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Abstract. Despite intensive research efforts, cancer remains one of the leading causes of death
in the world. Many new methods and techniques have been developed in order to improve
diagnosis and treatment, often promising in the beginning, but with limited results during the
course of their application. This concise review focuses on novel approaches in development
and ]roduction of magnetic nano]articles, as well as their a]]lication in today’s cancer diagno-
sis and treatment.

1. INTRODUCTION

Early in the 21st century, control of cancer is con-
sidered to be a major public health issue [1]. De-
spite intensive research efforts over past few de-
cades, cancer remains one of the leading causes
of death in the world. Many new methods and tech-
niques have been developed in order to improve di-
agnosis and treatment, often promising in the be-
ginning, but with limited results during the course of
their application.

Nanotechnology is a relatively new branch of
science that studies tools and devices of size 1 to
100 nm with various functions at the cellular, atomic
and molecular levels [2]. Some authors define it as
“the creation and utilization of materials, devices,
and systems through the control of matter on the
nanometer-length scale, i.e. at the level of atoms,
molecules, and su]ramolecular structures” [3].

Cancer nanotechnology is currently going
through an intense development for applications in
cancer imaging, molecular and cellular diagnosis,
targeted therapy[4], as well as tissue engineering
[5]. The versatility and broad applicability of
nanotechnology reflect the spectra of composite

materials (e.g. metals, semiconductors or polymers),
geometries (e.g. sphere, prism or rod), and struc-
tures (e.g. solid, core or shell or dendrimers) that
have been generated in order to be used in various
cancer diagnostic procedures and treatment [6].

Magnetic nanoparticles (MNPs) are spherical
nanocrystals of 10–20 nm of size with a Fe2  and
Fe3+ core, sometimes surrounded by various mol-
ecules, such as dextran or polymer polyethylene
glycol [7,8]. Their magnetic properties enable them
to mark various biomolecules in modern diagnostic
procedures (e.g. in Magnetic resonance imaging),
and they may also be functionalized for active tar-
geting in vivo or for in vitro diagnostics [7,8].

There is a great need and interest in developing
new nanodelivery systems for drugs that are already
on the market, especially for cancer therapeutics
[9]. By using nanotechnology, scientists are trying
to develop nanomaterials able to deliver the drug to
the targeted tissue, release it at a controlled rate,
be a biodegradable drug delivery system, and some-
times to be able to escape from degradation pro-
cesses of the body [9]. Magnetic nanoparticles have
some of those characteristics, and that makes them
a very important factor in future developmet of can-
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cer therapy. In this concise review, we focus on the
synthesis, functionalization, and application of mag-
netic nanoparticles, and novel approaches in their
application in cancer diagnosis, treatment and prog-
nosis. We also discuss recent findings related to
this issue, and present our own suggestions and
opinion about the future goals and potential prob-
lems that await this part of nanoscience.

2. SYNTHESIS AND
FUNCTIONALIZATION OF
MAGNETIC NANOPARTICLES

During the last few years, many new magnetic
biomaterials have been synthetised, and their physi-
cal and chemical properties examined [10-14]. Most
synthesis procedures for medically applicable
nanomaterials are inexpensive and based on simple
chemical reactions. Some commonly used meth-
ods are: wet precipitation and co-precipitation, re-
verse micelle mechanism, chemical vapor conden-
sation, thermal decomposition and reduction, and
liquid phase reduction [15].

Since nanoparticles at the target site, despite
their small size, do not enter into biological sys-
tems easily, many researchers suggest that it is
essential to design strategies that enable
nanoparticles to recognize the surface molecules/
receptors of the target cells and, therefore enabling
nanoparticles to enter the cells and their organelles
[7]. It is also very important to develop protection
strategies to chemically stabilize the naked mag-
netic nanoparticles against degradation during or
after the synthesis – ]erha]s by grafting/coating
with organic materials (surfactants or polymers), or
by coating with specific inorganic layers (e.g. silica
or carbon) [8]. This may also, in some cases, en-
able further fictionalization of nanomatirials to make
them more efficient in cancer treatment.

Most magnetic nanoparticles today are iron-
based and significant advances in their synthesis
and development have been achieved, although there
have been many experiments and designs with other
metals as well. Recently, cobalt ferrite NPs about
30 nm in size were synthesized by a new homoge-
neous precipitation routes using hexamethylenetet-
ramine as precipitant at low pH environment [16].
The authors state that this method for the synthe-
sis of Cobalt ferrite NPs is simple, low in reaction
temperature, high yielding, and inexpensive. How-
ever, although most materials with high magnetic
moment, such as cobalt, could be effective
nanodelivery mediators, most of them are consid-
ered toxic, susceptible to oxidation and therefore

limited in biomedical applications [17]. Magnetic iron
oxide particles (ferromagnetic magnetite-Fe3O4, and
maghemite-g-Fe2O3), on the other hand, are highly
biocompatible, because the iron uptake, excretion
and storage are well controlled, and the iron ex-
cess is efficiently cleared from the body without
serious consequences to human health [17]. These
facts could make iron-based nanoparticles a pos-
sible solution for many problems that today emerge
in cancer diagnosis and treatment.

We should also mention that, in recent years,
magnetic and other physical properties of many new
non-iron based nanoparticles have been examined
and described [18-23]. The potential for their appli-
cation in biomedical sciences yet remains to be
determined.

2.1. Magnetic nanoparticles in cancer
diagnosis

Recently there have been many efforts to develop
nanosized contrast agents for cancer magnetic reso-
nance imaging (MRI), and computed tomography
(CT), that are more efficient and affordable than those
]resent on today’s market. Some scientists con-
sider superparamagnetic iron oxide particles (50 to
100 nm in size) as promising contrast agents, be-
cause they have much greater magnetic suscepti-
bility than traditional MR contrasts, such as gado-
linium [24]. Many of those substances might have
rapid hepatic uptake after intravenous administra-
tion, which could make them very useful for hepatic
tumors characterization [24,25].

Today, there are several commercially available
contrast agents for MRI. Resovists® (Schering) is
made of superparamagnetic iron oxide (SPIO)
nanoparticles coated with carboxydextrane [26].
Recently, using “sonochemical method”, scientists
synthesized SPIO nanoparticles with the ability to
be dispersed in chitosan, thus creating ferrofluid
used as an enhancement of MRI contrast agents.
In the mentioned study, such MRI image contrast
readings were similar to those of Resovists [26]. In
a recent study, magnetic fluids comprising of poly-
electrolyte stabilized magnetite nanoparticles have
been produced and demonstrated good
biocompatibility and potential for in vivo MRI diag-
nostics [27]. Also, last year, magnetic fluids as im-
age contrasts were synthesized via a high-Tc su-
perconducting quantum interference device (SQUID)
in microtesla magnetic fields [28].

In 2009, it was proposed that ultrasmall
superparamagnetic particles of iron oxide (USPIO)-
enhanced MRI in combination with diffusion-



69Magnetic nanoparticles in cancer diagnosis and treatment: novel approaches

weighted magnetic resonance imaging (DW-MRI)
could be a novel, accurate, and fast method for de-
tecting pelvic lymph node metastases even in nor-
mal-sized nodes of patients with bladder or pros-
tate cancer [29]. There has also been some ad-
vances in colorectal cancer diagnostics; iron-oxide
or iron-cored nanoshells today can be used as con-
trast agents suitable for MRI imaging, which, in ad-
dition to their non-invasive nature, could result in
powerful and useful diagnostic tools [6,30].

Ferrite nanoparticles are nontoxic, biocompatible
and affordable, however, their specific magnetic
moment is low, and, although iron has some prop-
erties that makes it more applicable than iron ox-
ides, pure metallic iron nanoparticles are unfortu-
nately, in some circumstances, highly sensitive to
oxidation and degradation [30]. Some authors, there-
fore, suggest that iron nanoparticles might be pas-
sivated with a thin ion oxide- or Au-shell and retain
the high magnetic moments of pure iron cores, dra-
matically enhancing the contrast for MRI, reducing
the needed particle concentrations, thus making
drug delivery possible with much lower magnetic
field gradients [30].

The use of magnetic NPs is having a great im-
pact in bioassays for separation and
preconcentration [31]. Recently, magnetic micro/
nanoparticles have been widely used as signal re-
porters to detect various biomolecules, and to fa-
cilitate location of cancerous cells [32,33]. In bio-
assays, the most important roles of nanoparticles
are: to act as a probe owing to its specific magnetic
properties, and to carry on its surface markers for
various covalent and non-covalent reactions with
antibodies, nucleic acids and other recognition
molecules [34].

Synthetic antiferromagnetic (SAF) nanoparticles
possess unique tunable magnetic properties, which
could in the near future make them essential for
developing highly selective and sensitive bioassays
for tumor detection and surveillance [35]. Recently,
uniform arrays of nanopillars on a silicon wafer have
been created, resulting in a low-cost and produc-
tion-worthy stamps for SAF nanoparticles produc-
tion [35]. According to the scientists, this magnetic
nanosensor technology is capable of rapid, multi-
plex protein detection with resolution at attomolar
concentrations. Also, in 2009, Y. Lalatonne et al.
have designed a new, hybrid, magnetic nanoplatform
for immunoassays using a highly iron complexing
agent (HMBP) that contained a carboxylic function
as bio-conjugating precursor, demonstrating that
magnetic properties differ drastically according to
the nanoparticle dipolar interaction and the

nanocrystal size [34]. Authors state that these
materials are currently being evaluated for
bioconjugation and their use in bioassays [34].

The laboratory of J. Gao et al. has recently re-
ported a new type of multifunctional nanomaterials,
FePt@Fe2O3 yolk-shell nanoparticles [36]. It was
explained that, given the possibilities of surface
functionalization of these multifunctional
nanoparticles by various molecules (e.g. antibod-
ies), one can develop a particle capable of detect-
ing and monitoring the transformation of the tumor
by noninvasive MR imaging, during and after che-
motherapeutic treatment [36]. These nanomaterials
might have great potential in future cancer bioas-
say development although their stability in living or-
ganisms remains to be examined.

Recently, it was shown that simple non-expen-
sive nanomashines/nanosensors with a potential use
in cancer immunodiagnostics, can relatively easily
be designed/constructed. Y. Zhang et al. have de-
veloped a simple, sensitive, and reusable piezoelec-
tric immunosensor, based on biomolecules directly
adsorbed on paramagnetic HAP/ -Fe2O3/Au
nanocomposites [37]. According to the authors, the
main advantages of this porous HAP/  - Fe2O3/Au
nanocomposites is that they might provide a large
loading capacity of biomolecules with well-preserved
bioactivity, and that the recognition biomolecules
immobilized on the nanocomposites with exposed
structure, possess a good degree of flexibility and
accessibility to the analyte [37].

2.2. Magnetic nanoparticles in cancer
therapy

In recent years, magnetic nanoparticles have be-
come a very significant tool in cancer therapy. Ac-
cording to some authors, the greatest therapeutic
potential is probably associated with applications
involving ‘intelligent’ ]articles with 3 ]otential ]arts:
1) a magnetic core (to direct the particles to the
proximity of the cancer mass, and also for hyper-
thermic effects of the particle), 2) a recognition layer
(whith adequate receptors / recognition molecules),
and 3) a therapeutic load [38]. Some nanoparticles
are designed to have all 3 parts, whereas others
may lack a therapeutic load, their effect solely based
on the action of their surface molecules, or their
magnetic core. The “load” is usually an antineo]lastic
medication. For example, recently, Fe3O4-magnetic
nanoparticles were loaded with chemotherapeutic
agent ADM, chemosensitizer Tet and / or other
agents such as 5-bromotetrandrin [39,40]. It was
assumed that such drugs polymerized with Fe3O4-



70 I. Pantic

magnetic nanoparticles might have curative effects
on multidrug resistance [39,40]. Later in the text
we will additionally discuss recent advances con-
cerning this type of nanoparticles. On the other
hand, the therapeutic effects of magnetic
nanoparticles can be based exclusively on their
specific inorganic properties. The best example for
this are the materials used for so-called “Magnetic
targeted hy]erthermia”.

Magnetic targeted hyperthermia, achieved by
using metallic nanoparticles that convert electromag-
netic energy into heat, might have a significant role
in noninvasive treatment of cancer and other tem-
perature sensitive diseases [41], although the deliv-
ery of a hyperthermic material to a specific target
site, and heating of surrounding healthy tissues (side
effects), is a potential problem [42]. Since surface
characteristics (markers, ligands, etc.) of the
nanoparticles are important factors that determine
the biocompatibility and cell adhesion of the hyper-
thermic thermoseed, some new surface materials,
like chitosan-coating, have been developed with
encouraging results [42]. Although not yet the
therapy of choice, thermotherapy is today used in
treatment of some tumors. Interstitial heating using
magnetic nanoparticles (prospective phase I trial)
was feasible in patients with previously irradiated
and locally recurrent prostate cancer [43]. The
method of magnetic liquid hyperthermia is also used
for glioblastoma therapy [44]. The magnetite
nanoparticles were delivered to the tumor with the
help of a supersensitive electronic navigation sys-
tem, allowing treatment of the brain fragments re-
sponsible for speech and locomotor functions [44-
46]. Still, many challenges remain. The main prac-
tical problems with magnetic targeted hyperthermia
are: a limited particle supply of the tumour tissue,
resulting in insufficient temperature enhancement
in parts of the tumour; and a risk of proliferation of
cancer cells that survived thermotherapy [47].

Many mediators (growth factors, antibodies,
hormones) can be associated with magnetic
nanoparticles, making them suitable for specific
tumor receptor targeting. These receptors, when
targeted, may induce cell apoptosis, changes in cell
metabolism, or simply act as a bridge that connects
the particle and the cancer cell, allowing transfer of
medicaments.

Epidermal growth factor (EGF)-based
nanotherapy has shown great potential for possible
treatment of colorectal and breast cancers. Recently,
EGF was conjugated with carboxymethyldextran
(CMDx) coated iron oxide magnetic nanoparticles
using carbodiimide chemistry to obtain magnetic

nanoparticles that target the epidermal growth fac-
tor receptor (EGFR) allowing potential future target-
ing of EGFR overexpressing colon cancer cells [48].
Today, it is possible to conjugate antibodies to these
particle suspensions using a variety of techniques,
while still maintaining particle integrity and colloidal
stability [49]. Various types of nanoparticles conju-
gated with the anti- Human Epidermal growth factor
Receptor 2 (HER2) monoclonal antibody (also called
“trastuzumab”), have been created and analyzed due
to promising results in biological and preclinical
applications in the treatment of breast cancer [50].
Aqueous based formulation of glycerol monooleate
coated magnetic nanoparticle linked HER2 antibody,
showed enhanced uptake in human breast carci-
noma cell line (MCF-7), giving us hope for future
successful chemotherapy of certain types of breast
tumors [51].

Another possible approach concerning breast
cancers is treatment with hormone-conjugated
nanomaterials. For example, some authors state
that LHRH- superparamagnetic iron oxide
nanoparticles (SPIONs) can be used to target can-
cer cells in both the primary breast tumors and the
lung metastases using transmission electron mi-
croscopy to measure sub-cellular distributions of
SPIONs in tumors and tissues [52]. Furthermore,
yet another study concerning breast cancer revealed
that accumulation of individual LHRH- magnetic
nanoparticles in the nucleus of  liver cells suggests
that LHRH-MNPs are also potential carriers for
delivering drugs or DNA to liver cells with
diseases [53].

Hormone-conjugated nanomaterials are also a
potential solution for ovarian cancer treatment, al-
though most recent investigations are focused on
specific membrane tyrosine kinase receptor target-
ing. Magnetic nanoparticles with ligands with a high
affinity for EphA2 tyrosine kinase receptors ex-
pressed on ovarian cancer cells, could be used to
isolate free-floating cancer cells (cells responsible
for the majority of ovarian cancer metastases [54])
from peritoneal fluids, decreasing levels of chemi-
cal or radiation therapies (or both) and reducing or
eliminating the detrimental side effects typically
associated with ovarian cancer therapy [55].

We should here mention that, although there are
evident benefits of application of these
nanomaterials, the toxicity of hormone-conjugated,
growth factor-conjugated and other magnetic
nanoparticles, however, remains controversial. There
are, for example, concerns that magnetic
nanoparticles in general may pose a considerable
health risk because of their ability to accumulate
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within the bloodstream, and probability of emboliza-
tion [56]. Although many methods for toxicity
measuremens / quantification exist, sometimes the
results are inconclusive and confusing. This is es-
pecially true knowing that many in vitro tests show
poor correlation with similar tests done in vivo [57].
Thus, some laboratories have made a great effort in
order to develop new techniques that would exam-
ine the in vitro toxicity of nanoparticles in a more
rigorous manner [58]. The effectivnes and applica-
bility of these methods yet remains to be determined.

Conjugation of antineoplastic medications and/
or radioemitters with nanoparticles has become the
focus of many recent preclinical and clinical experi-
ments. Knowing the limitations of iron oxide based
nanoparticles, various alternative high-quality mag-
netic nanomaterials are now available, such as
ferrites, metals and alloys, with better performance
as drug-carrier agents [59], and, perhaps, lower tox-
icity. A new radioimmunoconjugate—131I–anti-vas-
cular endothelial growth factor (VEGF) monoclonal
antibody (Sc-7269)–Dextran Magnetic Nano]articles
(DMN) has been produced by Chen et al., and its
biodistribution, therapeutic effects and safety was
then observed in nude mice bearing human liver
cancer [60]. The authors concluded that this tech-
nology might be safe and potentially highly efficient
in treatment of liver as well as other types of can-
cer. A few years ago, some laboratories have suc-
cessfully synthesized a new type of nanoparticles -
the magnetic polyethyl-2-cyanoacrylate (PECA)
nanoparticles, containing anti-cancer drugs
(Cisplatin and Gemcitabine) using the method of
so-called inter-facial polymerization [61]. The drug
release pattern of Cisplatin (hydrophobic) showed
sustained release behavior, suggesting that the
magnetic PECA magnetic nanoparticles may have
a potential as a highly versatile carrier for targeted
delivery approach [61]. In other studies, small size
and high hydrophilicity polymers were selected that
enabled the integration of iron oxide colloids, che-
motherapeutics, and targeting ligands to form sub-
50-nm novel Magnetic Nanoparticle Hydro-Gel
(MagNaGelTM) nanoparticles, merging drug and
device concepts, and increasing the chances of deep
tumor penetration [62]. Also, Häfeli et al. success-
fully conjugated magnetic targeted carriers with the
therapeutic radioemitter rhenium-188, and the com-
plex was targeted to solid tumors with high efficiency.
This may allow the physicians to effectively deliver
high doses of radiation to tumors and minimize ra-
diation to surrounding cells and tissues [63].

As for advances in cancer pulmology, some sci-
entists have presented an in vitro model designed

to investigate the potential of magnetically targeted
aerosol deposition, for potential applications in lung
cancer treatment [64]. The results of this investiga-
tion were encouraging knowing that magnetically
targeted site-specific deposition was achieved, and
that the deposited particles were not cleansed by
the clearance mechanisms. However, it is not clear
whether this model could be widely used in patients.

All in all, still many obstacles remain to be over-
come for successful in vivo application of tumor-
targeted iron based nanoparticles: functional group
modification of the drugs during conjugation with a
nanoparticle, low drug loading efficiency, failure of
nanomaterials to enter the tumor tissue from the
blood, drugs being transported to endosomes/lyso-
somes instead to the cytoplasm of cancer cells,
decrease of the targeting ability as a result of weak
connections with a ligand, lack of magnetization of
the core material, toxicity and biodegradation, as
well as financial issues concerning production [65-
67]. Also, heterogeneity of nanomaterials remains
a major problem, and sometimes, it may be difficult
to precisely influence the number of functional mol-
ecules on the surface of nanoparticles [68].

Many practitioners believe that cancer treatment
should be based not only on prognostic factors and
chemotherapy, but also on quality of life during and
after treatment, and, knowing that, tolerability, com-
pliance and quality of life will, therefore, could be-
come the most important factors in future therapy
of cancer [69]. In our opinion, magnetic nanoparticles
represent a great hope for successful cancer
therapy in the future. Therefore, it is essential that
laboratories that deal with design and production of
nanoparticles receive adequate funding and support
from local health authorities. Chemotherapy and
radiotherapy will definitely remain unavoidable tool
in fight against cancer, but further development
nanotechnology will give us new possibilities in the
application of those standard procedures.
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