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Nucleic Acid Programmable Protein Arrays utilize a complex mammalian cell free expression system to pro-
duce proteins in situ. In alternative to fluorescent-labeled approaches a new label free method, emerging
from the combined utilization of three independent and complementary nanotechnological approaches,
appears capable to analyze protein function and protein–protein interaction in studies promising for
personalized medicine. Quartz Micro Circuit nanogravimetry, based on frequency and dissipation factor,
mass spectrometry and anodic porous alumina overcomes indeed the limits of correlated fluorescence
detection plagued by the background still present after extensive washes. This could be further optimized
by a homogeneous and well defined bacterial cell free expression system capable to realize the ambitious
objective to quantify the regulatory protein networks in humans. Implications for personalized medicine of
the above label free protein array using different test genes proteins are reported.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Personalized nanomedicine is a promising and formidable tool for
targeted and more rationale therapeutics that really fits individual
patient's needs emerging from the combination of personalized medi-
cine defined as “as the prescription of specific treatments best suited
for an individual taking into consideration both genetic and other fac-
tors that influence the response to therapy” [1–3] and of nanomedicine

also defined as “the interplay of Bioinformatics and Nanotechnology to
a previously unforeseeable level” [4,5].

Integrated genomics–proteomics data are useful for finding disease
biomarkers [6–8] and for providing amore precise diagnosis and progno-
sis in the frame of translationalmedicine: they can give an added value to
the clinical assessment of the patient, as well as they can even predict the
risk of a not yet clinically observable disease. A very recent and complex
publication [9] has shown that iPOP (integrative personal Omics profile)
resulting from the combination of different Omics-based data can be a
promising approach tomanage proactively individual health: dynamic in-
formation of how genes interact with environment and change their ex-
pression throughout the time could be extracted and correlated with
clinical implications. In the specific case type-2 diabetes was predicted
much earlier than its clinical onset: thus medicine can become quantita-
tive, predictive and preventative [10,11].
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Diseases such as cancer ([12] and references therein, [13,14]), obesi-
ty and diabetes [15], transplanted organ rejection [16] and hyperten-
sion [17] are complex biological phenomena, being sometimes highly
heterogeneous among patients despite similar clinical features. In the
last decades, patients can be affected by many chronic diseases [18,19]
throwing classical therapeutic approaches into crisis. “Classical medi-
cine” fails to achieve its goal to cure individuals, and also molecular
approach-based medicine risks to be unsuccessful if it does not take
into account individual variations of the same disease [20]. A network
approach for molecular medicine is emerging [21–28] in order to find
precisely the target for an optimized drug therapy [29]. An alternative
strategy for cancer biomarker validation and cancer treatment based
on the decoding of the serum proteins patterns is indeed emerging
[30] and the technical advancement inmeasurements and the informa-
tion derived from system biology should permit to develop tailored
treatment of personalized medicine in the future.

Moreover, new developments in proteomics tools emerging from
the combination of both microfluidic chips (like the microfluidic inte-
grated approach for identifying protein isoforms, in [31]) and an ad hoc
designed protein-capture agents (like the SOMAmers in the SOMAscan
technology, in [32]) canmake the dream of a comprehensive proteomics
become true.

In Fig. 1 we introduce a protocol starting from the collection of pa-
tients' samples (saliva, blood, urine or others) and from the analysis
of the differentially expressed genes using both statistical and not-
statistical analyseswith Leader Genes [33] andDNASER [34] approaches,
introduced time ago as tools for molecular genomics enabling the se-
lection of few important highly interconnected genes. These ab initio
targeted microarray-based bioinformatics and nanogenomics [35]
lead to few identified genes that can be expressed in a cell-free environ-
ment thanks to Nucleic Acid Programmable Protein Array (NAPPA) tech-
nologies [36,37]which utilizes a complexmammalian cell free expression
system to produce proteins in situ. In alternative to fluorescently-labeled
approaches [38] awide range of nanotechnological approaches have been

recently introduced to characterize NAPPA microarrays, all critically
discussed [39]. Label-free NAPPA technology, in combination with
drug nanodelivery [40] and protein nanobiocrystallography [41,42]
and its possible ongoing developments using anodic porous alumina
(APA) and bacterial cell-free expression system, appear to form a single
approach, named nanoproteomics [43], capable of effectively solving
the numerous problems still present in medical diagnosis and therapy.
The emerging label free NAPPAmethod recently introduced [44] consists
of the combined utilization of QMC_D nanogravimetry, mass spectrome-
try and APA (Fig. 1) as the last step of the protocol for personalizedmed-
icine (Fig. 1) being optimal in analyzing protein function and protein–
protein interaction. Target protein microarrays provide a powerful
tool for high-throughput (HT) analysis of protein–protein or small
molecules–protein interactions. Common protein microarrays are
generated by separately spotting purifiedprotein on the arrayswith link-
age chemistries. However, due to the complicated work associated with
HT protein production and purification, and the concerns regarding pro-
tein stability during storage before and after being spotted on the array, a
significant improvement to the target proteinmicroarrays is represented
by NAPPA which allows for functional proteins to be synthesized in situ
directly fromprinted cDNAs just in time for assay [36–39]. Printing cDNA,
rather than proteins, eliminates the need to express and purify proteins
separately and produces proteins “just-in-time” for the assay, abrogating
concerns about protein stability during storage [45,46]. Label free nano-
technologies, previously used to study molecular interaction and adsorp-
tion of different biomolecules, are here applied to functionalized NAPPA
surfaces [39–44] to enable the detection of proteins and their interactions
without the need for labeling reagents with tags. The detection of
low-abundant biomarkers frombiological fluids (e.g., blood, urine or sa-
liva) requires high throughput detection techniques and in this sense
nanoproteomics provides the robust analytical platform for personal-
izedmedicine, as needed for real-time and label-free sensitive detection
of low-abundant proteins [43,44]. In traditional labelingmethods (Fig. 2)
of both nanogenomics and nanoproteomics a fluorescent molecule is
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Fig. 1. Protocol of NAPPA-based nanoproteomics for personalized medicine. After collecting the samples from the patients, differentially expressed genes (DEG) are studied
according to both statistical and not-statistical techniques and Leader Gene approach. Thus only few genes of interest are selected (genomic signature), they are expressed via
NAPPA technology and protein–protein interactions (proteomic signature) are fully characterized via label-free nanobiotechnologies (namely nanogravimetry, Anodic Porous
Allumina, mass spectrometry), presently overcoming the limitations of labeled technologies.
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