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Abstract

Researchinto the molecular mechanismof Dupuytrenâ��sdisease(DD) illustrates all the problems common
to drug discovery in orphan diseases,but also in more commonly investigated ailments. Current ï‹�ndings
characterizeDD as a diseasewith complex molecular pathology, with changesin expressionof multiple
genesand proteins aswell asmany contributing risk factors. Some of the observed changesinclude genes
and proteins that have been identi ï‹�ed in a number of other pathological processes,such asTGF-b, some
which may be more speciï‹�c to DD, such asADAM12, and undoubtedly alsosome that haveyet to be dis-
coveredin future studies.When all theseresultsare taken into consideration, it can be deduced that DD is
an end result of severalpathological processesthat can havemany points of origin, and probably involves
severalsubtypesthat give rise to sufï‹�ciently similar clinical symptoms to be uni ï‹�ed under a single medical
term. Such breadth of view hasbecome possiblewith the advent of functional genomics methods and sys-
tem-wide overview of the molecular processes,which highlight molecular playersand processesthat might
not be intuitively obvious from symptoms, as is the casewith the observed parallelswith wound-healing
processes.As functional genomics methods allow researchersto compile a more complete image of the
molecular mechanismsinvolved in DD pathogenesis,they alsohelp to proposenew drug targets that canbe
employed to develop aneffective pharmacological treatment for DD. Identi ï‹�cation of key molecular players
in DD hasalready beneï‹�ted from the integration of functional genomics and biocomputational methods,
and such approachmay revealnew wayshow we can interfere with the emergenceof the DD phenotype.
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1. Introduction

1.1.Functional
GenomicsandDrug
Discovery:A General
Overviewof Research
Approaches

Functional genomics refers to a set of methods that attempt to
identify and characterize the functions of genes in an organism.
Rather than mapping the genome sequence of the investigated
cells, functional genomics aim to understand the relationship
between the genome and the phenotype. It focuseson genesthat
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Fig.1.Potentialdirectionsof functionalgenomicsmethodsin drugdiscovery.

are actually expressedat a given point in time and their dynamic
functions and interactions, thus creating genome-wide proï‹�le
through which researcherscan identify the activity levelsof genes
in a cell. Sincetheseinvestigations often involve system-levelstud-
iesof cellular mechanisms,methods in functional genomics are fre-
quently designed to study the entire macromolecular content of a
cell, such astranscriptomic methods for screening the full quantity
of messengerRNAs (mRNAs) in a cell or proteomic methods for
screening the full quantity of proteins in a cell. In terms of drug
discovery,application of functional genomics methods to drug dis-
covery progressesin severalresearchdirections (Fig. 1). Functional
genomics hasgenerally been usedwith two principal aims in mind:
to elucidate the mechanism of molecular function of existing or
potential molecular targets, which then aids in screening of the
compounds that can act on such targets, or to predict and propose
novel molecular targets for which therapeutics can then be devel-
oped. In addition to the main objectives of providing an effective
diagnostic markers or treatment for the ailment under investiga-
tion, these two directions share the common aims of unraveling
the molecular mechanismsthat underlie pathological processesand
the effects of potential therapeutics on those mechanisms.
Functional genomics should therefore aid the transition of current
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healthcare system into one that is oriented much more towards
prevention and early diagnosis, rather than the one exclusively
focused on diagnosis, treatment, and rehabilitation after the onset
of diseasebegun.

Given the advantages in scope and sensitivity of functional
genomics methods, this approach lends itself well to the attempts
to ï‹�nd the early diagnosis options or effective treatment for the
so-called orphan diseasesâ��diseasesthat have low incidence in a
population or for some other reason do not garner as much
scientiï‹�c, clinical, and pharmacological attention as their more
thoroughly investigated counterparts. The potential ability of func-
tional genomics methods to pinpoint the differences in molecular
processescharacteristic of pathological statesmight make them an
effective and efï‹�cient way to propose and acceleratethe develop-
ment of diagnostic or treatment options for orphan diseases.While
these advantagesof functional genomics in drug discovery are
equally attractive in researchfocusing on more common ailments,
it is neverthelessa very important aspectof biomedical investiga-
tions of orphan diseasesgiven the constrained funding conditions
that often accompanysuch efforts.

1.2.Functional
GenomicsHelps
to Identify
PathologicalMolecular
Processesas well as
NovelDrugTargets

Despite the advancementof the new methods developed to iden-
tify new molecular targets for drugs, the rate at which new drugs
enter the market has not substantially acceleratedin the previous
decadesand has largely remained constant over that period (1).
This is in part due to the tightening of regulations when it comes
to drug safety concerns. Extensive toxicology studies required
prior to clinical testing on humans have resulted in many drug
development projects being terminated even in the late stagesof
researchonce it has been determined that the compounds might
be unsafefor use.Given the length, costs,and uncertainty involved
in drug discovery processes,it is of great interest to ï‹�nd wayshow
the whole processcan be made more predictable in terms of the
eventual outcome.

Detailed knowledge of the molecular mechanism of action is
one of the best wayshow this aim can be achieved. While a drug
can be therapeutically effective even without intricate insight into
its exactmechanismof action, asproven by many famous examples
in the history of pharmacology, possessingsuch knowledge can
greatly acceleratethe discovery of effective treatment options and
at the sametime reduce the costsof such process.With their abil-
ity to comprehensively study many cellular processesat once,
functional genomics methods are well suited for studying molecu-
lar mechanism of disease.Rather than giving a static overview of
the genetic material available to the cell, for example due to
sequencing, functional genomics focuseson dynamic expression
pro ï‹�les of those genes. Methods used in functional genomics
usually survey either cellâ��stranscriptome, all mRNA molecules
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expressedin a cell, or its proteome, that is, all proteins currently
present in a cell. An overview of the cellâ��smRNA content provides
insights into the amount of available mRNA for protein produc-
tion, and can be correlated with the level of activity of genescod-
ing for it, aswell asthespeedof mRNA degradation. Transcriptomics
methods, suchasDNA chips or microarrays, can survey thousands
of transcripts simultaneously by reverselytranscribing the isolated
mRNA and hybridizing it againstan array of complementary DNA
fragments. Using ï‹�uorescent dyes it is then possible to determine
not only the presence of speciï‹�c mRNA molecules with known
sequencein the samples,but also the amount of eachmRNA mol-
ecule that waspresent in the samples.What is more, it is possible
to compare such sampleswith reference levels of expression, for
example from appropriate controls, and therefore obtain a differ-
ential expression pro ï‹�le characteristic of a pathological process
under investigation. These differences then accentuate either the
altered activity of gene transcription for those genessuspectedto
play a role in the diseasepathogenesis,or highlight novel molecu-
lar players and potential targets for future research. As such,
transcriptomics studies can offer useful insights on whether a
pathological process stems from the abnormal transcription, or
regulation of transcription, of a gene.

Transcriptomics methods can also be used to simulate the
effects of therapeutics aimed at removing a particular gene prod-
uct from the cell, and therefore to gain insight into whether such
option would be a viable path to take in drug development.
Eliminating or attenuating the production of mRNA molecules
removes the template for production of proteins in a cell (2).
A traditional way to manipulate the production of mRNA mole-
cules in a cell is to eliminate it entirely, by using the so-called
â��knockoutâ�� cells or organisms that entirely lack, or for some
other reason cannot produce, protein under investigation.
However, while such methods provide some insights into the
functioning of a cell that lacks a target gene product and conse-
quently into the potential role of a gene product in the pathogen-
esis, producing genetic knockouts comes with some distinct
disadvantages. Methodologically, producing knockouts is often
an impractical thing to do and has only a limited use in human
studies through in vitro methods. Moreover, knockout mutations
often severelyimpair development and many are inherently lethal,
making it impossible to produce a viable knockout model for
many diseases. As a consequence, much attention has been
devoted to development of techniques to attenuate, rather than
completely eliminate, the production of mRNA molecules in cells
(2, 3). This can be achieved at several levels of mRNA metabo-
lism, starting with the regulation of mRNA transcription. As
transcription of mRNA requires bonding of speciï‹�c transcription
factors around the coding regions of DNA, interference with
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these processes, such as through modi ï‹�cation of transcription
factors or modi ï‹�cation of transcription factor binding sites on
DNA (for example, through DNA methylation), can affect pro-
duction of mRNA and consequently the subsequent abundance
of the corresponding protein product. The development of meth-
ods jointly known asRNA interference (RNAi) has garnered an
especially large amount of researchattention. The RNAi mecha-
nism is a natural process employed by eukaryotic cells to inhibit
protein production at a posttranscriptional level through the use
of small strands of RNA that speciï‹�cally bind to complementary
sequencesof target mRNA molecules to control their activity,
mostly by temporarily eliminating the translation of such double-
stranded mRNA into protein. Given that, in contrast with elimi-
nating the gene at the DNA level, the reduction of mRNA levels
through these techniques is often temporary and can also be
incomplete, these techniques are said to produce a â��knockdownâ��
rather than a â��knockoutâ�� effect in a cell. As these methods tend
to be highly successfulfor gene silencing in experimental settings,
they are becoming an indispensable tool for large-scalefunctional
genomics screensand high-throughput drug target screening.

However, while the absenceof mRNA molecules can cause
the drop in levelsof proteins in a cell, the availability of mRNA in
a cell does not necessarilytranslate into the comparable biological
activity of proteins (4). In addition to many posttranscriptional
control points that regulate translation of mRNA into proteins as
well asdiverse posttranslational modi ï‹�cations, proteins also form
interdependent and overlapping signaling pathways that feature
many feedback and feed-forward loops both within and across
pathways (5). The behavior of such complex biological networks
cannot be predicted from the transcriptome alone, necessitating
the development and application of techniques that can provide
direct data on the activity of proteins in a cell (6, 7). Proteomics,
a joint term used for the methods that attempt to study the pro-
tein content of a cell (a proteome), is therefore an important
aspectof functional genomics researchaimed to uncover the levels
of cell metabolic activity, and therefore also the corresponding
drug discovery research.Comparisons between affected and con-
trol cells, or between control and treated cells, allow for direct
links to be madebetween suchparametersand molecular responses
in a cell. Therefore, methods that measurethe quantitative levels
of proteins can be used not only to study the differential expres-
sion of proteins resulting from pathological processes,but also the
actual effects that stem from the application of therapeutic com-
pounds. Thus, the sameset of methods can be used to character-
ize diseasepathogenesis,discover novel drug targets, and monitor
the molecular changes that result from drug therapy. As such,
large-scaleinvestigations of the proteome, especially comparative
studies of proteins expressedin pathologically modi ï‹�ed cells with
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and without pharmacological treatment, show great promise for
identifying potential drug targets and molecular consequencesof
therapy.

Due to the complexity of functional genomics results, the
information gained through functional genomics experiments is
often complemented by biocomputing analyses.In general, bio-
computing has three major roles (8): (1) to organize data in such
a way asto allow researchersto accessexisting information and to
submit new data, e.g., Protein Data Bank for 3D macromolecular
structures, (2) to develop tools and resourcesthat would help in
data analysis,e.g., comparison of protein sequences,and (3) to use
these tools for data interpretation in a biologically meaningful
manner. Such analysesarenecessarywhen dealing with the kinds of
datasetsproduced by functional genomics methods, and ultimately
servethe purpose of highlighting the results of interest, from mac-
romolecules with differential expressionto homologies acrosssys-
tems and integration of system-level data. While not unique to
drug discovery research, analysesof this kind can also pinpoint
potential therapeutic targets and/or markers needed for early
diagnostics.

2.Molecular
Mechanisms,
Functional
Genomics,and
DrugDiscovery
Perspectivesin
Dupuytrenâ��s
Disease

As a casestudy illustrating the use of functional genomics in drug
discovery, especiallyin orphan diseases,in the rest of this chapter
we provide an in-depth look of the researchemploying functional
genomics methods and biocomputing to ï‹�nd the molecular
causesof pathogenesis, and consequently potential drug targets,
in Dupuytrenâ��sdisease(DD). DD is a benign palmar ï‹�bromatosis
with high prevalence in some populations which also severely
impairs the hand function of the affected patients. Despite the
frequency of its occurrence, DD has received limited research
attention to date. However, the picture that has emerged from
the studies to date is a complex one, and DD pathogenesis likely
involves several molecular pathways and thus a broad array of
potential targets for drug development and early diagnostic mark-
ers. As such, it provides a good example of challengesoften faced
by researchers attempting to unravel molecular mechanism of
orphan diseasesand ï‹�nd potential drug discovery for such ail-
ments. While a helpful nonsurgical treatment for symptoms of
the DD has recently become available (9), the research into the
molecular mechanisms that lead to its emergence is still ongoing,
as this treatment has not been equally efï‹�cient in symptom alle-
viation in all patients. Molecular playershighlighted by functional
genomics methods may hold the key to ï‹�nd suitable drug targets
to overcome this problem.
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Fig.2.Anoverviewof majorprocessesthatleadtotheemergenceof Dupuytrenâ��sdiseasesymptoms.

2.1.MolecularFactors
in the Pathogenesisof
Dupuytrenâ��sDisease

Molecular proï‹�le of pathological changesin DD is complex, and
involves many molecular factors that belong to severaldifferent
cellular processesand pathways (Fig. 2). Abnormal growth factor
expression,in particular those of cytokines basicï‹�broblast growth
factor (bFGF) and transforming growth factor beta (TGF- b), are
believed to primarily drive at least two molecular processesin
Dupuytrenâ��sdisease:(a) proliferation of ï‹�broblasts and their dif-
ferentiation into myoï‹�broblasts and (b) production of denseextra-
cellular matrix containing elevated levels of ï‹�bronectin, type III
collagen, and proteoglycans (10â��12). Badalamenteet al. (13) stud-
ied intracellular and extracellular localization of two common
TGF- b isoforms, namely TGF- b1 and TGF- b2 in the proliferative,
involutional, and residual stagesof Dupuytrenâ��sdisease,and found
that TGF- b1 wasactive in ï‹�broblasts and myoï‹�broblasts at all dis-
easestages.TGF- b2 was localized in myoï‹�broblasts in the prolif-
erative and involutional stages,but wasabsentin the residual phase
ï‹�broblasts. Importantly, the studies on explant cultures from
Dupuytrenâ��s nodules in the proliferative or involutional stage
revealedthat, compared to control myoï‹�broblasts, the addition of
TGF- b1, TGF- b2 and the combination of both isoforms had
signiï‹�cant effects on myoï‹�broblast proliferation (13). However,
TGF- b2 had the most signiï‹�cant proliferative effect.

There is an evidence that the expression of unstable form of
zinc- ï‹�nger protein 9 (Zf9) could predispose patients for develop-
ment of Dupuytrenâ��s disease(14). Zf9 is a transcription factor
synthesized in the cell nucleus, which binds to the promoter
region in the genes coding for TGF- b1, TGF- b2, and their
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respective receptors. The gene for the Zf9 protein containing
the nucleotide guanine at position 1,140 synthesizesan unstable
form of this protein, which appearsto be directly responsible for
increased synthesis of TGF- b1, TGF- b2, and their respective
receptors in serum and tissue (15).

Several studies conï‹�rmed that structural components of the
extracellular matrix such as collagens (particularly collagen type
III), laminin, ï‹�bronectin, and elastin are altered in DD (16, 17).
After quick synthesisof immature, normal-length collagen type III,
contractile force of myoï‹�broblasts causescollagen structure of tis-
suesto shorten, leading to an increaseof contractile force and loss
of hand function. This processis believed to be the result of several
molecular events: increased density of ï‹�broblasts, stimulation of
ï‹�broblasts by growth factors, decreasedrate of apoptosis (pro-
grammed cell death) of ï‹�broblasts, and disproportion between
collagenases(also known as matrix metalloproteinases, MMPs)
and their inhibitors, also known astissueinhibitors of metallopro-
teinasesor TIMPs (10). Recent work hasalso identi ï‹�ed proteases,
including A disintegrin and metalloprotease (ADAM)-12, proteo-
glycans (notably PRG4), and â��matricellularâ��components, includ-
ing tenascin C and periostin, as well as speciï‹�c members of the
metalloprotease family (MMP-2 and MMP-9) asbeing abnormally
regulated in DD (18â��20). Importantly, Vi et al. (20) showed that
periostin is abundant in Dupuytrenâ��sdiseasecord tissue.The rele-
vanceof periostin upregulation in DD wasassessedin primary cul-
tures of cells derived from diseasedand phenotypically unaffected
palmar fasciafrom the samepatients. These studies revealed that
periostin induces the proliferation and apoptosis of phenotypically
normal ï‹�broblasts derived from the palmar fasciaadjacent to the
DD cord, and myoï‹�broblast differentiation of DD cells.Altogether,
it seems possible that periostin, secreted by disease cord
myoï‹�broblasts into the extracellular matrix, promotes the transi-
tion of residentï‹�broblastsin the palmarfasciatoward amyoï‹�broblast
phenotype, thereby promoting diseaseprogression (20).

It has also been hypothesized that immunological response
driven by severalcytokines plays an important role in the patho-
genesisof Dupuytrenâ��sdisease.For example, IL-1 that stimulates
platelets and macrophages giving rise to the secretion of several
growth factors (e.g., TGF- b, FGF (ï‹�broblast growth factor) and
PDGF (platelet-derived growth factor)) hasbeen shown to induce
migration of inï‹�ammatory cells to the fasciaaffected by DD (21).
The latter cellsproduce different growth factors, including TGF- b

(22), leading ultimately to palm contracture. In turn, increased
secretion of IL-1, TGF- b and ï‹�bronectin in DD accounts for rise
in the number of inï‹�ammatory cells, and consequently, further
increase in the production of cytokines and growth factors by
these cells. Severalauthors have hypothesized that this phenome-
non occurs as a consequence of completely abrogated/partially
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deregulated apoptosis either in ï‹�broblast/myo ï‹�broblast cells or
in inï‹�ammatory cells in DD tissues(23, 24).

Strong evidenceexistson the possiblerole of oxidative stressin
DD pathogenesis,showing an increasedreleaserate of superoxide
free radicals( Oâ��

2 ), hydrogen peroxide (H 2O2) and hydroxyl radicals
(OH â��) in affectedpalmar fasciae(25). Oxygen free radicalsat lower
concentrations, i.e., concentrationssimilar to those likely to occur in
Dupuytrenâ��sdisease,might stimulate proliferation of ï‹�broblasts in
DD (25). Suchincreasedproliferation rateof ï‹�broblastsmay leadto
accumulation of type III collagenand ï‹�bronectin. In the wound, the
synthesisof both collagen II and ï‹�bronectin exceedstheir degrada-
tion rates,followed by risein the collagenlevels.Later on, in normal
tissue, production and degradation of collagen become equal. On
contrary, in DD, a net collagen gain might be observedin affected
fasciae.It might not be ruled out that high levelsof free radicalsin
DD tissuesmight be produced by defectivemitochondria, in which
free radicals are generated by means of electron leak, as it was
reported that a mutation within the mitochondrial genome (16s
rRNA region) in patients with Dupuytrenâ��sdiseaseexists(26).

2.2.NewInsights
into Dupuytrenâ��s
DiseasePathogenesis
Revealedby High-
ThroughputFunctional
GenomicsMethods

Until last decade, most issuesin modern cell biology have been
tackled using the so-called â��reductionist methods,â�� i.e., by study-
ing one gene, one protein, one speciï‹�c protein modi ï‹�cation, or
one molecular eventat a time. This reductionism hasbeenjustiï‹�ed,
given the complexity of biological systemsand lack of appropriate
tools for developing more integrative methodologies at that time.
However, with a perpetual technological advancement, it hasnow
become possible to get a more thorough understanding of com-
plex biological systemsby observing their featuresand dynamicsat
different molecular levels. This integrative functional genomics
approach makesit possible to reveal intricate networks of molecu-
lar interactions and cellular pathways by using high-throughput
and large-scalemethodologies, such as transcriptomics and pro-
teomics, combined with statistical and computational analysesof
obtained results (27). These cellular interaction maps, with
assigned dimensions of time and space,are the answer to chal-
lenges faced by molecular complexity, and ultimately reveal the
big picture of cellular functions in diseasestates.Such integrated
networks are particularly pertinent to complex diseases,where
targetedtherapyagainstsingleproteins is insufï‹�cient, and more effec-
tive therapeutic approach can be applied only with complete
comprehension of integrated molecular proï‹�les.

Transcriptomic studies of DD unveiled speciï‹�c â��genesigna-
turesâ�� pointing to cellular events that might account for DD
pathogenesis,and which include collagen degradation, generation
of the contractile force, myoï‹�broblasts differentiation, oxidative
stress, regulation of apoptosis, proteolysis and inï‹�ammation,
ï‹�brosis, cytoskeletal development, lipid metabolism, cell growth,
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proliferation, differentiation, regulation of cell death, biological
cell adhesion, localization, extracellular matrixâ��receptor interac-
tion, cell communication, and ossiï‹�cation. These molecular
ï‹�ndings were not entirely unexpected, asall of them can be linked
with reported DD symptoms. However, several novel ï‹�ndings
came into focus revealing that DD shares some common gene
expression patterns with liver ï‹�brosis, e.g., an overexpression of
collagen type V a2 (COL5A2), ADAM metallopeptidase domain
12 (ADAM12), and cysteineand glycine-rich protein 2 (CSRP2),
along with downregulation of procollagen C-endopeptidase
enhancer 2 (PCOLCE2) and matrix metallopeptidase 3 (MMP3)
(18). Importantly, observed difference in the expression status
between the major deregulated genesfrom the nodules and from
the cords in comparison with external control fasciaclearly under-
lines the potential of transcriptomic proï‹�ling for discerning DD
phenotype.

MicroRNAs (miRNAs) are classesof small noncoding RNAs
(~22 nt) which normally function asnegative regulators of target
mRNA expression at the posttranscriptional level (28). Their
binding to the 3´¢UTR of target mRNAs through base pairing
brings about the target mRNAs cleavageor translation inhibition.
Their roles in many crucial biological processeshave been ascer-
tained including cell growth, tissue differentiation, cell prolifera-
tion, embryonic development, and apoptosis. Consequently,
mutation of miRNAs, dysfunction of miRNA biogenesis,and dys-
regulation of miRNAs and their targets might result in various
diseases.Mosakhani et al. (29) were the ï‹�rst to characterize the
miRNA pro ï‹�les of DD patients, and found that some of the
identi ï‹�ed miRNAs regulate the genes related to the b-catenin
pathway, namely WNT5A, ZIC1, and TGFB1. This study revealed
deregulation of b-catenin pathway in DD and proposed the
miRNA expressionpro ï‹�ling asa promising tool for novel research
strategy for DD.

As proteins are regarded as functional outputs of the cells,
studies of their biological activity, expression,structure, and func-
tion arevery important in termsof diseasepathogenesis.Proteomics
methods help to advanceour understanding of cellular behavior at
the systemslevel, leading to identi ï‹�cation of new drug targets and
the development of novel diagnostic tests.In addition, proteomics
can reveal the alterations that RNA analysisalone cannot provide,
such asproteinâ��protein interactions, cellular localization, modi ï‹�-
cations (such as isoforms and posttranslational modi ï‹�cations),
and protein abundance. However, study of proteins is hampered
by the possible involvement of many different cellular regulatory
mechanisms that ultimately shape their structure, function, and
expression. Unlike genomes, proteomes are dynamic, and many
proteomic studies focus on examining changesin proteome com-
position under various conditions (e.g., diverse stagesof disease
progression). Two-dimensional gel electrophoresis (2DE) is a
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powerful method for separation, visualization and quanti ï‹�cation
of thousands of different protein species in a single run.
Differentially expressedproteins resolved on 2DE gels can then
be identi ï‹�ed by two different approaches,either by peptide-mass
mapping using MALDI-TOF MS (Matrix-assisted laser desorp-
tion/ionization time-of- ï‹�ight massspectrometry), or by peptide
sequencing using ESI-MS/MS (electrospray ionization-tandem
massspectrometry). Using 2DE/MALDI-TOF MS, a compara-
tive study between affected and adjacent, nonaffected patient-
matched tissuesfrom patients with DD in the involutional phase
has been carried out by Kraljevic Pavelic et al. (30). The results
highlighted alterations in the proteins associatedwith extracellular
matrix (ECM) production, cell proliferation and differentiation,
cytoskeleton assembly and maintenance, muscle contraction,
energy production (glycolysis and citric acid cycle), regulation of
apoptosis, and responseto oxidative stress.Moreover, these pro-
teins were identi ï‹�ed in the context of their respective biological
pathways by creating the proteinâ��protein interaction network
(interactome). Such approach resulted in the discovery of several
signaling events novel to the Dupuytrenâ��s disease,namely auto-
crine regulation through ERBB-2 and IGF-1R receptors, and Akt
signaling pathway in prosurvival signaling in DD ï‹�broblasts. These
results demonstrate that proteomics complemented with biocom-
puting tools for data processingmight be an effective paradigm to
revealnew molecular processesin diseasepathogenesis,which will
set new directions in DD research (30). The increasing use of
high-throughput platforms for the analysisof protein expression
levels driven by technological advancement in massspectrometry
and array-basedtechnologies hasemerged aspotential diagnostic
tool for rapid and accurate high-throughput screening. SELDI-
TOF MS (Surface Enhanced Laser Desorption/Ionization Time-
of-Flight Mass Spectrometry) couples array-based technology
(ProteinChip ´fi, Ciphergen BiosystemsInc.) with MALDI-TOF MS.
Protein mixture is applied onto the surface of the protein chip
arrays that retain the proteins according to their speciï‹�c physico-
chemical properties. Comparisons of spectra obtained from large
number of different samples reveal unique or overexpressed
protein signal in a particular sample set. Using this approach,
Oâ��Gorman et al. (31 ) analyzed normal and disease palmar
fascia from DD patients, and detected 14 upregulated and
3 downregulated low molecular weight (2â��20 kDa) peptides and/
or proteins. Further bioinformatics processing of obtained data
conï‹�rmed three disease-associatedprotein species(4,600.8 Da,
10,254.5 Da, and 11,405.1 Da) that were elevated (5.45, 11.7,
and 4.28-fold, respectively). ProteinChip ´fi Technology might
potentially help researches to focus on speciï‹�c molecular
aberrations in diseaseswith unknown etiology, suchasDD, and to
lay the groundwork for discovering new therapeutic and/or diag-
nostic targets.
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2.3.Biocomputational
AnalysisComplements
FunctionalGenomics
MethodsandAidsin
DrugTarget
Identiï‹�cation

While the results from both transcriptomics and proteomics
methods can provide useful insights into the molecular mecha-
nisms of pathological processesor treatment effects, functional
genomics results of DD investigations accentuatethe fact that the
observed expressionpro ï‹�les alone often do not tell the complete
story of diseasepathogenesis.Cells asbiological systemsfeature a
large degreeof redundancy, with pathwaysthat are interconnected
at many levels (5, 6, 32). This intrinsic complexity of biological
systemsmeans that molecular pathways are far from being inde-
pendent of eachother and in fact exist asa complex web of inter-
dependent components and subsystems.In terms of interpreting
the results of high-throughput methods, this meansthat detecting
differential expression of macromolecules (proteins as well as
mRNA) does not necessarilyimply that those particular molecules
are in fact responsible for the observed pathological processes.
Indeed, suchhigh expressionlevelsmight be indicative of amecha-
nism acting to compensate for the original source of the disease
(32). Moreover, functional genomics results often contain hun-
dreds or even thousands of identi ï‹�ed molecules, and need to be
further analyzedand contextually interpreted to extract the impor-
tant information. Biocomputational methods provide this crucial
ï‹�nal step in the biological interpretation of the functional genom-
ics resultsand, consequently,in identi ï‹�cation of potential drug tar-
gets for future research.

The ï‹�rst step in biocomputational analysis is often to stan-
dardize the terms used in the experimental dataset. Functional
genomics datasetsthat emerge from different identi ï‹�cation tech-
niques, such as microarrays or mass spectrometry, often also
incorporate different terminology standards, especially if both
transcriptomics and proteomics methods have been performed
at different stages of investigation. It is therefore necessaryto
ensure that the terminology used will be applied uniformly and
suitable for in-depth analysis. Several online tools can be very
useful in this regard, as they contain the information needed for
successful conversion between different encoding formats. For
example, various databasesmaintained by National Center for

/www.ncbi.Biotechno logy Information, freely available at http:/
nlm.nih.gov , SwissInstitute for Bioinformatics (33), freely avail-
able at www.expasy.org, or Gene Ontology Project (34), freely

/www.geneontology.org , contain the informa-available at http:/
tion which can aid in linking identi ï‹�ed proteins to the genesthat
code for them, and therefore allow for easiercomparisons between
transcriptomic and proteomic data. Tools of this kind are also
useful for ï‹�nding synonyms, asthe results obtained by functional
genomics methods may also use different nomenclature from the
computational tools used later in the analysisprocess.Moreover,
such tools can also help when it comes to hypothetical proteins
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that sometimes form a part of the experimental dataset, as well
as to resolve dilemmas in situations when, for example, more
than one target protein can be the result of the spectrometric
analysis.

Once the data has been converted into a desired format,
other biocomputational tools can aid in biological interpretation
of functional genomics results. A very useful step is the categori-
zation of identi ï‹�ed genes or gene products in accordance with
their function and cellular localization, as well as pathways and
biological processesthat they belong to. Analyzing the data with
tools that can provide such answersgreatly aids in the interpreta-
tion of the results, asit becomespossible to discussthe results in
terms of interdependent processesrather than single molecules.
This facilitates systemsthinking and biological interpretation, as
it is often more convenient to envision how the interaction
and interdependencies between several subsystems, instead of
hundreds of individual elements, give rise to the emergence of
diseasepathogenesis.Tools like PANTHER Classiï‹�cation System
(35), freely available at http://www.pantherdb.org , can greatly
aid in this effort, as inputting a simple list of macromolecules
returns the information about the involved pathways, as well as
homologies between various biological and pathological pro-
cesses.Moreover, identi ï‹�ed genes or gene products can also be
classiï‹�edaccording to the control of their regulation. Coregulation
analysis,determining whether the identi ï‹�ed genescould be regu-
lated by common transcription factors, brings the interpretation
another step closer to understanding the molecular mechanism of
disease,and is equally important in search for potential triggers
of pathological processesas it is in considerations whether some
differentially expressedgenesshould be considered ascrucial for
pathological changes or simple consequencesof shared mecha-
nism of transcriptional regulation. Tools that can identify com-
monalities in transcription factor binding sites, such as Distant
Regulatory Elements of coregulated genes or DiRE (36), freely
available at http://dire.dcode.org , can provide just such insights,
and, for example, help determine whether the obtained changes
in expression levels of proteins could stem from regulation at
the level of transcription or from some other molecular events.
This kind of analysis can narrow down the search for suitable
drug target candidates, which is especially vital when scientiï‹�c
information about the biological process under investigation
is limited.

Understanding of complex datasets,such as those produced
by functional genomics methods, is often aided by data visualiza-
tion. One of the most striking categoriesof such visualizations are
interactomes, or proteinâ��protein interaction maps. Using tools
that utilize either curated databases or text mining to ï‹�nd
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interactions and connect proteins, it is possible to use a simple list
of proteins obtained from the functional genomics methods and
put it into a biological context asan interconnected network. One
of the freely available tools for interactome generation is Search
Tool for the Retrieval of Interacting Genes or STRING (37),
http:/ /string-db.org , which usesboth predicted and experimental
interactions between proteins. While in an ideal caseone would
end up with a single map that contains all of the inputted proteins,
the end result is rarely this convenient. Disconnected elements of
a network may appear for various reasons,for example becausea
particular interaction is missing from the databaseor becausesome
proteins that could otherwise link up the disconnected elements
were not detected asbeing differentially expressedby the experi-
ment. Search for such links creates opportunities for further
research, which can include ï‹�nding novel interactions between
proteins or highlighting proteins further up the signaling cascade
that could play a role in diseasepathogenesis. In the sameway as
the identi ï‹�cation of the differentially expressedproteins, ï‹�lling in
such gaps in the interactome map can not only stimulate further
researchinto the molecular processesof diseasepathogenesisbut
also help to draw attention on potential drug targets for future
investigations.

Taken together, computational tools, such as the ones listed
here, can aid in our efforts to interpret functional genomics results
in a biological context, and as such advanceand accentuate the
potential of functional genomics asa method to identify drug tar-
gets or diagnostic markers. However, computational tools only
provide a solution for a single stagein the drug discovery process,
and should be followed by experimental validation of selectedtar-
gets. While they cannot provide a deï‹�nite answer on the most
promising targets for drug development, they can nevertheless
greatly aid in narrowing down the pool of potential target candi-
dates and also bring into focus the molecules and processesthat
have not been previously linked with the diseaseunder investiga-
tion. As noted, this combination of functional genomics methods
and biocomputational analysishasrecently highlighted the role of
novel and previously unexplored molecular pathways,suchasauto-
crine regulation through ERBB-2 IGF-1R receptors and Akt sig-
naling pathway in DD (30, 38). The only currently approved drug
for nonsurgical treatment of DD targetscollagen, one of the major
molecular playerscontributing to the riseof symptoms, but assuch
it might not target the root of the problem that would allow for
diseaseprevention or elimination. This emphasizesthe need to
characterizenovel targets in DD through functional genomics and
biocomputing methods in order to understand the emergenceof
the immediate symptoms from a complex biological network of
molecular interactions. Given that the discovery of new molecular
processesinvolved in diseasepathogenesisalso provides potential
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targets for therapeutics, such integrative approach holds great
promise when it comes to its future applications in therapy and
diagnostics for DD.

2.4.Conclusions
andPerspectives:
FunctionalGenomics
andDrugDiscoveryin
Dupuytrenâ��sDisease

During the last decade, large-scaleimplementation of functional
genomics methods in basic life scienceand medical research has
fostered an exponential growth in genome-wide data collection
and measuring. As such, the functional genomics approach is prov-
ing to be extremely valuable for diseasestudies in general, and
orphan diseaseslike DD in particular. The example of advancesin
our understanding of DD that have been made possible by func-
tional genomics methods illustrates how suchmethods canbe used
to shed additional light to the pathogenesisof diseases,and reveal
a range of molecular factors contributing both to diseaseonset as
well as the development of diseasesymptoms. However, it is still
dif ï‹�cult to gain a systems-levelunderstanding of a pathological
processin DD only from basic interpretation of obtained results,
such aslists of genesor proteins. Integration of functional genom-
ics with biocomputing along with other disciplines may help to
overcome these obstaclesin data interpretation. Indeed, the sheer
number of identi ï‹�ed drug target candidates from functional
genomics studiesmay emergeasa bottleneck in development of an
appropriate drug to treat DD. Current validation methods are,
however, often tailored for a particular gene and require individu-
alized, time-consuming, and expensive studies. Here again, the
hope is that the technologies that ï‹�lter the candidates in a high-
throughput, cost-effective manner, such asRNAi and proteomics,
might representa contemporary framework for approaching target
validation in drug discovery.

The question is whether the application of functional genom-
ics methods in drug discovery processcan be tailored so asto pro-
vide viable diagnostic or treatment options for a diseaseascomplex
asDD. Three general approachesmay be employed to tackle this
problem: the ï‹�rst is to treat immediate symptoms, ashas already
been done by Hurst et al. (9); the secondwould be to try to iden-
tify key players that give rise to DD pathology in most, if not all,
DD cases;and the third would be to use case-speciï‹�c diagnostics
and personalize the therapy for each patient using the available
treatment options. Regardlessof the approachof choice, functional
genomics methods can be useful tolls to achieve this aim, asthey
not only help to identify targets for intervention into the patho-
logical processesbut also provide clues on how the system will
change following therapeutic intervention. Using functional
genomics in screening of potential drugs and prodrugs may there-
fore provide key insights into the action and effectivenessof candi-
date compounds, thereby accelerating drug discovery researchin
DD and making it more cost-effective. Theseaspectsare important
in any pharmacological research, but are absolutely crucial for
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orphan diseases,in which feasibility of drug discovery is often
limited by the strict economic or experimental constraints.
Functional genomics, with its ability to survey a wide spectrum of
potential targets, may prove invaluable in this regard. Due to the
complex nature of cellâ��smolecular machinery these efforts will
likely require ever tighter integration of experimental functional
genomics methods with appropriate biocomputing methods.
Methods such asinteractome analysismay help identify key com-
ponents that are not immediately obvious from expressionresults,
and assuch provide a cost-effective way to predict the functioning
of DD pathogenesisand propose the direction of future studies.
This combination of functional genomics and biocomputational
methods holds great promise asa paradigm for future researchin
drug discovery in DD and other orphan diseases,aswell asin other
more commonly investigated ailments.
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