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Summary

The aim of our study was to monitor the antiproliferative/
cytotoxic and genotoxic effects of both, poly(ethylene glycol)-
block-poly(lactic acid) (PEG-4-PLA) and titanium dioxide (TiO,)
nanoparticles on the tumor (HT-29, MCF-7, U118MG) and healthy
(HEK-293T) cell lines during 2D cultivation and during cultivation
in the spheroid form (3D cultivation). Cells or spheroids were
cultivated with nanoparticles (0.01, 0.1, 1, 10, 50, and
100 pg/ml) for 72 hours. The cytotoxic effect was determined by
the MTT test and the genotoxic effect by the comet assay. We
found that 2D cultivation of tumor cell lines with PEG-4-PLA and
TiO, nanoparticles had an anti-proliferative effect on human
colon cancer cell line HT-29, human breast cancer cell line
MCF-7, human glioma cell line U-118MG during 72h cultivation,
but not on control/healthy HEK-293T cells. At the concentrations
used, the tested nanoparticles caused no cytotoxic effect on
tumor cell lines. Nanoparticles PEG-b-PLA induced significant
damage to DNA in HT-29 and MCF-7 cells, while TiO,
nanoparticles in MCF-7 and U-118MG cells. Only PEG-H-PLA
nanoparticles caused cytotoxic (ICso = 7 pg/ml) and genotoxic
effects on the healthy cell line HEK-293T after 72h cultivation.
The cells which were cultivated in spheroid forms were more
sensitive to both types of nanoparticles. After 72h cultivation, we
observed the cytotoxic effect on both, the tumor and healthy cell
lines.
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Introduction

The wuse of nanotechnology in medicine,
especially drug delivery systems, has been spreading
rapidly [1]. In recent years, the search for new and more
effective delivery systems is very intensive. Although
nanoparticle (NP) research has been ongoing for more
than 30 years, methods and standard protocols to ensure
their safety for human use are still in development [2].
Nanoparticles as delivery systems, have been used to
reduce toxicity and side effects of anticancer drugs. They
can be designed to identify and target cancer cells without
influencing normal cells. This is called active targeting
where the drug carrier system is conjugated to a specific
ligand on the cancer cells [3]. The targeted ligands should
be in the form of small molecules such as antibodies,
peptides, or designed protein and nucleic acid aptamers
[4,5]. Last but not least, NPs must be nontoxic for healthy
cells and must not affect drug delivery [6]. Nanoparticles
have been studied for their safety examining their cell
toxicity, immunotoxicity, and genotoxicity before their
use as carrier systems of drugs [7].

The first polymeric nanoparticle design was
revealed in 1970s [8]. Poly(ethylene glycol)-block-
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poly(lactic acid) (PEG-b-PLA) as a commonly used
copolymer, has been chosen to design micellar
formulations. PEG-b-PLA is based on biodegradable and
biocompatible poly(lactide) (PLA) and poly(ethylene
glycol) (PEG). PEG-b-PLA is able to improve the drug’s
aqueous solubility, decrease the puncture effect as well as
prolong the residence time of drugs in the in vivo
systems. PEG-b-PLA can protect the residence of drugs
in the in vivo systems against opsonization and
phagocytosis by the organism [9]. The advantage of the
PEG-b-PLA is in its ability to cross the blood-brain
barrier into the brain parenchyma [10,11].

Metal and metal oxide NPs are the most often
used nanomaterials. The metallic NPs can be distributed
throughout the body and primarily accumulate in organs
such as liver, spleen, kidney, and lymph nodes due to
nonspecific uptake by reticuloendothelial cells. Metallic
NPs could persist in the body for more than 6 months and
can induce pathological damage to the organs [12,13].
Because TiO, NPs or metallic NPs (<100 nm) can cross
the blood-brain barrier, they should be good drug carrier
systems for brain tumors [13].

The main mechanism underlining the toxicity
potentially triggered by TiO, NPs seems to involve the
reactive oxygen species (ROS) production, resulting in
oxidative stress, inflammation, genotoxicity, metabolic
change, and potential carcinogenesis. The extent and type
of cell damage strongly depend on the chemical and
physical characteristics of TiO, NPs, including size,
crystal structure, and photo-activation [14].

In our study we have examined the effects of
two types of NPs (TiO, and polymeric PEG-b-PLA NPs)
on healthy and cancer cell lines. We have monitored their
antiproliferative/cytotoxic and genotoxic effects during
2D and 3D cultivation.

Methods

Cell cultures (2D cultivation)

Human colon cancer (HT-29), breast cancer
(MCF-7), glioblastoma (U-118MG), and noncancer
(HEK-293T) cells were purchased from the American
Type Culture Collection (Manassas, VA, USA) and
maintained in Dulbecco’s Modified Eagle Medium
(DMEM, Life Technologies, Rockville, MD)
10 % fetal 100 pg/ml
streptomycin, and 100 pug/ml penicillin G at 37 °C in
a humidified atmosphere of 5 % CO,/95 % air.

Inc.,

containing bovine serum,

Multicellular spheroids (3D cultivation)

Human colon cancer (HT-29), breast cancer
(MCF-7), glioblastoma (U-118MG), and noncancer
(HEK-293T) cells were used to form multicellular
spheroids. Briefly, U-bottomed 96-well plates were
treated with 0.8 % low melting point agarose (Lonza,
Basel, Switzerland) which was prepared in sterile water
to form a thin film with a non-adhesive surface. Cells
were seeded at 104 cells per well in 200 pL of
Dulbecco’s Modified Eagle Medium (DMEM, Life
Technologies, Inc., Rockville, MD) containing 10 % fetal
bovine serum, 100 pg/ml streptomycin, and 100 U/mL
penicillin G. Spheroids were incubated for 14 days at
37 °C in a humidified atmosphere of 5 % CO,/95 % air.
The culture medium was harvested and spun down to
remove cell debris every 3 days.

PEG-b-PLA, preparations and characterization

Fresh nanoparticle micelles of PEG-b-PLA
were  prepared from  copolymer  PEG-b-PLA
[CH30O(CH2CH20)x(COCHCH30)yH, PEG average
Mn = 350 g/mol, PLA average Mn = 1000 g/mol, CAS
9004-74-4, Sigma-Aldrich, Steinheim, Germany] by
modified solvent evaporation method [15].

Suspension of PEG-b-PLA was
rized by the transmission electron microscopy (TEM;
TE microscope JEM 1200; JOEL, Tokyo, Japan),
electrophoretic light scattering (ELS; by Nicomp
Submicron Particle Sizer Autodilute Model 380; Santa
Barbara, CA, USA) and dynamic light scattering (DLS;
NICOMPTM 380 ZLS Particle Sizer; Santa Barbara, CA,
USA) methods. Zeta potential value measured in
triplicate at pH 7.0 by the ELS method was 28.73 =+
1.44 mV. The size distribution of PEG-b-PLA was
evaluated by DLS; micelles dispersion resulted in size

character-

distribution with two main peaks averaged as: 64.9 +
10.5 nm and 911.4 £ 177.6 nm (for details see Rollerova
2015).

Titanium dioxide TiO2, preparation and characterization

Titanium (IV) oxide (mixture of rutile and
anatase, 99.5 % trace metal basis, CAS No. 13463-67-7)
was purchased in a powder form from Sigma-Aldrich
(Munich, Germany). To prepare an experimental stock
solution, 50 mg TiO, was mixed with 10 ml of the culture
medium in a sterile glass conic flask and sonicated with
a probe sonicator (MSE Ultrasonic Disintegrator,
London, UK) for 15 min at 150 W [16]. The stock TiO,
NPs suspension was subsequently diluted with the culture
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medium to achieve the final assay concentration.

TEM revealed that TiO, NPs in solution were
spherical and polydisperse with a primary particle size
ranging from 20-50 nm accounting for 88 % and higher
than 50 nm accounted for 12 % of the total particle count.
DLS analysis of TiO, NPs solution showed 3 populations
of particles: 339 nm (96.65 %), 4943 nm (5.45 %), and
72 nm (0.9 %), resulting in an average diameter of 310
nm. The particles were negatively charged with a zeta
potential of -12.8 mV.

Cytotoxicity analysis (2D cultivation)

Effects of two types of nanoparticles
(PEG-b-PLA, TiO;) on viability of carcinoma -cells
(HT-29, MCF-7, U-118MG) and noncancer cells (HEK-
293T) were determined using MTT [3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
(Sigma Aldrich, Germany) colorimetric technique. Cells
(8 x 103 cells/200 pL well) were placed in individual
wells of 96-multiwell plates. Each concentration of
nanoparticles was tested in triplicates. Nanoparticles were
diluted with culture medium to final concentrations of
0.01, 0.1, 1, 10, 50, and 100 pg/ml and added to the cells.
After 72h incubation (37 °C, humidified atmosphere of
5% CO,/95% air), cells were treated with the
MTT solution (5 mg/mL in PBS, 20 pL) for 3 h. The dark
crystals of formazan formed in intact cells were dissolved
in DMSO (200 pL). The plates were shaken for 15 min
and the optical density was determined at 595 nm using
a Microplate Reader (Biotek, USA).

Cytotoxicity analysis (3D cultivation)

The four multicellular spheroids of carcinoma
cells (HT-29, MCF-7, U-118MG) and noncancer cells
(HEK-293T) were placed into the wells of 24-multiwell
plates. Plates were treated with 0.8 % low melting point
agarose (Lonza, Basel, Switzerland) which was prepared
in sterile water to form a thin film with a non-adhesive

surface. Multicellular spheroids were affected with two
(PEG-b-PLA, TiO,) at the
concentration range of 0.01-100 pg/ml and cultivated for
72h (37 °C, humidified atmosphere of 5 % CO,/95 %
air). Diameters of the multicellular spheroids were

nanoparticles final

measured every 24 h of the exposure in arbitrary units
[17].

Comet assay
The DNA damage was measured using the
alkaline comet assay according to Collins et al. [18].

Statistical analysis

Results are expressed as arithmetic means +
standard deviation (SD) of the means of three separate
experiments (each experiment was performed with three
parallels). The statistical evaluation was performed using
a parametric unpaired t-test. When P<0.05 the finding
was considered statistically significant.

Results

Cytotoxicity analysis (2D cultivation)

We have studied the effects of two types of
tested nanoparticles (PEG-b-PLA, TiO,) during 2D
cultivation when cells form a monolayer on the bottom of
the cultivation flask. Effects of tested nanoparticles on the
human colon carcinoma cells HT-29, human breast
carcinoma cells MCF-7, human glioblastoma cells
U-118MG and the human noncancer cells HEK-293T
were evaluated using MTT assay during 72h treatment.
The concentration range of the nanoparticles was 0.01,
0.1, 1, 10, 50, and 100 pg/ml.

Nanoparticles did not cause cytotoxic effects on
the tested cancer cell lines during 72h incubation
(Table 1). ICsy was higher than the highest concentration
used (100 pg/ml).

Table 1. Growth inhibitory concentrations ICsy (ug/ml) of PEG-6-PLA and TiO, nanoparticles for the human cancer cell lines HT-29,
MCF-7, U-118MG, and human noncancer cells HEK-293T in the monolayer during 72h of the nanoparticles influence

ICso PEG-b-PLA TiO,

(ng/ml)

Time HT-29 MCF-7  U-118MG HEK-293T HT-29 MCF-7  U-118MG  HEK-293T
24h >100 >100 >100 >100 >100  >100 >100 >100

48h >100 >100 >100 >100 >100  >100 >100 >100

72h >100 >100 >100 7407 >100  >100 >100 >100

Results are expressed as the mean + standard deviation from triplicates.
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cells HEK-293T were
sensitive to PEG-b-PLA nanoparticles after 72h incu-
bation (IC50 = 7 pg/ml) but were not sensitive to TiO,
nanoparticles (IC50 > 100 pg/ml).

Human noncancer

Cytotoxicity analysis (3D cultivation)

We have examined the influence of tested
nanoparticles (PEG-b-PLA, TiO,) on human carcinoma
cells and human noncancer cells during 3D cultivation
when cells form a spheroid model.

We evaluated the diameter of the spheroid
during 72h treatment. The concentration range of the
nanoparticle was 0.01-100 pg/ml.

Our results indicate that nanoparticles caused
cytotoxic effects on each of the tested cancer cell lines
except MCF-7 in the case of PEG-b-PLA nanoparticles
(ICsp >100) during 72h influence (Table 2). PEG-b-PLA
nanoparticles exhibited the highest effectivity against
U-118MG cells (ICso = 40 pg/ml) compared with the
effect on HT-29 and MCF-7. TiO, nanoparticles
exhibited the highest effectivity also against U-118MG
cells (ICso = 8 pg/ml).

Both nanoparticles caused cytotoxic effects on
the noncancer cells HEK-293T (Table 2).

Comet assay

We examined the DNA damage induced by two
nanoparticles, PEG-b-PLA and TiO, (0.01 - 100 pg/ml),
after 24h incubation. DNA damage was monitored by the
comet assay which detects DNA strand breaks forming
the tail of comets visualized by fluorescence microscopy.

We have found dose-dependent DNA damage in
cancer cell lines HT-29, MCF-7, and U-118MG induced
by tested nanoparticles. Figures 1, 2, 3, and 4 show the
effects of two types of nanoparticles, PEG-b-PLA and
TiO,, on the induction of DNA damage in cancer cells
HT-29, MCF-7, U-118MG, and non-cancer HEK-293T
cells. PEG-b-PLA nanoparticles induced statistically
significant DNA damage (*p<0.05) to the cells HT-29 at
concentrations of 50 and 100 pg/ml (Fig. 1). In this cell
line, PEG-b-PLA nanoparticles induced a 1.71-fold (at
the concentration of 50 pg/ml) and 1.77-fold (at the
concentration of 100 pg/ml) increase in DNA damage
compared to control cells (cells without the treatment).
TiO2 nanoparticle induced statistically significant DNA
damage (*p<0.05) to the cells HT-29 at concentrations of
0.01 and 10 pg/ml (Fig. 1).

Table 2. Growth inhibitory concentrations ICs, (ug/ml) of PEG-56-PLA and TiO, nanoparticles against the human cancer cell lines HT-29,
MCF-7, U-118MG MCF-7 and human noncancer cells HEK-293T in the spheroid form during 72h influence with nanoparticles

IC
0 PEG-b-PLA TiO,
(ng/ml)
Time HT-29 MCEF-7 U-118MG  HEK-293T HT-29 MCF-7 U-118MG HEK-293T
24h >100 >100 >100 >100 >100 >100 >100 >100
48h >100 >100 >100 >100 >100 >100 >100 >100
72h 71+0.4 >100 40+ 0.8 45 +£0.02 90+0.3 84+0.2 8+0.01 48+0.3
Results are expressed as the mean * standard deviation from four parallels.
Human colon cancer cells HT-29 Human colon cancer cells HT-29
6 6
g 5 * * g g 4
54 7
3 B4
. 2
':‘ 2 £ 2 * * *
= < -
S a1 -
c 0.01 0.1 1 10 50 100
c 0.01 0.1 1 10 50 100

Concentration of PEG-b-PLA nanoparticle (pg/mL)

Concentration of TiO2 nanoparticle (ug/mL)

Fig. 1. Genotoxic effects of PEG-4-PLA (@) and TiO, (b) nanoparticles against HT-29 cells shown as a percentage of DNA in the tail
caused by nanoparticles after 24h incubation. C — control cells without treatment. Each value represents the arithmetic mean + SD of

three separate experiments (n = 3): *p<0.05.
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Human breast carcinoma cells MCF-7

F T -
I L

*

C 0.01 0.1 1 10 50 100
Concentration of PEG-b-PLA nanoparticle (pg/mL)

DNA in the tail (%)
ra W

-

(=]

Human breast carcinoma cells MCF-7

L T R N ¥ I - ]
L L L

DNA in the tail (%)

[ury

o
I

C 0.01 0.1 1 10 50 100
Concentration of TiO2 nanoparticle (ug/mL)

Fig. 2. Genotoxic effects of PEG-b-PLA (a) and TiO, (b) nanoparticles against MCF-7 cells shown as a percentage of DNA in the tail
after 24h incubation. C — control cells without treatment. Each value represents the arithmetic mean + SD of three separate

experiments (n = 3): *p<0.05
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Fig. 3. Genotoxic effects of PEG-4-PLA (a) and TiO, (b) nanoparticles against U-118MG cells shown as a percentage of DNA in the tail
caused by nanoparticles after 24h incubation. C — control cells without treatment. Each value represents the arithmetic mean + SD of

three separate experiments (n = 3): *p<0.05
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Fig. 4. Genotoxic effects of PEG-4-PLA (a) and TiO, (b) nanoparticles against HEK-293T cells shown as a percentage of DNA in the tail
caused by nanoparticles after 24h incubation. C — control cells without treatment. Each value represents the arithmetic mean + SD of

three separate experiments (n = 3): *p<0.05

Nanoparticles PEG-b-PLA induced significant
DNA damage (*p<0.05) to cancer cell line MCF-7 at the
of 10 and 100 pg/ml and TiO,
nanoparticles induced significant DNA damage (*p<0.05)

concentrations

in the same cell line at concentrations of 50 and
100 pg/ml (Fig. 2).

In the MCF-7, PEG-b-PLA
nanoparticles induced a 1.47-fold (at the concentration
of 10 pg/ml) and 2.02-fold (at the concentration
of 100 pg/ml) increase in the DNA damage compared
(cells
Nanoparticles

cell line

without
TiO,

to control cells nanoparticle treat

-ment). induced a 1.88-fold

(at a concentration 50 pg/ml) and 2.04-fold

(at a concentration of 100 pg/ml) increase in the DNA
damage compared to control cells (cells without
nanoparticle treatment).

PEG-b-PLA did not

significant DNA damage in cancer cell line U-118MG

Nanoparticles induce
during 24h incubation at the concentration range used
(Fig. 3). On the other hand, nanoparticles TiO, induced
significant DNA damage (*p<0.05) at the concentrations
of 10, 50, and 100 pg/ml and this DNA damage was
1.65-fold (at the concentration of 10 pg/ml), 1.84-fold
(at the concentration of 50 pg/ml) and 2.16-fold (at the
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concentration of 100 pg/ml) increased compared to
control cells (cells without nanoparticle treatment).

In noncancer cells HEK-293T, nanoparticles
PEG-b-PLA (concentration range 0.1-100 pg/ml) induced
significant DNA damage (*p<0.05) (Fig. 4) at the
concentrations of 0.1, 1, 10, 50, and 100 pg/ml. The
lowest concentration of nanoparticles 0.1 pg/ml caused
a 1.97-fold increase in DNA damage compared to control
cells (cells without treatment).

Nanoparticles TiO, in the concentration range of
0.01-100 pg/ml caused no significant DNA damage
(Fig. 4) during 24h cultivation with the noncancer cells.

Discussion

Nanoparticles are used in many fields of
everyday life including therapeutic and diagnostic
purposes [19]. Local delivery of chemotherapeutic drugs
by nanoparticles to a tumor offers treatment advantages
compared to standard systemic chemotherapy [20]. We
have been interested in the biological effects of
nanoparticles with no-loaded drugs on several cancer and
noncancer cell lines. In this study, we have tested
two types of nanoparticles (TiO, and PEG-b-PLA) on
human cancer (colon cancer HT-29; breast cancer
MCF-7; glioblastoma U-118MG) and noncancer cell
lines (embryonic kidney HEK-293T) in the concentration
range of 0.01 - 100 pg/ml. Our results indicate that TiO,
nanoparticles had no cytotoxic effects on cancer (HT-29,
MCF-7, and U-118MG) as well as noncancer (HEK-
293T) cells grown in 2D cultivation. TiO, nanoparticles
appear to be a good (inert) carrier system for drug
delivery. Kumar er al. (2018) used nanoparticles as
a carrier of phloroglucinol drugs. They reported a dose-
on MCF-7 cells with
an inhibitory concentration of about 78.03 £0.23 pg/ml

dependent cytotoxic effect

[21]. This effect was caused by the intracellular damage
due to the smaller size (10-50 nm) of nanoparticles [21].
We have reported no cytotoxic effect of TiO,
nanoparticles against human colon cancer cells HT-29.
However, another type of human colon cancer cell line -
HCT116 was reported to have selective bio-effects with
dose- and cell-dependent influence on viability [22]. The
growth and viability of these cells were inhibited and
authors observed increased P53, Bax, and Caspase 3
expression and decreased BcL-2 levels. The ratio of
Bax/Bcl-2  was
demonstrated apoptosis

down-regulated. = The  authors
in HT29

up-regulated P53 and Bax at mRNA level, increased Bax

cells and also

/ Bel-2 ratio, and ultimately up-regulated caspase 3 by
Ti0, nanoparticles.

Similarly, as with HT-29, TiO, showed no
cytotoxic effects against another cancer cell line that we
have tested - glioblastoma cells U-118MG. Gliomas are
the most common primary brain tumors [23]. The
problem with brain tumor treatment is the existence of the
blood-brain barrier. This barrier restricts the delivery of
drugs into the brain. Nanoparticles offer a good way how
to transport effectively anticancer drugs into a tumor [24].
A wide variety of nanoparticles have been made to allow
the transport of therapeutic drugs across the blood-brain
studies showed that biodegradable
polymers or copolymers of nanoparticles and metal

barrier. Recent
nanoparticles have been attractive vehicles for carrying
drugs across the blood-brain barrier to treat human
gliomas [24]. The results of Glaser et al. (2017) suggest
that TiO,, after irradiation, would induce an increase in
free radical production and cell death in glioblastoma.
Titanium dioxide caused membrane damage and DNA
fragmentation, which is characteristic of apoptosis [25].
Markowska-Szczupak confirmed that reactive oxygen
species are responsible for this mechanism [26]. Recent
studies point to the mechanism by which nanoparticles
seek and destroy brain tumor cells without destroying
healthy tissue. TiO, nanoparticles covalently conjugated
with antihuman-IL1302R via DOPAC (3,4-dihydro-
xyphenlacetic acid) linker after exposure to visible light,
initiated production of ROS, which damaged brain tumor
cells and induced programmed cell death [27]. Other
studies point to the possibility that TiO, nanoparticles can
damage DNA and thus increase the risk of cancer by
a mechanism associated with oxidative stress [28]. After
the influence of HepG2 cells with TiO, nanoparticles,
expression of Nrf2 mRNA was significantly increased
and down-regulated genes were activated, including
NQOI1, HO-1, and GCLC. Reduction of Nrf2 resulted in
increased sensitivity to DNA damage and, conversely,
an increase in Nrf2 resulted in reduced sensitivity to
DNA damage. These processes were associated with
changes in oxidative stress conditions [29]. However, this
effect has been demonstrated after the application of
nanoparticles to mice, in blood and tissues, but not in the
brain in connection with healthy tissue [30].

The second tested nanoparticle in our study was
PEG-b-PLA nanoparticle.
function as inert carriers for hydrophobic anticancer
agents such as paclitaxel (PTX) and doxorubicin (DOX)
[31]. In the literature, there are no results on toxic effects

These polymeric micelles
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caused by PEG-b-PLA nanoparticles (without drugs)
against cancer or noncancer cells. We have also found no
cytotoxic effects on cancer (HT-29, MCF-7, and
U-118MG) and noncancer (HEK-293T) cells grown in
2D cultivation.

Recently, spheroids (3D cultivation) have been
more often used to answer a wide range of questions in
clinical and biomedical research. 3D cell cultures have
several in vivo attributes of tumors, e.g. cell-cell
interaction, hypoxia, penetration of drugs, response and
resistance, and production or deposition of extracellular
matrix [32,33]. Tumor cells respond differently to various
stimuli when are grown in 2D versus 3D tissue
environments [34]. For this reason, we have decided to
compare results from cytotoxic analyses obtained from
2D and 3D cultivations. Using a modification of existing
methods, we have prepared tumor-fragment spheroids.
Spheroids appear to simulate characteristics of the
original tumor and may be used to assess critical therapy-
modulating features of the microenvironment. Our
tested nanoparticles were titanium dioxide (TiO,)
and copolymer PEG-b-PLA [CH;0(CH,CH,0) x
(COCHCH;0)yH] with size <100 nm. We have found
that PEG-b-PLA nanoparticles exhibited the highest
effectivity against U-118MG cells (ICs5y = 40 pg/ml) in
the spheroid formation compared with its effect on HT-29
(ICso = 71 pg/ml) and MCF-7 (>100 pg/ml) both in the
Ti0,
exhibited the highest effectivity also against glioma cells
U-118MG (ICsp = 8 pg/ml) in the spheroid formation
compared to MCF-7 cells (ICsy = 84 pg/ml) and HT-29
(ICso = 90 pg/ml). The effects of both nanoparticles on
noncancer cells HEK-293T were similar (Table 2).

Authors Danny Jian Hang Tang et al. (2015)
discovered that the MIA PaCa-2 cell line showed the
strongest affinity for 110 nm hybrid polymeric
nanoparticles (PLGA and mPEG-DSPE) compared with
65 nm and 85 nm nanoparticles. In the spheroid
formation of the MIA PaCa-2 cell line,
nanoparticles produced the greatest therapeutic effect
[35].

spheroid formation. Similarly, nanoparticles

65 nm

Cultivation of nanoparticles with cells in the
spheroid form showed cytotoxic effects after 72h. This
effect was different depending on the cancer cell lines
and nanoparticles used. However, the effect of both types
of nanoparticles on control HEK-293T cells was
comparable.

In the second part of our study, we detected

DNA damage in human cancer cells after incubation with

tested nanoparticles. We have examined the effect of
two types of nanoparticles, PEG-b-PLA and TiO2, on
DNA by the single cell gel electrophoresis — comet assay
using human cancer cells (HT-29; MCF-7; U-118MG)
and human noncancer cells (HEK-293T). For this
experiment, we have used cells from 2D cultivation
because the spheroid formation is the complex (entirety)
of cells and we had to classify separate cells into the four
classes [18]. According to our results, the most sensitive
cells against PEG-b-PLA nanoparticles (0.1-100 pg/ml)
were HEK-293T cells. On the other hand, HEK-293T
cells were not significantly sensitive against TiO,
nanoparticles.

A recent study indicates the genotoxic effects of
metal nanoparticles in different human cancer and
noncancer cells mainly through the generation of
oxidative stress in cells [36].

In the literature, there are no results on DNA
damage caused by PEG-b-PLA nanoparticles against
cancer or noncancer cells. As a negative attribute of this
nanoparticle, Xiao et al. (2010) reported that PLA
applications are limited due to its weak hydrophilicity,
excessively long degradation time, and low loading of
polar drugs. Thus, in low concentrations, the copolymer
is nontoxic and not accumulative in vivo [37]. The
degradation products of PEG-PLA block copolymer can
enter the tricarboxylic acid cycle or be eliminated by the
kidney [38,39].

Our results indicate the toxic effects of PEG-b-
PLA nanoparticles at higher concentrations (10, 50, 100
pg/ml) on cancer cells. On the other hand, cultivation
with the noncancer cells HEK-293T shows DNA damage
at concentrations 0.1, 1, 10, 50, and 100 pg/ml.

Conclusion

Our in vitro results highlight the necessity to
study the toxic effects of nanoparticles without drugs, and
detailed molecular mechanisms of their action in two
types of conditions (monolayer 2D- and spheroid forming
3D- cultivation of cells). Understanding the biology of
sphere-forming cells may contribute to the identification
of novel therapeutic opportunities.
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