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EDITORIAL

Dear readers,

the second issue of ,,Journal of Metallomics and Nanotechnologies“ in 2015 is generally dedica-
ted to substantial metals-proteins relations in cancer progression and to the promising methods
utilized in basic research in the cancer diagnostics and management. Current issue is also par-
tially dedicated to the activity of Czech local organization named League against cancer Prague,
which actively supports the cancer research and prevention programmes in the Czech Republic.

I am pleased to announce that our international editorial board has been enlarged by
Prof. Martin Pumera from Nanyang Technological University, Singapore. Martin belongs to
0.08% of top Scientists in Chemistry having more than 370 publications and H-index up to 48
according to the Web of Science.

We are really glad that JMN slowly gains the worldwide interest, which is demonstrated by a
number of internet connections from outside of the Czech Republic. We are also pleased that
authors from abroad have started to publish in JMN. The third coming number of the volume in
2015 will be dedicated to a biophysical characterization of nanomaterials or bio-nanomaterials,
especially by optical methods.
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Cervical cancer is a killer disease that claims innumerable lives of women all over the world.
Human Papilloma Virus (HPV) serotypes 16 and 18 have been implicated as the causal
organism of the disease. Initiation of sexual intercourse at an early age, multiple sex partners,
poor hygiene etc are regarded as risk factors that are also associated with progression of HPV
infection. Two genes in HPV encode the oncoproteins E6 and E7. These proteins have been
found to be in high content in cervical cancer positive cell lines. Attempts have been made to

selectively inhibit the expression of these two oncogenes by molecular biological techniques.
Of these RNA interference (RNAi) deserves special mention. RNAi occurs naturally in
mammalian cells through which expression of a particular gene can be knocked down with
high precision. Different authors from time to time have targeted to knock out these E6 and
E7 proteins as a preventive measure of cervical cancer. The present review portrays the state of
the art evaluation of retrospective as well as recent literature on these challenging techniques.

Keywords: cervical cancer; RNAi; antisense RNA; ribozyme; siRNA; shRNA

1. Introduction

Cervical cancer is the second most common
cancer in women throughout the world. Hu-
man Papilloma Virus (HPV) infection is the
most important risk factor for cervical intrae-
pithelial neoplasia and invasive cervical cancer
[1,2, 3]. Cervical cancer occurs early during
the productive period of a woman’s life. HPV
serotypes 16 and 18 account for nearly 76.7%
cervical cancer. Other factors like high parity,
early initiation of sexual intercourse, multiple
sex partners, low socioeconomic status, poor
hygiene etc. have been found to be associated
with progression from HPV infection to patho-
logical consequences of cancer. [4].

Physical ablation of HPV induced lesions like
cryo therapy, photo therapy, laser cone biopsy
and localized radiotherapy are effective to some
extent in treating lesions. Removal of afflicted

tissue is accomplished by removal of keratinocy-
tes harboring HPV. These are the conventional
approaches for treatment of cervical cancer.
Prophylactic vaccines are available and should
be administered prior to viral exposure. Initi-
atives for vaccination have been undertaken by
the governments and also non-governmental
agencies. Attempts are being made to develop
therapeutic vaccines that would treat prevailing
HPV infection. Use of immunomodulators like
interferon and imiquimod induce cytokine
production to increase host immune response
against HPV infection [5]. Many antioxidants
and poly herbal formulations are also in use.
Molecular targeting of HPV gene expression
using RNA interference technology includes
use of antisense oligonucleotides, ribozymes,
short interfering RNAs (siRINA), short hairpin
RNA (shRNA) etc. The present review is a cri-
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tique of RNAi approaches used for prevention
of cervical cancer.

RNA interference (RNAi) occurs naturally in
mammalian cells, through which expression of
a particular gene can be knocked down with
high specificity and selectivity [6]. Pre-clinical
studies confirm that RNAi techniques can be
used to silence cancer related targets [7]. [n vivo
studies have also shown favorable outcomes
by RNAI targeting of components critical for
tumor cell growth, metastasis, angiogenesis
and chemo resistance.

2. Anti sense RNA therapy for
cervical cancer

HPV has been implicated as the causal agent
in cervical cancer. Two genes in HPV encode the
oncoproteins E6 and E7. E6 can form complexes
and also can degrade p53. E7 protein binds to
the Rb protein preventing it from binding to its
normal substrate E2F-1 protein. Attempts have
been made to selectively inhibit the expression
of these two oncogenes by antisense RNA. Steele
observed[8] that a plasmid expressing antisense
RNA of HPV18 decreased the growth rate of
human cervical cancer cell line HeLa. Antisense
E6 and E7 oligonucleotides have been shown to
inhibit the growth of HPV positive cancer cells
[9]. However when the oligonucleotides were
withdrawn after 3 days the remaining cells in
the culture recovered and grew as before. To
explore the potential of an adenoviral antisense
RNA transcript for gene therapy of cervical
cancer, Hamada et al. [10] introduced the an-
tisense RNA transcript of E6 and E7 genes of
HPV 16 into cervical cancer cells via a recombi-
nant adenoviral vector. They observed that the
growth of infected cells was greatly suppressed
as evidenced by decrease in cell counts. In an
ex vivo study in nude mice tumorigenicity was
completely inhibited. It was suggested by the
authors that transfection of cervical cancer cells
with HPV16 E6/E7 antisense RNA is a potential
novel approach for treatment of cervical cancer.
Inhibition of E6 and E7 by complementary
antisense transcripts led to reduced growth
rates, loss of transformed phenotype of cervical
and oral carcinoma cell lines and inhibition of
tumor formation exhibited in an animal model.

3. Ribozyme mediated therapy in
cervical cancer

Ribozymes have several advantages over anti-
sense RNA. They are capable of catalytic activity
and do not require the presence of an auxiliary
enzyme like RNase H. More over one molecule
of ribozyme can bind and cleave many molecu-
les of mRNA [5]. Chen et al. [11] showed that
ribozymes can be used for effective cleavage
of HPV transcripts and can also inhibit E6/E7
mediated immortalization [12]. Zheng et al [13]
demonstrated that a hammerhead ribozyme
Rz 170 can specifically target HPV 16 E6/E7
transcripts and was effective in inhibiting cell
growth and promoting apoptosis. Rao et al [14]
demonstrated that anti HPV 16 E6 ribozyme
when transfected into CaSki cell increased the
sensitivity to cisplatin, the chemotherapeutic
agent used to treat cervical cancer. The increase
of sensitivity to cisplatin in these cells may be
associated with increased expression of p53,
Bax protein and decreasing expression of Cmyc,
Bcl-2 proteins.

4. shRNA mediated treatment for
cervical cancer therapy:

HPV is known to play an important role in
the pathological manifestation of the disease.
Its early genes E6 and E7 can activate several
intracellular signal pathways for carcinoge-
nesis. In vitro knock down of E6 and E7 can
reduce the survival ability of cervical cancer
cell lines. Chen et al [11] studied the effect of
lentiviral shRNA against E6/E7 on the tumor
growth of xenografted cervical cancer model in
mice. The growth of HeLa cells transduced with
lentiviral shRNA against E6/E7 was compared
to controls, in vitro. In vivo the RAG-/- mice,
which were deficient in T and B lymphocytes
were used to establish the HeLa xenografted
model. HeLa cells transduced with lentiviral
shRINA against E6/E7 grew slower than those
with control vector. Lentiviral sShRNA signifi-
cantly reduced the size of xenografted tumors
compared with controls. According to these
authors RNAi could be used for the treatment
of cervical cancer by intra tumor injection.

Gu et al. [15] reported inhibition of cervical
cancer cell growth in vitro and in vivo with
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lentiviral vector delivered short hairpin RNA
targeting HPV E6 and E7 oncogenes.

RNAI holds great promise for the treatment
of cervical cancer but delivery remains a key
issue. Lentiviral vectors are widely used for
stable transfer of short hairpin RNA (shRNA) in
to cells and are expected to deliver a stable and
durable interference. Gu et al. have shown that
lentiviral delivered shRNAs directed against
HPV E6/E7 oncogenes are effective for less than
three weeks. This short lived RNAi was not due
to the loss of the vector in the host cells but was
more likely to be related to shRINA expression
or RNAi machinery itself. Using this vector to
carry two copies of the same shRNA or two
shRNAs targeting at different genes (HPVE6
and VEGF) was more effective at silencing the
gene targets and inhibiting cell or tumor growth
than their single shRNA counterparts. These
results indicate that a multi shRINA strategy is a
more attractive approach than single shRNA for
developing RNAi treatment for cervical cancer.

5. siRNA mediated approaches for
cervical cancer therapy

A major advancement in RNA interference
methods in recent years have been specifically
aimed at HPV oncogenes E6 and E7. It has been
established that siRNA can induce selective
silencing of exogenous viral genes in mam-
malian cells. Moreover, the silencing process
does not interfere with the recovery of cellular
regulatory systems previously inhibited by viral
gene expression. It is conjectured that since E6
and E7 genes are absent in normal cells, RNAi
based therapies would not affect them.

Yoshinouchi et al [16] targeted a gene specific
therapy for HPV related cancer. They studied
the effects of E6 siRINA on the expression of
E6 and E7 oncogenes and on the cell growth of
HPV16 related cervical cancer cells. Using SiHa
cell line these authors showed that E6 siRNA
decreased the levels of mRNA encoding E6 as
well as E7 proteins and induced nuclear accu-
mulation of p53 which is the most important
target of E6. It was found that E6 siRNA supp-
ressed monolayer and anchorage-independent
growth of SiHa cells. This cervical cancer cell
line treated with E6 siRNA formed tumors in

NOD/SCID mice that were significantly smaller
than in those treated with control siRNA. It
was suggested that HPV E6 siRNA could be
a candidate for gene specific therapy for HPV
related cervical cancer.

Koivusalo et al [17] observed that HPV18 posi-
tive HeLa cervical cancer cells when transfected
with short interfering RNA (siRNA) molecules
targeting HPV18 E6 mRNA before treatment
with chemotherapy compounds showed nuclear
accumulation of p53. But the effect was tran-
sient despite continuously suppressed HPV
mRNA levels. According to these authors acti-
vating p53 by degrading EGmRNA may either
increase or decrease the chemosensitivity of
cervical cancer cells depending upon the drug
used for chemotherapy.

Changetal. [18] developed nine siRNAs against
either the E6 or E7 genes of HPV-16 or HPV-18 in
several combinations, yielding siRNAs targeting
16E6, 16E7, 18E6 and 18E7. HPV siRNAs signi-
ficantly reduced cell growth, colony formation
and apoptosis in HPV positive CaSki (HPV-16)
or HeLa(HPV-18) cell lines, and had no effect
in HPV negative C33A cells. These authors also
found that intratumoral injection of the siRNAs
reduced tumor growth in BALB/c nude mice.
According to these authors siRNA treatment has
potential as adjuvant therapy for cervical cancer.

Palanichamy et al [19] observed silencing of
integrated HPV-16 oncogenes by siRNA me-
diated heterochromatinization. These authors
have screened multiple siRNAs homologous to
one of the NF-1 binding sites in the HPV-16 en-
hancer and identified one siRNA which causes
specific transcriptional gene silencing of the
HPV-16 oncogenes E6 and E7 when transfected
into HPV-16 positive cell lines SiHa and CaSKki.
This phenomenon was found to be specific to
the HPV-16 enhancer and showed no effect on
HPV-18 enhancer. Gene silencing was found to
be associated with heretochromatinization of
the target region of the enhancer. However no
DNA methylation was reported by these authors
during the time period studied. These authors
proposed that this siRINA causes simultaneous
silencing of E6 as well as E7 oncogenes by an
epigenetic mechanism for HPV-16 positive cer-
vical and other epithelial cancers.
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Dutta et al. [20] proposed a dendrosome based
delivery of siRNA against E6 and E7 oncoge-
nes in vitro in cervical cancer. Since siRNAs
are large molecules and polyanionic in nature,
they do not freely cross the cell membrane.
Different types of synthetic vectors have been
investigated for gene silencing. Cationic lipids,
liposomes, cationic polymers, cationic dendri-
mers and cationic cell penetrating peptides
have been used by different authors for delivery
of siRNA from time to time. Rapid enzymatic
degradation, limited permeability across the
cell membrane and substantial liver and renal
clearance restricted the therapeutic applicati-
ons of siRNA in vivo. According to Dutta et al.
[20] the dendrosomes hold potential for the
delivery of siRNA in vivo.

Eaton et al. [21] studied the efficacy of TRAIL
(Tumor Necrosis Factor related apoptosis indu-
cingligand) treatment against HPV16 injected
SiHa cells undergoing senescence following siR-
NA knock down of E6/E7 genes. They observed
that E6/E7 siRNA induces senescence rather
than apoptosis in SiHa cells. These findings
are significant for combinatorial strategies for
cancer therapy because the induction of sene-
scence can preclude apoptosis rendering cells
to be recalcitrant to TRAIL treatment.

Yang et al. [22] evaluated the efficiency of
chitosan based HPV 16 E7 siRNA delivery and
also studied the chitosan /JHPV 16 E7 siRNA
complex to induce apoptosis in HPV 16 positive
CaSki cells. Chitosan is derived from the biopo-
lymer chitin and is biologically safe, nontoxic,
biodegradable and biocompatible. Chitosan/
HPV16 E7 siRNA nanoparticles were delivered
to CaSki cells and induced apoptosis. According
to these authors, the delivery of nanoparticles
in vivo may serve as a promising therapy for
cervical cancer.

Signal transducer and activator of transcrip-
tion 3 (STAT3) is an oncogenic transcription
factor constitutively active and aberrantly ex-
pressed in cervical cancer. A study by Shukla et
al. [23] performed on HPV-16 positive cervical
cancer cell lines (SiHa and CaSki) and primary
tumor tissues revealed a positive correlation
of STAT3 with expression of HPV16 E6 and
E7 oncoproteins and a negative association

with levels of p53 and pRB. STATS3 specific
siRINA targeting showed accumulation of p53
and pRb in cervical cancer cell lines. These
authors have found a positive correlation of
active STAT3 with E6 and E7 and an inverse
relation with p53 and pRB pools. Specific tar-
geting of STAT3 expression in cervical cancer
cell lines have been performed earlier using
recombinant adenoviral dominant negative
STAT3 or STAT3 specific siRNA. Specific silen-
cing of E6/E7 using specific siRINA also results
in similar growth inhibition of cervical cancer
cells, loss of transformed phenotype, induced
apoptosis and replicative senescence and in-
hibited tumor formation in animal models.
Delivery of E6/E7 siRNA into nude mice has
shown significant reduction in the number of
tumor nodules and retarded tumor growth of
HPV16 positive cells in NOD/SCID mice. Accor-
ding to these authors the loss of expression of
oncoproteins is not only the direct and sole
cause of p53 and pRB accumulation in cervical
cancer cells. However, leads obtained from this
study provide a strong rationale for developing
novel STAT3 based approaches for therapeutic
interventions against HPV infections to control
cervical cancer.

6. Conclusion

Molecular targeting of HPV oncogene expre-
ssion using RNAi technology has tremendous
potential for therapeutic use. The challenge
might be overcome by application of different
delivery systems of siRNA to specifically target
the E6 and E7 oncogenes.
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Colorectal cancer (CRC) is the third most frequent malignant disease in developed countries.
A large number of studies have been undertaken to identify potential risk factors for cancer,
amongst which the association with trace elements, such as zinc, found naturally in the
environment, and whose human exposure derives from a variety of sources. Significant
alterations in Zn(II) levels in tissues have previously been reported in patients with various
forms of cancer. Moreover, low plasma Zn(II) levels have been observed in patients with cancer

of the colon, bronchus or digestive system. In this review, we focus largely on the association
between zinc noted above and risk of CRC. Intervention plan in this type of cancer needs to
consider nutritional responses towards anti-cancer drugs based on their biological and genetic
characteristics, furthermore, a possible association with zinc in cancer treatment also requires
attention. The analysis of Zn biomarkers levels could provide new biological insights applied
in prevention, molecular diagnosis, prognosis and treatment of CRC.

Keywords: zinc; colorectal cancer; nutritional assessment; trace elements, cancer disease

1. Introduction

Cancer is a leading cause of death in both
more and less economically developed
countries, particularly in less ones, in which
about 82% of the world’s population resides
[1]. Colorectal cancer (CRC) is the third most
frequent malignant disease [2]. Over the last
decade, a whole range of new technologies
have been introduced in clinical practice to
diagnose and treat the disease, with therapeutic
modalities extending to advanced stages of the
disease. Nevertheless, prevention undoubtedly
remains the key to reducing morbidity and
mortality [3]. Variationininternationalincidence
rates [2] suggests that CRC aetiology is

influenced by modifiable lifestyle factors, such
as diet [4-7].

Beyond their general effects on health, micro-
nutrients in patients with cancer have unique
implications because of their potential direct
effects on existing cancers, and effects on fac-
tors that may influence carcinogenesis, such as
immunity and interactions with treatment [8].
Zincis an essential trace element that participa-
tes as cofactor in alarge number of intermediary
metabolism proteins, in hormone secretion
pathways and in different mechanisms of im-
mune defence [9]. Zinc is known to be an essen-
tial component in DNA-binding zinc fingers
proteins, as well as in copper/zinc superoxide
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dismutase and in several proteins involved in
DNA repair mechanisms. Thus, zinc plays an
importantrole in transcription factors function
and, antioxidant defence. Dietary deficiencies in
zinc can contribute to single- and double-strand
DNA breaks and DNA oxidative modifications
that increase the risk for cancer development
[10]. It is well known that carcinogenesis is a
multistep process in which genetic sequence
alterations helped by environmental factors,
such as oxidative stress and antioxidant status
[11], stimulating the selection and proliferation
of malignant clones, eventually leading to the
development of a detectable tumor. Further-
more, significant alterations in Zn(IT) levels
in tissues have previously been reported in
patients with various forms of cancer. Moreover,
low plasma Zn(II) levels have been observed in
patients with cancer of the colon, bronchus or
digestive system [12].

Because CRC treatment plan needs to consi-
der nutritional responses towards anti-cancer
drugs based on their biological and genetic
characteristics, a possible association with zinc
in cancer treatment also requires attention.
Therefore, in this paper, we analyse the physio-
logical and biological implication of Zn on CRC
to provide screening, treatment, and prevention
strategies. The analysis of Zn biomarkers levels
could provide new biological insights that could
be applied in prevention, molecular diagnosis,
prognosis and treatment of CRC.

2. Zinc concentration in CRC
tissues

As previously reported, carcinogenesis is a
sequential process where genetic alterations
aided by environmental factors favouring the
selection and proliferation of malignant cells,
eventually leading to the development of a tu-
mor [13]. Imbalances in Zn(II) levels in tissues
have been reported in patients with various
types of cancer [14—16]. Nevertheless, some
studies have suggested that the Cu(I)/Zn(IT)
ratio would be an indicator of the extent and
prognosis of carcinomas [6—19].There is a sig-
nificant increase in mean Cu level and Cu/
Zn ratio in human colon neoplasm compared
with normal colon mucosa. Tissue zinc level in

human colon neoplasm, including adenoma
and adenocarcinoma, was significantly lower
than in the normal colon mucosa, studying cell
lines HCT 116 and HT-29, and NIH3T3 (mouse
embryonic fibroblast cell line) [20], being in
accordance with other authors that observed
Zn(1II) level decreases related to tumor develo-
pment in colon tissues [11], and with Gupta et
al. [21] that demonstrated lower serum zinc in
patients with CRC regarding only in advanced
stages. The exact mechanism responsible for the
alterations in trace element levels in patients
with CRC cancer is largely unclear and requires
further evaluation.

Zinc has been reported to inhibit the growth
of malignant colonocytes via post-translational
regulation of expression of adenomatous poly-
posis coli protein, extracellular signal-regulated
kinase (ERK)-dependent activation of cell cycle
inhibitor p21 and disruption of cell-cell com-
munication as well as microtubule activity [22].
Rudolf et al. [23] showed that increased external
zinc concentrations inhibit cell growth of three
different colon cancer cell lines representing
different stages of colon cancer: HCT-116, HT-29
and SW620 cells and induce their death, proving
to be the most sensitive to externally added zinc
and this sensitivity was at least partly due to
increased levels of intracellular free zinc and
the inability to overexpress metallothionein.
The variability of responses to zinc in colon
cancer at different stages as modelled in vitro
suggests that zinc-induced cell death despi-
te common underlying mechanism(s) might
have a variable nature. Since intracellular zinc
management is in particular in colonic cells
quite complex and involves various zinc-specific
transporters and binders that ascertain stable
intracellular zinc environment.

3. Zinc action in oxidative stress
and inflammation during CRC

Because Cu(I) and Zn(II) are cofactors of
superoxide dismutase, which is an antioxidant
enzyme, alterations of the concentrations of
these metal ions may be related to neoplasm and
malignancy [24,25]. Reactive oxygen species
(ROS), such as superoxide anion radicals (O,")
and hydrogen peroxide (H,0,) are potentially
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harmful by-products of normal cellular meta-
bolism that directly affect cellular functions.
ROS is generated by all aerobic organisms and
it seems to be indispensable for signal trans-
duction pathways that regulate cell growth
and reduction-oxidation (redox) status. Ho-
wever, overproduction of these highly reactive
oxygen metabolites can initiate lethal chain
reactions, which involve oxidation and damage
to structures that are crucial for cellular in-
tegrity and survival [26]. Many pathological
factors including reactive oxygen species are
involved in the process of CRC initiation and
progression. It is known that excessive ROS are
formed in chronic diseases being particularly
susceptible to its attack, which leads in turn
to carcinogenesis, but the precise mechanism
underlying oxidative stress in cancer cells and
molecular pathogenesis of CRC remains to be
understood [20].

A special position among metals is occupied
by the redox inert metal zinc. Zn is an essential
component of numerous proteins involved in
the defence against oxidative stress. Zn(II) is a
cofactor for superoxide dismutase, an antioxi-
dant enzyme, so that changes in the concentra-
tions of these metal ions can be associated with
neoplasia and malignancy. The mechanism by
which tissue levels and serum Zn(II) decrease
in various cancerous tissues and how this con-
tributes to carcinogenesis is still unknown. The
inhibitory effects of zinc on the antioxidant de-
fence system of the colon and histoarchitecture
during colon carcinogenesis induced animal
models (1,2 dimethylhydrazine), finding that
zinc has a beneficial effect during initiation of
key events leading to the development of experi-
mentally induced carcinogenesis [27] . Gopcevic
et al. [11] showed an increased oxidative stress
when different stages of CRC were considered,
which was accompanied with an unbalance of
antioxidant defence. SOD activity as a first line
of defence against ROS was depleted in all tumor
stages, while total peroxidase activity was being
induced, which suggests that peroxide was the
most abundant ROS produced during CRC.

By the other hand, chronic inflammation, such
as inflammatory bowel disease, is associated
with increased risk of colon cancer [28—30].

The quantification of serum levels of IL-8, MMP-
9 and CRP appears to be a reliable indicator
of inflammation-related processes during the
malignant stage of colorectal carcinogenesis,
since these molecules are constantly increasing
in blood of patients with CRC to promote tumor
growth and invasion [28]. Therefore, TNF-a,
IL-6, and markers of oxidative stress, cysteine
(CySS) and F2-isoprostanes, were chosen by di-
fferent authors as potential biomarkers because
their association with CRC and their suscep-
tibility to be modulated by antioxidants [29].
They found that an antioxidant micronutrient
cocktail can substantially decrease circulating
biomarkers of inflammation (TNF-o) and oxi-
dative stress (CySS) in sporadic CRC patients.

4. Zinc dependent proteins, gene
expression and CRC

Catalytically, zinc acts as the critical electro-
phile in many hydrolases [31] and structurally,
zinc stabilizes many protein domains, for exam-
ple, “zinc-finger” proteins [32]. Genome analy-
sis studies have revealed thousands of potential
zinc-binding protein sequences [33], however,
only a small percentage of them have been
structurally characterized [34]. Therefore, it is
of substantial interest to develop computational
structure prediction methods that are able to
generate three-dimensional structural models
of zinc-binding proteins from their sequences
with accuracy in terms of both overall topology
and atomic details around zinc-binding site.

In the last years, efforts have been led to the
identification of zinc-sensitive genes in respon-
se to zinc deficient diet. DNA array analysis
of mammalian genes identified in the small
intestine, thymus and liver cells respond with
altered expression level changes in the state of
zinc [35,36]. Some of the identified genes encode
proteins involved in intestinal fluid secretion,
signal transduction pathways that control im-
mune response, growth and energy metabolism,
suggesting that regulation can contribute to the
development of symptoms of zinc deficiency in
mammals. To date, no blood biomarkers with
high sensitivity or specificity for potentially
curable early stage CRC have been validated
for clinical use, even though numerous reports
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have demonstrated that CRC is associated with
changes in the blood proteome [37,38]. Stu-
dies in cell line human colon adenocarcinoma
(HT-29) genes were identified zinc sensitive
under conditions of a zinc deficiency[39].
DNA methylation was recently shown to be
more frequent than genetic changes in CRC40.
In addition to being frequent, aberrant DNA
methylation has been shown to be an early event
in tumorigenesis[41]. Genes with promoter DNA
hypermethylation have been detected in various
body fluids from cancer patients, including bile,
faeces, plasma and urine, indicating that methy-
lation of biomarkers may be useful for non- or
minimally invasive cancer diagnostics [42,43].
ZNF331 and ZSCAN18 are recently reported
to be hypermethylated in CRC, being highly
expressed after epigenetic treatment in CRC
cell lines, and confirming that the reduced ex-
pression of these genes most likely is caused by
aberrant promoter methylation [44]. Promoter
DNA methylation is commonly associated with
reduced or lost gene expression, and aberrant
promoter methylation may be one mechanism
used by cancer cells to silence specific genes,
thereby providing them with a growth advan-
tage. The frequent and specific methylation
of these genes in CRC makes them promising
biomarkers for detection of this malignancy.
As previously described, zinc controls the
normal development of the cells, tissues,
and organs via zinc-containing proteins that
orchestrate cell genesis, differentiation and
viability [45]. Many transcriptional factors
contain zinc finger motifs. Zinc finger is able
to form a complex with DNA based on the in-
teractions between o-helix of a zinc finger and
DNA-specific bases. The function of the zinc
fingers consists especially in the recognition
of DNA and the activation of transcriptional
processes [46]. Zinc finger proteins as ZNF148,
a Kruppel-type zinc finger transcription factor,
may play a significant role in the regulation of
cell growth, apoptosis, and carcinogenesis [47].
Physiologically, ZNF148 protein potentiates
the induction of the cyclin-dependent kinase
inhibitor p21(waf1) transcription and leads to
growth arrest in cultured colon cancer cells
[48]. O’Reilly et al. [49], recently demonstrated

that zinc finger proteins ZNF346, ZNF638,
ZNF700 and ZNF768 are suitable for use as
capture antigens in a blood-based biomarker
assay for CRC. A multi-marker ZNF autoantibo-
dy assay provides a potential tool for improving
cancer detection, and could be used for cancer
screening as well as diagnosis, monitoring of
cancer progression and therapeutic interven-
tions. In a study developed by Yan et al. [50], it
has been demonstrated that the expression of
zinc-finger protein X-linked in CRC tissues was
significantly higher than that in corresponding
normal tissues. The associations between pro-
tein expression of ZFX and clinical-pathological
parameters showed that ZFX expression was
significantly associated with tumor differenti-
ation, size and invasion, lymph node metastasis
and distant metastasis, demonstrating that
ZFX expression may be associated with the
progress of CRC and suggested that ZFX has
the potential value to be an effective prognostic
predictor for CRC patients.

By the other hand, metallothioneins (MT) are
a family of low molecular weight proteins that
share significant sequence homology, and are
involved in zinc and redox metabolism [51], as
well as in many aspects of cancer biology. The
human genome contains at least 11 functional
MT genes that may be divided into four sub-
groups (MT1-4). There are several MT1 isoforms
each encoded by its own gene and along with
MT2A are ubiquitously expressed. Given their
stress-inducible nature and their capacity to
chelate toxic metals and electrophiles, many
studies have proposed MT expression to confer
resistance to many toxic drugs [52]. Free zinc
ions exist in the picomolar range and may be
considered negligible due to tight regulation
by zinc transporters, MTs, and organelle se-
questration [53]. Intracellular zinc pools consist
mainly of tightly bound, unexchangeable zinc
bound to proteins, and of the exchangeable,
loosely bound zinc termed the ,labile“ pool,
which is complexed to low molecular weight
ligands and MTs[54].

The antiapoptotic, antioxidant, proliferative,
and angiogenic effects of MT-I+II has resulted
inincreased focus on their role in oncogenesis,
tumor progression, therapy response, and pa-
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tient prognosis. Many studies have reported
increased expression of MT-I+Il mRNA and pro-
tein in various human cancers, where MT-I+I1
expression is sometimes correlated to higher
tumor grade/stage, chemotherapy/radiation re-
sistance, and poor prognosis. However, MT-T+I1
are downregulated in other types of tumors as
CRC where MT-I+I1 is either inversely correlated
or unrelated to mortality. Large discrepancies
exist between different tumor types, and no
distinct and reliable association exists between
MT-I+II expression in tumor tissues and pro-
gnosis and therapy resistance. Furthermore,
a parallel has been drawn between MT-I+I1
expression as a potential marker for prognosis,
and MT-I+II‘s role as oncogenic factors [55].
MT is silenced during CRC progression, main-
ly through epigenetic mechanisms, and this
loss is associated with poor survival. MT1G
reexpression in CRC may be a viable strategy
to sensitize tumor cells to chemotherapy, and
that it may be brought about by HDACi. Zinc
supplementation to chemotherapy regimens
was able to resensitize chemoresistant tumor
cellsindependently of MT induction and should
be considered in future clinical studies [56].
Besides, considerable evidence has implicated
matrix metalloproteinases (MMPs), a group of
zinc-dependent endopeptidases, in the degrada-
tion of extracellular matrix during the metasta-
tic process. Most MMPs are secreted as inactive
zymogens and are activated extracellularly.
Over expression of MMP-1,-2,-3.-7,-9,-13,and
MT1-MMP have been demonstrated in human
CRC [57 ]. The degree of over expression of some
MMPs has been noted to correlate with stage of
disease and/or prognosis. An unresolved debate
has centred on whether MMPs are produced by
the stromal cells surrounding a tumor or by the
CRC cells themselves. MMP-7 is produced abun-
dantly by CRC cells. The presence of a mutation
inthe APC gene results in nuclear accumulation
of the beta-Catenin/TCF complex, which serves
as a transcriptional factor that upregulates
MMP-7 expression. Increased expression of
MMP-3 in CRC correlates with low levels of
microsatellite instability and poor prognosis.
Recent studies, demonstrated MMP3 protein
expression in the lamina propria itself seems

to be highly specific for the detection of tumo-
rous transition in cases of sporadic colorectal
tumors [58. Increased levels of MMP-9 (pro-
duced primarily by inflammatory cells) have
early been demonstrated in the transition from
colon adenoma to adenocarcinoma. In contrast
to other MMPs, overexpression of MMP-12
is associated with increased survival in CRC,
presumably as a result of an inhibitory effect
on angiogenesis [57]. Recently, there is a study
that demonstrated that Nur77 (an orphan mem-
ber of the nuclear receptor superfamily) could
promote the invasion and metastasis of CRC
cells through regulation of MMP-9 signalling.
These observations provide a possible recent
strategy for potentially treating or preventing
the metastasis of CRC through targeting of
Nur77 [59]. MMPs may have a crucial role not
only in the invasive process of CRC, but also in
the progression conditions and lesions to CRC.
MMPs could constitute effective independent
prognostic markers in CRC. Their determinati-
on might be useful to identify patients at higher
risk for progression to cancer.

5. Conclusions

Low plasma Zn(II) levels have been observed
in patients with cancer of the colon, but the
mechanism by which serum and tissue Zn(II)
levels decrease in cancerous tissue, and how
this contributes to carcinogenesis is still being
studied . Some studies have suggested that the
increased Cu(I)/Zn(II) ratio would be an indica-
tor of the extent and prognosis of carcinomas.
The inhibitory effects of zinc on the antioxidant
defence system during colon carcinogenesis in
animals suggest that zinc has a beneficial effect
during initiation of key events leading to the
development of induced carcinogenesis.

CRC tumor invasion and metastasis, is a highly
complicated multi-step phenomenon. In the
complex event of tumor progression, tumor
cells interact with basement membrane and
extracellular matrix components. A large num-
ber of zinc binding proteins are involved in the
degradation of extracellular matrix, but also
in cancer invasion and metastasis. Therefore,
by the analysis of Zn biomarkers levels it could
be provided new biological insights that could
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be applied in prevention, molecular diagnosis,
prognosis and treatment of CRC. Early mole-
cular detection of the CRC may augment the
accuracy of diagnosis.
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The incidence of non-melanoma skin cancers and cutaneous malignant melanoma has been
increasing worldwide in fair-skinned populations. Ultraviolet radiation is thought to be the
main pathogenetic factor for skin cancer development. Zinc is important for skin homeostasis
and cellular stress response to ultraviolet radiation. Zinc deficiency results in impaired host
defences against skin carcinogenesis, and the chronic inflammation that is associated with

prolonged zinc deficiency can even facilitate cutaneous malignancies. Furthermore, alterations
in zinc homeostatic protein expression have been described in skin cancers and are thought
to affect the growth, invasion and metastatic potential of the tumours. These findings raise
the possibility that the modulation of intracellular zinc levels may be relevant to prevent and
treat skin cancers.

Keywords: non-melanoma skin cancer; cutaneous malignant melanoma; ultraviolet radiation;

zinc deficiency; metallothionein

1. Introduction

The increasing incidence of non-melanoma skin
cancers (NMSC) and cutaneous malignant
melanoma (CMM) is a significant burden on
the health care system. The incidence of NMSC
is approximately 100 per 100000 individuals
in Europe [1]. Basal cell carcinoma (BCC) is a
semi-malignant tumour that usually develops
on sun-exposed skin areas. Both cumulative
and intermittent high-dose ultraviolet irradia-
tion (UVR) play arole in the formation of BCC
[1]. Cutaneous squamous cell cancer (CSCC)
appears to be associated with the cumulative
UVR because it develops on the chronically
sun damaged skin of elderly people at the site
of precancerous skin lesions [1]. CSCCs rarely
metastasise to regional lymph nodes, but they
do so in amanner that depends on tumour dep-
th and immune status. Cutaneous malignant
melanoma (CMM) has a heterogeneous aetiolo-
gy and pathogenesis, e.g., lentigo maligna me-
lanoma is associated with chronic cumulative
sun exposure, whereas other forms of CMM

are associated with high-dose intermittent
UVR, and there are even types of CMM that
are not related to sunlight [2]. The incidence of
CMM is 4-19 per 100000 individuals in Europe
[3], and many patients are younger than 40
years old. Hereditary factors that affect skin
pigmentation, DNA repair efficacy, and immu-
ne response play a very important role in the
pathogenesis of CMM. CMM is characterised
by a high propensity to metastasise and a low
healing rate in metastatic cases. Surgery is the
mainstay of skin cancer therapies. Topical and
systemic medications are used to treat very early
or advanced stages of the disease.

2. Physiological role of zinc in the
skin

2.1 Epidermal homeostasis, immune
surveillance, zinc signalling

Approximately 9 % of the zinc content of the
body is associated with the skin, primarily
with the epidermis (50—70 mg-g* dry weight)
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[4,5]. The severe skin symptoms of hereditary
or acquired zinc deficiency, including erytha-
ematous rashes, scaly plaques, and ulcers at
orifices and acra [6,7], and the ability of systemic
or topical zinc preparations to improve hair loss,
acne and several inflammatory skin conditions
[8] highlight the importance of zinc in skin
homeostasis. Extracellular Zn(II) is believed
to enter the cell through the plasma membrane
zinc importers (ZIP) and is then transported
via a muffler with high Zn(II) affinity like me-
tallothionein (MT), to the intracellular storage
sites such as the endoplasmic reticulum [9,10].
The cellular level and distribution of Zn(II) is
tightly controlled by zinc importers and trans-
porters (ZnT) [11]. Half of the available zinc is
localised to the cytoplasm, whereas 30—409%
is localised to the nucleus, and the remainder
is associated with the plasma membrane [12].
Zn(I1) is required for the activity of more than
300 enzymes, for proper immune function and
for the conformation of more than 2000 trans-
cription factors that control cell proliferation,
apoptosis and signalling pathways [8,13,14]. The
MT/thionein pair is critical to sequester or re-
lease Zn(IT) depending on the local redox state,
thereby influencing the function of numerous
proteins, transcription factors and enzymes
involved such processes as nucleic acid and
protein synthesis [15]. The keratinocytes (KC)
inthe basal layer of the epidermis constitutively
express MT1,whereas the spinous layer is cha-
racterised by MT4 expression [16]. Epidermal
melanocytes, dermal fibroblasts and endothe-
lial cells also produce MT [16,17]. In MT-null
mice, the epidermal zinc content is lower, and
the stimulation of epidermal hyperplasia, e.g.,
by UVR is impaired [18]. MT is highly expressed
in hyperproliferative epidermal KC [19]. KC
differentiation is associated with the increased
expression of ZIP2, which leads to increased
intracellular levels of Zn(IT) [20]. Moreover,
ZIP2 knockdown inhibits KC differentiation
[20]. Interestingly, differentiation-associated
higher intracellular Zn (IT) concentrations have
also been observed in other cell types [21].
We found that Zn (IT) might also affect reactive
oxygen species (ROS)-sensitive signalling path-
ways [22]. We observed an upregulation of the

cytoprotective and anti-inflammatory protein
HMOX1 [23-25] and the downregulation of
some pro-inflammatory mediators such as IL8
and PTGS2[26,27] in cultured KC upon nonto-
xic Zn(II) exposure. Furthermore, the ability of
Zn(IT) to modulate phosphorylation signalling
can explain the cell cycle regulatory role of the
fluctuations of intracellular Zn(IT) concentrati-
ons during cell cycle progression [21].

2.2 Cellular stress response to ultraviolet ra-
diation: zinc for skin cancer prevention?

Solar UV exposure is one of the most im-
portant environmental factors that affect
skin physiology [28,29]. UVB (290—-320 nm)
exposure of human skin is known to induce
pathophysiological processes, such as DNA
damage, oxidative stress, inflammation and
photo-immunosuppression, with clinical sig-
ns of erythema (sunburn reaction), tanning,
photo-aging, and skin cancers [28]. UVB causes
skin cell damage both directly, by inducing the
production of cyclobutane pyrimidine dimers
(CPDs), and indirectly, by triggering the pro-
duction of reactive species and interfering with
cellular redox homeostasis. CPDs are primarily
responsible for the genome mutations induced
by UVR; thus, UVB is considered the main
pathogenetic factor for skin cancer develop-
ment [29,30]. The MT levels have been found
to be elevated in the epidermis after acute UVR
exposure [17]. Importantly, MT seems to signi-
ficantly reduce the formation of sunburn cells
and induce hyperplasia after UVB irradiation
[18,19,31,32]. Accordingly, in vitro, the expre-
ssion of MT has been shown to increase 24 h
after UV irradiation [33]. Interestingly, we ob-
served that the expression of the MT1E isoform
is down-regulated in UVB-exposed KC 6 h after
UVB irradiation [22], which is also dependent
on CPD formation (not reported). These results
support the modulation of zinc homeostasis
by UVB as part of a cellular stress response
to UVR. Furthermore, the induction of MT by
zinc chloride (ZnCl2) exposure enhanced cell
survival and reduced both the immediate DNA
damage [33,34] and the DNA fragmentation
induced by solar UVR exposure [35]. We found
that the level of induced CPD was lower in ZnCl12
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pre-treated cells 3 h after UVB irradiation when
the translocation of MTs to the nucleus could
also be demonstrated. However, similar to the
results reported by Saito et al. [36], pre-treating
the cells with Zn(IT) for 24 h was not sufficient
to improve cell survival after UVB irradiation,
although the fraction of early apoptotic cells
decreased. Previously, the elevation of intrace-
Ilular Zn(II) levels has been demonstrated after
UVB irradiation, which was proportional to
the fraction of dying or dead cells and suggests
that UVB-induced Zn(II) release may be an
important step in the UVB-induced cell death
pathways [37,38]. Furthermore, we observed
that the increase in superoxide production after
UVB treatment was augmented by Zn(II) pre-
-exposure and that the fraction of late apoptotic
plus necrotic cells increased. It can be assumed
that avicious cycle of ROS-induced zinc release
and zinc-driven mitochondrial ROS production
is involved in this type of cell death [39] or the
trans-activation of signal transduction pathwa-
ys (e.g., p53) by ROS alters the mechanism of
UVB-induced cell death [40]. Whether a change
in the mechanism of death upon Zn(II) pre-ex-
posure can affect the immunogenic potential of
cell death [41] induced by UVB exposure, which
would impact the development of skin cancers,
requires further investigation. Furthermore,
revealing the functions of the different MT
isoforms in epidermal cells may also contribute
to an understanding of the role of zinc in the
UV-induced stress response.

3. Zinc and skin carcinogenesis
3.1 Alterations in the expression of zinc
homeostatic proteins in skin cancers have
prognostic relevance

Changes in MT expression (up- or downregu-
lation) are a known feature of tumour progre-
ssion in several types of human malignancies
and may be associated with a more aggressive
phenotype and therapeutic resistance, ultima-
tely resulting in a worse prognosis [42,43]. Data
also exist that suggest that the upregulation
of MT expression in CMM is a significant and
independent factor for reduced patient survival
[44,45]. We also observed that MTI/II overex-
pression in melanoma cells is significantly more

frequent in primary CMM with haematogenous
metastases [46]. It is not known which MT iso-
forms are overexpressed, but it may be worth
noting that MT1E and MT1G have been shown
to be downregulated by hypermethylation in
CMM [47,48]. Regarding NMSC, significantly
higher MTI/II and MTIII expression was noted
in actinic keratosis and CSCC, compared with
normal skin epidermis, whereas very low levels
of MTIII expression were found in BCC [49,50].

3.2 Alterations in the expression of zinc
homeostatic proteins in skin cancers: cause
or consequence?

The role of MT in metastasis formation re-
mains to be confirmed, and experimental
evidence for its oncogenic role is still lacking.
Signalling pathways activated during tumour
development and/or the altered physiology of
cancer cells could trigger high MT expression in
malignancies. The exploration of genome-wide
transcriptional and epigenetic dysregulations
induced by driver mutations has only just begun
[51]. Nevertheless, skin cancers such as CSCC
and CMM consist of non-differentiated /dedif-
ferentiated cells that possess high proliferative
capacity. Accordingly, the zinc content of CSCC
is significantly lower than that of normal skin,
which is primarily composed of differentiated
KC [52]. Thus, we can assume that one reason
for the high expression level of MT in cancer
is cellular hyperplasia [18]. Conversely, MTI/II
transcription can be induced by inflammatory
cytokines (IL-6, TNF-a, interferons), hypoxia
and free radicals that are present in the tumour
microenvironment. Furthermore, it is possi-
ble that circulating cytokines can contribute
to increased MT production in skin cancers
because the increased expression and nuclear
translocation of MT can be observed in the
basal KC layer in non-exposed skin areas when
other areas are subjected to UV exposure. This
phenomenon was connected to increased IL-6
blood levels produced by neutrophils upon UV
irradiation [17].

Interestingly, the alterations of zinc homeo-
stasis may also be significant in human pa-
pilloma virus (HPV)-associated skin cancer
development. The transmembrane channel-like
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(TMC) proteins EVER1 (TMC6) and EVER2
(TMCS8) proteins form a complex and interact
with the ZnT1 protein and affect the distribu-
tion of intracellular Zn (II) [53]. Mutations in
EVER1/2 cause a genodermatosis (epidermo-
dysplasia verruciformis) that is associated with
HPV related skin cancers. It has been shown
that HPV oncoproteins bind to EVER and ZnT1
and block their negative regulation of trans-
cription factors stimulated by zinc (MTF-1) or
cytokines (c-Jun and EIK) [53].

3.3 Modulation of cell proliferation, invasi-
on and the tumour microenvironment: a po-
ssible pathogenetic role of zinc

Chronic inflammation is an important patho-
genetic factor in several types of malignancies,
such as CSCC. Key mediators of inflammation-
-induced cancer include nuclear factor kappa B,
reactive oxygen and nitrogen species, inflam-
matory cytokines, prostaglandins and specific
microRNAs (miR) [54]. It has been found that
prolonged zinc deficiency results in the upre-
gulation of key inflammatory genes (S100AS8,
S100A9, Ptgs2, Tlr4) and an oncogenic miR
signature (miR-31, miR-21) in the skin of a rat
model. This finding suggests that zinc deficiency
can contribute to the formation of a pro-tu-
morigenic inflammatory microenvironment
that facilitates carcinoma development [55].
A significant upregulation of miR-21, miR-31,
S100A8, S100A9, PTGS2 and TLR4 has been
found in human CSCC and has been linked to
tumorigenesis [56-60]. In addition, zinc defi-
ciency is associated with impaired innate and
adaptive immune functions that can contribute
to cancer development [61].

A high expression level of MT in CSCC and
CMM suggests that the release or sequestrati-
on of Zn(II) by MT [15] may be important for
tumour progression. Many of the zinc-depen-
dent enzymes are involved in skin homeostasis
and host defence against cancer formation;
however, after the cancer has been formed, they
can promote the growth and invasion of malig-
nant cells [16]. In addition, several zinc finger
transcription factors are involved in oncogenic
driver signalling pathways [62,63].

Finally, we have found that the expression of

MTI/II in melanoma cells might play a role in
the formation of an immunosuppressive tumour
microenvironment, which can promote CMM
progression [46].

4. Zinc in the treatment of skin
cancers
4.1 Cytotoxic effect of zinc

High concentrations of zinc are cytotoxic to
cancer cells. It has been reported that 20 %
topical zinc sulphate can induce the clearance
of actinic keratoses and small skin cancers in
patients with xeroderma pigmentosum [4].
Importantly, it has been demonstrated that
ionophoric zinc can affect the posttranscrip-
tional regulation of gene expression, thereby
inducing cytotoxicity in cancer cells [64]. It can
also sensitise cancer cells to other anticancer
therapeutic modalities [65]. It would be worth
considering the therapeutic potential of zinc
pyrithione and the related zinc ionophores for
skin cancer therapy [66].

4.2 Modulation of signalling pathways and
the tumour microenvironment

Zn supplementation in rats decreased the
incidence of chemical-induced tongue SCC and
elicited a reduced proliferative/inflammatory
cancer phenotype [55]. It could also be shown
that Zn supplementation that suppressed ton-
gue cancer development also attenuated miR-31
and miR-21 expression [55]. These investigati-
ons should be extended to CSCC.

Furthermore, it has been demonstrated that
the administration of zinc can re-establish the
chemosensitivity of cancer cells by reactivating
p53 and increasing the immunogenic potential
of cancer cell death [41,67]. This phenomenon
has not been studied in CMM cells.

5. Conclusions

Proper functioning of zinc homeostatic pro-
teins and appropriate dietary zinc intake seem
to be important in epidermal homeostasis and
defence against skin cancer development (Figu-
re 1). Prolonged dietary zinc deficiency causes
aberrant miRNA expression in the skin, which
is associated with chronic inflammation and
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may contribute to carcinogenesis. The immuno-
-modulatory role of MT together with the ability
to affect the activity of transcription factors and
enzymes altering cell proliferation and differen-
tiation might contribute to the progression of
skin cancers such as CSCC and CMM. It seems
worthwhile to further examine the role of zinc
in skin because clarifying this issue can affect
our thinking about the pathogenesis of skin
diseases and contribute to the identification
of new therapeutic targets.
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Figure 1: A possible pathogenetic role of zinc in
skin carcinogenesis. UVB radiation is thought to
be the main pathogenetic factor for skin cancer
development [28]. Zinc deficiency can contribute
to the formation of a pro-tumorigenic inflamma-
tory microenvironment and impaired host de-
fences against skin carcinogenesis that facilitate
carcinoma development [22,34,55]
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There is still alot of unknown related to our perceptiveness to civilization and other illnesses
including tumour ones often connected with environmental changes. There is also still an
enormous field for cutting-edge research necessary to establish a role the unique tiny particles
playing in the whole concert leading to our fitness or illness or, telling in other words, to

normal or pathological functioning of our body cells. Studying metallome as the whole picture
composed from metals, peptides, proteins and cell parts belongs to the most challenging issues
of present biomedicine. Here, we summarize the omics advances in this field with special focus

on in vivo imaging systems

Keywords: cancer; metallothionein; metals; advanced materials; imaging

1. Introduction

Recent advances in understanding the hu-
man genome have been made possible due
to multidisciplinary cooperation between life
sciences and technology. Genomics has su-
cceeded in producing complete genomic DNA
sequences of numerous species, but we are
still some way from understanding differences
between normal and pathological processes of
cells and organisms [1]. Currently, attention is
paid towards proteomics providing information
about proteins localizations, structures and
function, and most importantly, interaction
with other proteins [2]. Recent progresses in
high-throughput sample separation and mass
spectrometry have impacted positively the pro-
teomic characterization of proteins in systems
biology [3]. Metalloproteins belong to the most
diverse classes of protein, with intrinsic metal
atoms providing a catalytic, regulatory and
structure role essential to proteins function
[4]. Transition metals such as copper, iron and
zinc play important roles in life. Zn, the most
abundant cellular transition metal, plays a vital
role for functions of more than 300 enzymes, in

DNA stabilization and in gene expression [5].
As some metals are crucial for body function,
dyshomeostasis or deficiency of these elements
canresultin disease [6-8]. The Metallome is the
distribution of inorganic species in cell. Meta-
llomics and metalloproteomics are emerging
fields addressing the role, uptake, transport
and storage of the trace metals essential for
life. Metallomics is defined as the analysis of the
entirety of metal and metalloid species within
a cell or tissue, whereas metalloproteomics fo-
cuses on exploration of the function of metals
associated with proteins [9].

There are three main approaches being deve-
loped in metallomics and metalloproteomics:
e The first is and widely used is mass

spectrometry, particularly electrospray
ionisation mass spectrometry (ESI-MS)
and inductively coupled plasma mass
spectrometry connected with laser ablation
(LA-ICP-MS). This connection allows us to
see the lateral distribution of elements on
the sample surface. These two techniques
are ideal partners in comprehensive
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structural and functional characterization
of metalloproteins. LA-ICP-MS has been
extensively developed for elemental mapping
in bio-imaging applications. [10, 11].

e Second approach is high-throughput X-ray
absorption spectroscopy (HT-XAS) to
provide direct metal analysis of proteins
and proteomic metals distribution in tissues
and cells [12].

e Third approach is computational bioinforma-
tics analysis of the obtained results. Compa-
red to genomics and proteomics, metallomics
and metalloproteomics are relatively new
fields that require the design and develop-
ment of completely new analytical and com-
puting approaches for dada analysis [13].
It has to be acknowledged that genomics
and proteomics already have collected large
amount of data that can be reused in metallo-
mic and metalloproteomic studies to speed
up advancement of these new disciplines.
This is certainly a considerable advantage,
but these data provide only a part of the
complete picture — it has to be completed
by additional numerous measurements

2. Metallothioneins

Metallothionein is one of the interesting
proteins known as marker of heavy metal
poisoning, with potential to be considered as
atumour diseases marker [14, 15]. Metallothi-
oneins (MTs) are low-molecular mass intrace-
llular proteins rich in cysteine, which are able
to bind metals in their structure. Previously it
was thought that MTs were involved only in
storage, homeostasis and detoxification of metal
ions, but based on recent findings, they are also
involved in inhibition of apoptosis, immuno-
modulation, cell proliferation, regulation of
transcription, and enzymes activation via zinc
administration to proteins and via regulation
of zinc ions concentration [16, 17]. MT genes
are regulated in tissue- and isoform-specific
manner by numerous factors, including general
responsiveness to zinc and other dietary fac-
tors, inflammation and environmental stress.
Hence changes in MT gene expression have
been reported for many diseases [17]. The che-
mical reactivity of MTs makes the level of MT
induction a factor to contend with in the efficacy
of treatment with certain drugs, e.g. cancer

chemotherapeutic agents, especially platinum
drugs [18] and anthracyclines[19]. An area that
also has received considerable attention is the
value of MTs as biomarkers for zinc status [20],
metal exposure [21] and the prognosis of certain
cancers [22]. In addition, there is some evidence
that increased heavy metal content and MTs
in tumour tissues is connected to increased
invasiveness and metastasizing of a tumour [16,
23-25]. Aside from understanding of the role
of MTs and both essential and non-essential
metals in carcinogenesis and tumour growth,
the study of metal distribution within a tumour
can answer many important questions about
the growth of the tumour and its regulation
[26, 27]. Understanding of this phenomenon
can subsequently lead to our discovering of
new approaches to tumour growth inhibition.

3. Suitable animal models

Suitable animal models for various cancers
are indispensable to studying the above-men-
tioned aspects in vivo. Animal models have to
be very similar to human cancers to bring real
and clinically utilisable results. The MeLiM
(Melanoma-bearing Libechov Minipig) strain
of miniature pigs with hereditary malignant
melanoma has been established in the Institute
of Animal Physiology and Genetics (IAPG), the
Academy of Sciences of the Czech Republic, v.v.i.
in Libechov. Melanoma in this strain shows
many histopathological [28-30], immunohisto-
chemical [31], biochemical [32],and molecular
biological similarities [33] to human melanoma.
Another cancer model is an inoculated syngenic
sarcoma in the Lewis rat [28-30, 34, 35]. The
R5-28 tumour cell line was established from
histologically verified sarcoma that appeared
spontaneously in one female of the Lewis rat.
These cells, when inoculated subcutaneously,
develop in rapidly growing sarcomas. In the
both models, animals with either progression
or spontaneous regression of tumours appear.
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4. Advanced nanomaterials for in
vivo imaging

Advanced nanomaterials due to their easy
penetration to tissues belong among modern
methods for studying tumour progression [36].
Generally, 200 nm is considered as the upper
limit for the size of nanoparticles, while the
minimum diameter should be about 10 nm.
Certainly, nanoparticle property requirements
also depend on tumour characteristics inclu-
ding cancer type, stage of the disease, locati-
on in the body, tumour vascularisation and
properties of the interstitial matrix or host
species [37]. These requirements are summa-
rized in a review by Adiseshaiah et al. [38].
Magnetic nanoparticles are well-established
elements that offer controlled size, ability to
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be manipulated externally, and enhancement
of contrast in magnetic resonance imaging
(MRI). Iron-based nanoparticles in particular
have been used as therapeutic agents with spe-
cific application as contrasting agents for MRI
and magnetically targeted drug delivery to the
tumour cell (Fig. 1).

Molecular imaging refers to the characteri-
zation and measurement of biological proce-
sses at the cellular and/or molecular level, its
modalities include optical bioluminescence,
optical fluorescence, ultrasound, X ray me-
thods including CT, MRI, magnetic resonance
spectroscopy (MRS), single-photon-emission
computed tomography (SPECT) and positron
emission tomography (PET) [39,40]. In the last
decade, molecular imaging, a subfield of func-
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Figure 1: Advanced nanomedicine will be able to provide much earlier diagnosis and/or therapy of
cancer. A patient who is suspected to have cancer will likely undergo an application (targeting anticancer
drugs, nanorobots, diagnostic particles) into the bloodstream. Then, special particles will specifically
interact with cancer cells. The effect obtained is possible to use for diagnostic imaging (sensor test chips
containing thousands of nanowires, able to detect proteins and other biomarkers left behind by cancer
cells, which could enable the detection and diagnosis of cancer in the early stages from a few drops of
a patient’s blood), localized other anticancer therapy (chemotherapy, brachytherapy) and or killing all
cancer cells in human body. The final stage will be the curing of the patient
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tional imaging, has become an essential tool in
the arsenal of bio-imaging, understood as the
range of allimaging technologies covering the
full scale of biological and medical applications
from molecule to patient [37, 41-44].

5. Conclusions

Using of omics approaches based on advanced
materials is of great importance for the field of
suggestions, construction and employment of
diagnostic methods and treatment protocols.
Those based on metals have numerous advan-
tages including low cost and stability.
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The nanoparticle based drugs, mostly in liposomes, are already approved for clinical use or
under clinical investigation. Many attempts are made to improve nanoparticles sizes, shapes
and surface modifications that lead to prolongation of drug circulation in blood stream and
targeting to cancer cells. Thus small molecules like polyethylene glycol and targeting ligands

like folic acid, peptides, antibodies, aptamers and nucleic acids are bound on the surface of
nanoparticles with the aim to increase specific cell uptake. Very promising are multifunctional
nanoparticles that combine both diagnostic as well as delivery role together.

Keywords: Liposomes; ferritin; carbon nanomaterials; magnetic nanoparticles

1. Introduction

The concept of using a particle measured in
the nanoscale as carriers of drugs and vaccines
appeared over three decades ago. Advances in
nano medicine has evolved and has raised hopes
for the implementation methods of striking
antitumor therapy selectively in tumor mass,
while reducing the risk of a wide range of side
effects, which are encumbering modern phar-
macology. Nanoparticles are attractive as drug
delivery platforms because it is relatively easy
to influence their properties and modify their
features, so that they can be useful in creati-
on of effective and precise medicine carriers.
Meaningful are not only dimensions of the
carrier enabling tissue penetration, but also
their shape, and developed different functio-
nalities of surface.

Current progress in the field of nanobio-
technology has led to the development of a
new area of nanomedicine, associated with
the application of nano biomaterials, both for

diagnostic and therapeutic aims creating a new
category of nano particles called theranostics.
The main expectations and challenges in this
regard relate to nano-magnetic properties, re-
ceived bioengineering methods, with potential
used in the transport of drugs, particularly
anticancer drugs used in therapy determined
using molecular targets. Unique physicoche-
mical properties of magnetic nanoparticles
promise hope for the development of modern
cancer nanomedicine, acting, inter alia, tech-
nological breakthrough in the area of targeted
drug delivery and gene therapy of cancer using
magnetic hyperthermia, tissue engineering,
marking the tumor cells and the molecular
magnetic resonance imaging.
Nanotechnology in medicine and health care
was initiated over forty years ago with delive-
rance of the first therapeutic and diagnostic
agents in a safer and more efficient manner
[1]. Convergention of diagnosis and therapy
carried out through exploitation of nanopar-
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ticles resulted with increasing number of the-
radiagnostics went out from research stage
and being commercialized or having reached
clinical stage.

2. Graphene, graphene oxide and
carbon nanotubes

Graphene is a two-dimensional layer of car-
bon atoms with a thickness of single atom, of
a hexagonal arrangement of atoms in a shape
of honeycomb, and is often visualized as a ho-
mogeneous network of a large size. Graphene
has many extraordinary properties such as an
extremely high mechanical strength and flexi-
bility, good thermal and electrical conductivity,
is nearly transparent. Medical applications of
graphene are built around its bacteriostatic and
bactericidal properties, which are pledged with
selected other features open extremely wide
field of possibilities. Graphene oxide (GO) can
be prepared by oxidation of graphite and in its
structure are oxygen atoms in epoxy, hydroxy
and carboxy groups. Biomedical applications
relate to the whole family of graphene deri-
vatives. Antibacterial properties of graphene
and graphene oxide correspond to two phe-
nomena. The first is a purely mechanical effect
of destroying cell membranes by the sharp
edges of graphene flakes and GO. The second
is destructive to many strains of bacterial inte-
raction of oxygen introduced into the cells on
the surface of the GO [2].

Medical uses of carbon materials are intensi-
vely researched especially carbon nanotubes
(CNTs). Carbon nanotubes (CNTs) take the
form of a hollow cylinder with a rolled-up gra-
phene built. CNTs are used as drug carriers
enable the continuous and constant dosing of
pathological cells. It may additionally comprise
an antibody or specifically targeting the enzyme
activity [3]. An example would be the use of
MWNTs containing cisplatin, the use of which
resulted in inhibition of tumor cell growth [4].
Similar results were obtained by combining
doxorubicin with carbon nanotubes in breast
cancer [5], or the attachment of carboplatin in
the treatment of bladder cancer [6]. Nanome-
dicine is an extremely important area in which
nanotubes can find a variety of uses, both in

therapy and diagnosis. Efforts are also made
in attempts to combine carbon nanotubes with
active particles to create modern target drug
transporters, which are particularly important
for the pharmaceutical industry [7,8].

The use of carbon nanotubes as a carrier is
possible thanks to the progress of research on
the chemical modification [9]. Carbon nanotu-
bes can be subjected to functionalization with
different active particles responsible for target
recognition (targeted therapy), imaging and
treatment. In this way, a multifunctional system
for transporting a drug can greatly improve the
pharmacological profile [9,10]. Carbon nanotu-
bes are also used as nanocontainers. Nanotubes
filled with different chemical substances can
be used in tumor therapy, diagnostic, and as
contrast agents [10].

The first clinical tests are run on coating with
nanotubes metal or metal oxide nanoparticles,
and at the same time obtaining a surface ligands
(folic acid or the corresponding glycoprotein)
providing transport of nanoparticles to the
tumor cells. Such particles after intravenous ad-
ministration to achieve the target are subjected
to an external magnetic field, which leads to a
controlled heating of the metal particles and,
consequently, destruction of the transformed
cells. The results indicate that this method is
more accurate than chemotherapy, carries also
less risk of side effects and generates lower costs.

Carbon nanotubes also fulfill a role of gene ca-
rrier. Gene therapy is a promising treatment for
cancer and genetic disorders. For the transport
of viral genes there are special and non-viral
carriers (e. g. liposomes, polymers, micro- and
nanoparticles). The first ones carry a risk of side
effects such as immune response, inflammation
and oncogenesis. In contrast, no viral carriers,
but more secure, do not always provide the
appropriate level of gene expression. There-
fore, researchers are making efforts to seek
new, more efficient vehicles [7]. High molecular
weight and a cationic nature of functionalized
carbon nanotubes (f-CNT) allow electrostatic
interaction with plasmid DNA. In order to test
the ability of f-CNTs to form complexes with
nucleic acids and their translocation were com-
bined in various ratios f-CNT and the plasmid
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DNA containing the gene of B-galactosidase
marker. Obtained images demonstrated the
presence of CNT-DNA complexes. F-CNT na-
notubes were present in the form of beams,
between which there plasmids in the form of
annular clusters or super-coiled structures. The
study of gene expression level of B-galactosidase
showed penetration of these complexes to the
cells. Furthermore, it was found that 5-10 times
greater levels of gene expression for f-CNT com-
plexes and DNA than for the same helix [11,12].
Carbon nanotubes have also been used as
carriers of antigens. Connection of the exter-
nal walls of the nanotubes with synthetically
produced peptides, as for example. Epitopes of
antigens create a system which can induce an
immune response in a living body [13].

3. Magnetic nanoparticles

Magnetic nanoparticles (MNP) are made of
an inorganic core, e.g. iron oxide, cobalt or
nickel coated with substances being compatible
with respect to the tissue, to which has been
implemented [14]. One of the most important
features is the MNP to superparamagnetism
used in clinical diagnostic techniques. Intro-
duction of MNP to the tested tissue bears effect
of disorder of the local magnetic field in the
tissue resulting in decrease of the relaxation
time, the phenomenon used in magnetic reso-
nance imaging [15,16]. Using MNP significantly
improves possibilities of distinction between
tumor and healthy tissue. Among the available
contrast agents using nanoparticles there are
superparamagnetic iron oxide, used for liver
imaging called Combidex used in the diagnosis
of metastases with a diameter of 5-10 nm in the
lymph nodes [17]. In addition to tumor tissue
imaging MINP are used to observe the cardio-
vascular system, especially in the detection of
atherosclerotic plaques, and other diseases of
the cardiovascular system. MNP can be further
combined with organic dyes and fluorescent
like rhodamine or fluorescein isothiocyanate
(FITC), allowing to define the extent of tumor
resection intraoperative study.

Other application of MNP is delivery of medi-
cine to specific pathological tissue by utilizing
the affinity of the ligands used in surface and

magnetism which allows manipulating with
pharmaceuticals through the external mag-
netic field. Biocompatibility, non-toxicity and
high level of accumulation in tumors cause
that magnetic nanoparticles are also used in
intracellular hyperthermia. This therapy invol-
ves the use of MNP and alternating magnetic
field to produce a significant amount of heat
in tumor cells. Depending on the temperature
and time of generated heat it causes death of the
tumor cell or at least increase their sensitivity
to radiotherapy or chemotherapy [18].

4. Liposomes and their
modificationsce

Liposomes have been the most successful
drug delivery carriers. Liposomes are extensi-
vely used as carriers for numerous molecules
in cosmetic and pharmaceutical industries.
Because of their biocompatibility, biodegrada-
bility, low toxicity and possibility to trap both
hydrophilic and lipophilic drugs and simplify
site-specific drug delivery to tumor tissues,
liposomes have increased rate of both as an
investigational system and commercially as
a drug delivery system. The drugs inside the
liposomes are protected from oxidation and
degradation during circulation in bloodstream.
This protective phospholipid shield or barrier
remains undamaged until the contents of the
liposome are delivered to the exact target gland,
organ, or system where the contents will be
utilized [19]. Since the introduction of Doxil
(a PEGylated liposomal doxorubicin), several
products have been approved worldwide [20].
Liposomes are mostly used for the passive tar-
geting having blood lifetime one or two days.
It is required that the size of liposomes is less
than 200 nm to facilitate fenestration through
the leaky blood vessels around the tumour site.
In general, the release of drug from liposome
has to be slow enough not to let free drug to be
removed quickly from the bloodstream.

Most of the liposomes for cancer treatment
were approved on the basis of reduced side
effects due to their passive targeting capabili-
ties. Other liposomal anticancer products, such
as DaunoXome and Myocet were primarily
used to reduce toxicity in comparison to free
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doxorubicin and not to sustained release of
encapsulated drug [21].

Except of conventional liposomes there are
modified ones called stealth liposomes [22].
Coating liposomes with PEG reduces the per-
centage of uptake by macrophages and leads
to a prolonged circulation and, therefore, make
available abundant time for these liposomes to
leak from the circulation. Stealth liposomes
are transporters with a membrane composed
of phospholipid bilayer used to deliver drugs
into a cell. Aliposome can be made of naturally
phospholipids with mixed lipid chains coated
by polymers of PEG and colloidal in nature.
Stealth liposomes are a new generation of com-
pounds used for controlled drug release [23].
This stealth principle has been used to develop
the successful doxorubicin-loaded liposome
product that is presently marketed as Doxil
(Janssen Biotech, Inc., Horsham, USA) or Caelyx
(Schering-Plough Corporation, Kenilworth,
USA) for the treatment of solid tumors [24].
There are plenty of anticancer liposomes under
clinical trials. To the group belong PEGylated
lipoplatin, S-CKD602 [25] and NL CPT-11 con-
taining cisplatin, CKD-602 (a camptothecin
analogue) and irinotecan (CPT-11), respectively.
From the trials it follows that lipoplatin is less
toxic and of the same activity like cisplatin
applicable for various cancers [26] [27] [28].

To improve efficacy of cancer treatment by
liposomes it is necessary to modify either li-
posomes or their surface by peptides, RNA or
antibodies which also serve for targeted delivery
to specific cancer tissue. For example, dual-li-
gand liposomal delivery system for targeting
the delivery of paclitaxel to lung cancer was
prepared. The specificligand peptide HATYPRH
(T7) and the cationic cell-penetrating peptide
TAT were connected with phospholipid via a
polyethylene glycol (PEG) spacer to prepare the
dual-ligand liposomes (T7/TAT-LP-PTX) [29].
Active targeting molecules displayed better cell
selectivity but were shadowed by the poor tumor
penetration effect. Cell penetrating peptides
could increase the uptake of the carriers but
were limited by their non-specificity. Dual-li-
gand system may possess a synergistic effect

and create a more ideal drug delivery effect.
Thus, liposome system modified with RGD, TAT
and cleavable PEG was designed [30]. Liposomal
drug delivery system conjugated with cyclic
arginine-glycine-aspartic acid-tyrosine-lysine
peptide (cCRGDyk) was developed to improve
therapeutic efficacy in a mice model of bone
metastasis from prostate cancer [31].

5. Natural nanotransporters — ferritin
Ferritin belongs to proteins with cage like
structure, which can be used to bind molecules
in its cavity. Maxiferritins are formed from 24
subunits 12 nm in diameter with 8 nm cavities
with MW =480 kDa and miniferritins formed
from 12 subunits 8 nm in diameter with 5 nm
diameter cavities of MW = 240 kDa [32]. Mostly
maxiferritins are used, especially horse spleen
ferritin for its commercial availability. Ferritin
wide occurrence as well as its ability to rever-
sibly store and release iron ions to the living
cells has attracted the interest of researchers
worldwide.

It was found that the cavity can be utilized for
storage of other ions and molecules and can
be utilized for synthesis of nanoparticles with
defined size. Apart from interior cavity, the sur-
face of apoferritin can be modified. This offers
further possibility of delivering encapsulated
drug to a target cell in more effective way and
minimalizing thus side effects particularly to-
xicity to nontarget organs by drugs.
Apoferritin was employed to encapsulate anti-
cancer drugs cisplatin and carboplatin [33] [34].
It is well known, that clinical application of pla-
tinum-based anticancer drugs is largely limited
by severe general toxicity and drug resistance.
Drug delivery systems with tumor-targeting
potential are highly desired for improving the
efficacy and applicability of these drugs. The de-
livery of platinum drugs cisplatin, carboplatin
and oxaliplatin by encapsulating each of them
in the cavity of apoferritin was studied. The en-
capsulation was achieved through reassembly
route at pH 2.0 and 7.4, respectively, in satura-
ted drug solution. Carboplatin and oxaliplatin
complexes in apoferritin exhibit a marginal
cytotoxicity towards this cell line under similar
concentrations [34]. A novel antibody-drug
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conjugate was synthesized incorporating fe-
rritin cisplatin nanoparticles [35]. An average
of three molecules of monoclonal antibody
(mAD) Ep1 to the human melanoma-specific
antigen CSPG4 were conjugated to a single
ferritin cage encapsulating about 50 cisplatin
molecules. The flow cytometry demonstrated
specific binding to a CSPG4(+) melanoma cell
line, but not to a CSPG4(-) breast carcinoma cell
line. As compared to the cisplatin-containing
ferritin nanoparticle alone, which inhibited
thymidine incorporation more efficiently in
breast carcinoma than melanoma cells, the
mADb-derivatized nanoparticle had a 25-fold
preference for the latter. Anticancer activity
was also studied on a methylene blue-enca-
psulated apoferritin complex. The complex
shows cytotoxic effects on MCF-7 human breast
adenocarcinoma cells when irradiated at the
appropriate wavelength [36].

Ferritin can be genetically modified to pre-
sent a peptide sequence on the surface [37].
Thus Cys-Asp-Cys-Arg-Gly-Asp-Cys-Phe-Cys
(RGD4C)-modified ferritin can efficiently tar-
get tumors through RGD-integrin interaction.
It was shown that after being precomplexed
with Cu(IT), doxorubicin can be loaded onto
RGD modified apoferritin with high efficiency.
These doxorubicin-loaded ferritin nanocages
showed on U87MG subcutaneous tumor mo-
dels alonger circulation half-life, higher tumor
uptake, better tumor growth inhibition, and
less cardiotoxicity than free doxorubicin [37].
Ma-Ham et al. [38] studied daunomycin, an
anthracycline antibiotic drug, that is used for
specific types of cancer treatment such as acute
myeloid leukemia and acute lymphocytic leu-
kemia, encapsulated within apoferritin cage.
The apoferritin-doxorubicin complex has been
formed by reassembly of the apoferritin sphere
in the presence of doxorubicin [39]. The doxoru-
bicin encapsulation was carried out using direct
and step-wise change of pH of the solution from
2.5to0 7.4. It was found that up to 28 molecules of
doxorubicin can be capsulated per apoferritin
protein and no significant drug leakage occurs
during the first two days.

Magnetic particle mediated transport in com-
bination with nanomaterial based drug carrier

has a great potential for targeted cancer thera-
py. Doxorubicin encapsulated into the apofe-
rritin was conjugated with magnetic particles
and investigated by capillary electrophoresis
with laser-induced fluorescence detection (CE-
-LIF). This combination of magnetic particles
and drug encapsulated in apoferritin can be
potentially used for magnetic resonance ima-
ging, thermotherapy and chemotherapy [40].
Apoferritin and liposome encapsulated forms
of doxorubicin were prepared and their toxi-
city were compared with doxorubicin alone
and Myocet on prostate cell lines [41]. Three
different prostatic cell lines PNT1A, 22Rv1,
and LNCaP were chosen. The toxicity was com-
pared using the MTT assay, real-time cell impe-
dance-based cell growth method (RTCA), and
flow cytometry. The efficiency of doxorubicin
entrapment was 56% in apoferritin cages and
429% in the liposome carrier. Apodox IC50 was
determined as follows: 603.1,1344.2,and 931.2
nM for PNT1A, 22Rv1, and LNCaP, respectively.

6. Conclusions

The main objective of research in recent years
is to provide a multifunctional nanoparticles
and nanomaterials whose properties can be
controlled in the body through the local en-
vironment and external factors, e. g. external
magnetic field. Many pharmaceutical compa-
nies have their own research programs aimed
at the introduction of new products based on
nanoparticles and nanomaterials and impro-
ve current pharmaceuticals. Nanosubstances
appeared to be commercially and started to be
used widely in the diagnosis or treatment of can-
cer, among others. Intensive nanotechnology
research in the future will lead to extend the
functions of nanoparticles in nanodiagnostics,
in nanopharmacology and in many new medical
applications.
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Lung cancer is the most common cause of death, related to malignant disease. Both major
types - small cell and non-small cell lung cancer (SCLC and NSCLC, respectively) possess
properties, which significantly affect the survival rates of onco-patients. During the treatment,
there occur several issues, including development of chemoresistance, fast metastatic expansion

or inoperability. Although, there are only few examples of how gene therapy can be helpful in
combating the cancer, its potential is undisputed. Presented study describes and discusses
the current status and possibilities of gene therapy, including the viral and non-viral vectors,
antisense strategy of gene silencing and the latest technology using CRISPR-Cas9 in treatment

of lung cancer.
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1. Introduction

Lung cancer is the most common cause of can-
cer-related deaths worldwide. Despite advances
in diagnostics and therapeutics of lung can-
cer, a 5-year survival rate is still reaching only
about 15% [1]. This disease largely affects the
socioeconomic statuses of patients and their
families, as well as the society. Clinical and
molecular evidence has proven that lung cancer
is a heterogeneous disease, which demonstrates
significant implications in diagnosis [2] and
treatment [3]. An increasing number of clinical
trials have emphasized targeted and personali-
zed treatments that specifically benefit patients
diagnosed by using observed gene expression
profiles. The term lung cancer usually refers
to tumors that originate from the lining cells
of the respiratory tract (epithelial cells) [4].
Based on differences in biological characteri-
stics, lung cancer is classified into two types,
namely non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC). NSCLC accounts
approximately 85% of lung cancer cases [5].
Platinum-based chemotherapy is prescribed

as the standard first-line therapy in patients
with advanced NSCLC. However, resistance to
platinum-based drugs reduces the survival rate
which, as aresult, has not improved to anything
like the extent seen in other cancers [6]. Advan-
cesinthe understanding of molecular genetics
in NSCLC have led to the identification of key
genetic aberrations in NSCLC. These genetic
aberrations occur in oncogenes that encode
signalling proteins that are crucial for cellular
proliferation and survival [7]. Genetic profiling
has identified driver mutations in over 60% of
lung adenocarcinomas, with 9—14% being new
targetable oncogenes such as HER2, BRAF,
PIK3CA, and RET [8]. SCLC accounts 10—15%
of all lung cancer cases and represents the most
aggressive subset of lung cancer. Treatment
of SCLC has changed minimally over the last
few decades. Patients continue to receive non-
-targeted, chemotherapy regimens consisting
of etoposide plus platinum agents, often combi-
ned with irradiation. Although SCLC patients
respond well to this first-line treatment, relapse
is virtually inevitable and resultant tumours are
resistant to further therapy [9]. Based on above
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mentioned information, in lung carcinoma ma-
nagement, the personalized medicine is at the
forefront, with the goal to cure patients with a
predicted modality to be efficacious based on
the molecular characteristics of the tumor. Such
approach can offer increase of survival rates of
oncopatients, significant reduction of tumor
chemoresistence and decrease of a number
of potential relapses. Gene therapy can be a
powerful weapon to combat lung cancer and
to elevate the therapeutic successes.

2. Gene therapy

Gene therapy can be defined as the transfer
of genetic material into a cell for therapeutic
purposes [10]. Gene therapy was conceptualized
in 1972, by authors who urged caution before
commencing human gene therapy studies. The
first gene therapy experiment approved by the
US Food and Drug Administration occurred
in 1990, when Ashanti DeSilva was treated for
adenosine deaminase deficiency with severe
combined immunodeficiency. By January 2014,
some 2000 clinical trials had been conducted
or approved and no one was FDA approved for
clinical utilization in management of lung can-
cer. Despite these facts, gene therapy still offers
huge potential, which nevertheless encounters
numerous obstacles. The aim of present study
is to summarize the approaches employable for
gene therapy of lung cancer and to highlight
their possible advantages and disadvantages.
Given the large size and the negative charge
of these macromolecules, their delivery is ty-
pically mediated by carriers or vectors as is
discussed below.

2.1 Gene delivery

Gene therapy relies on the principle of intro-
ducing exogenous DNA into malignant cells
causing them to die. Since lung cancercanbe a
highly disseminated malignancy, the gene the-
rapeutic agent must be administered systemica-
1ly, obligating a high level of targeting of tumor
tissue and the use of delivery vehicles designed
for systemic circulation of the therapeutic DNA
[11]. The possible target cells include not only
the tumor cells and the immune cells but also
surrounding normal tissue. Gene therapy of

tumor cells could result in correction of their
abnormal growth and re-establishment of apo-
ptosis, orinincreased drug or radio-sensitivity
of the tumor cells. Gene modification of tumor
cells could also enhance theirimmunogenicity
[12]. Various physical and biological methods
are available to deliver genes into target cells.
Which delivery method one chooses depends
generally on the local, regional, or systemic
route of administration chosen or needed to
reach the tumor [13]. Physical methods, such as
calcium phosphate precipitation, electropora-
tion, direct microinjection, and gene gun, may
be suitable for introducing naked DNA into
established cell lines in vitro, but are generally
of low efficiency and are often impractical for in
vivo applications. Nevertheless, gene delivery
to lung tumors by aerosolization of adenoviral
vectors incorporated into calcium phosphate
precipitates resulted in much greater expression
in tumors than in normal lung tissue [14]. Bio-
logical vectors - genetically modified, replicati-
on-defective viruses are effective by exploiting
their natural tropism for mammalian cells and
biological life cycles to achieve gene transfer and
gene expression. Retroviral vectors can infect
a variety of cell types and have the advantage
of being able to integrate into the target cell
genome. However, because retroviral-mediated
transduction might result in permanent inte-
gration of the foreign gene into the target cell,
the promoter used to drive the transcription
of the foreign gene must be carefully selected.
Moreover, one of the biggest challenges facing
viral vectors in gene delivery is the host immune
response. Cell-mediated responses to viral vec-
tors have been documented, but this response
may be dependent on the route of administra-
tion [15] and vector serotype [16]. For instance,
a potent immune response to adeno-associated
virus-ovalbumin was observed when vector was
administered intraperitoneally, intravenously,
or subcutaneously but not when administered
intramuscularly [17]. A replication-deficient
type 5 adenovirus (Adp53) in which the viral
E1 gene was replaced with a wt p53 expression
cassette driven by cytomegalovirus promoter
has been evaluated in two Phase I clinical trials
in NSCLC patients [18,19]. From these trials, it
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was found that disease stabilization lasted up
to 14 months, and >50% tumor regression was
seen in two patients. The observed response rate
in this heavily pretreated group of patients with
progressive disease was encouraging.

Non-viral gene delivery strategies are gene-
rally regarded as safer and less immunogenic
alternatives to viral vectors. Nonviral methods
of gene delivery have recently expanded and
several effective nanomaterials exist including
lipid-based [20], polymeric [21], and inorganic
nanoparticles [22], some of which have reached
clinical trials. Modern non-virals vector are
characterized by a high level of transfection
efficiency, low production costs, they are easy
to prepare and enable a flexible size of DNA to
be transported. As was shown by Ji and collea-
gues, restoration of wt-FUS function in 3p21.3-
-deficient NSCLC cells significantly inhibits
tumor cell growth by induction of apoptosis and
alteration of cell cycle kinetics [23]. A Phase I
clinical trial is underway to evaluate delivery
of the FUS1 gene using repeated intravenous
injection of liposomal particles composed of
DOTAP and cholesterol.

2.2 Antisense oligonucleotides (ASOs)

The field of oligonucleotides (ODNs) has been
developed in a sophisticated manner and no-
vel pharmaceutics appear to emerge based on
ODNs. Evidently, several approaches using
ODN s could be done at the gene therapy level
using the ODN genes. This will reduce cost,
toxicity and ensure the presence of steady state
levels of a therapeutic ODN in the cytoplasm or
nucleus [24]. Because nucleases that cleave the
phosphodiester linkage in DNA are expressed
in almost every cell, unmodified DNA molecules
are generally degraded before they reach their
targets. Therefore, antisense drug candidate
molecules are generally modified during the
drug discovery phase of their development
[25]. Amongst the most succesfull nucleic acid
backbone modifications belong phosphoro-
thioates, morpholinos, locked nucleic acids
(LNAs), ribozymes or peptide nucleic acids
(PNAs) [26-28]. In lung cancer management,
the rational drug design has resulted in agents
directed against a number of important cellular

targets, including the mRNA of bcl-2, cyclin D1,
protein kinase (PK) C-alpha, PKA-I, H-ras, c-raf,
R1 and R2 subunit of ribonucleotide reductase,
and transforming growth factor beta2 [29,30].
Sainiand Klein demonstrated that NSCLC and
mesothelioma cells can be significantly weake-
ned by using CD1 ASOs within the meaning of
cell proliferation and CD1 de novo synthesis
[30]. Other suitable targets are cyclooxygena-
ses. For instance cyclooxygenase 2 (COX-2),
overexpressed in several tumor entities, can be
efficiently blocked, as was shown by Windhovel
and coworkers [31]. Interestingly, they tested
twelve phosphorothioates and a range of acti-
vities was reached on protein, RNA and growth
level. This points at importance of selection of a
duplexing site on mRNA sequence, which sub-
sequently affects the translation into protein.

2.3 CRISPR-Cas9

CRISPR-Cas9 is a versatile genome editing
technology for studying the functions of ge-
netic elements. The bacterial type II clustered
regularly interspaced short palindromic repeat
(CRISPR)/CRISPR-associated (Cas) systems
have recently shown great potential for RNA-
-guided genome editing, including multiplexing
genome engineering, homologous recombina-
tion, gene targeting and regulation of trans-
cription [32]. Using both, viral (Ientivirus) and
non-viral (nanoparticles) mediated delivery of
guide RNA, Platt et al. simultaneously modeled
the dynamics of KRAS, p53, and LKB1, the
top three significantly mutated genes in lung
adenocarcinoma [33]. CRISPR-Cas9 techno-
logy arises many discussions in the scientific
community, particularly due to its exceptio-
nal properties, thus it can be expected that
CRISPR-Cas9 can significantly affect future of
modern medicine, not only within the meaning
of malignant diseases.

3. Conclusion

Although limitations still exist to the wi-
despread application of gene therapy, the
strategy has been shown to be applicable in
several clinical situations. Currently, the most
fundamental issue is development of efficient
and non-immunogenic vectors for delivery of
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nucleic acids, which are easily cleaved by en-
donucleases. Another option is further deve-
lopment of nucleic acids backbone modifica-
tions, which provide higher stability and are
nucleases-proof. Gene therapy offers a number
of future possibilities from simple blocking of
expression through mRNA duplexing to highly
effective replacement and deletions of entire
dysfunctional genes. Hence, gene therapy can
be considered as powerful future-weapon to
combat lung cancer.
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Cancer belongs to the most terrifying diseases. Therefore, diagnostic and therapeutic tools
are desperately searched. To detect the disease at it early stage, reliable biomarkers have to be
employed, however to identify these molecules and find their connection to the type and stage

of the disease is a challenging task. To meet this goal, extremely powerful methods have to be
used. Among such methods, mass spectrometry occupies the leading position. However, even
such powerful technique needs to be coupled with some kind of separation, which simplifies
the complex biological sample prior to the analysis.

Keywords: cancer; separation science; capillary electrophoresis; chromatography; mass

spectrometry

1. Introduction

Cancer is one of the biggest threats of cu-
rrent population because it is the most common
cause of death [1]. In total, about 200 cancer
forms have been recognized, however lung can-
cer, prostate cancer, breast cancer, and colon
cancer cause more than 50% of all deaths [1].
The high mortality is caused not only by effecti-
vity of the treatment, which may be in numerous
cases quite low, but also by the diagnostics of
the disease in the late stage [2]. Therefore, it
is obvious that an early diagnosis of cancer is
playing a key role in the successful treatment
and biomarkers are sought in genome, prote-
ome and metabolome. The main disadvantage
connected to modern gene arrays, which are
nowadays one of the most commonly used tools
for genomic analysis is the fact that they require
mRNA as starting material. Therefore, even
though one can survey the expression of all
genes in cells or tissues, the sample preparation
is a drawback.

In proteomic research there are in general two
strategies used. One is the ‘bottom-up’ appro-

ach and the other is the ‘top-down’ method.
The bottom-up technique is based on a tryptic
digestion of the protein mixture followed by
separation of the fragments and analysis by MS,
which can be done either on-line by electrospray
ionization of off-line by matrix-assisted laser
desorption and ionization. The disadvantage of
this type of analysis is that limited information
about the intact protein is provided. On the
other hand, during the “top-down” method, the
intact proteins and protein complexes are sepa-
rated first and then analyzed by MS. Therefore,
this approach can be used to obtain molecular
information about the intact protein and may
be advantageous for the detection of proteins’
post-translational modifications [3].

The main problem is the high complexity and
wide dynamic range of peptides in body fluids
(i.e. blood serum, saliva, sputum, cerebrospi-
nal fluid, etc.). Too many peptides are present
spread over arange of concentrations exceeding
1012 in the case of serum. To overcome this
obstacle, it is crucial to simplify the comple-
xity and remove the major components of the
matrix, which are usually masking the signal
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of components of interest by some kind of se-
paration method, which offers high resolution
and can cope with a wide dynamic range of
peptide concentrations [4].

In both, top-down and bottom-up methods,
a powerful separation technique is required to
obtain the information of interest. Despite the
development of improved analytical tools for
analysis of clinical and biochemical samples,
gel electrophoresis is still the gold standard
used up-to-date. Its two-dimensional variant
— 2D gel electrophoresis — is taking advantage
of combination with isoelectric focusing. The
2D sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) approach to pro-
tein profiling are accessible and economical
method that enables the detection of hundreds
of proteins on a single gel plate. Resolution has
been enhanced by the introduction of immobi-
lized pH gradients, which enable the analyst to
tailor the pH gradient for maximum resolution
using ultrazoom gels with a narrow pH gradient
range. With modern 2D-PAGE, it is not unusu-
al to resolve two proteins that differ in pI by
0.001 U [5]. Another limitation of 2D-PAGE
include the labor-intensive and time-consuming
nature of the technique, poor reproducibility, li-
mited dynamic range of detection (undetectable
for the mass range <20,000 m/z), and under-
-representation of certain classes of proteins,
so that truly comprehensive analysis is impo-
ssible. Furthermore, it cannot provide accurate
Mr information and it still remains difficult to
interface 2-DE directly to MS analysis [4,6].

2. Chromatography

Another separation, which has proven to be
applicable for cancer analysis is gas chromato-
graphy (GC). GC-MS is reported to have many
advantages in the area of clinical samples. It is
applicable for variety of samples which include
not only serum [7] and/or plasma [8] but also
breath gas from the lung cancer patients [9,10].
GC-MS is characterized by minimal sample
requirements, rapid analysis and reduced use
of expensive labeled substrates. [1]. Besides GC-
-MS also liquid chromatography is a powerful
method providing the valuable information
in cancer research. Liquid chromatographic

techniques are faster, quantitative, easier to au-
tomate, and couple more readily to mass spect-
rometry than two-dimensional gel electropho-
resis [11]. The main area of recent advances in
LC-MS technologies is the improvement linked
to capillary LC instrumentation that provides
improved peak capacities and dynamic range of
detection needed to analyze biological samples
[12]. The enhancements have been achieved
mainly by use of very high pressure, very small
porous particles, columns with smaller inner
diameter, nanoelectrospray interfaces, and
relatively long columns and long gradients for
separations. By using smaller inner diameter
columns, the sensitivity of the system continues
to increase inversely as the mobile phase flow
rates drop to as low as 20 nl/min, demonstra-
ting the advantages of ESI-MS analyses at very
low liquid flow rates [12]. Separation columns
for capillary LC are usually prepared by pac-
king of conventional beads into a fused silica
capillary with internal diameter of 10-300 pm.
However, the large void volume between the
packed particles and the slow diffusional mass
transfer of solutes are the major factors limiting
the separation efficiency of porous packing
materials, especially for proteins and peptides
having low diffusivities [11]. Ultra-performance
liquid chromatography (UPLC) operates with
sub-2 pm chromatographic particles and a fluid
system capable of operating at pressures in the
6000—15000 psirange, providing an increased
chromatographic selectivity compared with
conventional HPLC, which uses larger particles.
Increased sensitivity of UPLC compared to
conventional HPLC is caused by reduced peak
width and therefore by increased S/N ratio [13].
To improve the stationary-phase properties
with enhanced mass-transfer abilities even
more, the monolithic stationary phases were
introduced in which the separation medium
consists of a continuous rod of a rigid, porous
polymer that has no interstitial volume but
only internal porosity consisting of micro and
macropores. All of the mobile phase is forced
to flow through the channels of the porous se-
paration medium, resulting in enhanced mass
transport and improved chromatographic effi-
ciency [11].
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3. Capillary electrophoresis (CE)

Compared to chromatography, CE separation
is separating the sample based on a completely
different principle — ion mobility in the electric
field. Therefore, it is providing different sort of
information, which may be complementary to
the one provided by chromatographic analysis.
Moreover, there is a whole group of the electro-
phoretic methods including capillary zone
electrophoresis, capillary gel electrophoresis,
capillary micellar chromatography, capillary
electrochromatography, capillary isoelectric
focusing and/or capillary isotachophoresis.
This variability enables the researcher to select
the method providing the required information
of interest. Moreover, the potential of minia-
turization broadens the application potential
even further [2].

Whereas HPLC is more widely used in clini-
cal analysis, CE offers several advantages over
HPLC by these including stable constant flow,
no gradient, which results in changes in the
ideal ionization parameters; fairly robust and
inexpensive capillaries; compatible with essen-
tially all buffers and analytes; fast separation,;
and high resolution [4]. These advantages are
especially beneficial when analyzing a large
number of heterogeneous samples that con-
tain interfering compounds, such as lipids,
precipitates, etc.

From the technical point of view, main advan-
tages are the robustness and the possibility to
renew the capillary inner surface by hydroxide.
On the other hand, the small volume and there-
fore the smallloading capacity is the limitation.
Whereas ml quantities can be loaded onto an
LC column, a CE can be filled with a maximum
of several hundreds of nanolitres. Although pH
stacking and other types of sample preconcen-
tration methods can be used very effectively,
a maximum of 30—50% of the total capillary
volume can be filled with sample to maintain
the separation power, which corresponds to
0.5—2 pl when using 50 or 75 pm internal dia-
meter capillaries with length of 80 —100 cm.
The major limitation is due to the dynamic
range of the mass spectrometer (4 orders of
magnitude at best), and that more abundant
peptides will obscure minor signals [14].

4. Data analysis

Commonly, data are presented in two ways:
(A) comparison of peaks from normal and
cancerous samples. The peaks are usually not
identified and the evaluation is just on the fin-
gerprinting level which is sufficient for me-
dical diagnostics, (B) Selected peaks are at
least partly identified by the use of tandem
mass spectrometry. The important challenges
for proteomic studies are to use the variety of
protein databases and algorithms applied for
compound identification. One difficulty for
peptide identification is to verify the accuracy
of the match. The scoring algorithm is usually
used to rank the candidates and assign only
the highest scoring of all. Another difficulty is
that some post-translational modifications of
amino acids residues influence the masses the
peptides, for example, phosphoserine usually
exhibits a neutralloss of 98 Da (H,PO,) because
of the elimination of phosphoric acid during
MS/MS of phosphopeptides, whereas acetylated
lysine exhibits a diagnostic ion at m/z 126.0913
during MS/MS of peptides [15].

5. Conclusions

From the literature review can be clearly
concluded that even though MS is extremely
powerful, without application of the separation
methods, the analysis of bodily fluids is insur-
mountable problem. Especially, the biomarker
research requires high separation power, which
is mainly provided by CE-MS and its variants.
Even though CE-MS is not so commonly used
in clinical practice, the undoubtable advan-
tages provided by this hyphenated technique
predispose it for a wide application.
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Cancer is a serious disease that causes 25% of deaths in the developed countries. Significant
impact on the cancer patients survival has early detection of this disease, therefore great
attention is paid to its imaging. Fluorescence imaging represents powerful imaging method
for the cell detection. For the successful detection of tumour cells, the specific targeting of

fluorescence probes to the tumour tissue has a key role. Interesting materials enabling the
imaging of tumour cells are fluorescence nanoparticles. For the accurate imaging, the NPs
should be conjugated with targeting ligands and/or constructed as off-on probes.

Keywords: cancer cell; fluorescence; imaging; quantum dots

1. Introduction

Cancer is life-threatening disease, which
causes nearly 7 million deaths every year
worldwide and represents around 1 trillion
dollars economic loss [1,2]. Cancer presents
25% of death caused in the developed countries
[3]. But due to an early diagnosis and effective
treatment, the mortality caused by this dise-
ase decreases and survival time increases [4].
The risk of dying from cancer decreased by
20% between 1991 and 2010 [3]. The cancer
is diagnosed in the every third woman and
every second man in the United States [5].
Cancer mortality in Czech Republic is about
209% [6,7]. Death rates continue to decline for
all 4 major cancer sites (lung, colorectal, breast,
and prostate), with lung cancer accounting
for almost 40% of the total decline in men and
breast cancer accounting for 349% of the total
decline in women [4]. The most common causes
of death are cancers of the lung, followed by
colorectal, breast and stomach [7]. Early detec-
tion of cancer can significantly impact survival
of cancer patients, so the regular screening is
highly recommended [8-10].

2. Fluorescence imaging of cells

Optical methods are relatively cheap non-io-
nizing techniques based on the specific optical
properties and are due to their variability, flexi-
bility, specificity and sensitivity an important
tool for non-invasive and objective diagnosis
with still improving resolution [11-14]. Fluo-
rescence imaging is the optical method based on
the usage of fluorophores, the compounds, that
can emit light after absorption of the appropria-
te wavelength light [15]. Fluorescence detection
of cancer cells has the potential to be used in
early cancer diagnosis [16]. The fluorescence
of the dyes for imaging should be in the ,ti-
ssue optical window* spectral ranges between
650 and 900 nm [17] orin the infrared spectrum
[18]. The long wavelength (far-red to NIR) flu-
orescent probes are advantageous for in vivo
bioimaging because of minimum photo-damage
to biological samples, deep tissue penetration,
and minimum interference from background
autofluorescence by biomolecules in the living
systems. Therefore great attention is paid in
the development of new long wavelength fluo-
rescent probes [19].
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3. Fluorescent probes

As smart molecular probes, organic com-
pounds such as fluorescein or rhodamin are
widely studied [20,21] and as an universal,
genetically encoded fluorescent label, green
fluorescent protein, is applied [22]. Promising
imaging tools represent inorganic compounds
such as nanoparticles (NPs) [23,24]. The NPs
accumulate in tumour cells by themselves, or
they have to be targeted to the cancer cell sur-
face molecules [25]. Interesting NPs with very
good fluorescence properties are QDs [26-28].
They have broad absorption spectrum and a
narrow emission spectrum and are photostable
[29,30]. Fluorescence properties of QDs can be
successfully exploit for imaging of tumour cells
aswell asin situ investigations of tumour tissue
[31,32]. Because of the content of heavy metals,
the toxicity of QDs is discussed [33]. CdTe QDs
conjugated with antibodies were successfully
used for the cancer cells detection [34,35].

Technical developments in fluorescence
imaging have enabled recent translation into
investigational human studies [36]. NIR fluo-
rescence imaging is in some applications alrea-
dy used in the clinic. Indocyanine green (ICG) is
NIR fluorophore used primarily in angiography
[37]. ICG enable noninvasive imaging of the
lymphatic vasculature and discrimination of
malignant from benign breast lesions [36].
ICG is useful for the hepatocellular carcinoma
detection [38]. ICG encapsulated within poly-
(allylamine) hydrochloride chains cross-linked
ionically with sodium phosphate (ICG-NCs)
and functionalized with anti-HER2 can be
used as theranostic agent for optical imaging
and also for the photodestruction of ovarian
cancers invitro [39].

Tryptophan is investigated as the key na-
tive marker in cells to determine the level of
metastasis competence in breast cell lines.
The ratio of fluorescence intensity is associ-
ated with aggressiveness of the cancer cells
[40]. The higher content of tryptophan was
detected in the advanced metastatic cancer
cell lines against the moderate metastatic and
non aggressive cell lines [41].

Cancer cells can reduce of innocuous silver
salts and spontaneously generate silver na-

noclusters (NCs), which has great fluorescence
intensity. The formation of silver NCs also re-
sults in drastic reduction of tumour size and/
or complete remission of the tumour [42]. Glu-
tathione (GSH) can significantly and selectively
enhance the fluorescence intensity of gold NCs.
Gold NCs without GSH can selectively image the
cancer cells. The liver cancer cells have much
higher content of GSH, than other cell types.
Therefore gold NCs enabled differentiation of
cancer cells from normal ones [43].

For the targeting imaging, gold NCs conjuga-
ted with folic acid (FA) were utilized [44]. Folate
receptor (FR) is overexpressed by a number of
epithelial-derived tumors and minimally expre-
ssed in normal tissues. As FA is a high-affinity
ligand to FR, and not produced endogenously,
the FA-conjugated probes are specific for cancer
cells imaging [45]. Folate-functionalized NPs
are efficient imaging probes [46]. The overex-
pression of FR in 90—95% of epithelial ovarian
cancers enabled the investigation of intraope-
rative tumor-specific fluorescence imaging in
ovarian cancers surgery using an FR—targeted
fluorescent probe [47]. Fluorescence imaging
of cancer cells utilized in guidance surgery
improves the tumour successful removal [48].

Low cytotoxic fluorescence probe comprises
hydroxy-6-methyl-naphthalene-2-carbaldehyde
was used for the detection of tyrosine kinase in
cancer cells [49]. Lanthanum hexaboride LaB,
NPs coated with a carbon-doped silica (C-SiO,)
shell to introduce a fluorescent property and
improve stability and biocompatibility enabled
fluorescent imaging and NIR-triggered photo-
thermal therapy of cancer cells [50]. 2-[N-(7-nit-
robenz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-
-D-glucose (2-NBDG) was used as a tracer for
detection of hypermetabolic circulating tumor
cells (CTC) [51].

4. Turn off-on probes

For the sensitive and selective imaging without
false positive results the ,,off-on“ fluorescence
probes have been constructed. Polyethylene-
imine-coated CdS/ZnS QDs (PEI-CdS/ZnS
QDs) with the electrostaticly absorbed FA were
turned off. In the presence of FR, the FA was
desorbed and the fluorescence signal of QDs

49



Journal of Metallomics and Nanotechnologies 2015, 2, 48—52

was detected [45]. The fluorescence-quenching
platform based on the biomineralized HAp
(hydroxyapatite) has been also internalized for
cancer cell detection [52]. Protein LAPTM4B
is characteristic for a large number of cancer
cells. Small peptide IHGHHIISVG (AP2H)
is a targeting ligand for the LAPTM4B and
therefore could be used for targeting the flu-
orescence probe to the cancer cells. Huang et
al. constructed the turn-on probe consisted of
the peptide and tetraphenylethylene (TPE), an
aggregation-induced emission (AIE) fluoropho-
re [21]. Another turn-on probe was designed
via hydrogen-bond interaction between FA and
carbon dots (CDs) with the passivating agent -
poly(acrylate sodium) (PAAS). This probe could
be used in the fluorescence-assisted surgical
resection and real-time monitoring of the cells
[16]. Acid phosphatase (ACP) is an important
biomarker and indicator of prostate cancer. An
,,off-on“ probe for ACP detection consisted of a
near-infrared mercaptopropionic acid (MPA)-
-capped CulnS2 QDs [53].

5.Fluorescencein situ hybridization

Fluorescence in situ hybridization (FISH)
with centromeric probes is used to detect chro-
mosomal instability (CIN), which is observed
in many cancers. The chromosome doubling
could influence the tumours heterogeneity [54].
A multi-gene fluorescence in situ hybridization
(M-FISH) was used to investigate gene copy
number aberrations (CNAs) and it was found,
that the gene copy number aberrations (CNAs)
of cell cycle-regulated genes can be significant
for prognosis in young breast cancer patients
[55]. FISH is a useful technique for ALK gene
rearrangement analysis and specification of
the type of gene irregularities. ALK gene exa-
mination could be applied in histological and
alsoin cytological samples. FISH was utilized in
the FISH of samples from NSCLC patients [56].

6. Conclusions

Cancer is one of the most serious diseases
worldwide. The most important for its succesfull
treatment is early detection of tumour in the
body. Methods for the fast and easy tumour
detection are widely studied. Interesting appli-

cation represents fluorescence imaging. There
are many possibilities of the fluorescence ima-
ging of tumour cells. The most important for the
use of fluorescence imaging in human medicine
will be the necessity of the construction of the
highly sensitive fluorescence detectors to detect
the fluorophores deeply in the body.
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Metallothioneins (MT) are small (molecular weight in range 500 — 1400 Da) intracellular
proteins rich in cysteine content. In humans four main isoforms of MTs have been discovered so
far — MT-1, MT-2, MT-3 and MT-4. All of MTs functions — heavy metals binding, antioxidative,
regulation and immunomodulation are involved in MTs roles in cancer. MTs role is double-
edged in carcinogenesis; in healthy cells with high MT content it has protective effects, while
in healthy cells with low M T content, carcinogenesis via environmental factors occurs, on the

other hand, at cancer-transformed cell the high MT content increases the tumour malignancy
and chemotherapeutics resistance. Expression of MT can be used as marker of tumour
diseases. Increased level of MT in serum or full blood was found in many cancer diseases and
can be used as early stage biomarker. To decrease tumour resistance, or on the other hand,
to improve non-target cells tolerance to chemotherapeutic multiple approaches are tested,
including specific increasing or decreasing of MT expression based on specific compounds

or targeted gene therapy.

Keywords: metallothionein; cancer; biomarker; chemoresistance; epigenetics

1. Metallothionein

Metallothioneins (MT) are small (molecular
weight in range 500 — 1400 Da) intracellu-
lar proteins rich in cysteine content. In 1957
MT was discovered in horse liver as cadmium
binding and detoxification protein [1]. With
progressing research it has been discovered,
that metallothioneins are found in all kingdoms
—Dbacteria, animals, fungi and even plants and
that they are involved in numerous cell proce-
sses according their isoform, oxidation state
and metals content [2].

In humans four main isoforms of MTs have
been discovered so far — MT-1,and MT-2, which
are ubiquitous, MT-3 and MT-4, which are spe-
cific for neuronal tissue, but their expression
also in skin was found. Human MT genes are
localized on chromosome 16q13 and are en-
coded by a multigene cluster of closely linked
genes. Genes for MT consist of 11 MT-1 genes

and one gene for every other MT isoform (the
MT-2A gene, MT-3 gene and MT-4 gene) [3].
A gene called MT-like 5 (MTL-5) that encodes
a testis-specific MT-like protein called tesmin
was described in the 11q13 [4]. A number of
other MT or MT-like genes and pseudogenes
with significant homology to functional MT
genes exist in human genome, but their func-
tionality is unknown.

2. Roles of metallothionein in the
cells

The first discovered and still not fully under-
stood roles of MT-1 and MT-2 are transporting
of essential heavy metals, detoxification of toxic
ones and protection against oxidation stress.
MT by interaction with other proteins fulfils
its function, resulting in different effects in
the organism [5]. Interaction of MT with other
proteins occurs either directly or via heavy
metals administration and redox reactions.
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Interaction of MT with ferritin, which causes
aredox reaction leads to reduction of Fe3*sto-
red in ferritin with consequent releasing of
harmful Fe?* [6]. Interaction of MT with GSH/
GSSG modulates Zn transfer between MT and
zinc-binding proteins [7]. Apo-MT is able to
deactivate Zn-transcription factors and Zn-
-dependent enzymes, while Zn-MT can activate
them. Interaction of MT with zinc-dependent
enzymes such as carbonic anhydrase, Cu/Zn
SOD, 5-aminolevulinic acid dehydratase via
zinc binding is known [5,8]. After interaction
of MT with endocytic LDL receptor megalin the
uptake of CAMT occurs, resulting in disruption
of proximal tubules [9]. MT is involved in many
cellular processes, which are regulated by pro-
tein-protein interaction. The most known are
transcription, apoptosis, immunomodulation
and cancerogenesis, interacting with NF «B,
p53, specificity protein 1 (Sp1), transcription
factor ITA (TFIIA), estrogen receptor (ER), Gal4,
and tramrack (TTK), matrix metalloproteina-
ses and other [5,10].

MT-3 has been discovered as neuronal growth
inhibition factor. It is involved in growth of
neuronal tissue, but its expression has also
been found in skin, and epithelial tissues.
It also binds heavy metals, but its main func-
tion is regulation of neuronal development [11].

MT-4, discovered few years ago is the least
known MTs isoform. It is found in stratified
squamous epithelia, including the oesophagus,
upper stomach, tail, footpads and neonatal skin
[12]. It helps to regulate stomach acid pH, taste
and texture discrimination of the tongue and
help protect against sunburn and other skin
traumas [13].

3. Connection of metallothionein
with cancer diseases

All of MTs functions — heavy metals binding,
antioxidative, regulation and immunomodulati-
on are involved in MTs roles in cancer. MTs role
is double-edged in carcinogenesis, in healthy
cells with high MT content it has protective
effects, while in healthy cells with low MT con-
tent, carcinogenesis via environmental factors
occurs, on the other hand, at cancer-transfor-
med cell the high MT content increases the

tumour malignancy [14]. Proliferative, anti-
-apoptic function of MTs, (de)activation of tran-
scription factors, ROS scavenging are beneficial
for cancer cell to survive, proliferate and defend
against organisms’ immune system.

All isoforms, except the least known MT-4
have been found to be involved in cancer. Ho-
wever, according to last findings MT-4 —expre-
ssion at mRINA level was found in lung cancer
(NSLC) [15] and squamous cell carcinoma [16].

The most about MT up/down regulation is
known about MT-1 and MT-2 [8,17-19]. Disclo-
sed MT expression as a useful diagnostic factor
for tumour progression and drug resistance
was reported in a variety of malignancies e.g.
leukaemia, melanoma, breast, ovarian, renal,
lung, pancreatic, gall bladder, oesophageal,
and basal cell carcinomas [20-27]. One may
suggest that MTs may lead to a protection of
tumour cells against apoptosis and support the
metastatic behaviour of tumours and/or cancer
cell proliferation. On the other hand in some
other studies devoted to colorectal and bladder
cancer and others, no significant correlation
between MT expression and prognosis was
observed [28,29]. In recent years, common MT
polymorphisms were identified and associated
with, particularly, western lifestyle diseases
such as cancer, complications of atherosclerosis,
and type 2 diabetes mellitus along with related
complications [30]. MT is often downregulated
at epigenetic level in numerous cancers [31-36].

MT-3 expression was found to be corrected
with lung cancer [20], skin cancer [37], breast
cancer [38], prostate cancer [39], oesophageal
squamous cell carcinoma [40], bladder cancer
[41] and renal carcinoma [42]. Moreover, MT-3
is a putative tumour suppressor gene, that is
frequently inactivated in paediatric acute my-
eloid leukemia [33].

4. Metallothionein and resistance
to chemotherapeutics

In MT-related chemoresistance heavy metals
chelation and antioxidative functions are in-
volved. It can contribute not only to cancer cell
survival, but also to decreasing of side effect of
chemotherapy, especially anthracyclines [8].
To decrease tumour resistance, or on the other
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hand, to improve non-target cells tolerance to
chemotherapeutic multiple approaches are tes-
ted, including specific increasing or decreasing
of MT expression based on specific compounds
or targeted gene therapy, including using an-
tisense mRNA, siRINA, microRNA, and DNA
methylation, can be considered [8,38,43].

5. Metallothionein as cancer
biomarker

From numerous studies it is known, that
expression of MT both on nucleic acids and
protein level can be used as marker of tumour
diseases [15,26,44,45]. Also methylation of MT
promoters has been shown to be usable as a
biomarker [34]. Increased level of MT in serum
or full blood has been found in many cancer
diseases and can be used as early stage biomar-
ker [26,45,46]. Also changes in Zn isotopes in
tumour tissues can be usable for detection of
cancer. The authors hypothesize, that higher
content of light isotopes in tumour tissue than
in control tissues (both non tumour and healthy
volunteers) is caused by preferential chelation
of light isotopes by MT via SH groups [47].

6. Conclusion

MTs role is double-edged in carcinogenesis;
in healthy cells with high MT content it has
protective effects, while in healthy cells with low
MT content, carcinogenesis via environmental
factors occurs, on the other hand, at cancer-
-transformed cell the high MT content increases
the tumour malignancy and chemotherapeutics
resistance. Expression of MT both on nucleic
acids and protein level can be used as marker
of tumour diseases. Increased level of MT in
serum or full blood has been found in many
cancer diseases and can be used as early stage
biomarker. To decrease tumour resistance, or
on the other hand, to improve non-target cells
tolerance to chemotherapeutic multiple approa-
ches are tested, including specific increasing or
decreasing of MT expression based on specific
compounds or targeted gene therapy, can be
considered.
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Zinc is an essential and the second most abundant trace element in humans. Zinc is a
structural component of different proteins involved in the transcriptional machinery, such
as transcription factors and ribosomes and the presence of zinc is also necessary for DNA
synthesis. Zinc not only improves cell mediated immune functions but also functions as an
antioxidant and anti-inflammatory agent. Oxidative stress and chronic inflammation have
been implicated in development of many cancers. Various types of tumor cell lines have been
used to investigate the cellular effects of zinc ions and its connection with metallothioneins

(MTs). Dietary zinc deficiency is associated with oxidative stress in the reproductive organs
with consequent decline in MTs levels indicative of association of MTs expression and apoptosis
and perturbation of homeostatic zinc level. Treatment of prostate cancer with zinc causes
an increase in MTs expression, which is significantly associated with resistance to cisplatin
chemotherapy and radiotherapy in prostate cancer. We review the role and recent advances

of zinc and MTs in prostate cancer in the last years.

Keywords: Zinc; metallothionein; cancer; prostate cancer

1. Zinc in medicine

Zinc is the second most common trace metal
in the human body. It is involved in numerous
aspects of biology cellular, zinc is known to
be an essential component of DNA-binding
proteins with zinc fingers, as well as copper/
zinc superoxide dismutase and several proteins
involved in DNA repair. Thus, the zinc plays an
important role in immune function, protein
synthesis, DNA synthesis and cell division [1,
2]. The role of zinc in cancer has received inc-
reasing attention in last years. Dietary defici-
encies in the intake of zinc can contribute to
oxidative modifications to DNA that increase
risk for cancer development [3, 4]. Various types
of cancer have been used to investigate the
cellular effects of zinc ions and its connection
with MTs [5]. MTs are low weight proteins
involved in several key cellular processes such
as metal ions homeostasis, detoxification and
scavenging of free radicals [5, 6]. In humans,
MTs are encoded by 17 genes, from which thir-

teen code for MT-1, two for MT-2 and one gene
each codes for MT-3 and MT-4 [7,8]. MTs were
shown to protect cells against oxidative stress
damage and participate in differentiation, pro-
liferation and apoptosis of normal and cancer
cells [9]. Their altered mRNA expression has
been correlated with metal toxicity and a variety
of cancers. The different MTs genes have been
found in normal human prostatic tissue. Diffe-
rent studies showed the relationship between
the gene expression of MTs and the cellular zinc
homeostasis in relation to the diseases of the
prostate and the potential of MTs as a candidate
biomarker for prostate cancer and the utiliza-
tion of zinc in prostate cancer prevention and
treatment [10, 11]. For this reason, we show in
this review an overview the importance of the
regulation of zinc and/or relationship with the
MTs in prostate cancer in recent years.
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2. Zinc in medicine

Zincis an essential and the second most abun-
dant trace element in humans. It is critical for
the growth, development and differentiation
of cells, as well as for RNA transcription, DNA
synthesis, cell division and cell activation [12].
The major manifestations of zinc deficiency
include growth retardation, hypogonadism in
males, cell-mediated immune dysfunctions,
rough skin, hyperammonemia and cognitive
impairment. Zinc is a structural component of
different proteins involved in the transcripti-
onal machinery, such as transcription factors
and ribosomes and the presence of zinc is also
necessary for DNA synthesis. Furthermore,
zinc is a second messenger of mitogenic sig-
naling [13]. Zinc also plays an important role
in synaptic function. At cellular level, zinc is a
modulator of synaptic activity and neuronal
plasticity in both development and adulthood
[14]. Zinc has many beneficial roles in normal
growth and development, cellular homeostasis,
cell survival, and numerous biochemical func-
tions, including protein synthesis, gene expre-
ssion, and nucleic acid metabolism [15, 16].
Zinc deficiency affects cells involved in both
innate and adaptive immunity at the survi-
val, proliferation and maturation levels. These
cells include monocytes, polymorphonuclear-,
natural killer-, T-, and B-cells. T cell functions
and the balance between the different T hel-
per cell subsets are particularly susceptible to
changes in Zinc status [17]. Zinc affects the
monocytes/macrophages in several ways. Zinc
is required for the development of monocytes/
macrophages and regulates their functions such
as phagocytosis and proinflammatory cytokine
production. LPS stimulation of zinc sufficient
monocytes results in down-regulation of infla-
mmatory cytokines such as TNF, IL-1,1IL-6 and
IL-8 [18,19, 20, 21, 22]. Zinc deficiencies occur
due to malabsorption syndromes and other
gastrointestinal disorders, chronic liver and
renal diseases, sickle cell disease, malignancy,
cystic fibrosis, pancreatic insufficiency, rheu-
matoid arthritis and other chronic conditions
[23]. Several other diseases including infecti-
ous diseases, cancer, chronic diseases such as
bronchial asthma and Alzheimer disease, skin

lesions, growth retardation, impaired wound
healing, anemia, mental retardation which were
observed even in mild zinc deficiency and/or
alterations in zinc status [24, 25]. Zinc has a
key role in apoptosis regulation. Zinc chela-
tion in cell culture medium causes apoptosis
and subsequent addition of Zinc protects cells
against the undergoing apoptosis even if it was
added to the cell culture only a short time after
an apoptotic agent [26].

Beneficial therapeutic response of zinc supple-
mentation has been observed in the diarrhoea
of children, chronic hepatitis C, shigellosis,
leprosy, tuberculosis, pneumonia, acute lower
respiratory tract infection, common cold, and
leishmaniasis [27, 28]. Zinc supplementation
was effective in decreasing incidences of in-
fections in the elderly, in patients with sickle
cell disease (SCD) and decreasing incidences
of respiratory tract infections in children. Zinc
supplementation was effective in decreasing
oxidative stress and generation of inflammato-
ry cytokines such as TNF-alpha and IL-1 beta
in elderly individuals and patients with SCD
[20, 29, 30].

3. Zinc in cancer prevention

Zinc not only improves cell mediated immune
functions but also functions as an antioxidant
and anti-inflammatory agent. Oxidative stress
and chronic inflammation have been implicated
in development of many cancers [31]. The role of
zincin cancer has received increasing attention.
In patients with head and neck cancer, Prasad
et al showed that nearly 65% of these patients
were zinc deficient based on their cellular zinc
concentrations. Natural killer (NK) cell activity
and IL-2 generation were also affected adver-
sely. Th2 cytokines were not affected. In these
patients, zinc status was a better indicator of
tumor burden and stage of disease in compa-
rison to the overall nutritional status. NF-x B
is constitutively activated in many cancer cells,
and this results in activation of antiapoptotic
genes, VEGF, cyclin DI, EGFR, MMP-9 and
inflammatory cytokines. Zinc inhibits NF-x B
via induction of A-20 [32]. Increased amounts
of zinc transporter LIV-1 (SLC39A6) are present
in estrogen receptor—positive breast cancer
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and in tumors that spread to lymph nodes.
The LIV-1 subfamily of ZIP zinc transporters
consists of nine human sequences. It is a highly
conserved group of eight transmembrane do-
main proteins, which are situated on the plasma
membrane and which are responsible for zinc
transport into cells. LIV-1 has been used as a
reliable marker of luminal A type clinical breast
cancer [33].In different publications there has
been showed the concept that zinc is involved in
the pathogenesis of prostate cancer (PCa); and
that zinc could be efficacious in the prevention
and treatment of prostate cancer [34, 35].

4. Zinc and metallothionein in
cancer

MT has been found to be involved in apoptosis,
immunomodulation, transcription regulation,

cell proliferation

Transcription regulation

and civilization diseases, but also in cancer
development [5]. Various types of tumor cell
lines have been used to investigate the cellu-
lar effects of zinc ions and its connection with
MTs. The human genome contains at least 11
functional MTs genes that may be divided into
four subgroups (MT1-4). Given their stress-
-inducible nature and their capacity to chelate
toxic metals and electrophiles, many studies
have proposed MTs expression to confer re-
sistance to many toxic drugs [37, 38]. Several
lines of evidence indicate that MTs may play a
role in various carcinogenic processes, as high
levels of MT expression have been reported in
association with progressive disease and poor
prognosis in several tumors [39,40]. Han et al
showed by microarray and validation analyses
that MT1H, is down-regulated in many human

Activation of enzymes
via administration of Zn
to the proteins

Zn transporters ) {umm—p

Metallothionein

Resistance to
chemotherapy in a variety
of human cancers

I

I

Homeostasis metal ions T
Apoptosis inhibition

Figure 1: Schematic representation of the MTs
functions

cell proliferation, and activation of enzymes via
administration of zinc to the proteins [36]. In
Figure 1, we show schematic representation of
the MTs functions. Many of these interactions
are driven by zinc(II) ions. Disturbing of zinc
homeostasis can lead to formation of reactive
oxygen species, which can result in oxidative
stress causing alterations in immunity, aging,

Detoxification
of metal ions

malignancies. Low expression of MT1H was
associated with poor clinical outcomes in both
prostate and liver cancer. The promoter region
of MT1H was hypermethylated in cancer and
that demethylation of the MT1H promoter re-
versed the suppression of MT1H expression
[41]. A number of studies have demonstrated
altered MT2A expression in various human
tumors, including prostate cancer. Forma et al
conducted an association study to examine whe-
ther MT2A gene polymorphisms are associated
with a risk of prostate cancer. They suggested
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that the gen polymorphism rs28366003 SNP
in MT2A is associated with the risk of prostate
cancer in a Polish population [42].

4.1. Metallothionein and zinc in
prostate cancer

Dietary zinc deficiency is associated with
oxidative stress in the reproductive organs
with consequent decline in MTs levels [43]
indicative of association of MTs expression and
apoptosis and perturbation of homeostatic zinc
level [44]. Several reports have demonstrated
MTs overexpression to be a useful prognostic
factor for tumor progression and implicated in
causing resistance to chemotherapy in a variety
of human cancers [45,46]. MTs are evaluated
as trace metal-responsive genes. The different
MTs genes have been found in normal human
prostatic tissue. MTs protein in the normal
human prostate is supported by transcription
of mRNA from the MT-1A, MT-1E, MT-1X, and
MT-2A genes. Expression of MT-1X mRNA is
down-regulated in advanced prostate cancer
[47]. Treatment of prostate cancer with zinc
causes an increase in MT expression, which
is significantly associated with resistance to
cisplatin chemotherapy and radiotherapy in
prostate cancer and the effect of MTs induction
by zinc on resistance to radiotherapy and cis-
platin treatment in prostate cancer cells, which
may provide unique opportunities to manipu-
late the cellular events in a prostate cell [48].
Gumulec et al showed also provided evidence
of the association between MT expression and
prostate tumor progression [49]. Hlavna et al
showed that significantly increased microRNA
levels, are alarge class of single-stranded RNA
molecules involved in post-transcriptional gene
silencing, of MT2A isoform in tumor cell lines.
Contrary to mRNA, significantly reduced level
of MTs protein in tumor lines was observed.
None of the miRNA analyzed here correlated
with MT mRNA level after zinc treatment in the
prostate cell lines. It can be assumed according
to results that miRNAs act differently in each
cell line [50]. The disturbance of zinc homeo-
stasis featured with a significant decrease of
cellular zinc level was well documented to as-
sociate with the development and progression

of human prostate malignancy. Hua Wei et al
showed for the first time provided new evidence
on zincregulation of MTs gene expression and
elucidated the relationship between the gene
expression and the cellular zinc homeostasis
in relation to the pathogenesis status of the
prostate tissues [10]. The expression of MTs
genes was induced by zinc and cadmium in the
RWPE-1 and BPH-1 human prostate epithelial
cell lines the human prostate gland has low
basal expression of the MT-1 and MT-2 proteins.
In prostate cancer, MTs protein expression is
variable and correlates directly with the inc-
reasing Gleason score of the tumor. Albrecht
et al showed that the RWPE-1 cells may be a
valuable system to define the interplay that
occurs between zinc concentration, cadmium
exposure, citrate and MT in the normal and
malignant prostate epithelial cell [51].

5. Conclusion

Zincions contribute to a number of biological
processes. Disturbing of zinc homeostasis can
lead to formation of reactive oxygen species,
which can result in oxidative stress causing
alterations in immunity, aging, and civilization
diseases, but also in cancer development. It is
clear from literature that zinc is of extraordi-
nary and diverse importance in cancer biology.
MTs may play a role in various carcinogenic
processes, as high levels of MTs expression
have been reported in association with pro-
gnosis in several tumors. This review reports
on the roles of zinc in differential regulation
of MTs gene expression in human prostate
normal and malignant cell lines. We believe
that this review delivered important insight
to a new field of research on zinc and its roles
in the prevention and intervention of prostate
cancer. It is however still necessary to clarify
the ambiguity of the association between MTs
staining and prostate tumors.
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Laboratory of metallomics and nanotechnologies attended the important event of traditional
World cancer day (WCD) which was held on 4. February 2015. On this occasion were prepared
a series of lectures aimed for introduction of nanotechnology research as an improvement

for cancer diagnosis in early stages, treatment and progressive ways of healing the oncologic
patients by gene therapy or rapid cancer diagnosis.
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1. Introduction

Program of WCD 2015 was dedicated to ten
researchers from the Laboratory of metallo-
mics and nanotechnologies and their lectures
(Fig. 1). The whole series of lectures were intro-
duced by information of the League against can-
cer Prague activities and regular actions also
organized under its auspices on the Laboratory
of metalomics and nanotechnology ground.
For interest was introduced the cooperation
of both subjects which has been continued on
the project level since 2006.

The connection of some viruses and tumor
diseases has been not fully understood yet, so
the various relations between malignant pro-
gression and presence of SV40 (simian vacuo-
lating virus 40) viral DNA, distributed between
1955 and 1963 in poliomyelitis vaccine as a
contamination, were discussed. The ability of
virus interference with the function of tumor
suppressor p53 was described in laboratory ani-
mal tests; however the connections in human
have not been clearly described yet.

The main part of lectures was given to nano-
materials and their application in diagnosis and
treatment of oncology diseases. Technologies
for earlier identification of malignant changes
of carcinoma are rapidly developing field of re-
search and for that reason is annually discussed

on lecture summarized the actual knowledge.
In particular, combination of analytical pro-
tocols and nanomaterials for in vivo imaging
or magnetic separation of target molecules
— biomarkers which increases or decreases
in dependence on the condition of the organi-
sm, shows the wide range of application scale.
The most discussed possibilities of employing
the nanotechnologies are drug delivery toge-
ther with the decrease of non-target toxicity.
Some of nanotransporters have been employed
in clinical practice (Myocet, Abraxan) with
excellent therapeutic results, which promise
a great potential of this field of research. For
increase the specifity against tumor tissue could
be nanotransporters modified by a “controller”
enabled the specific recognition of cancer cells
based on their typical properties (e.g. the pre-
sence of receptors). Smart nanoconstructs are
able to drugrelease in one particular place and
eliminate the toxicity and side effects of cyto-
statics used in the treatment. In the case of gene
therapy based on replacing the defective genes
or eliminating its ability to encode a target pro-
tein, are employed similar nanotechnologies.
Although, the idea of gene therapy is due to the
ethical issues complicating acceleration to the
clinical applications, the Gendicin (gene which
encoded wt-p53 in recombinant adenoviral vec-
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tor) have been already used successfully for the
treatment of malignant cancer squamous cell
carcinoma of head and neck in China. Another
obstacle that complicates practical application
of gene therapy is the need to use viral vectors
for gene integration into genome. Although,
viruses are recombinantly attenuated, the unde-
sirable massive immune response threatens in
some cases. Separate category of nanomaterials,
the carbon nanotubes and their modification
by drugs or targeting ligands, show a huge
application potential. In this case, the nanoto-
xicologic studies confirm the biocompatability
and bioavailability of carbon materials. In vivo
and in vitro experiments demonstrate the car-
bon based carriers improve the passive intake
of drugs by cancer cells, while the modifica-
tion by targeting ligand rapidly increase the
elimination of development of different tumor
types. The unique properties of nanomaterials
could be used not only for drug delivery, but
for earlier diagnostic by targeted tumor ima-
ging, both of fluorescence measurement or
magnetic resonance where the nanomaterials
are employed as contrast agents. In the field
of fluorescence are highly discussed semicon-
ductor crystals — quantum dots (QDs)
due its higher quantum yield and the
possibility of their modification. The
main disadvantage of QDs is potential
toxicity depending on the forming ma-
terial, however it has been experimen-
tally demonstrated the toxicity of QDs
is negligible in comparison with the
presence of the free metal ions. Moreo-
ver, the carbon quantum dots especially
developed with less toxicity due to toxic
metal elimination.

Further lectures discussed especially
early diagnosis of cancer with the use of
biomarkers. Although, the body fluids
are the complex matrixes and most
of known biomarkers are present in
concentrations of the order of less than
other matrix compounds, it is necessary
to perform a separation step before analysis.
The modern analytical methods for biomar-
kers analysis allow huge possibilities of high
resolution and sensitive detection. One of the

interesting biomarker is metal-binding protein;
metallothionein (MT), its alterations have been
identified in a wide range of malignancies. Se-
veral studies have been proven the connection
of MT into a number of physiological processes
such as metal homeostasis and protecting the
body against oxidative stress. The main role of
MT is the storage and zinc transport thereby
contributing to the genes involved to apopto-
sis, cell proliferation and cellular division. It is
therefore not surprising; the level of MT could
be used as a supporting tool in diagnostics,
prognostics of state of health during and after
oncologic treatment.

The word cancer day 2015, held on the ground
of Laboratory of metallomics and nanotech-
nologies, provided scientific and educational
program coupled with fruitful discussions with
all interested researchers. The conference ful-
filled the mission to share the information about
cancer treatment and early diagnostics using
modern analytical methods and interesting
biomolecules.

Figure 1: Series of lectures given by Laboratory
of metallomics and nanotechnologies resear-
chers within WCD 2015
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Book titled Nanotechnology in diagnosis, treatment and prophylaxis of infectious diseases
was released in 2015 by Mahendra Rai from India and Kateryna Kon from Ukraine.

Figure 1: Authors of the book: Mahendra Rai (Sant Gadge Baba Amravati University, Department of
Biotechnology) and Kateryna Kon (Kharkiw National Medical University, Department of Microbiology,

Virology and Immunology). Adapted from the [1]

The book was created especially considering
the still spreading the risk of resistance of in-
fectious pathogens to antimicrobial agents.
Resistance to antimicrobial agents has been
reaching high levels among all types of micro-
organisms. Bacteria constantly demonstrate
growing rates of resistance to classical and
newly introduced antibiotics, fungi increase
rates of resistance to antimycotics, viruses,
increase rates of resistance to antiviral agents,
and even insect vectors carrying microorgani-
sms have been acquiring the ability to develop
resistance to the most common insecticidal
agents. Because of this, the efforts of scientists
all over the world are being directed to the
search for new and effective methods to cope
with drug resistance. One promising approach

is the application of nanotechnology in the
battle against microorganisms.

Potential readers may thus become resear-
chers in applied microbiology, biotechnology,
pharmacology, nanotechnology, and infection
control, students of medical and biological fa-
culties, and clinicians dealing with infectious
diseases.

The book consists of 18 chapters by authors
from around the world. Our participation in
the creation of the book consisted in writing a
contribution of the topic Complexes of Metal-
-Based Nanoparticles with Chitosan Suppressing
the Risk of Staphylococcus aureus and Escherichia
coli Infections [2].
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um, copper or zinc nanoparticles)
in complexes with polymer sub-
stance chitosan to reduce the risk
and spread of dangerous bacterial
pathogens. Nanoparticles of metals
interacting with cellular compo-
nents and biomacromolecules inclu-
ding DNA and RNA alter cellular
processes.

From the point of view of the an-
timicrobial activity, the metal nanoparticles at
nanomolar concentrations exhibit the excellent
results on the inhibition of bacterial strains.
In last few years, magnetic nanoparticles have
become a very useful tool in variety of research
areas such as biotechnology, biomedicine, and
magnetic resonance imaging, in waste water
treatment or information technology [4].

The superparamagnetic nanoparticles have
a fast response to applied magnetic field. They
will randomize their directions and become
neutral again almost immediately after the
field is turned off because the thermal energy
will flip the dipoles in random directions [5,6].

Figure 2: Cover of the book Nanotechnology in
diagnosis, treatment and prophylaxis of infecti-
ous diseases. Addapted from the [3]

Figure 3: Schematic representation of the pro-
posed mechanism of antibacterial activity of the
iodinated chitosan-Ag NPs composite. Addapted
from Bajernee et al. [7]

The need of the antimicrobial agents with
the similar effect as antibiotics is increasing
rapidly. Metal nanoparticles are characterized
by significant antimicrobial properties, which
lead to elimination of bacterial infections. At
present, testing of antimicrobiality of different
compounds is very interesting for the research
groups worldwide. Possible toxicity of metal
nanoparticles to eukaryotes can be eliminated
by formation of composites with biopolymers
like chitosan. Nanotechnological use of metals
in the fight against infectious pathogens due to
their antimicrobial properties and low toxicity
to the host cell is a promising future.

This scientific book is certainly suitable ma-
terial for familiarization with modern trends
in the treatment of bacterial infections. The
covered subjects open horizons in still not very
explored areas; however, which offer effective
and progressive possibilities in the fight against
infectious pathogens. The book is thus uniquely
beneficial not only for scientific groups but also
for employees of medical fields.
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