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Nanomaterials have been widely evaluated for potential use as
efficient delivery carriers for cancer diagnosis and therapy. To
translate these nanomaterials to the clinic, their safety needs to be
verified, particularly in terms of genotoxicity and cytotoxicity. We
investigated changes in gene expression profiles influenced by
silica-coated cobalt ferrite magnetic-fluorescence nanoparticles
and silica-free cobalt ferrite magnetic-core nanoparticles in vivo
and in vitro. Methods: 68Ga-labeled cobalt ferrite nanoparticles
produced by synthesis of 2-(p-isothio-cyanatobenzyl)-1,4,7-triaza-
cyclonane-1,4,7-triacetic acid chelator were established after
labeling efficiency had been validated through a thin-layer chro-
matography method. The expression of genes associated with the
stress and toxicity pathways was verified by a commercially avail-
able polymerase chain reaction array kit. Results: In comparison
with magnetic-fluorescence nanoparticles, magnetic-core nano-
particles revealed severe cytotoxic effects at various doses and
treatment times as determined by the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide assay. Whole-body small-animal
PET and biodistribution studies, including transmission electron
microscope analysis, showed that tail-vein injection of magnetic-
core or magnetic-fluorescence nanoparticles exhibited substantial
liver accumulation. Real-time polymerase chain reaction array
using 52 genes related to cellular toxicity demonstrated that 17
genes from the magnetic-core–treated liver samples were signifi-
cantly affected, mostly in relation to DNA damage or repair and to
oxidative or metabolic stress. The magnetic-fluorescence–treated
liver samples showed gene expression approximately 90% similar
to that of untreated liver samples. Conclusion: We compared
a variety of gene expression profiles in mice injected with mag-
netic-fluorescence or magnetic-core nanoparticles. This study of
gene expression profiles affected by nanotoxicity provides critical
information for the clinical use of silica-coated cobalt ferrite.
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In recent years, biologic and biomedical applications in
health care have rapidly progressed, and engineered nano-
scale materials have attracted much attention because of

their potential for use as efficient drug delivery carriers
for diagnostic and therapeutic applications (1–5).

However, amid the rapid advances in the application of
nanotechnology to human medicine for theragnosis, safety
issues have been considered one of the most critical

problems to be solved. Thus far, adverse effects of nano-
materials on biologic systems have been proven through

a variety of toxicologic experiments. Most studies related to
nanotoxicity have been at the cellular level, examining cell
viability to evaluate the usefulness of nanoparticles in

clinical fields (6–11). The acute toxicity of polyethylene
glycol (PEG)–tethered gold nanoparticles has been verified

in vivo by measurement of inflammation- and apoptosis-
related gene expression levels in liver tissues (12). However,
to better understand nanotoxicity, it is important to use sim-

ple in vivo and in vitro methods to investigate the dynamics
of many different gene expressions affected by nanomateri-

als. Unlike previous studies, which investigated only a few
gene expression patterns in vivo, the current study examined

changes in numerous gene expression patterns in vivo and in
vitro after nanomaterial exposure, using a simple PCR array
method of evaluating toxicologic effects.

A variety of methods for testing genotoxicity, such as the
comet assay or micronucleus test, has generally been used for
detecting potential DNA damage (13). Also, gene-expression

analysis is one important factor in genotoxicity tests, with
real-time reverse transcription (RT) polymerase chain reac-

tion (PCR) becoming the method of choice for high-through-
put and accurate expression profiling of selected genes under
single-experiment conditions. Quantitative real-time RT PCR

analysis provides substantial microarraylike information on
nanotoxicity-related changes in a host of gene expressions,

which can be assayed simultaneously with high sensitivity
and specificity, offering multiple gene expression profiling.

Previous studies have demonstrated—not on the basis of
gene expression but of cellular viability—that silica-coated
cobalt ferrite nanoparticles are safe. A variety of cytotoxicity
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tests have shown not only normal histopathologic data in
magnetic-fluorescence–induced mouse organs but also no
significant chromatid exchange or breakthrough chromo-
somal aberrations (14). We compared the effect of silica-
coated cobalt ferrite magnetic-fluorescence nanoparticles
with that of silica-free cobalt ferrite magnetic-core nanopar-
ticles on gene expression of cellular stress- and toxicity-
related messenger RNA, with focus on the potential genotoxic
and cytotoxic effects of the 2 types of nanoparticles in vitro
and in vivo. We examined the gene expression profiles for
oxidative or metabolic stress, apoptosis signaling, growth
arrest, DNA damage, and inflammation-related genes
under a toxic environment, such as silica-free and -coated
nanoparticle-treated mouse liver tissue and cultured hepa-
tocarcinoma cells, after liver accumulation was clearly
visualized by a PET imager using 68Ga-labeled nanoparticles.

MATERIALS AND METHODS

68Ga-Labeled Nanoparticle Synthesis
Magnetic-fluorescence nanoparticles are composed of a cobalt

ferrite (CoFe2O4) magnetic core and rhodamine B isothiocyanate
(excitation/emission, 555/578 nm) coated with a silica shell, which
is linked with PEG (1.1 · 104/nanoparticle) and amine moieties
(3.9 · 104/nanoparticle) on the surface. Magnetic-core nanoparticles
contain only cobalt ferrite without a silica coating. The basic core
nanoparticles were commercially designed by Biterials, and the
procedure for basic core synthesis was as previously described
(5,15). Briefly, cobalt ferrite magnetics were stabilized using poly-
vinyl pyrrolidone (Sigma) solution. Trimethoxysilane modified by
rhodamine B isothiocyanate was injected into the prepared poly-
vinyl pyrrolidone–stabilized magnetic nanoparticles. To yield rho-
damine B isothiocyanate–containing silica magnetic nanoparticles
(4 · 103/nanoparticle), polymerization was performed by adding
ammonia solution. The magnetic-core nanoparticles (size, 32.6 6
4.5 nm) also contain PEG and an amine group on the surface and
are supplied as a powder and resuspended with phosphate-buffered
saline for use in a biologic study. Before synthesis of the magnetic-
core or magnetic-fluorescence nanoparticles with p-SCN-Bn-NOTA
(2-(p-isothio-cyanatobenzyl)-1,4,7-triazacyclonane-1,4,7-tri-
acetic acid), sonication was performed for 10 min to produce a
homogeneous monodispersion of these nanoparticles. The reaction
was performed in NaHCO3 buffer solution (pH 9). The synthesis
between amine-terminated magnetic-core (or magnetic-fluorescence)
nanoparticles was incubated with p-SCN-Bn-NOTA (bifunctional
chelator) under mild stirring at 4�C overnight. The synthesized
magnetic-core or magnetic-fluorescence nanoparticles dispersed
in NaHCO3 buffer were collected by high centrifugation at
15,000 rpm for 10 min, followed by washing with phosphate-
buffered saline. As a next step for labeling with 68Ga, 68GaCl3 was
eluted using 0.1 MHCl (432.9 MBq [11.7 mCi]/4 mL) in a 68Ge/68Ga
generator. p-SCN-Bn-NOTA–synthesized magnetic-core or magnetic-
fluorescence nanoparticles were labeled with eluted 68GaCl3 with
0.2 M Na2HPO4/NaH2PO4 (Sigma) buffer solution at pH 6.5. The
mixture was incubated at room temperature for 1 h (16). 68Ga-labeled
magnetic-core or magnetic-fluorescence nanoparticles were prepared
by high-speed centrifugation.

Transmission Electron Microscope (TEM) Study
Liver samples treated with magnetic-core or magnetic-fluores-

cence nanoparticles were fixed with a 4% paraformaldehyde

solution and dehydrated on graded concentrations of alcohol.
Negatively stained specimens were placed on polyvinyl formal
resin carbon-coated grids, and TEM studies were conducted using
a JEM-1010 (Jeol Korea Ltd.) at 80 kV. Electron microscopic
digital images were obtained using a cooled charge-coupled-
device camera (Gatan, Inc.).

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide (MTT) Assay

Human hepatoma Hep3B cells (2 · 104) were plated into 96-
well plates with 200 mL of culture medium. After 24 h, each dose
of nanoparticle was resuspended in phosphate-buffered saline and
used to treat the cells for 24 h. The cells were exposed to 20 mL of
MTT solution (1 mg/mL) and incubated for 4 h. Dimethyl sulfox-
ide (200 mL) was added to solubilize formazan crystals. Optical
density was determined using an ELISA reader at 5,600-nm wave-
length. All samples were evaluated in triplicate. Time-dependent
tests of cellular toxicity were performed for up to 3 d.

Confocal Microscopy of Liver
Frozen liver tissue isolated from mice injected with each

nanoparticle was prepared and sectioned at a thickness of 5 mm.
The tissue slices were placed on glass slides and mounted with
solution containing DAPI (Vector Laboratories, Inc.). Rhodamine
fluorescence images were obtained using a confocal microscope
(model LSM 510; Zeiss).

Quantitative Real-Time PCR Array
Nanoparticle-injected liver tissues and nanoparticle-treated

cells were prepared for RNA purification. Isolated liver tissues
were frozen in liquid nitrogen and homogenized, and 10–30 mg of
tissue were harvested with TRIzol reagent (Invitrogen). RT of 1 mg
of total RNA was performed using SuperScript II (Invitrogen) re-
verse transcriptase to yield complementary DNA for each sample.
A kit (RT2 Profiler PCR array system; SABiosciences) was used to
examine multiple gene expressions related to the stress and toxic-
ity pathways. The synthesized complementary DNA samples were
mixed with a master mixture for preparation of quantitative real-
time PCR array. Plates (96-well) containing all reagents were
briefly centrifuged, and real-time quantitative PCR was performed
using an ABI Prism 7900 HT detector (Applied Biosystems) under
the following conditions: 50�C for 2 min, 95�C for 10 min, and 40
cycles of 95�C for 15 s and 60�C for 1 min. Threshold cycle values
were normalized to the glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) gene, and the expression data were represented
as fold ratio values. Threshold cycle values determined by real-
time RT PCR were quantitatively calculated as follows:

DTC value 5 each sample TC value 2 GAPDH TC value;

DDTC value 5 DTC value 2 lowest TC value;

Acquired value 5 22DDTC;

where TC is threshold cycle.

Small-Animal PET and Biodistribution of
68Ga-Labeled Nanoparticles

Animal handling and experimentation were performed accord-
ing to the guidelines of the Institutional Animal Care and Use
Committee of Seoul National University Hospital. A 68Ga-labeled
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magnetic-core or magnetic-fluorescence nanoparticle suspension
(500 mg) was administered by tail vein injection to 6-wk-old
BALB/c-n-mice (3 mice per group), which were then anesthetized
with 1% isoflurane–O2 air and placed prone under a small-animal
PET/CT scanner (eXplore Vista; GE Healthcare). Dynamic PET
images were acquired over 10 min in 6 frames. The mice were
sacrificed 1 h after injection of the nanoparticles; various organs,
including the liver, were isolated and weighed; and radioactivity
was counted with a NaI well counter. Biodistribution was repre-
sented as a percentage of the injected dose per gram of tissue. The
liver-to-muscle ratio was evaluated quantitatively from recon-
structed data using Vista software. Regions of interest were man-
ually drawn over the liver and muscle regions for analysis.

Statistical Analysis
All data are presented as the mean 6 SEM from individual

experiments and calculated using the Student t test. Statistical
significance was accepted at P values of less than 0.05.

RESULTS

In Vitro Cellular Toxicity

TM-50 PEG and NH2 (silica-free cobalt ferrite magnetic-
core nanoparticles) were designed for use in the control
group by combining an amine group and PEG moieties
on the surface area. Magnetic nanoparticles@SiO2(rho-
damine B isothiocyanate)-PEG/NH2 (silica-coated cobalt
ferrite magnetic-fluorescence nanoparticles) were previ-
ously reported and have been well characterized (4,5).
Briefly, the magnetic-fluorescence nanoparticles were syn-
thesized to have a cobalt ferrite core coated with a silica
shell containing rhodamine B isothiocyanate (excitation/
emission, 555/578 nm). TEM images showed the mag-
netic-fluorescence nanoparticles to appear as monodis-
persed crystalline spheres with a size of approximately
50 nm (Supplemental Fig. 1A), whereas the magnetic-core
nanoparticles showed a polydispersed pattern and an ap-
proximate magnetic-core size of 35 nm (Supplemental
Fig. 1B). To compare the cytotoxic effects of the 2 types
of nanoparticles at the cellular level, each type was used to
treat Hep3B cells. An MTT colorimetric assay of magnetic-
core–treated cells showed an explicit time-dependent
reduction of cell viability. No significant reduction in the
viability of magnetic-fluorescence–treated cells was seen
until 3 d (Fig. 1A). Also, when various doses of nanopar-
ticles were used to treat the Hep3B cell line, magnetic-core
nanoparticles were significantly more cytotoxic than mag-
netic-fluorescence nanoparticles; a dose-dependent reduc-
tion of viability was observed only in the cells treated with
magnetic-core nanoparticles (Fig. 1B).

In Vivo Small-Animal PET and Biodistribution

Because the mononuclear phagocytic system allows
nanosized particles to accumulate naturally in liver tissue
through opsonization phenomena (17,18), the liver is a good
target organ for in vivo nanotoxicity studies. To monitor
retention of nanoparticles in the liver noninvasively,
a PET approach providing tomographic information with
high sensitivity was used. Amine moieties in magnetic-core

and magnetic-fluorescence nanoparticles were synthesized
with a p-SCN-Bn-NOTA chelator and subsequently labeled
with 68GaCl3. The labeling efficiency of 68Ga-labeled mag-
netic-core and magnetic-fluorescence nanoparticles was
checked by thin-layer chromatography. The 68Ga-labeled
magnetic-fluorescence nanoparticles were tested for stabil-
ity under serum incubation and showed a stable structure
for 2 or 4 d (Supplemental Fig. 2). Each radiolabeled nano-
particle was administered intravenously to mice, and
dynamic small-animal PET images were acquired. 68Ga-
labeled magnetic-core–injected mice exhibited radionu-
clide signals exclusively in liver tissue through the coronal,
sagittal, and axial planes (Fig. 2A). Dynamic small-animal
PET for quantitative measurements was performed over
10 min in 6 frames and showed that 68Ga radioactivity
gradually decreased through the region-of-interest value

FIGURE 1. In vitro cytotoxic effects of magnetic-core (black bars)

and magnetic-fluorescence (white bars) nanoparticles. Twenty

micrograms of each type were used to treat Hep3B hepatocarci-
noma cell line, and time-dependent (A) and dose-dependent (B)

MTT assay was performed. Significant reduction of cell viability

was observed 1 d after treatment with magnetic-core nanoparticles,
compared with magnetic-fluorescence nanoparticles. Cell viability

gradually decreased until 10-mg concentration of magnetic-core

nanoparticles was reached. *P , 0.05. **P , 0.0005.
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for the liver-to-muscle ratio (Supplemental Fig. 3). One
hour after the 68Ga-labeled nanoparticles had been admin-
istered, biodistribution studies showed an approximately
50-fold higher accumulation of both types of nanoparticles
in liver tissue than in muscle (Fig. 2B).

Ex Vivo Validation Study in Liver

To determine whether the acquired high liver uptake was
the result of magnetic-core or magnetic-fluorescence nano-
particles, we performed an ex vivo study on fixed liver
tissue injected with both types of 68Ga-labeled nanopar-
ticles. Confocal microscope images of mouse liver showed
evenly dispersed rhodamine fluorescence signals in the
tissue that had been treated with magnetic-fluorescence
nanoparticles (Supplemental Fig. 4). As expected, no fluo-
rescence signal was detected in untreated and magnetic-
core–treated mice. However, TEM revealed an abundance
of magnetic-core or magnetic-fluorescence nanoparticles in
vesiclelike spaces in the cytoplasm (Supplemental Fig. 5).
Hematoxylin and eosin staining of liver sections from each
group revealed that nuclei in magnetic-core–treated liver
were of irregular shape, compared with the shape of nuclei
in untreated and magnetic-fluorescence–treated liver (Sup-
plemental Fig. 6).

Genotoxic Effect of Magnetic-Core Nanoparticles

We investigated the effect of nanoparticles on multiple
gene expression profiles through fluorescence-based real-
time RT PCR analysis. The expression levels of 52 genes,
which were divided into 7 gene functional groups (oxida-
tive or metabolic stress, heat shock, proliferation and
carcinogenesis, growth arrest and senescence, inflamma-
tion, DNA damage and repair, and necrosis or apoptosis) as
shown in Supplemental Table 1, were examined in vivo and
in vitro. Twenty-four hours after magnetic-core or mag-
netic-fluorescence nanoparticles (100 mg) had been used to
treat Hep3B cells seeded on 10-cm culture dishes, the total
RNA of each sample was isolated using TRIzol reagent,
and real-time RT PCR analysis was conducted for each
gene set using sequence-specific primers. A housekeeping
gene, GAPDH, was used as an internal control. The number
of genes that had increased by more than 2-fold in each
group was as follows: magnetic-fluorescence vs. untreated,
14 genes in vitro and 2 genes in vivo; magnetic-core vs.
magnetic-fluorescence, 22 genes in vitro and 17 genes in
vivo; magnetic-core vs. untreated, 27 genes in vitro and 15
genes in vivo. Of the 52 genes, 22 had a 2-fold higher level
of expression in magnetic-core–treated He3B cells than in
untreated or magnetic-fluorescence–treated cells (Fig. 3A).

FIGURE 2. Dynamic small-animal PET and

biodistribution study. (A) Dynamic PET

images (coronal, sagittal, and axial views)

showing exclusive accumulation of 68Ga-la-
beled magnetic-core nanoparticles in liver,

with radioactivity remaining until 60 min. (B)

Biodistribution profile for mice injected with
68Ga-labeled magnetic-core (black bars) and
magnetic-fluorescence (white bars) nanopar-

ticles. Data are expressed as percentage of

injected dose per gram of tissue.
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Among these 22 genes, genes related to oxidative or met-
abolic stress, including Cyp3a11, as well as DNA damage
and repair, including Xrcc2, were highly upregulated, com-
pared with expression of the same genes in magnetic-
fluorescence–treated or untreated cell lines. Five genes
(Dnaja1, Gadd45a, Il1a, Lta, and NfKBia) had a relatively
similar pattern of expression between the magnetic-core–
and magnetic-fluorescence–treated groups (Supplemental
Fig. 7A). For the in vivo genotoxic study, liver tissues were
isolated 24 h after injection of magnetic-core or magnetic-
fluorescence nanoparticles. Each total RNA sample was
extracted from the magnetic-core–, magnetic-fluores-
cence–injected, or untreated liver tissue and was reacted
on a 96-well PCR array plate containing a master mixture.
Of the 52 genes, 17 showed a significantly affected level of
expression in silica-free magnetic-core–treated liver, com-
pared with magnetic-fluorescence–treated and untreated
liver (Fig. 3B). Seventeen genes were related to DNA dam-
age or repair (Atm, Rad23a, and Rad50), apoptosis (Anxa5
and Fasl), carcinogenesis (Ccnc, Ccnd1, and Ccng1), in-
flammation (Cxcl10 and Il18), oxidative stress (Gpx2,
Gsr, Mt2, Cyp4a10, Cyp4a14, and Por), or growth arrest
(Igfbp6). Three genes (apoptosis-related [Tradd], oxidative
stress-related [Polr2k], and growth arrest–related [Trp53])

showed a similar pattern of expression in magnetic-core–,
magnetic-fluorescence–treated, and untreated liver (Supple-
mental Fig. 7B).

Gene Expression in Liver

The in vitro genotoxic results showed a relatively strong
correlation (R2 5 0.68) of gene expression patterns between
the untreated and magnetic-fluorescence–treated groups,
compared with the untreated and magnetic-core–treated
groups (R2 5 0.02) or the magnetic-core–treated and mag-
netic-fluorescence–treated groups (R2 5 0.12; Fig. 4A and
Supplemental Fig. 8A). Similarly, a relatively strong correlation
(R2 5 0.89) was found between the untreated and magnetic-
fluorescence treated groups (Fig. 4B), whereas a weak corre-
lation in each selected gene expression group was found
between the magnetic-core and magnetic-fluorescence groups
(R2 5 0.26) and the untreated and magnetic-core groups
(R2 5 0.24) (Supplemental Fig. 8B). In vitro and in vivo
genotoxic studies showed that genes with at least a 2-fold
higher level of expression in the magnetic-core–treated
gene group than in the magnetic-fluorescence–treated group
were functionally clustered into 7 categories (Supplemental
Fig. 9). Both in vitro and in vivo data demonstrated that
genes involved in DNA damage or repair and oxidative or

FIGURE 3. Genotoxic effects of magnetic-

core and magnetic-fluorescence nanopar-

ticles on Hep3B cells and liver tissues.
Real-time PCR array was conducted using

total RNA samples isolated from 3 groups (un-

treated [white bars], magnetic-core–treated
[hatched bars], and magnetic-fluorescence–

treated [black bars]) of Hep3B cells and in vivo

liver tissue. (A) Genes significantly affected by

magnetic-core nanoparticles when both types
of nanoparticles were used to directly treat

Hep3B cells. (B) Genes showing significantly

enhanced expression in magnetic-core–treated

in vivo liver samples when both types of
nanoparticles were injected into mice via tail

vein.
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metabolic stress accounted for more than 50% of the tested
genes, indicating that the magnetic-core nanoparticles caused
severe DNA damage through cellular stress.

DISCUSSION

The rapid development of nanotechnology has benefited
a variety of fields in biology and medicine. Although much
research has progressed from the potential benefits of
nanomaterials for chemical sensing, in vitro diagnostics,
and in vivo imaging, applications in human health cannot
progress without consideration of the potential hazards
of nanomaterials. Recently, the biologic impact of nano-
materials on intact tissues and organs has been examined
(19–21). However, most toxicologic studies have been per-
formed at the cellular level or provided information about

the level of expression of several genes (12,22,23). The
toxicologic effects of nanoparticles should be investigated
at the genetic level in vivo and in vitro. Thus, we focused on
the potential toxicity of nanomaterials for a better under-
standing of nanotoxicity at the genetic and cellular levels.

Although our in vivo biodistribution study showed sub-
stantial liver uptake of magnetic-core and magnetic-fluo-
rescence nanoparticles, a comparison using the MTT assay
demonstrated that the magnetic-fluorescence nanoparticles
had no significant effect on cell viability but that the
magnetic-core nanoparticles showed apparent cytotoxicity.
In addition, real-time PCR array revealed that the magnetic-
core nanoparticles stimulated a significantly increased
expression of genes involved in the stress and toxicity
signal pathways in vitro and in vivo, whereas magnetic-
fluorescence nanoparticles showed a gene expression
pattern similar to that of the untreated group. Magnetic-
core–treated liver samples showed more changes in genes
related to DNA damage or repair, oxidative or metabolic
stress, and proliferation than in genes related to heat shock.
The 2 genes most significantly affected by magnetic-core
treatment in vitro and in vivo were Cxcl10 (functional role,
inflammation) and Cyp4a10 (functional role, oxidative
stress). The Cxcl10 gene, which is related to inflammation,
had an expression ratio of 17.51-fold and 4.30-fold com-
pared with silica-coated magnetic-fluorescence nanopar-
ticles, in vitro and in vivo, respectively. Also, the oxidative
stress–related cyp4a10 gene had an expression ratio of
28.80-fold and 45.39-fold compared with silica-coated
magnetic-fluorescence nanoparticles, in vitro and in vivo,
respectively. The most highly affected of the 52 genes by
magnetic-core treatment were Atm (related to DNA dam-
age); Ccnd1, Ccnc, and Ccng1 (related to proliferation);
and Cyp4a10 and Cyp4a14 (related to oxidative stress).
Therefore, exposure of magnetic-core nanoparticles to liver
tissue can cause severe oxidative stress or proliferation and
even DNA damage.

In the case of metal-based nanomaterials for diagnostic
and therapeutic applications in cancer and other diseases,
safety standards for toxicologic effects should be estab-
lished at the genetic and cellular levels. Therefore, we
emphasize that clinical applications of nanomaterials can
advance significantly through in vivo and in vitro research
examining numerous gene expression profiles related to
stress and toxicity pathways. The next step will be studies
of the toxicologic effects of different shapes of nano-
materials, or long-term studies of these nanomaterials,
measuring changes in the pattern of expression of multiple
genes from severe cellular toxicity.

CONCLUSION

Cobalt ferrite magnetic nanomaterials have been pro-
posed for medical application as a drug delivery system and
have a substantial advantage over iron oxide nanomaterials.
However, the use of cobalt ferrite for human medicine is
still a distant goal because of severe genotoxicity and

FIGURE 4. Graph showing relatively strong correlation between

untreated and magnetic-fluorescence (MF)–treated groups in vitro

(A) and in vivo (B).
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cytotoxicity. Therefore, we need to examine the effect of
cobalt ferrite on the expression of critical genes related to
oxidative stress, apoptosis, and cell damage, using a simple
real-time PRC-based global gene expression assay.
In this study, in vitro and in vivo gene expression analysis

indicated that cobalt ferrite magnetic-core nanoparticles
were severely genotoxic to liver tissue, whereas magnetic-
fluorescence nanoparticles had relatively safe levels of
cytotoxicity and genotoxicity. Unlike previous studies
investigating the level of gene expression from nanotox-
icity, global gene expression profiles were simultaneously
analyzed by simple and reliable real-time RT PCR, pro-
viding substantial information on the gene expression
pattern induced by nanomaterials in vivo and in vitro.
Multiple gene expression studies comparing magnetic-
fluorescence and magnetic-core nanoparticles will offer
important information for the application of nanomaterials
to human studies for diagnostic or therapeutic purposes.
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