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Abstract

The Triple Negative “Basal-like” breast cancer (TNBL) tumours have a high
proliferative capacity and develop a resistance phenotype associated with me-
tastases. However, the management of TNBL carcinomas is still not standar-
dized. Among the promising trails, gold nanoparticles could be a relevant
tool for the development of a targeted treatment for this breast cancer sub-
type in monotherapy, associated and/or conjugated with other drugs. In this
work, we report the cytotoxicity impact of gold nanoparticles wrapped in
Poly-Ethylene Glycol (PEG) on the TNBL HCC-1937 breast cancer cell line.
PEG-coated gold nanoparticles (PEG-Au NPs) were synthesized by a two-step
method using a reduction process followed by a post-functionalization called
PEGylation. PEG-Au NPs were characterized using transmission electron mi-
croscopy and X-ray diffraction. The gold content of the samples was determined
using atomic absorption spectrometer. The cytotoxicity tests were performed
using Sulforhodamine B survival test and resazurin viability test. PEG-Au
NPs impact analysis on HCC1937 TNBL cell line showed a clear toxic action
of type dose dependent and at long term. These PEGylated gold nanopar-
ticles present a promising tool for the development of tumor-specific radi-
osensitizing vectors, with or without the association of other treatment strate-
gies.
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1. Introduction

Gold nanoparticles (GNPs) are promising candidates in the field of medicine for
the treatment of illnesses such as Alzheimer’s [1], vascular [2], skin [3], sclerosis
[4] and cancer [5]. Gold nanoparticles exhibit tunable physical properties mak-
ing them ideal for developing diagnostic tools [6] [7] [8] [9] or therapeutic
treatments using photothermal effect [10]-[15]. Gold nanocomposites can also
act as radiosensitizer [16] [17] [18] [19] [20] in order to avoid collateral damages
induced by the use of radiotherapy. Gold nanoparticles can also be defined as
theranostic tools by combining diagnostic and therapeutic actions [21] [22] [23]
[24] [25]. The use of gold nanoparticles to try to cure cancer is a very active field
of research. With this nanomedicine strategy, gold nanoparticles are defined to
target tumorous cells and minimize side effects [26] [27], to enhance conventional
therapies [28] [29] or to develop new diagnostic and therapeutic devices [30]
[31]. Despite recent advances in the treatment of cancers, cancer therapy is still a
great challenge for the research in nanomedicine. The Triple Negative “Basal-like”
breast cancer (TNBL) tumors are particularly aggressive and of poor prognosis.
They constitute 70% of the basal-like tumor subtype and 15% of all breast cancers.
They are characterized by the non-expression of estrogen receptors (ER) and proge-
sterone receptors (PR), and the absence of HER2 over-expression or ERBB-2 am-
plification [32] [33] [34]. TNBL tumours have a high proliferative capacity and may
respond well to neoadjuvant chemotherapy or develop a resistance phenotype as-
sociated with metastases. More, due to their properties, these tumours do not re-
spond to targeted hormonal therapies. Consequently, many targeted therapies us-
ing inhibitors of poly (ADP-ribose) polymerase (PARP) or anti-EGFR monoclonal
antibodies or combined therapies like anti-EGFR monoclonal antibodies/EGFR
tyrosine kinase inhibitors or chemotherapy/radiotherapy are currently in devel-
opment [35] [36] [37] [38] [39]. However, the management of TNBL carcinomas
is still not standardized. Among these promising trails, gold nanoparticles could
be a relevant tool for the development of a targeted treatment for this breast can-
cer subtype in monotherapy, associated and/or conjugated with other drugs [40].
In this context, these works were focused on the cytotoxicity impact of gold na-
noparticles wrapped in Poly-Ethylene Glycol (PEG), on the TNBL HCC-1937 breast

cancer cell line.

2. Experimental
2.1. Synthesis of PEG-Coated Gold Nanoparticles (PEG-Au NPs)

Before the experiment, all the glassware was carefully cleaned using aqua regia
(mixture of concentrated nitric and hydrochloric acid in 1:3 volume ratio) and
rinsed with ultra-pure water (18 MQ.cm), blown dried with nitrogen and stored
at 110°C. The starting solution is obtained by dissolving the designated amount
of hydrogen tetrachloroaurate (III) hydrate (HAuCl,, xH,0) purchased from Sig-

ma Aldrich to reach suitable gold concentration. Gold nanoparticles in suspen-
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sion were synthesized using a two step method. First, reduction of hydrogen te-
trachloroaurate (III) precursor species was carried out using sodium borohydride
under vigorous stirring for 15 minutes at room temperature; gold metal nano-cores
were obtained. Secondly, gold nanoparticles surface were post functionalized using
thiol-terminated poly(ethylene) glycol (HS-PEG, of MW 5000 from Sigma Aldrich).
After this so called PEGylation step, red ruby, stable gold nanoparticles suspen-

sions are obtained.

2.2. Gold Nanoparticles Characterization

2.2.1. Transmission Electron Microscopy (TEM)
A Hitachi transmission electron microscope (H7650) was used for morphologi-

cal characterization.

2.2.2. X-Ray Diffraction (XRD)
The crystalline structure of the gold nanoparticles was determined using a Bruk-

er D2 Phaser diffractometer. The operating parameters are listed in Table 1.

2.2.3. Atomic Absorption Spectroscopy (AAS)

The gold content of the samples was determined using an AA 7000 atomic absorp-
tion spectrometer (Shimadzu) with gold hollow-cathode lamp. All analyses were
performed at a wavelength of 242.8 nm using 0.7 nm slit width. Before the expe-
riments, the machine was calibrated using a gold standard for AAS (Sigma Al-
drich) at 1000 ppm in 5% HCL. Calibration line was performed using thirteen diluted
standard solutions prepared in 5 % HCI suitable for trace analysis and high-purity
water, 18.2 MQ, ranging from 0.01 to 20 ppm, respectively.

2.3. Cell Culture

The HCC1937 TNBL breast cancer cell line (ATCC®) was maintained in RPMI
1640 medium (Gibco®), supplemented with 10% decomplemented fetal calf se-
rum and 20 mg/mL gentamycin, in 75 cm? culture dishes (Falcon®) at 37°C un-
der 5% CO,, according to supplier’s instructions [41]. For cytotoxicity tests, cells
were detached by trypsinisation, counted with the trypan blue exclusion test, and
seeded in 96-well microplates (Falcon®), at a concentration of 2000 per well in
100 pL of medium. Cells were then treated with 100 pL of increasing concentra-
tions of PEG-Au NPs (2, 4, 7, 14 and 25 uM) diluted in the culture medium, for
one to seven days. Bright field microscopy observations as well as viability tests
(Sulforhodamine B test and resazurin test) of treated and untreated wells al-

lowed the determination of nanoparticles’ cytotoxicity.

Table 1. Operating parameters of XRD apparatus.

scanning range (26)

radiation tube voltage tube current ; time constant  spinning speed
scanning speed
CuKal o 30 kV 10 mA 30 t? 89 5 seconds 15°/min.
A=1.5406 A 0.24 °/min
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2.4. Cytotoxicity Tests

2.4.1. Sulforhodamine B Survival Test

Sulforhodamine B (SRB) is an anionic dye that binds electrostatically to cellular
proteins, reflecting indirectly the number of living cells in the wells. Its absor-
bance peak is at 540 nm. After each treatment period (from Day 1 to Day 7) cells
were fixed with 50 pL of a 50% (weight/volume) trichloroacetic acid (TCA) solu-
tion added to each well for 1 hour at 4°C. Plates were then washed, dried, and 50
uL of a 0.4% (w/v) solution of SRB in 1% (v/v) acetic acid was added to each
well. After 15 minutes of incubation at room temperature, plates were washed
with 1% acetic acid solution and dried. 200 pL of a 10 mM tris-base buffer solu-
tion was finally added to the wells for dye solubilisation and plates were stirred
for 30 min. The optical density (OD) of each well was determined at 540 nm us-
ing a microplate reader (VWR Multiskan FC®). Cell survival ratio was calculated
by the following formula: cell survival (%) = (Mean (OD Asy ) of treated wells/
Mean (OD A, ,.) of untreated control wells) x 100.

2.4.2. Resazurin Viability Test

Resazurin test is a colorimetric metabolic assay based on the reduction of resa-
zurin into resorufin by metabolically active cells. Resorufin is a fluorescent dye
exhibiting a pink colouring. After a time of incubation with resazurin, the amount
of resorufin formed is proportional to the number of living cells in the wells. For
these experiments, after each treatment period (from Day 1 to Day 7), medium
was removed from the plates and cells were incubated with 100 uL of 60 uM resa-
zurin diluted in PBS*, for 4 hours. Optical density (OD) of resorufin and resazurin
were measured at 570 and 620 nm, respectively with a microplate reader (VWR
Multiskan FC®). The corrected OD of resorufin was calculated as follows: (OD re-
so corr) = ((OD) Agypum — (OD) Agynm-) Then, the percentage of cell survival was
obtained with the following formula: Cell survival (%) = (Mean (OD reso corr)
of treated wells/Mean (OD reso corr) of untreated control wells) x 100.

The half maximal inhibitory concentration (IC50) was calculated with the fol-
lowing formula, IC50 = EXP (LN (concentration > 50% inhibition) — ((signal > 50%
inhibition — 50)/(signal > 50% inhibition — signal < 50% inhibition)*LN (concen-
tration >50% inhibition/concentration < 50% inhibition))) (1) [42].

2.5. Statistical Analysis

Cytotoxicity results were expressed as means + standard error of n independent
experiments. All experiments were performed at least in triplicate and then sta-
tistically compared using a Student’s t-test. Tests were two-sided and the nomin-
al level of significance was p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), p < 0.0001
(****) and p < 0.00001 (*****).

3. Results and Discussion
3.1. Gold Nanoparticles in Suspension

The TEM images of the synthesized gold nanoparticles in suspension are shown
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Figure 1. (a) Functionalization of Au NPs with PEG-SH; (b) High transmission electron
microscopy images of PEG-coated gold nanoparticles suspensions (PEG-Au NPs); (c)
Photo of PEG-coated gold nanoparticles suspensions (PEG-Au NPs) in the beaker.

in Figure 1.

(PEG-Au NPs) pictures exhibited a quasi-spherical shape, with some aggre-
gates. Taking into account this spherical geometry, the average core diameters of
PEG-coated gold nanoparticles are found to be 7 nm. PEG-coated gold nanopar-
ticles are synthesized using sodium borohydride as a strong reducing reagent. The
PEG-coating of the gold nanoparticles, also known as pegylation, is dedicated to im-
prove the residence in body [43] and to protect the nanoparticles from the immune

system [44].

3.2. X-Ray Diffraction Analysis

XRD pattern of the analyzed gold nanopowder is presented in Figure 2. Intense
peaks, relative to Bragg’s reflections, could be indexed considering the face-centered
cubic gold structure. No diffractions due to crystallographic impurities were found.
A strong diffraction peak located at 38.7° was ascribed to the (111) facets of the
gold face-centered cubic structure. The other diffraction peaks relative to (200)
(220) and (311) facets were much weaker. The broadening of Bragg’s peaks indi-
cates the formation of nanoparticles. The mean size of gold nanoparticles was
calculated using the Debye Scherrer’s equation by determining the width of the
(111) Bragg reflection. The crystallite size, D, is evaluated by measuring the width
of the curves produced and using the Scherrer Formula (2):

_09*%4

~ Bcosé

)

where / is the wavelength of the Cu K al line in A, Bis the full-width at half max
(FWHM) of the peak. The size of the crystallites was found and is approximately
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Figure 2. XRD spectrum of the gold nanopowder, the principal Bragg reflections are in-
dexed.
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Figure 3. Calibration line was obtained by assaying thirteen diluted standard solutions rang-
ing from 0.01 to 20 ppm, respectively.

8 nm for gold nanopowder. This result is in good agreement with the average core

diameter of 7 nm previously found.

3.3. Atomic Absorption Spectroscopy (AAS)

The calibration line for gold assay is presented in Figure 3. This calibration line
was made by assaying thirteen diluted standard solutions ranging from 0.01 to 20
ppm, respectively. The calibration coefficient () obtained from the calibration
line was 0.9987.
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We measured the gold nanoparticles suspensions using the 5% HCI solution

to dilute the suspension. The gold concentration in our samples is 19.5 ppm.

3.4. PEG-Au NPs Cytotoxicity Analysis on HCC1937 TNBL Cell Line

The action of increasing concentrations of PEG-Au nanoparticles (2 to 25 pM)
was studied on the Triple-Negative Basal-Like breast cancer cell line HCC1937,
during seven days. For this, i) SRB cell survival test coupled to cell microscopy
analyses and ii) cell viability via resazurin test were performed.

The rate of HCC1937 TNBL cell viability via Sulforhodamine B quantitative
survival test was performed in order to quantify PEG-Au NPs toxicity on this breast
cancer cell line. For this, after each treatment period, the absorbance of the Sul-
forhodamine B dye fixed in each well was quantified and allowed the calculation
of the percentage of cell survival compared to untreated cells presented in Fig-
ure 4.

Control cells treated with PEG alone showed no difference in cell survival
compared to untreated cells (data not shown). After two days of treatment with
2 and 4 uM of nanoparticles, cell survival was respectively of 108% + 2% and
109% + 2% =. Then, after 5 days, it decreased to 82% + 1% with 2 uM and to 61%
+ 2% with 4 pM (p < 0.00001 and p < 0.00001 respectively), and remained stable
until 7 days with 85% + 1% with 2 pM, (p = 0.80) and 59% + 3% with 4 uM (p =
0.25). Cell survival ratio of HCC1937 cell line treated with 7 pM nanoparticles
was of 98% + 2% after one day of treatment, and decreased significantly to 39%
+ 1% (p < 0.00001) and 28% * 2% (p < 0.00001) after 5 and 7 days of treatment,
respectively. Then, with higher nanoparticles concentrations (14 and 25 uM),

cell survival was of 96% + 1% and 89% + 1% after one day of treatment, and

PEG-Au NPs cytotoxicity on HCC 1937 cell line

SRB test
100%
~ 80% 2
2\’ 4 4 UM
I -
Z 60% =7 M
4 ——14 M
) ..
3 40% 25 M
20%
0%
0 1 2 3 4 5 6 7 8

Days of treatment

Figure 4. Mean percentage of HCC1937 cells viability determined with the Sulforhoda-
mine B test after 1 to 7 days of treatment with increasing concentrations of PEG-Au NPs,
(**** = p < 0.00001, bars on plots = standard errors).
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dropped dramatically to 20% =+ 0.7% (p < 0.00001) and 13% + 0.4% (p < 0.00001)
after 5 days of treatment. Then, it continued to decrease until 7 days of treatment,
with survival rates of 10% + 0.4% (p < 0.00001) and 6% * 0.2% (p < 0.00001) for
14 and 25 pM of nanoparticles, respectively. All these results showed that
PEG-Au NPs toxicity on HCC1937 cell line was both dose and time-dependent.
In addition, microscopy analyses presented in Figure 5 showed clearly detached
cells after treatment with 25 pM PEG-Au nanoparticles for seven days (Figure
5(b)) compared to controls (Figure 5(a)), in which cells have reached the con-
fluence.

Then, the resazurin viability test involving the reduction of resazurin into re-
sorufin by metabolically active cells was performed. The percentages of cell via-
bility after treatment with increasing concentrations of PEG-Au NPs were cal-
culated by the ratio of metabolic activity of untreated cells, after 1 to 7 days of

treatment, see Figure 6. Similarly to SRB test, control cells with PEG alone were

L - e 2 08 < ads
Cells treated with 25 uM of PEG-Au NPs
(7 days) (7 days)

Figure 5. Bright field observations of HCC1937 cells after seven days of incubation (a)
without treatment and (b) after treatment with 25 uM PEG-Au NPs.

PEG-Au NPs cytotoxicity on HCC 1937 cell line
Resazurin test

100% - :—;\n\= —e——— UUPREE. |
N TN T T
P N s ——2 uM
< 80% - N T oo B . 3 .
g DR A
g 60% | \‘. AN -®--7 uyM
= . \\\I ——14 M
3 40% S, TEE "
20% - T
0% r T T T T T T .
0 1 2 3 4 5 6 7 8

Days of treatment

Figure 6. Mean percentage of viability of HCC1937 cells treated for 1 to 7 days with in-
creasing concentrations of PEG-Au NPs (resazurin test), (bars on plots = standard er-
rors).
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performed, and toxicity was not noted compared to untreated cells (Data is not
shown). Then, after a treatment with 2 pM of nanoparticles, cell viability was of
102% * 1% at day 1, and remained stable until the end of the treatment with
99% * 1% at day 7 (p = 0.28). A slight decrease in cell viability was detected after
3 days of treatment with 4 uM (92% =+ 1%, p < 0.01), which remained stable until
seven days (96% * 1%, p = 0.79). After a treatment with 7 uM of nanoparticles,
cell viability was of 96% + 1% after one day, decreased significantly to 78% =+ 2%
(p < 0.00001) after 4 days, and remained stable until the seventh day (75% * 3%,
p = 0.54). In contrast, with a higher nanoparticles concentration of 14 uM, cell
viability dropped from 91% * 1% after one day to 48% + 3% after 4 days (p <
0.00001), remained relatively stable until the sixth day (41% + 3%, p = 0.09) and
decreased at day 7 (27% =+ 2%, p < 0.01). Finally, the highest nanoparticles concen-
tration of 25 pM induced a dramatic decrease in cell viability from 84% + 1% at day
1, to 35% * 1% at day 4 (p < 0.00001), and to 19% * 2% at day 7 (p < 0.00001).
Similarly to SRB results, these results showed a clear dose and time-dependent

toxicity of PEG-Au NPs nanoparticles on HCC1937 breast cancer cell line.

4. Discussion

PEG-Au NPs impact analysis on HCC1937 TNBL cell line showed a clear toxic
action of type dose dependent and at long term. Indeed, TNBL cells mortality
increased by the time, with IC,, (SRB test) of 9 uM at day 4 and of 5 puM at day 7.
Similarly, IC;, (Resazurin test) was of 12 uM at day 4 and decreased to 10 uM at
day 7. The variability between SRB survival test and resazurin viability test can
be explained by a difference in sensibility thresholds due to the inner mechanism
of both tests. Nevertheless, these two assays described the same toxicity profile of
PEG-Au NPs nanoparticles on HCC1937 cell line, probably correlated with na-
noparticles accumulation in cells.

Similarly, in previous in vitro and in vivo studies, gold nanoparticles have been
used as tool both to detect and to treat breast cancer [45]. Indeed, the mostly used
strategies were the ones coupling the hyperthermia effect with selective functio-
nalization systems to optimize the cytotoxicity [46]. In general, gold nanoparticles
cytotoxicity effect is mainly related to gold nanoparticle’s concentration, time of
exposure, and nanoparticle’s size. Therefore, it would be relevant to analyse these
different parameters on models of breast cancer cell cultures that mimic more faith-
fully the shape of tumors as 3D cell culture. Indeed, in comparison to monolayer
cell culture, a systematic lowered sensitivity was detected for 3D cell culture in
response to various cytotoxic drugs, probably due to 3D cellular heterogeneity

and/or resistance phenotypes [47]. These studies are currently underway.

5. Conclusion

PEG-Au NPs were synthesized using a two-step method using a reduction process
followed by a post-functionalization called PEGylation. Stable gold nanoparticles

in suspension, suitable for biological experiments, with a gold concentration of
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19.5 ppm, are obtained. The two cytotoxicity tests described the same PEG-Au NPs
nanoparticles toxicity profile of type dose and time dependent on HCC1937 cell

line, probably correlated with nanoparticles accumulation in cells. These works

open the way to further experiments aiming to determine the PEG Au NPs up-

take and intracellular localisation in TNBL cell line models.
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