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Motivation and Objectives

Tissue engineering, the research field cimed aft find-
ing high tfechnological biomaterials able to restore,
maintain, or improve tissue function, concentrates
many efforts in the contest of bone and cartilage,
due to their possible wide-spread clinical applica-
fions. The main target is the design of well perform-
ing scaffolds suitable to promote the development
of natural tissue in implant conditions, without gen-
erating rejection and, hopefully, degrading in vivo
at the same rate of tissue formation.

Conceming both bone and cartiloge, one of
the most important research aspects is determin-
ing the biochemical and topological factors that
induce cell differentiation and ftissue ingrowth.
The scaffold material composition is crucial and
many of them have been already tested, includ-
ing alginate (Duggal et al., 2009), collagen/chi-
fosan (Ravindran et al., 2012), polycaprolactone
(PCL) and hydroxyapatite (HA) (Scaglione et al.,
2010), Poly-L-Lactide Acid (PLLA) (Ciapetti et al.,
2012), polymethylmethacrylate (Bombonato-
Prado et al., 2007), bioactive glasses (Leven et
al., 2004), carbon nanotubes (Van der Zande et
al., 2004), efc.

To better evaluate material performance,
the biomolecular characterization of the cellu-
lar response is becoming a common practice
among researchers. Nonetheless, experimental
data usually remain sparse in literature: the col-
lection of high-throughput gene expression pro-
files from samples on different materials could
allow data comparisons and formulation of new
hypotheses about the effectiveness of bone/car-
filage substitute.

In this context authors extended the existing
OsteoChondroDB database (Viti et al., 2012),
which collects data and metadata from micro-
array gene expression of cells cultured in differ-
ent conditions onto diverse materials, and allows
analyzing differentially expressed genes (DEG)
from the available knowledge base.

Methods

The OsteoChondroDB relies on MySQL database,
while the web interface has been developed
using php and javascript technologies, and this
improved version of the systems is based on the
same infrastructure.

Manual research has been performed on
papers containing biomolecular data about
osteochondral fissue developed on different
scaffolds. Data have been retrieved from known
public repositories such as Gene Expression
Omnibus (http://www.ncbi.nim.nih.gov/geo/) and
ArrayExpress (http://www.ebi.ac.uk/arayexpress/),
whenever experiments were available, or di-
rectly contacting papers authors. The amount of
data produced in this field is new, scarce, and
variegated, although the importance of biomo-
lecular aspects related to the fissue growth on
materials can be of great importance fo design
improved scaffolds.

To exploit the available data in an integrated
fashion, the strategy described by Kodama et al.
(Kodama et al., 2012) appears useful, because
it proposes a multi-species and multi-platform
approach for gene expression microarray data
meta-analysis. In this way, it is possible 1o in-
crease the number of evidences, by considering
mouse and rat data fogether with human experi-
ments and by mixing different versions, brands
and designs of microarray chips. The information
mapping between species can be performed
through AILUN system (Chen R et al., 2007), which
converts ids of different platforms.

Results and discussion

A new section of the OsteoChondroDB (freely
accessible to users at url: http://www.itbh.cnr.it/
osteochondrogene/) has been created to main-
tain the collected information. The database is
organized into fables containing the considered
biomaterial types, the organism and the exploit-
ed cells, the array platforms, the PubMed identi-
fier of the paper, some notes about the experi-
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ment and the obtained results. Contextually, the
database web interface has been extended to
suitably visualize this new information. Collected
experiments have been grouped according
to the reference biomaterial, and metadata
and data about experimental conditions can
be browsed from the related section. Data are
stored in the file-systern and accessed through
a link from the database web interface, while
metadata are hosted in the database itself. Data
retrieval is possible starting from array type, or-
ganism and biomaterial.

In order to infer new knowledge about mech-
anisms involved in bone and cartiloge gen-
eration, a suitable pipeline (Figure 1) has been
designed to mine knowledge from collected
information. Microarray data, retrieved from dif-
ferent sources, are maintained into a single da-
tabase table, whose main fields are the name of
the gene, and the expression value in each ex-
periment. Samples are grouped into treatments
(diverse biomaterials) and controls, and inter-mi-
croarray normalization is performed on the basis
of recognized housekeeping genes (de Jonge
et al.,, 2007) that are preserved in each microar-
ray platform. The core of the strategy relies on
the approach implemented by Kodama et al.:
considering collected datasets as belonging to
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a single experiment, it produces an integrated
model of genes expression values from which a
selection of DEG can be statistically inferred.

Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) ontology have
been exploited to annotate genes, and define
the functional enrichment of the results set (on
the basis of the hypergeometric distribution), in
order to elucidate the mostly activated function-
al mechanisms involved in bone tissue genera-
fion according to each biomaterial.

Moreover, the database interface has been
extended to perform data annotation. The
OsteoChondroDB  maintains many references
related to bone and cartiloge that can be eas-
ily exploited to annotate DEG with the collected
knowledge base. A suitable interface has been
developed to upload microarray results, to auto-
matically perform annotation and 1o retrieve the
list enriched by one or more literature references
for each DEG.

The OsteoChondroDB improvements dis-
cussed in this work offer users the possibility to
access data that previously were sparse in litera-
ture, providing the possibility of statistically ana-
lyzing them in an intfegrated fashion. Two main
features contribute to add value to the applica-
fion: the automatic annotation of osteochondro
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Figure 1: Schema of the designed analysis pipeline.
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genes according to literature references, which
improves the information about physiological
pathways involved in the development of these
fissues, and the exploitation of many integrated
microarray data to statistically analyze bone and
cartilage ingrowth, that represents a useful sup-
port for tissue engineering applications.
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