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Abstract

Kurek NS, Chandra SB. Nanotechnology based Diagnostics for Neurological Disorders. ARBS Annu Rev
Biomed Sci 2012;14:1-15. Nanotechnology involves probing and manipulating matter at the molecular level.
Nanotechnology based molecular diagnostics have the potential to alleviate the suffering caused by many
diseases, including neurological disorders, due to the unique properties of nanomaterials. Most neurological
illnesses are multifactorial conditions and many of these are also classified as neurobehavioral disorders.
Alzheimer’s disease, Parkinson’s disease, Huntington disease, cerebral ischemia, epilepsy, schizophrenia and
autism spectrum disorders like Rett syndrome are some examples of neurological disorders that could be better
treated, diagnosed, prevented and possibly cured using nanotechnology. In order to improve the quality of life
for disease afflicted people, a wide range of nanomaterials that include gold and silica nanoparticles, quantum
dots and DNA along with countless other forms of nanotechnology have been investigated regarding their
usefulness in advancing molecular diagnostics. Other small scaled materials like viruses and proteins also have
potential for use as molecular diagnostic tools. Information obtained from nanotechnology based diagnostics
can be stored and manipulated using bioinformatics software. More advanced nanotechnology based diagnostic
procedures for the acquisition of even greater proteomic and genomic knowledge can then be developed along
with better ways to fight various diseases. Nanotechnology also has numerous applications besides those
related to biotechnology and medicine. In this article, we will discuss and analyze many novel nanotechnology
based diagnostic techniques at our disposal today.
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1. Introduction

People are constantly being crippled mentally and physically by neurological disorders, and many of
these cases are terminal. Some very deadly and debilitating neurological disorders include Alzheimer’s
disease (AD) (Ma et al., 2004; Bishop et al., 2008; Liu et al., 2009), Parkinson’s disease (PD) (Bilsland et
al., 2002; Mejias et al., 2006; Peng et al., 2006), and cerebral ischemia (Traystman, 2003; Dave et al.,
2006; Liu et al., 2007). Nanotechnology has enormous potential for helping disease afflicted people.
Nanotechnology involves characterizing, designing, probing, producing and applying materials and systems
where their physical dimensions are controlled at the nanoscale level (Harper, 2003; Whatmore, 2006). The
U.S. National Nanotechnology Initiative defines nanomaterials (NMs) as materials with at least one
dimension ranging between 1 and 100 nanometers (Oberdorster, 2004; Donaldson et al., 2006). NMs can be
made from a wide range of substances, including carbon, polymers, dendrimers, metals like gold and iron
oxide, liposomes and even viruses (Wang et al., 2009). Many materials exhibit unique mechanical,
chemical, optical, electrical, magnetic and biological properties that only manifest when these materials are
engineered at the nanoscale (Poma & Giorgio, 2008).

NMs can exist in many forms, which include Carbon Nanotubes (CNTs) and various types of
nanoparticles (NPs) such as nanocrystals (NCs). CNTs are entirely made up of carbon, are single
molecules that look like a sheet of graphite that has been rolled up into the form of a seamless cylinder, and
can be classified as either multiwalled carbon nanotubes (MWCNT) or single-walled carbon nanotubes
(SWCNT) (Donaldson et al., 2006). It has been reported that CNTs are so strong and stiff that they can
have 10 times the strength of steel and 1.2 times the stiffness of diamonds (Walters et al., 1999; Yu et al.,
2000). When a substance is engineered as a NC, which is a crystalline NP (Elazzouzi-Hafraoui et al.,
2008), it demonstrates increased saturation solubility and dissolution velocity due to surface area
enlargement (Junghanns & Miiller, 2008). When they are of a size less than a few hundred nanometers,
NPs have high surface areas per mass unit which can result in these NPs having some very interesting
properties. Sometimes NPs are made up of quantum dots and other types of NCs (Whatmore, 2006).

Examples of other types of NMs include DNA (Ito & Fukusaki, 2004; Su et al., 2007), nanofibers,
nanoshells, nanowires, nanorods and nanospheres. While viruses and enzymes do not officially qualify as
NMs, they are still very small scaled materials and are of enormous interest to many scientists that work
with nanotechnology (Vazquez & Villaverde, 2010; Liu et al., 2011). Viruses and proteins can be used in
the synthesis of NMs (Wang et al., 2009; Jain er al., 2010). Viruses and proteins can also be applied in
ways that are similar to how NMs can be used, which makes them appropriate materials to be included in a
nanotechnology discussion (Song ef al., 2006; Boulaire et al., 2009).

Molecular diagnostics involves the testing of DNA, RNA and proteins. It is used for a wide range of
molecular biology assays and makes use of a large variety of equipment which includes gel based systems,
capillary electrophoresis and fluorescent technologies. Silicon and glass microchip based immobilized
oligonucleotide arrays are examples of equipment that can be used for various types of DNA analysis that
include comparative genome hybridization, cDNA expression profiling, sequencing by hybridization and
genetic linkage analysis. Many of these techniques involve mapping of genes along with disease-associated
loci using polymorphic markers (McKenzie et al., 1998; Shi, 2001; Konstantou et al., 2009). RNA and
DNA can be directly detected using nucleic acid tests that combine detection and amplification techniques.
Qualitative nucleic acid tests for RNA and DNA include transcription-mediated amplification and
qualitative polymerase chain reaction (PCR). Quantitative nucleic acid tests for RNA and DNA include
quantitative PCR, real-time PCR and branched-chain DNA (bDNA) amplification (Scott & Gretch, 2007).
Tests for proteins include enzyme assays that evaluate the level of function for a particular enzyme, as well
as immunochemical tests that make use of antigens which can be obtained from proteins that have been
purified via fractionation along with the corresponding antibodies (Kentsis et al., 2009). Examples of
immunochemical tests include rocket electrophoresis (Pawlaczyk & Sobieska, 2006), automated
nephelometry (Joubert et al., 2010) and radial immunodiffusion (Ameri & Wilkerson, 2008) as well as
radiochemical and enzymatic sandwhich assays (Anderson & Anderson, 2002; Carlsson et al., 2009).
Common molecular diagnostic procedures include Southern blots for DNA testing, Northern blots for RNA
testing, Western blots for protein testing, shotgun sequencing for genome identification using fragmented
strands of DNA (Bouck et al., 1998), and genome walking which can be used to sequence unknown
nucleotide sequences that are adjacent to known genome regions (Leoni ef al., 2008). RNA sequences can
be determined based on their corresponding DNA sequences.

There are many people who suffer from progressive, chronic and degenerative neurological disorders.
PD affects more than 5 million people globally (Popeo & Kellner, 2009), results in motor manifestations
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and other motor related symptoms, and causes depression in people that are afflicted with it (Chagas et al.,
2010). These motor symptoms include muscular rigidity, rest tremor, akinesia, as well as postural and
balance disorders. Fatigue and insomnia are common symptoms associated with PD and also many other
disorders (Goulart et al., 2009). AD is the leading factor in the majority of dementia cases in patients more
than 65 years old (Haes et al., 2005) and is more common than any other neurological disorder (Scarpini et
al., 2003). AD causes the degeneration of the Central Nervous System (CNS), resulting in the loss of
memory and cognitive capabilities (Parihar & Hemnani, 2004). Cerebral ischemia is a major contributor to
cases of disabilities and mortalities in the United States (Dave et al., 2006) along with other parts of the
world (Traystman, 2003), and is positively correlated to matrix metalloproteinase-9 expression in the brain
(Liu et al., 2007). However, progress has been made in scientific disciplines like material sciences,
molecular genetics and neurology that will eventually lead to far more effective methods for understanding
and diagnosing these, and other neurological disorders. In this article, we will discuss and analyze many
novel nanotechnology based diagnostic techniques at our disposal today.

2. Nanotechnology based Protein Tests for Neurological Disorders

Protein tests have been effective diagnostic tools for identifying disease afflicted individuals. For
example, enzyme-linked immunosorbent assays (ELISAs) can reliably detect disease associated antibodies
and antigens. A wide variety of NMs have shown excellent potential for improving protein tests. There are
many examples of how nanotechnology is being used to power protein testing in order to provide better
methods for diagnosing and learning about a wide variety of medical conditions, including neurological
disorders.

Nanotechnology applications require the ability to make nanoscale measurements. Several methods
for analyzing protein samples at the nanoscale have been developed. Nanoelectrospray quadrupole time-of-
flight mass spectrometry (TOFMS) has been used to efficiently determine endogenous peptide sequences
up to 9 kDa in biological samples that had previously been decomplexated via liquid chromatography.
Signals are located in nanoelectrospray measurements using exact molar masses and chromatography
elution behavior after using matrix-assisted laser desorption/ionization for peptidomic screening. This
nanoelectrospray TOFMS method has resulted in the accurate identifications of the human 8.6 kDa
cerebrospinal fluid (CSF) ubiquitin protein as well as the rat 5.0 kDa thymosin beta-4 and 4.3 kDa
hypothalamic brain tissue proteins (Mohring et al., 2005). Atomic force microscopy has allowed for the
single molecule level study of SNARE protein mechanics involving extension, rupture force, interaction
energy and spontaneous dissociation time. Consequently, it has provided greater knowledge about SNARE
complex mechanisms during exocytosis (Liu & Parpura, 2009). A single-tube preparation protocol using
an organic co-solvent called trifluoroethanol prevents sample loss by facilitating the denaturation and
extraction of proteins. This method was far more effective in the nanoscale analysis of mouse brain tissue
than traditional detergent based methods regarding the amounts of protein and peptide identifications along
with the sample sizes (Wang et al., 2005). Such novel nanoscale measurement methods are essential for the
application of nanotechnology based protein tests.

Nanotechnology based molecular diagnostic biosensors take many forms. Nanoscale biosensors
making use of NPs can be used to monitor interactions between antigens and antibodies in human CSF
samples and brain extracts. These nanoscale procedures provide quantitative information on the detection
of antigens and second antibodies. This information permits antigen concentration determination and
aggregation mechanism analysis at applicable monomer concentrations for neurological pathogens, like the
amyloid-B derived diffusible ligand (ADDL) AD pathogen (Haes et al., 2005). ADDL concentrations of
less than 1 pM were measured using a NP based ultrasensitive bio-barcode assay in 30 individuals’ CSF. It
was found that AD afflicted subjects had higher ADDL concentrations than normal subjects. Conventional
protein tests cannot measure protein concentrations this low, so NP based assays are essential for
developing CSF protein diagnostics for diseases like AD (Georganopoulou et al., 2005). Monovalent
streptavidin containing only one site for femtomolar biotin binding has been stably linked to the surface of
living neurons allowing for biotinylated neuroligin-1 cross-linking-free labeling. This procedure can be
applied in the introduction of a wide variety of nanotechnology based molecular probes, including quantum
dots and organic fluorophores (Howarth, 2006). Many other nanotechnology based biosensor systems have
been developed to enhance protein testing.

A reverse phase protein microrarray containing a laser based protein chip can simultaneously
measure the activity of multiple proteins. Lasers imprint the proteins on chips that reveal whether or not
the protein is active, allowing for the correlation of protein activation with the associated disease. Also,
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NPs can rapidly harvest small protein biomarkers that are present in bodily fluids (Liotta & Petricoin,
2008). Electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV) experiments have
analyzed interfacial properties between nanorod array electrodes and Fe(CN)63—/4— redox molecules. The
coupling between biotin and avidin along with functionalized molecule adsorption produced capacitive and
resistive changes that were indicated by EIS and CV measurements. The EIS measurement detection
sensitivity was enhanced by electrodes that were modified using gold avidin-functionalized nanorods,
allowing for a 1 ng/mL biotin detection limit (Lee et al., 2008). The B-thymosinGln and B-thymosinHis
proteins are closely related to each other and expressed in the CNS. They have been sequenced via top-
down mass spectrometry (MS) in Aplysia californica, a typical neurobiology model. Nanoelectrospray
quadrupole enhanced Fourier-Transform MS using electron-capture and collisionally activated
dissociations have determined that both of these proteins differ only by one residue in the central actin-
binding domain and are acetylated (Romanova et al., 2006). Non-viral genes have been efficiently carried
by organically modified silica (ORMOSIL) NPs during an attempt at modeling brain pathologies associated
with polyQ peptide induced disorders like Huntington disease (HD). This ORMOSIL NP method
demonstrated that polyQ type neuropathologies can still be evoked even when poly Q-extended peptide
expression is restricted to nervous tissue in the adult brain (Klejbor et al., 2007). Nanotechnology based
protein tests can be very effective when it comes to learning about how proteins affect disease progression
and in diagnosing neurological diseases.

Fluorescent dye-doped NPs have been one of the most effective NMs in protein microarrays and are
also more useful in other bioassay systems involving immunohistochemistry, immunocytochemistry and
fluorescent-linked immunosorbent assay. Ultrasensitive target detection was accomplished when the
specificity of antibody-mediated recognition was combined with high-intensity luminescent NPs (Lian ef
al., 2004). Near-infrared range (NIR) fluorescent oligodeoxyribonucleotide (ODN) reporters with the
ability to sense NF-kB p50 protein transcription factor binding have decent potential for analyzing protein-
DNA interactions (Zhang et al., 2008). Fluorescent genes have been loaded onto NPs and carried on
bacteria surfaces. The bacteria were incubated within cells and fluorescent signals were detected when the
genes from the NPs were expressed in the cells, allowing for the monitoring of the protein production that
was associated with these genes (Akin et al., 2007). Fluorescent NMs will potentially be essential
diagnostic tools.

3. Nanotechnology based Genetic Tests for Neurological Disorders

Genetic diagnostics like DNA and RNA tests can be used to acquire information about the molecular
mechanisms associated with an individual patient’s disease (Braziel et al., 2003). Genetic diagnostics are
also important for treating, diagnosing and predicting the onset of diseases as well as identifying carriers of
the diseases. In order to develop a clinical test or treatment for a genetic disease, large families are first
studied in order to identify familial diseases along with the genomic loci that become segregated with the
diseases. Once a gene associated with a disease is identified, further studies determine how mutations in
the gene impact the clinical variability of the disease process’s pathophysiology, which can lead to better
ways to treat, diagnose (Van Deerlin et al., 2003) and monitor therapy for the disease (Amos & Patnaik,
2002). Quantum dots, silica and metal NPs have been tested for their potential as genetic probes (Zhao et
al., 2003). Additional NMs like DNA, electrical and optical biosensors along with other small scaled
materials like enzymes (Song et al., 2006) and viruses (Boulaire et al., 2009) have also been investigated
for use as genetic probes. These materials can be applied to nanotechnology based genetic tests for diseases
like neurological disorders in many ways.

Superparamagnetic iron oxide NPs (SPIONs) linked with randomly sequenced oligodeoxynucleotides
(ODNs5) and phosphorothioate-modified ODNs (sODNs) complementary to either f-actin mRNA (SPION-f3
-actin) or c-fos mRNA (SPION-cfos). These SPIONs have been used as probes in magnetic resonance
imaging (MRI) for tracing cerebral ischemia gene transcripts in living animals. The SPION probes were
introduced into male mouse left cerebral ventricles by intracerebroventricular infusion. A significant
increase in SPION-cfos retention was found in areas where ischemic insult triggered an increase in c-fos
mRNA. This suggests that SPION based MRI methods can be used in vivo to target gene transcripts
associated with acute neurological diseases (Liu et al., 2007). When used in conjunction with Affymetrix
high density array chips, recombinant baculoviral vectors capable of efficiently transducing brain cells have
been used to profile gene expression. These recombinant baculoviral vectors have identified subsets of
genes involving cytokine-cytokine receptor interaction and Toll-like receptor signaling that could
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potentially be indicators of baculoviral transduction induced molecular responses in neural cells (Boulaire
et al., 2009). Inexpensive polypropylene micro reactors have allowed for nanoliter scale liquid PCR-based
assays that have been able to analyze RNA expression of four mouse brain genes (Dahl ef al., 2007). There
are many more examples of how nanotechnology related techniques can be used to monitor, diagnose and
acquire genetic knowledge about diseases like neurological disorders.

In a novel assay, target DNA concentrations as low as 50 femtomolars were detected from amplified
signals using a process involving silver reduction reactions catalyzed by gold NPs when the target was
hybridized by a DNA strand (Taton et al., 2000). Gold NPs have been able to quantify DNA while
discriminating between single nucleotide polymorphisms due to definitive NP-DNA conjugate group
formations present with target DNA. The conjugate groups were quantitatively characterized using gel
electrophoresis (Qin & Yung, 2007). The effects of spacer composition, salt concentration, NP size and
sonication degree were tested on gold NPs regarding their effects on the NPs” DNA coverage. Maximum
loading was acquired by NPs in the presence of DNA possessing a poly(ethylene glycol) spacer that were
salt aged to approximately 0.7 M NaCl. Sonication of the NPs during surface loading substantially
increased DNA loading. NPs with larger surface areas displayed greater DNA loading than those with
smaller surface areas (Hurst er al, 2006). Phase behavior manipulations involving colloidal gold
interaction potentials can also result in more accurate and sensitive DNA detection methods. It has also
been found when using optical absorption spectroscopy that the phase transitions and optical properties of
DNA-gold NP assemblies can be manipulated by adjusting the DNA sequence, NP size, length, density,
electrolyte concentration and interparticle distance (Sun et al., 2007). The unique properties of gold NPs
make them an interesting candidate for genetic analysis.

Experiments have demonstrated that fluorescent dye-doped NPs are more effective than quantum
dots and other fluorescent labeling agents in detecting DNA and other biological molecules (Lian et al.,
2004). Dye-doped silica bioconjugated NPs capable of producing strong fluorescent signals when properly
excited have also allowed for more sensitive, accurate and selective genetic analysis methods. This is due
to their ability to encapsulate large numbers of fluorophores, high photostability that is caused by the silica
matrix shielding effect, and silica surface that acts as a versatile and universal biocompatible substrate for
biomolecule immobilization (Santra et al., 2001; Santra et al., 2001; Zhao et al., 2003). Fluorescent dye-
doped NPs have allowed for the visualization of target RNA binding probe hybridization signals on
Affymetrix GeneChip® arrays. These NPs are less expensive and more reproducible than traditional
probes, produce a stronger fluorescent signal than the streptavidin-phycoerythrin (SAPE) protein, and have
potential uses for quantitative genetic diagnostics (Wang et al., 2007).

Fluorescent probes have also taken other forms. NIR fluorescent ODN reporters capable of detecting
NF-xB p50 protein binding have displayed efficient fluorescence resonance energy transfer. The donor and
acceptor fluorochromes used in this method interacted with each other without interfering with base pairing
due to the use of hydrophilic internucleoside phosphate linkers, allowing for DNA-protein interaction
detection (Zhang et al., 2008). Micrometer-sized two-dimensional arrays that are capable of achieving
multiplexed detection due to their ability to carry barcoded fluorescent dyes and nucleic acid probes have
been created through the combinatorial self assembling of DNA nanotiles. These arrays can rapidly detect
multiple aptamer binding molecules and DNA sequences by accurately controlling solution-based binding
reactions and interprobe distances (Lin et al., 2007). A significant amount of research has shown that
fluorescent NMs are good candidates for use as genetic probes.

4. Nanotechnology based Molecular Diagnostics Applications for

Bioinformatics

Bioinformatics is a new and important biotechnology field. Bioinformatics involves the use of
computer programs and on-line data banks to manipulate and store information involving genetic and
protein sequences while converting related data into useful information. The acquisition of proteomics and
genomics knowledge that is sufficient for scientific progress requires the use of complex bioinformatics
computer software. Data obtained from various fields has been harmonized to better understand protein
and gene expression information. The Integrative Gene and Protein expression (InGaP) database is part of
a continuing cDNA project and contains comprehensive profiles associated with 127 mKIAA proteins and
genes related to theoretical ones. KIAA cDNAs and their mKIAA cDNA mouse counterparts have been
isolated from brain tissue derived cDNA libraries. The associated genomic and proteomic data can be
integrated and manipulated for research by the neuroscience community (Koga et al., 2004). The InGaP
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database is one of many examples of how large amounts of genetic and protein related data can be
maintained, organized, manipulated and made available for public use. A tremendous amount of proteomic
and genomic data can be obtained using nanotechnology based molecular diagnostics and then processed
for further applications using bioinformatics. After being interpreted and manipulated using bioinformatics
software, this data can then be applied to additional nanotechnology based research. These additional
applications can lead to even greater knowledge and the development of revolutionary treatments for
diseases like neurological disorders.

Novel paradigms are being devised in systematic bioinformatics synthesis in order to fabricate
nanotechnology applying systems. This will result in the derivation of new operation principles for examining
subsystem functionality as well as researching complex architectures and novel structures in regards to the
nanoarchitectronics horizon. Nanosystems designed with bioinformatics engineering paradigms have
decisively identified the patterns and periodicity in the designs of distinct biosystem components. Entropy
and correlation analysis that were performed on these nanosystems indicated that the template patterns need
to be investigated while providing viable methods for procedures involving functionality analysis, pattern
recognition, synthesis, optimization, prototyping and redundancy (Lyshevski et al., 2003). Such
nanosystems are necessary for the acquisition of bioinformatics data when analyzing extremely small
biomolecules. When looking for neurological peptide disease biomarkers with molecular masses of less
than 10 kDa, a decent amount of specific fragments are necessary for successful database searches.
Nanoelectrospray quadrupole TOFMS methods provide high-quality data that is ideal for the determination
of peptide sequences in brain and spinal tissue. Protein precursors, post-translational modifications and
proteolytic processing can be identified using automated database searches (Mohring et al., 2005). With
the proper nanotechnology based procedures and paradigms, innovative bioinformatics software can be
developed and allow for exponential progress in the area of biotechnology.

There are many examples of how nanotechnology applying systems along with their associated
bioinformatics software have resulted in a revolution in biotechnology research. Nanogen’s Nanochip
system integrates a reader consisting of computerized data analysis hardware and software along with a
loading device that adds patient samples to a cartridge. Nanogen’s system allows for efficient genetic
analysis where the results can be displayed within tables and histograms. The Nanochip system accelerates
the molecular binding process by a factor of 1000 when compared to traditional systems and electronically
addresses biomolecules to specific test sites where fluorescence is measured using two lasers once
stringency is achieved. This accelerated molecular binding process can be used to rapidly acquire
bioinformatics data involving insertions, deletions, single-nucleotide polymorphisms (SNPs) and short
tandem repeats in genes like apolipoprotein E, which is associated with AD (Jannetto et al., 2004) and
possibly multiple sclerosis (Zhang et al., 2010). Roche’s LightCycler uses thin borosilicate glass
capillaries to rapidly complete genomic DNA PCR amplification cycles. During this accelerated PCR
process, two probes are hybridized to neighboring amplicon areas, which produce a fluorescent signal that
decreases as temperature increases due to the hybridized probes’ dissociation. This system utilizes
computer software to generate graphs of fluorescence intensity vs temperature along with the derived
melting curves. Melting curves with highly reproducible sequence specific dissociation temperatures where
earlier dissociations result from non-perfect matches caused by genetic mutations can readily distinguish
wild type samples from homozygous or heterozygous sequences (Schrijver et al., 2003). Much
bioinformatics data can be acquired regarding mutations identified by these systems.

There are other nanosystems that can also be effective in obtaining bioinformatics data.
Enzymatically generated peptide profiles from microdissected brain blood vessel samples have been
analyzed using a MALDI-FTMS technique involving nano-LC fractionated samples. This technique has
resulted in the acquisition of proteomics data regarding the identification of differentially expressed
proteins. The data obtained from the MALDI-FTMS technique was analyzed using the DataAnalysis
software package and the Sophisticated Numerical Annotation Procedure algorithm (Mustafa et al., 2007).
The Oral Fluid NanoSensor Test (OFNASET) utilizes self-assembled monolayers, cyclic enzymatic
amplification, bionanotechnology, molecular purification and many other novel technologies including
computer software. The OFNASET generates charts like column graphs that display RNA and protein
concentrations in pg/ml along with relevant statistical information. Nanosystems like the OFNASET are
essential tools for acquiring bioinformatics data while definitively identifying neurological and cancer
associated genomic and proteomic biomarkers (Gau & Wong, 2007). Single-molecule fluorescence
microscopy is a nanoscale technique that utilizes the Forster resonance energy transfer phenomenon. This
method has been extremely useful in acquiring bioinformatics data involving protein structure dynamics

Kurek NS, Chandra SB - Nanotechnology to Diagnose Neurological Disorders 6



associated with protein misfolding like homogeneousity and time scale measurements. Protein misfolding
is linked to neurodegenerative disorders like AD, Down’s syndrome, HD and PD (Uversky et al., 2006). A
bioconjugated sandwich assay based on dye-doped organic silica NPs capable of discriminating between
DNA strands differing by only one base pair can be applied for ultrasensitive DNA analysis. This assay
can be used to group together DNA sequences in bioinformatics databases that differ by as little as one base
pair (Zhao et al., 2003). Nanotechnology based diagnostic systems can acquire unique bioinformatics data
through many different methods.

5. Multifactorial Neurobehavioral Disorders

Many neurological conditions follow a complex inheritance pattern and are referred as multifactorial
disorders because they involve interactions between multiple genes and environmental factors. The
symptoms of multifactorial conditions are usually irreversible and emerge once certain thresholds are
reached. Some disorders also cause irregular behavioral patterns due to damage or abnormalities in the
patient’s nervous system, so researchers refer to these disorders as neurobehavioral disorders. Most of the
disorders previously discussed in this article are multifactorial neurobehavioral disorders and other
examples include several forms of epilepsy (Khan & Jinnah, 2002; Price et al., 2009), schizophrenia (Vyas
et al., 2010) and autism spectrum disorders (ASDs) (Rinehart et al., 2002; Green & Flanagan, 2008). These
disorders deserve special attention in the area of nanotechnology.

Some of the many different forms of multifactorial epilepsy are also classified as neurobehavioral
epilepsies. Epileptics often suffer from mood disorders, sexual dysfunction, episodic psychosis and
cognitive problems like memory loss (Blum & Bortz, 1998). Epilepsies are seizure disorders that affect
approximately 50 million people and cause considerable pain, suffering and disability (Reyes & Parpura,
2008). Ion channels regulate electrical activity in the nervous system. Epilepsies result from abnormal
electrical activity that affects either the entire brain or only a focal area. Fluorescent nanosensors can
provide real-time measurements and images of sodium because they are completely selective and are
reversible over other cations like potassium. Nanoscopic techniques involving fluorescent nanosensors
have determined sodium channel activation induced by drugs in heterologous cells after transfection with
voltage-gated sodium channels. These nanosensors provided cellular insight into how small functional
variations in sodium channels can have dramatic effects on action potentials (Dubach et al., 2009).
Nanoscopic techniques have allowed membrane ion channels in the peripheral and central nervous systems
to be characterized in regards to their dynamics, morphology and physical properties. Atomic Force
Microscopy (AFM) has been combined with the patch clamp technique in order to characterize single
mechanosensitive ion channels and to better understand channelopathy pathological mechanisms (Lehmann
-Horn & Jurkat-Rott, 2003). Nanoscopic techniques like these can be applied to learn more about seizures
and develop better epilepsy treatments.

Schizophrenia is a multifactorial neuropsychiatric condition that has sparked a great deal of interest.
Multiple studies have reported a significant loss of grey matter during the onset of schizophrenia (Pantelis
et al., 2010). Mutations that effect FOXP2 gene expression are commonly found in schizophrenics, which
suggests an association between schizophrenia and the parts of the brain involving language development
(Tolosa et al., 2010). In 4 percent of cases, the symptoms of schizophrenia become apparent before the age
of 18 and such early onset cases display developmental delays in speech, motor skills, language and social
interactions. In 96 percent of cases, the symptoms of schizophrenia become apparent later on in young
adults that are at least 18 years old. Common symptoms of schizophrenia that are displayed in both early
and later onset cases include cognitive difficulties such as impaired memory, learning and intellectual
functioning (Vyas ef al., 2010) as well as audio and visual hallucinations, delusional thinking, paranoia and
other psychotic behavioral patterns.

Information that is critical for diagnosing and monitoring the progression of brain diseases like
schizophrenia can be obtained from putative cerebrospinal fluid (CSF) biomarkers using nanotechnology
based LC-MS/MS methods. The initial study involving this method for detecting CSF biomarkers allowed
for the accurate detection of 77 CSF proteins, and 7 of these proteins had not been previously identified.
Schizophrenia patients differed profoundly from normal people in their CSF protein compositions (Huang
et al., 2007). A peptide correlation analysis that made use of similar nanotechnology based LC-MS/MS
methods accurately reflected relative abundances of proteins in largely scaled sample sets of both spiked
and clinical serum from both normal and schizophrenia afflicted people (Schwarz et al., 2007). Another
study involving these quantitative label-free proteomic platforms allowed for the identification of 1709
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serum proteins over a dynamic range consisting of more than 3 orders of magnitude (Levin et al., 2007).
Nanotechnology based diagnostics such as these can be extremely useful in the development of
pharmacogenetic medications and other novel treatment methods.

ASD incidence rates have rapidly increased, sparking intense research involving both the causes of
ASDs and the development of better ways to treat ASD afflicted patients. The genetic component of ASDs
accounts for 80% of the liability variation with genetic etiologies that are common to other neuropsychiatric
conditions (Lichtenstein et al., 2010). Rett syndrome (RS) is a very debilitating ASD (Guy et al., 2007).
RS involves the gene known as methyl CpG binding protein 2 (MeCP2) and is almost exclusive to females
(Hardwick et al., 2007; Venancio et al., 2007). Some symptoms of RS involve the loss of communication
skills, breathing difficulties, and the occurrence of gait apraxia (Thistlethwaite ef al., 2003). Asperger’s
syndrome (AS) is an ASD where the afflicted person has average or high intelligence along with rigid
thinking and normal language development. The 3p21-24 locus is a primary candidate for fine scale
mapping in AS research. Some of the symptoms commonly found in people with ASDs like AS and RS
include poor eye-hand coordination and motor skill deficiencies, insomnia, OCD tendencies,
prosopagnosia, sensory abnormalities and impaired social interaction (Rehnstrom et al., 2006). Other ASD
symptoms include intense sensitivity to physical pain, hearing impairment, hand flapping, sustained odd
play, toe walking (Mandell et al., 2005), tics (Mejia & Jankovic, 2005) and convulsions (Parmeggiani et al.,
2010). Extensive research has been done on ASDs and there is even more research that still needs to be
done in these areas.

Some of this ASD research involves nanotechnology. The Nanogen workstation consists of a
thermal discrimination and electric hybridization based two-color assay performed on a nanochip that is
electronically active. Nanogen’s workstation allowed for the accurate, specific, fast and cheap
identification of seven of the eight MeCP2 gene mutations that have commonly been associated with RS.
This method involved the linking together of two amplimers along with the serial hybridization of seven
loci (Thistlethwaite et al., 2003). The mechanical behavior of a protein that is suspected to be associated
with ASDs called contactind (CNTN4) has been determined using a technique that combines AFM and a
simulation involving steered molecular dynamics. This AFM method was applied during CNTN4’s folding
process and several observations were made. It shown that CNTN4 exibited modular force curves typically
found in modular proteins with no more than four unfolding peaks and the occurrence of three unfolding
lengths were confirmed. Small plateaus that probably resulted from forced transitions inside domains were
also observed (Strzelecki et al., 2009). Nanotechnology based diagnostics will be helpful in identifying
both the genetic and environmental factors that contribute to the onset of ASDs, epilepsy and schizophrenia
and in developing treatments for people that have been afflicted with these conditions.

6. Other Medical Nanotechnology Applications

Other applications concerning nanotechnology based molecular diagnostics and pharmocogenomics
include SNP tests for hypercoagulation disorders along with assays involving infectious agents and cancer.
Nanosphere’s Verigene platform, which uses stable, non-toxic gold NPs and silver for signal amplification,
is one of many systems capable of performing such assays (Jannetto et al, 2004). A biomimetic
nanochannel system with an ion concentration effect which generates a nonlinear potassium ion response at
concentrations in the range of 0 to 1500 uM can be used to efficiently study conformational changes in
biomolecules by measuring the current in confined areas. This nanochannel system has the potential to be
used for the study of ion channels in vivo (Hou et al., 2009). Nanotechnology tools that can be used to
study ion channels and disease-associated genomic and proteomic biomarkers are also necessary for
enhancing both neurological and cancer diagnostics.

Nanotechnology based diagnostics have demonstrated enormous potential in the fight against cancer.
After microdissection, nano-LC fractionated glioma and normal brain blood vessels have been analyzed
using MALDI-FTMS in order to measure their enzymatically generated peptide profiles. MALDI-FTMS
analysis of these blood vessels has resulted in the identification of four proteins exclusively expressed in
glioma blood vessels. MALDI-FTMS analysis proved that gel-free MS methods can be used to
successfully distinguish between differentially expressed proteins in small cell samples obtained from
microdissection procedures (Mustafa et al., 2007). The OFNASET integrates breakthrough technologies to
definitively identify disease-associated genetic and protein biomarkers. It offers simple and cheap sampling
techniques that minimize the subject’s discomfort and utilizes a quantitative and accurate diagnostic
system. The OFNASET is a point of care platform intended for the multiplex detection of oral cancer
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salivary biomarkers that has already provided highly specific and sensitive oral cancer detection with the
use of four RNA and two proteomic biomarkers (Gau & Wong, 2007). Reverse phase protein microrarrays
can determine the proteins that are active inside a cancerous cell using laser based protein chips. NPs can
harvest cancerous biomarkers from bodily fluids. Nanotechnology based diagnostics can determine the
most effective drug for fighting the individual’s cancer based on the active proteins from the tumor, paving
the way for personalized chemotherapy treatments (Liotta & Petricoin, 2008).

Nanotechnology can be used in countless ways in just about every industry. Many of these
nanotechnology applications will eventually be used for medical purposes, like treatments and diagnostics
for diseases such as cancer and neurological disorders. Protein and genetic tests for cancer can be modified
to diagnose neurological diseases. Nanotechnology has the potential to improve our lives in an almost
infinite capacity.

7. Nanomaterial Characterization and Synthesis

A reasonable amount of research involving the characterization and synthesis of NMs has already
been completed. Two methods for polymeric NM synthesis are photolithography, and laser ablation
technology. It was concluded that interactions in a liquid polymer resin media between lasers and
polymeric NPs cause light scattering due to changes in the media’s refractive index (Kavadia, 2009).
Certain NPs, like titanium dioxide NPs, are good at absorbing UV light (Whatmore, 2006). It has also been
shown that when free electrons interact with light in gold or silver nanostructures, collective oscillations
referred to as surface plasmons (SPs) can occur. In general, the extinction spectrum for smaller NPs with a
radius less than 20 nanometers is dominated by light absorption while light scattering is the dominant
process for larger NPs (Xia & Halas, 2005).

Silver nanostructures have been synthesized in large yields consisting of an assortment of various
well-defined shapes using polyol reduction. It was concluded that gold nanocage surface plasmonic
resonance peaks can be shifted between 425 and 1200 nanometers by adjusting the molar ratio for Ag and
HAuCl4 (Wiley et al., 2005). NP cross sections for absorption and scattering can be obtained once the
specification of each element’s polarizability and location has been established. As the NP size becomes
larger, the SP peak tends to shift toward red wavelengths and new peaks might also show up in the
extinction spectra because of quadrupole mode excitation. The scattering and absorption cross sections for
silver and gold NPs have been shown to be 5 to 6 orders of magnitude higher than those of molecular
species like organic chromophores. The wavelengths along with the scattering and absorption coefficient
magnitudes for silver and gold NPs can be controlled by specifically engineering their shapes, dimensions,
structures and geometric parameters. In an experimental example, gold colloids with a radius of 20
nanometers showed greater absorption and less scattering of light than those of a 50 nanometer radius. The
scattering and absorption peaks for gold colloids with a radius of 50 nanometers also varied over a much
wider spectrum of wavelengths than those with a radius of 20 nanometers (Xia & Halas, 2005). A NM’s
ability to scatter or absorb light can vary greatly depending on the type of NM along with its synthesis
method, physical characteristics and properties.

CNT conductivity is another topic that deserves discussion. CNTs have either semiconducting or
metallic properties depending on the CNT’s chirality (Che et al., 2000), with metallic forms having 1000
times the electric conductivity of copper (Whatmore, 2006). It has been shown that channel resistance
dominates diffusive carrier transport in semiconducting CNT transistors that have channel lengths greater
than 300 microns. Semiconducting CNT transistor field-effect and intrinsic mobility value estimates
exceed all known semiconductor values (Durkop et al., 2004). SWCNT transport properties vary based on
the CNT density when SWCNT networks are fabricated into thin film transistors. At lower CNT densities,
these networks demonstrate electrical continuity while behaving like p-type semiconductors. At higher
CNT densities, these networks exhibit much greater field-effect mobility and behave similar to narrow band
gap semiconductors with high off-state currents (Snow et al., 2003). NMs have interesting properties.

NMs must be characterized in regards to their cytotoxicity when ingested and absorbed (European
Food Safety Authority, 2009). Experiments have shown that NM cytotoxicity can depend on the NM’s size
(Magrez et al., 2006), shape (Chithrani et al., 2006), concentration, molar mass distribution, surfactant,
surface charge (Maildnder & Landfester, 2009) and type (Male et al., 2008). Strict safety protocols must be
followed in applications involving NMs.
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8. Past and Future Perspectives

Nanotechnology research has come a long way over the past 50 years and there is much more work
that still needs to be done. The field of nanotechnology originated in 1959 when a physicist named Richard
Feynman realized that it is possible to manipulate and probe individual atoms and molecules at nanometer
scales (Gilmore et al., 2008). Other important advancements in nanotechnology include the invention of
the scanning probe microscope in 1981, discoveries of the carbon-60 molecule in 1985 (Whatmore, 2006),
the fairly recent capability of scientists to control the NP sizes (Harper, 2003) and the discovery of the
potential of CNTs by Sumio lijima in 1991 (Whitby et al., 2004). It has also been recently discovered that
NP toxicity can be greatly reduced by coating NPs with gold (Hede & Huilgol, 2006). These discoveries
along with other recent advancements in the area of nanotechnology will allow for future research to be
done in regards to the development of diagnostics, medicine, electronics and many other products in nearly
every industry.

Future experiments involving nanotechnology based protein tests will utilize systems like the reverse
phase protein microrarray. This system could be enhanced so that it could be used in vivo to test for early
indications of disease by capturing super low biomarker concentrations while the NPs circulate in the
patient’s bloodsteam. After enough time passes, a blood sample can be taken from the patient and the NPs
can be analyzed for early signs of disease, making it a valuable tool for the diagnosis and prevention of
other diseases besides cancer like AD (Liotta & Petricoin, 2008). Fluorescent NIR ODN reporters have the
potential to directly detect protein-DNA interactions. They can be further optimized in regards to the
respective positions of the acceptor and donor fluorochromes on the base pairs constituting the binding
sites. Researchers could then record cognate interactions between hairpin-like probes or specific double-
stranded DNA duplex and transcription factors in living cells and systems (Zhang et al., 2008). A NP
based ultrasensitive bio-barcode assay that can measure extremely low ADDL concentrations in CSF for
the detection of diseases like AD could also be modified to detect and study a large variety of other CSF
pathogenic biomarkers. This will lead to experiments designed to diagnose a wide range of neurological
diseases. This bio-barcode assay should also be statistically evaluated with a larger population of patients
(Georganopoulou et al., 2005). These protein diagnostic nanosystems can be expanded to diagnose many
different neurological diseases.

Future experiments involving nanotechnology based genetic tests will rely heavily on systems that do
not require PCR amplification like Nanosphere’s Verigene platform. Technologies that eliminate the need
for genetic amplification procedures like PCR will not be subject to expenses and will lessen the labor and
turnaround time required to perform genetic diagnostics. This will allow for the development of
personalized pharmacogenomic medicine based on an individual’s genotype (Jannetto et al., 2004).
Nanogen’s NanoChip Molecular Biology Workstation provides a cheap method for detecting SNPs and
point mutations associated with neurological disorders like Rett Syndrome. Additional experiments that
use the same chip to multiplex amplimers can be designed to further reduce this system’s cost
(Thistlethwaite et al., 2003). Fluorescent dye doped NPs allow for simplified staining procedures along
with improved photostability and detection sensitivity when used as Affymetrix Genechip staining probes.
Optimization of the NP size, Axon scanner optics and single-wavelength laser diodes or the synthesis of
dye-doped NPs that match the PE Ex/Em wavelength will be necessary for precisely diagnosing single gene
and multifactorial diseases (Wang et al., 2007). With more research, genetic diagnostics can become cheap
and accurate enough to diagnose countless neurological disorders.

There is still much work that needs to be done before nanotechnology based molecular diagnostic

systems become commercially available to the public. However, with the proper research and funding,
nanotechnology based diagnostics will be used to objectively and accurately diagnose neurological
disorders and other diseases that are currently being diagnosed on a subjective basis. Nanotechnology
based diagnostics along with specialized bioinformatics software can be used to acquire a much deeper
understanding of the mechanisms associated with diseases like neurological disorders. This will result in far
more effective treatments for such diseases than what is currently available. Future experiments involving
nanotechnology will seek to drastically improve the medical industry.

9. Conclusion
Nanotechnology is truly an amazing field. Over the past 50 years, many different types of NMs have
been discovered and much knowledge about nanoscience has been acquired. The unique properties
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exhibited by NMs will exponentially enhance diagnostics and treatments for neurological disorders and
other diseases like cancer, hypercoagulation disorders and conditions caused by infectious agents.
Nanotechnology based molecular diagnostics along with specialized bioinformatics software will allow
researchers to acquire hordes of disease related information and other biological knowledge. This will lead
to the establishment of personalized treatment plans for preventing and treating diseases.

NMs like nanochips, nanotiles and plasmid DNA along with iron oxide, gold, silica and fluorescent
dye doped NPs have resulted in the development of advanced nanotechnology based molecular diagnostic
systems that utilize specialized bioinformatics software. Nanoplatforms such as the reverse phase protein
microrarray, Nanogen’s NanoChip Molecular Biology Workstation, and Nanosphere’s Verigene Platform
along with other nanosystems like recombinant baculoviral vectors that use Affymetrix high density array
chips for cellular transduction are examples of such nanotechnology based diagnostic systems. These and
other previously discussed nanosystems have allowed for significantly more accurate, timely, specified,
sensitive, quantitative and cost effective methods for analyzing and detecting specific proteins and genetic
material present in low concentrations within biological samples.

The NMs that we have discussed in this article will provide a nearly endless amount of research in
almost every industry. NMs may someday be used to cure cancer or as components in the construction of
more complex nanostructures. Nanotechnology will be a critical component in the development of
improved diagnostic procedures and life extension technologies. Over time, we can expect to become
increasingly dependent on nanotechnology to meet our needs, whether these needs involve advanced
computer chips, food and nutritional supplements, cosmetic products, automobile fuels, or even household
appliances, decorative and cleaning products. Nanotechnology will improve everyone’s quality of life in a
countless number of ways.

There clearly exists much potential for using nanotechnology to understand, prevent and diagnose

neurological disorders like AD, PD, cerebral ischemia, epilepsy, schizophrenia and ASDs such as Rett
Syndrome along with many other diseases like cancer. As long as nanotechnology is applied with the
appropriate precautions, the benefits that make nanotechnology preferable to traditional methods of
diagnosing diseases far outweigh its risks. Research involving the use of nanotechnology to fight illnesses
such as the neurological disorders that we have discussed in this article is worth its cost. Nanotechnology
based diagnostics will lead to advanced disease treatments that will make the unbearable pain and suffering
these afflictions cause a distant memory.

10. References

Akin D, Sturgis J, Ragheb K, Sherman D, Burkholder K, Robinson JP, Bhunia AK, Mohammed S, Bashir R. Bacteria-
mediated delivery of nanoparticles and cargo into cells. Nat Nanotechnol. 2007;2:441-9.

Anderson NL, Anderson NG. The human plasma proteome: history, character, and diagnostic prospects. Mol Cell
Proteomics. 2002;1:845-67.

Ameri M, Wilkerson MJ. Comparison of two commercial radial immunodiffusion assays for detection of bovine
immunoglobulin G in newborn calves. J Vet Diagn Invest. 2008;20:333-6.

Amos J, Patnaik M. Commercial molecular diagnostics in the U. S.: the Human Genome Project to the clinical
laboratory. Hum Mutat 2002;19:324-33.

Bilsland J, Roy S, Xanthoudakis S, Nicholson DW, Han Y, Grimm E, Hefti F, Harper SJ. Caspase inhibitors attenuate
1-methyl-4-phenylpyridinium toxicity in primary cultures of mesencephalic dopaminergic neurons. J Neurosci.
2002;22:2637-49.

Bishop KM, Hofer EK, Mehta A, Ramirez A, Sun L, Tuszynski M, Bartus RT. Therapeutic potential of CERE-110
(AAV2-NGF): targeted, stable, and sustained NGF delivery and trophic activity on rodent basal forebrain
cholinergic neurons. Exp Neurol. 2008;211:574-84.

Blum DE, Bortz J. Neurobehavioral aspects of epilepsy. Current Opinion in Psychiatry. 1998;11:321-6.

Bouck J, Miller W, Gorrell JH, Muzny D, Gibbs RA. Analysis of the quality and utility of random shotgun sequencing
at low redundancies. Genome Res. 1998;8:1074—-84.

Boulaire J, Zhao Y, Wang S. Gene expression profiling to define host response to baculoviral transduction in the
brain. J Neurochem. 2009;109:1203-14.

Braziel RM, Shipp MA, Feldman AL, Espina V, Winters M, Jaffe ES, Petricoin EF 3rd, Liotta LA. Molecular
diagnostics. Hematology Am Soc Hematol Educ Program. 2003;279-93.

Carlsson L, Larsson A, Lindman H. Elevated levels of thymidine kinase 1 peptide in serum from patients with breast
cancer. Ups J Med Sci. 2009;114:116-20.

11 http://arbs.biblioteca.unesp.br Annu Rev Biomed Sci 2012;14:1-15



Chagas MH, Tumas V, Loureiro SR, Hallak JE, Trzesniak C, de Sousa JP, Ricciopo Rodrigues GG, Filho AS,

Crippa JA. Validity of a Brazilian version of the Zung self-rating depression scale for screening of depression in
patients with Parkinson's disease. Parkinsonism Relat Disord. 2010;16:42-5.

Che J, Cagin T, Goddard WA. Thermal conductivity of carbon nanotubes. Nanotechnology. 2000;11:65-9.

Chithrani BD, Ghazani AA, Chan WCW. Determining the size and shape dependence of gold nanoparticle uptake
into mammalian cells. 2006;6:662-8.

Dahl A, Sultan M, Jung A, Schwartz R, Lange M, Steinwand M, Livak KJ, Lehrach H, Nyarsik L. Quantitative PCR
based expression analysis on a nanoliter scale using polymer nano-well chips. Biomed Microdevices. 2007;9:307-
14.

Dave KR, Prado R, Raval AP, Drew KL, Perez-Pinzon MA. The arctic ground squirrel brain is resistant to injury from
cardiac arrest during euthermia. Stroke. 2006;37:1261-5.

Donaldson K, Aitken R, Tran L, Stone V, Duffin R, Forrest G, Alexander A. Carbon nanotubes: a review of their
properties in relation to pulmonary toxicology and workplace safety. Toxicol Sci. 2006;92:5-22.

Dubach JM, Das S, Rosenzweig A, Clark HA. Visualizing sodium dynamics in isolated cardiomyocytes using
fluorescent nanosensors. Proc Natl Acad Sci U S A. 2009;106:16145-50.

Durkop T, Getty SA, Cobas E, and Fuhrer MS. Extraordinary mobility in semiconducting carbon nanotubes.
2004;4:35-9.

Elazzouzi-Hafraoui S, Nishiyama Y, Putaux JL, Heux L, Dubreuil F, Rochas C. The shape and size distribution of
crystalline nanoparticles prepared by acid hydrolysis of native cellulose. Biomacromolecules. 2008;9:57-65.

European Food Safety Authority. Scientific Opinion of the Scientific Committee on a request from the European
Commission on the Potential Risks Arising from Nanoscience and Nanotechnologies on Food and Feed Safety.
The EFSA Journal. 2009;958:1-39.

Gau V, Wong D. Oral fluid nanosensor test (OFNASET) with advanced electrochemical-based molecular analysis
platform. Ann N Y Acad Sci. 2007;1098:401-10.

Georganopoulou DG, Chang L, Nam JM, Thaxton CS, Mufson EJ, Klein WL, Mirkin CA. Nanoparticle-based
detection in cerebral spinal fluid of a soluble pathogenic biomarker for Alzheimer's disease. Proc Natl Acad Sci U
S A. 2005;102:2273-6.

Gilmore JL, Yi X, Quan L, Kabanov AV. Novel nanomaterials for clinical neuroscience. J] Neuroimmune Pharmacol.
2008;3:83-94.

Goulart FO, Godke BA, Borges V, Azevedo-Silva SM, Mendes MF, Cendoroglo MS, Ferraz HB. Fatigue in a cohort
of geriatric patients with and without Parkinson's disease. Braz J] Med Biol Res. 2009;42:771-5.

Green D, Flanagan D. Understanding the autistic dental patient. Gen Dent. 2008;56:167-71.

Guy J, Gan J, Selfridge J, Cobb S, Bird A. Reversal of neurological defects in a mouse model of Rett syndrome.
Science. 2007;315:1143-47.

Haes AJ, Chang L, Klein WL, Van Duyne RP. Detection of a biomarker for Alzheimer's disease from synthetic and
clinical samples using a nanoscale optical biosensor. ] Am Chem Soc. 2005;127:2264-71.

Hardwick SA, Reuter K, Williamson SL, Vasudevan V, Donald J, Slater K, Bennetts B, Bebbington A, Leonard H,
Williams SR, Smith RL, Cloosterman D, Christodoulou J. Delineation of large deletions of the MECP2 gene in
Rett syndrome patients, including a familial case with a male proband. Eur J Hum Genet. 2007;15:1218-29.

Harper T. What is nanotechnology? Nanotechnology. 2003;14.

Hede S, Huilgol N. "Nano": the new nemesis of cancer. J Cancer Res Ther. 2006;2:186-95.

Hou X, Guo W, Xia F, Nie FQ, Dong H, Tian Y, Wen L, Wang L, Cao L, Yang Y, Xue J, Song Y, Wang Y, Liu D,
Jiang L. A biomimetic potassium responsive nanochannel: G-quadruplex DNA conformational switching in a
synthetic nanopore. J] Am Chem Soc. 2009;131:7800-5.

Howarth M, Chinnapen DJ, Gerrow K, Dorrestein PC, Grandy MR, Kelleher NL, El-Husseini A, Ting AY. A
monovalent streptavidin with a single femtomolar biotin binding site. Nat Methods. 2006;3:267-73.

Huang JT, McKenna T, Hughes C, Leweke FM, Schwarz E, Bahn S. CSF biomarker discovery using label-free nano-
LC-MS based proteomic profiling: technical aspects. J Sep Sci. 2007;30:214-25.

Hurst SJ, Lytton-Jean AK, Mirkin CA. Maximizing DNA loading on a range of gold nanoparticle sizes. Anal Chem.
2006;78:8313-8.

Ito Y, Fukusaki E. DNA as a ‘Nanomaterial’. ] Mol Catal B Enzym. 2004;28:155-66.

Jain A, Yan W, Miller KR, O'Carra R, Woodward JG, Mumper RJ. Tresyl-based conjugation of protein antigen to
lipid nanoparticles increases antigen immunogenicity. Int J Pharm. 2010;401:87-92.

Jannetto PJ, Laleli-Sahin E, Wong SH. Pharmacogenomic genotyping methodologies. Clin Chem Lab Med.
2004;42:1256-64.

Joubert A, Calmes B, Berruyer R, Pihet M, Bouchara JP, Simoneau P, Guillemette T. Laser nephelometry applied in
an automated microplate system to study filamentous fungus growth. Biotechniques. 2010;48:399-404.

Junghanns JU, Miiller RH. Nanocrystal technology, drug delivery and clinical applications. Int J Nanomedicine.
2008;3:295-309.

Kavadia NN. Fabrication of PLGA nanocomposite using two photon polymerization. The University of Texas at
Arlington. Copyright by Nikhil Narendra Kavadia 2009. http://dspace.uta.edu/bitstream/handle/10106/1981/
Kavadia_uta_2502M_10252.pdf?sequenc e=1

Kurek NS, Chandra SB - Nanotechnology to Diagnose Neurological Disorders 12



Kentsis A, Monigatti F, Dorff K, Campagne F, Bachur R, Steen H. Urine proteomics for profiling of human disease
using high accuracy mass spectrometry. Proteomics Clin Appl. 2009;3:1052- 1061.

Khan Z, Jinnah HA. Paroxysmal dyskinesias in the lethargic mouse mutant. J Neurosci. 2002;22:8193-200.

Klejbor I, Stachowiak EK, Bharali DJ, Roy I, Spodnik I, Morys J, Bergey EJ, Prasad PN, Stachowiak MK.ORMOSIL
nanoparticles as a non-viral gene delivery vector for modeling polyglutamine induced brain pathology. J Neurosci
Methods. 2007;165:230-43.

Koga H, Yuasa S, Nagase T, Shimada K, Nagano M, Imai K, Ohara R, Nakajima D, Murakami M, Kawai M, Miki F,
Magae J, Inamoto S, Okazaki N, Ohara O. A comprehensive approach for establishment of the platform to analyze
functions of KIAA proteins II: public release of inaugural version of InGaP database containing gene/protein
expression profiles for 127 mouse KIAA genes/proteins. DNA Res. 2004;11:293-304.

Konstantou JK, Ioannou PC, Christopoulos TK. Dual-allele dipstick assay for genotyping single nucleotide

polymorphisms by primer extension reaction. Eur J] Hum Genet. 2009;17:105-11.

Lee SJ, Anandan V, Zhang G. Electrochemical fabrication and evaluation of highly sensitive nanorod-modified
electrodes for a biotin/avidin system. Biosens Bioelectron. 2008;23:1117-24.

Lehmann-Horn F, Jurkat-Rott K. Nanotechnology for neuronal ion channels. J Neurol Neurosurg Psychiatry.
2003;74:1466-75.

Leoni C, Gallerani R, Ceci LR. A genome walking strategy for the identification of eukaryotic nucleotide sequences
adjacent to known regions. Biotechniques. 2008;44:229, 232-5.

Levin Y, Schwarz E, Wang L, Leweke FM, Bahn S. Label-free LC-MS/MS quantitative proteomics for large-scale
biomarker discovery in complex samples. J Sep Sci. 2007;30:2198-203.

Lian W, Litherland SA, Badrane H, Tan W, Wu D, Baker HV, Gulig PA, Lim DV, Jin S. Ultrasensitive detection of
biomolecules with fluorescent dye-doped nanoparticles. Anal Biochem. 2004;334:135-44.

Lichtenstein P, Carlstrom E, Rastam M, Gillberg C, Anckarsiter H. The genetics of autism spectrum disorders and
related neuropsychiatric disorders in childhood. Am J Psychiatry. 2010;167:1357-63.

Lin C, Liu Y, Yan H. Self-assembled combinatorial encoding nanoarrays for multiplexed biosensing. Nano Lett.
2007;7:507-12.

Liotta L, Petricoin E. Nanomedicine--the power of proteins: a conversation with Lance Liotta and Emanual Petricoin.
Interview by Barbara J Culliton. Health Aff (Millwood). 2008;27:w310-4.

Liu CH, Huang S, Cui J, Kim YR, Farrar CT, Moskowitz MA, Rosen BR, Liu PK. MR contrast probes that trace gene
transcripts for cerebral ischemia in live animals. FASEB J. 2007;21:3004-15.

Liu J, Guo S, Cinier M, Shlyakhtenko LS, Shu Y, Chen C, Shen G, Guo P. Fabrication of stable and RNase-resistant
RNA nanoparticles active in gearing the nanomotors for viral DNA packaging. ACS Nano. 2011;5:237-46.

Liu Q, Huang Y, Xue F, Simard A, DeChon J, Li G, Zhang J, Lucero L, Wang M, Sierks M, Hu G, Chang Y, Lukas
RJ, Wu J. A novel nicotinic acetylcholine receptor subtype in basal forebrain cholinergic neurons with high
sensitivity to amyloid peptides. J Neurosci. 2009;29:918-29.

Lyshevski S, Krueger F, Theodorou E. Nanoengineering bioinformatics: Nanotechnology paradigm and its
applications. IEEE 2003:896-899.

Ma N, Wu SS, Ma YX, Wang X, Zeng J, Tong G, Huang Y, Wang S. Nerve growth factor receptor-mediated gene
transfer. Mol Ther. 2004;9:270-81.

Magrez A, Kasas S, Salicio V, Pasquier N, Seo JW, Celio M, Catsicas S, Schwaller B, Forro” L. Cellular toxicity of
carbon-based nanomaterials. Nano Lett. 2006;6:1121-5.

Mailidnder V, Landfester K. Interaction of nanoparticles with cells. Biomacromolecules. 2009;10:2379-400.

Male KB, Lachance B, Hrapovic S, Sunahara G, Luong JHT. Assessment of cytotoxicity of quantum dots and gold
nanoparticles using cell-based impedance spectroscopy. Analytical Chemistry. 2008;80:5487-93.

Mandell DS, Novak MM, Zubritsky CD. Factors associated with age of diagnosis among children with autism
spectrum disorders. Pediatrics 2005;116:1480-6.

McKenzie SE, Mansfield E, Rappaport E, Surrey S, Fortina P. Parallel molecular genetic analysis. Eur J] Hum Genet.
1998;6:417-29.

Mejia N I, Jankovic J. Secondary tics and tourettism. Rev Bras Psiquiatr. 2005;27:11-7.

Mejias R, Villadiego J, Pintado CO, Vime PJ, Gao L, Toledo-Aral JJ, Echevarria M, Lépez-Barneo J. Neuroprotection
by transgenic expression of glucose-6-phosphate dehydrogenase in dopaminergic nigrostriatal neurons of mice. J
Neurosci. 2006;26:4500-8.

Mohring T, Kellmann M, Jirgens M, Schrader M. Top-down identification of endogenous peptides up to 9 kDa in
cerebrospinal fluid and brain tissue by nanoelectrospray quadrupole time-of-flight tandem mass spectrometry. J
Mass Spectrom. 2005;40:214-26.

Mustafa DA, Burgers PC, Dekker LJ, Charif H, Titulaer MK, Smitt PA, Luider TM, Kros JM. Identification of glioma
neovascularization-related proteins by using MALDI-FTMS and nano-LC fractionation to microdissected tumor
vessels. Mol Cell Proteomics. 2007;6:1147-57.

Oberdorster E. Manufactured nanomaterials (fullerenes, C60) induce oxidative stress in the brain of juvenile
largemouth bass. Environ Health Perspect. 2004;112:1058-62.

Pantelis C, Wood SJ, Velakoulis D, Testa R, Fontenelle LF, Yiicel M. Should we redefine the concept of
endophenotype in schizophrenia? Rev Bras Psiquiatr. 2010;32:106-7.

13 http://arbs.biblioteca.unesp.br Annu Rev Biomed Sci 2012;14:1-15



Parihar MS, Hemnani T. Alzheimer's disease pathogenesis and therapeutic interventions. J Clin Neurosci. 2004;11:456
-67.

Parmeggiani A, Barcia G, Posar A, Raimondi E, Santucci M, Scaduto MC. Epilepsy and EEG paroxysmal
abnormalities in autism spectrum disorders. Brain Dev. 2010;32:783-9.

Pawlaczyk M, Sobieska M. A correlation between acute phase proteins and cytokines in patients suffering from
mycosis fungoides. Acta Dermatovenerol Alp Panonica Adriat. 2006;15:107-12.

Peng J, Xie L, Stevenson FF, Melov S, Di Monte DA, Andersen JK. Nigrostriatal dopaminergic neurodegeneration in
the weaver mouse is mediated via neuroinflammation and alleviated by minocycline administration. J Neurosci.
2006;26:11644-51.

Poma A, Di Giorgio ML. Toxicogenomics to improve comprehension of the mechanisms underlying responses of in
vitro and in vivo systems to nanomaterials: a review. Curr Genomics. 2008;9:571-85.

Popeo D, Kellner CH. ECT for Parkinson's disease. Med Hypotheses. 2009;73:468-9.

Price MG, Yoo JW, Burgess DL, Deng F, Hrachovy RA, Frost JD Jr, Noebels JL. A triplet repeat expansion genetic
mouse model of infantile spasms syndrome, Arx(GCG)10+7, with interneuronopathy, spasms in infancy,
persistent seizures, and adult cognitive and behavioral impairment. J Neurosci. 2009;29:8752-63.

Qin WJ, Yung LY. Nanoparticle-based detection and quantification of DNA with single nucleotide polymorphism
(SNP) discrimination selectivity. Nucleic Acids Res. 2007;35:e111.

Rehnstrom K, Ylisaukko-oja T, Nieminen-von Wendt T, Sarenius S, Kallman T, Kempas E, von Wendt L,
Peltonen L, Jarvela I. Independent replication and initial fine mapping of 3p21-24 in Asperger syndrome. J] Med
Genet 2006;43:6.

Reyes RC, Parpura V. Models of astrocytic Ca dynamics and epilepsy. Drug Discov Today Dis Models. 2008;5:13-8.

Rinehart NJ, Bradshaw JL, Tonge BJ, Brereton AV, Bellgrove MA. A neurobehavioral examination of individuals
with high-functioning autism and Asperger's disorder using a fronto-striatal model of dysfunction. Behav Cogn
Neurosci Rev. 2002;1:164-77.

Romanova EV, Roth MJ, Rubakhin SS, Jakubowski JA, Kelley WP, Kirtk MD, Kelleher NL, Sweedler JV.
Identification and characterization of homologues of vertebrate beta-thymosin in the marine mollusk Aplysia
californica. J Mass Spectrom. 2006;41:1030-40.

Santra S, Wang K, Tapec R, Tan W. Development of novel dye-doped silica nanoparticles for biomarker application. J
Biomed Opt. 2001;6:160-6.

Santra S, Zhang P, Wang K, Tapec R, Tan W. Conjugation of biomolecules with luminophore-doped silica
nanoparticles for photostable biomarkers. Anal Chem. 2001;73:4988-93.

Scarpini E, Scheltens P, Feldman H. Treatment of Alzheimer's disease: current status and new perspectives. Lancet
Neurol. 2003;2:539-47.

Schrijver I, Lay MJ, Zehnder JL. Diagnostic single nucleotide polymorphism analysis of factor V Leiden and
prothrombin 20210G > A. A comparison of the Nanogen Eelectronic Microarray with restriction enzyme
digestion and the Roche LightCycler. Am J Clin Pathol. 2003;119:490-6.

Schwarz E, Levin Y, Wang L, Leweke FM, Bahn S. Peptide correlation: a means to identify high quality quantitative
information in large-scale proteomic studies. J Sep Sci. 2007;30:2190-7.

Scott JD, Gretch DR. Molecular diagnostics of hepatitis C virus infection: a systematic review. JAMA. 2007;297:724-
32.

Shi MM. Enabling large-scale pharmacogenetic studies by high-throughput mutation detection and genotyping
technologies. Clin Chem. 2001;47:164-72.

Snow ES, Novak JP, Campbell PM, Park D. Random networks of carbon nanotubes as an electronic material. Appl.
Phys. Lett. 2003;82:2145-7.

Song S, Xu H, Fan C. Potential diagnostic applications of biosensors: current and future directions. Int J
Nanomedicine. 2006;1:433-40.

Strzelecki J, Mikulska K, Lekka M, Kulik A, Balter A, Nowak W. AFM Force Spectroscopy and Steered Molecular
Dynamics Simulation of Protein Contactin 4. Acta Physica Polonica A. 2009;116:156-9.

Su CJ, Liu YC, Chen HL, Li YC, Lin HK, Liu WL, Hsu CS. Two-dimensional densely packed DNA nanostructure
derived from DNA complexation with a low-generation poly (amidoamine) dendrimer. Langmuir. 2007;23:975-8.

Sun Y, Harris NC, Kiang CH. Phase Transition and Optical Properties of DNA-Gold Nanoparticle Assemblies.
Plasmonics. 2007;2:193-9.

Taton TA, Mirkin CA, Letsinger RL. Scanometric DNA array detection with nanoparticle probes. Science.
2000;289:1757-60.

Thistlethwaite WA, Moses LM, Hoffbuhr KC, Devaney JM, Hoffman EP. Rapid genotyping of common MeCP2
mutations with an electronic DNA microchip using serial differential hybridization. J] Mol Diagn. 2003;5:121-6.

Tolosa A, Sanjudn J, Dagnall AM, Molté6 MD, Herrero N, de Frutos R. FOXP2 gene and language impairment in
schizophrenia: association and epigenetic studies. BMC Med Genet. 2010;11:114.

Traystman RJ. Animal models of focal and global cerebral ischemia. ILAR J. 2003;44:85-95.

Uversky VN, Kabanov AV, Lyubchenko YL. Nanotools for megaproblems: probing protein misfolding diseases using
nanomedicine modus operandi. J Proteome Res. 2006;5:2505-22.

Kurek NS, Chandra SB - Nanotechnology to Diagnose Neurological Disorders 14



Van Deerlin VM, Gill LH, Farmer JM, Trojanowski JQ, Lee VM. Familial frontotemporal dementia: from gene
discovery to clinical molecular diagnostics. Clin Chem. 2003;49:1717-25.

Vazquez E, Villaverde A. Engineering building blocks for self-assembling protein nanoparticles. Microb Cell Fact.
2010;9:101.

Venancio M, Santos M, Pereira SA, Maciel P, Saraiva JM. An explanation for another familial case of Rett syndrome:
maternal germline mosaicism. Eur J Hum Genet. 2007;15:902-4.

Vyas NS, Kumra S, Puri BK. What insights can we gain from studying early-onset schizophrenia? The
neurodevelopmental pathway and beyond. Expert Rev Neurother. 2010;10:1243-7.

Walters DA, Ericson LM, Casavant MJ, Liu J, Colbert DT, Smith KA, and Smalley RE. Elastic strain of freely
suspended single-wall carbon nanotube ropes. Appl. Phys. Lett. 1999;74:3803-5.

Wang H, Qian WJ, Mottaz HM, Clauss TR, Anderson DJ, Moore RJ, Camp DG 2nd, Khan AH, Sforza DM,
Pallavicini M, Smith DJ, Smith RD. Development and evaluation of a micro- and nanoscale proteomic sample
preparation method. J Proteome Res. 2005;4:2397-403.

Wang L, Lofton C, Popp M, Tan W. Using luminescent nanoparticles as staining probes for Affymetrix GeneChips.
Bioconjug Chem. 2007;18:610-3.

Wang X, Wang Y, Chen Z, Shin D. Advances of cancer therapy by nanotechnology. Cancer Res Treat. 2009;41:1-11.

Whatmore RW. Nanotechnology--what is it? Should we be worried? Occup Med (Lond). 2006;56:295-9.

Whitby RL, Hsu WK, Zhu YQ, Kroto HW, Walton DR. Novel nanoscale architectures: coated nanotubes and other
nanowires. Philos Transact A Math Phys Eng Sci. 2004;362:2127-42.

Wiley B, Sun Y, Mayers B, Xia Y. Shape-controlled synthesis of metal nanostructures: the case of silver. Chemistry.
2005;11:454-63.

Xia Y, Halas NJ. Shape-controlled synthesis and surface plasmonic properties of metallic nanostructures. MRS
Bulletin. 2005;30:338-48.

Yu MF, Files BS, Arepalli S, and Ruoff RS. Tensile loading of ropes of single wall carbon nanotubes and their
mechanical properties. Phys Rev Lett. 2000;84:5552-5.

Zhang HL, Wu J, Zhu J. The immune-modulatory role of apolipoprotein E with emphasis on multiple sclerosis and
experimental autoimmune encephalomyelitis. Clin Dev Immunol. 2010:186813.

Zhang S, Metelev V, Tabatadze D, Zamecnik PC, Bogdanov A Jr. Fluorescence resonance energy transfer in near-
infrared fluorescent oligonucleotide probes for detecting protein-DNA interactions. Proc Natl Acad Sci U S A.
2008;105:4156-61.

Zhao X, Tapec-Dytioco R, Tan W. Ultrasensitive DNA detection using highly fluorescent bioconjugated

nanoparticles. J Am Chem Soc. 2003;125:11474-5.

Kurek NS, Chandra SB - Nanotechnology to Diagnose Neurological Disorders 15



