complex decreased significantly, shifting to negative
charge to —8 £ 0.4 mV which may be the effect of the high
mass ratio of negatively charged pDNA to positively
charged AuNPs. This reality may be beneficial for our
goals since the low anionic characteristic of the AuNPs-
p53 complex decreases the cytotoxic effect.** The TEM
micrograph (Figure 4) showed no change in the morpho-
logical characteristics of AuNPs after complexation with
pDNA with aggregation-free spherical shapes.

In Vitro Transfection Study
Gene Expression In Normal And Cancerous Lung
Cells

RT-PCR was used to evaluate the ability of gold nanoparti-
cles to deliver a load of pDNA to cancerous lung cells, A549
cells, after treatment with free pPDNA and AuNPs-p53 com-
pared to normal lung cell line (WI-38). Results showed that,
the cellular uptake of AuNP-p53 was nearly 9 folds more

AuNps

AuNps-p53 complex

Figure 3 Gel electrophoretic analysis of the free pDNA (ladder), AuNPs.p53
complex, and free AuNPs.
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Figure 4 Transmission electron micrograph of synthesized AuNPs-p53 complex
(x50000).

than gene expression in normal lung cells (WI 38) and about
5 folds more than gene expression performed by free pPDNA
(Figure 5). The higher cellular uptake and improved transfec-
tion conflict with the hypothesis that the positive surface
charge of the pDNA-loaded nanoparticles allows an electro-
static interaction between negatively charged cellular mem-
branes and positively charged nanoparticles.* Moreover, the
nanosized particles crossed the cells easily and could deliver
the pDNA in appropriate amounts. Results revealed that, p53
gene in A549 was overexpressed; this may be due to the
presence of its receptors on the cell’s surface, facilitating the
receptor-mediated endocytosis. A cancer cell is considered an
irreparably DNA damaged cell, and consequently the p53
will stimulate further cell apoptosis sequence.*®

Ly i
] N~
1 )

=]
1

=
1

cellular uptake (x10-6ng/cell)
[ ] (=)

normal lung cell line  naked pDNA  AuNPs.p53 complex
(WI-38)

>

Figure 5 Cellular uptake and expression of free pDNA and AuNP-p53 in lung
cancer cells (A549) in comparison to normal gene expression exhibited by healthy
lung cells (WI 38).
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As AuNP-p53 complex exhibited a negative charge,
this may lead to increased p53 expression inside the
cell.*” Previous studies have reported cellular uptake of
the positively charged particles through macro-pinocyto-
sis. On the other hand, negatively charged particles pass
the cell membrane with hitherto unidentified clathrin-
caveolae independent endocytosis. For example, cla-
thrin-caveolin mediated

endocytosis of negatively

charged PEG-ylated gold nanoparticles with better rates
than positively charged one.***’

Samples were exposed to drastic acidic conditions in
endosome followed by slightly alkaline ones in lysosome
which resulted in particle damage which potentiated the
DNA release.’® Other studies reported the cellular uptake
of negatively charged particles as a result of random
binding of particles with cationic sites on plasma

membrane.>!

In Vitro Cytotoxicity

A cytotoxicity assay of obtained AuNPs was studied using
an MTT assay with a synchronized study on both healthy
lung cells (WI38) and cancerous lung cells (A549). In
A549 cell line, AuNPs displayed ICs, values of 8.18 pg
mL~". On the other hand, in WI38 cell line, the AuNPs

a % Cell Viability of A549 Cell Line

% Cell Viability
g
L

I
LERELRRLLL |

0 LELELRRLLL | LELELRRLLL | T T 11111

0.01 0.1 1 10 100

Concentration (mg/ml)

displayed ICs, values of 31.21 ug mL™' (Figure 6A and
B). According to ICsq values, the results revealed that the
resultant AuNPs showed low toxicity against both cell
lines used. This result may be due to the small particle
size of produced AuNPs.’> Moreover, cytotoxicity of
AuNP-p53 complex on healthy lung cells (WI38) and
cancerous lung cells (A549) was obtained. In A549 cell
line, the complex displayed ICs, values of 30.67 pg mL™".
On the other hand, in WI38 cell line, the complex dis-
played ICs, values of 398.46 pg mL™' (Figure 7A and B).
According to ICso values, the results revealed that the
resultant AuNPs showed low toxicity against both cell
lines used. This suggested the safety of AuNPs as carrier
for plasmid p53.

Previous research studies reported that cytotoxicity of
cationic gold nanoparticles is higher than anionic type by
27 fold in three different cancer cell lines.** This was
explained by two main reasons that may cause this dis-
crepancy, the higher adhesion of cationic gold nanoparti-
cles with negative cell membrane, and the ability of
cationic nanogold to significantly disrupt cell membrane
compared to anionic one.>*>> Membrane disruption with
cationic nanogold will permit the exchange of medium
between extracellular fluid and cytosol through the newly

b % Cell Viability of WI38 Cell Line

% Cell Viability

"
T 1 T 11111
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0.01 0.1 1 10 100
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Figure 6 (A) Cell cytotoxicity of A549 cells treated with AuNPs. (B) Viability of WI38 treated with AuNPs.
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Figure 7 (A) Viability of A549 cells treated with AuNPp53 complex. (B) Viability of WI38 treated with AuNPp53 complex.

formed hydrated channel, which may lead to acute cell
death due to loss of control of internal contents.’
Although anionic nanogold cannot directly affect bilayer
integrity, it is capable of changing cell functions by dama-
ging membrane protein function.>® The high percentage of
cell viability in normal lung cell line (WI 38) proved the
safety of L-cysteine methyl ester functionalized AuNPs.
Additionally, the apoptotic effect due to expression of gene
encoded p53 loaded on AuNPs was only prominent on
lung cancer cell line (A549), revealing selectivity and
targeting efficiency of anticancer AuNPs-p53 complex.

Conclusion

The study had succeeded in producing surfactant-free gold
nanoparticles and complexed it with plasmid DNA
encoded p53 gene using a controlled seed mediated growth
approach. The complex formation was confirmed by gel
electrophoresis. The RT-PCR proved the expression of p53
by the fabricated AuNPs-p53 complex. Cytotoxicity stu-
dies on both normal and cancer lung cell lines demon-
strated that AuNPs
cytotoxicity. The high percentage of cell viability in nor-

were safe and exhibited low

mal lung cell line (WI 38) proved the safety of L-cysteine
methyl ester functionalized AuNPs. The apoptotic effect

due to expression of gene was only prominent on lung
cancer cell line (A549), revealing selectivity and targeting
efficiency of anticancer AuNPs-p53 complex. Although
there are promising results of AuNPs-based systems for
gene delivery, clinical trials are still required.
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