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A B S T R A C T

In the era of the “genomic revolution”, three major disciplines are widely recognized: the original ge-
nomics, and the directly related transcriptomics and proteomics. A fundamental aspect for development
of these and other disciplines is the expansion from studying single genes or proteins to studying all at
once in a systematic way, in the so called genome-wide approaches. As tool for discovery, these approaches
are rapidly gaining influence in all areas of medical sciences, including Rheumatology.

This review gives an overview about genomics and its relationship with other related “-omics” disci-
plines, and discuss some advantages and limitations when working with genome-wide approaches. Fur-
themore, several examples are presented on applications of these technologies to the study of some
rheumatic disorders. Finally, perspectives and potential clinical application for gene or protein candidates
resulting from such approaches are discussed.

In order to accelerate comprehensive interpretation of obtained data, and also to give all interested
groups worldwide the opportunity of participating in this fascinating discovery process, an appeal is done
for encouraging cooperation and exchange of information between groups and, ideally, for allowing ac-
cessibility to all obtained information from genome-wide approaches at all levels (DNA, RNA, proteins
and beyond) in public databases. 

Keywords: Genomics; Proteomics; Rheumatic diseases.

R E S U M O

Na era da «revolução genómica», três disciplinas principais são largamente reconhecidas: a genómica origi-
nal e as directamente relacionadas transcriptómica e proteómica. Um aspecto fundamental para o desen-
volvimento destas e de outras disciplinas é expandir o estudo de genes únicos ou de proteínas, passando
a estudar os mesmos unitária e sistematicamente, através de procedimentos que envolvem o genoma como
um todo. Como ferramenta que favorece a descoberta, estes procedimentos estão ganhando rapidamente
influência em todas as áreas das Ciências Médicas, inclusive na Reumatologia.

Esta revisão fornece um resumo geral sobre a genómica e sua relação com outras disciplinas «-ómicas»
afins, e discute algumas vantagens e limitações do trabalho com procedimentos que envolvem todo o geno-
ma. Além disso, são apresentados vários exemplos de aplicações destas áreas no estudo de algumas
doenças reumáticas. Por fim, são discutidas perspectivas e possíveis aplicacões clínicas para os genes e
proteínas candidatos, resultantes de tais procedimentos.

De forma a obter uma interpretacão eficaz e rápida dos dados obtidos e também dar a todos os grupos
interessados, em todo o mundo, a oportunidade de participar deste processo fascinante de descoberta, é
feito um apelo em prol da cooperação e da troca de informação entre grupos e, o que seria ideal, da
permissão de acesso a toda a informação obtida através de procedimentos envolvendo o genoma como
um todo, em todos os níveis (DNA, RNA, proteínas e outros), em bancos de dados públicos.

Palavras-Chave: Genómica; Proteómica; Doenças reumáticas.
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Introduction

Rheumatic diseases are the most prevalent chronic
inflammatory disorders and an important cause of
disability, encompassing more than 100 different
entities and conditions, which implicate an enor-
mous social, psychological and economical im-
pact1. Despite many efforts done through the last
decades in order to learn more about these disea-
ses, it is still relatively little known about their
aethiopathogenesis. However, it is recognized that
for initiation of rheumatic autoimmune processes,
a conjunction of external factors must encounter
genetic susceptible hosts. Subsequent activation of
the immune system leads to inflammation, abnor-
mal regulation of the autoimmune response, per-
petuation of the inflammatory process, and final-
ly, to destruction of involved tissues, resulting in ir-
reversible organ damage and death.

In the era of genomics, genome-wide approa-
ches are rapidly gaining influence in all areas of
medical sciences, including Rheumatology. This
sort of analysis on differential gene expression and
dysfunction applied to rheumatic diseases could
help find the lost link between the triggering
event(s) and the initiation and development of such
disorders, and consequently, help understand the
molecular mechanisms underlying these patho-
logic processes. 

The objective of this review is to give an overview
about genomics and its relationships with other re-
lated “-omics” disciplines, and their potential im-
plications for the clinical practice of Rheumatology.

About Omics And Omes: Genomics and 
Related Disciplines

“Omics” is a neologism used as suffix attached to the
name of biological subjects, e.g. genomics, trans-
criptomics, proteomics, etc. It is used for describing
very large-scale data collection and analysis, mean-
ing the study of a whole “object”. The “objects” in this
case are the “omes”, from the Greek for “all”, “every”
or “complete”: genome, transcriptome, proteome,
etc. Actually, the original use of the suffix “ome” was
in the word “genome”, which refers to the complete
genetic information of an organism. Because of the
success of large-scale biology projects, the suffix
“ome” has been extended to other contexts. It
should be noticed that while the new term “ge-
nomics” deals with the global properties of
genomes, the old term “genetics” generally refers to
the analysis of single genes or groups of genes2.

In the years preceding elucidation of the comple-
te DNA sequence from human and other orga-
nisms, the concept of genomics was used to descri-
be the new emerging discipline dealing with map-
ping and sequencing of genomes3. The American
College of Rheumatology, recognizing the impor-
tance of this new discipline for Rheumatology, or-
ganized the 2000 Basic Research Conference: Gene-
tics and Genomics in Rheumatic Diseases, held as
preface to the ACR 2000 Annual Meeting in Phila-
delphia4. Here, a first prospective analysis was ma-
de about possible implications of these new tech-
nologies on patient care.

In June 2000, the Human Genome Project (HGP)
and Celera officially announced completion of a
working draft of the human genome sequence5;6. Fi-
nally, in February 2001, the publication of the
genome sequence was announced: the public se-
quence from the HGP in Nature and the Celera se-
quence in Science7;8. 

After completion of sequencing of the human
genome, in the so called post-genomic era, the term
“genomics” has evolved, and can now be seen in a
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broader sense as a discovery process aimed at ana-
lysis and comprehension of the genetic informa-
tion, which can be divided in two phases: structural
and functional genomics. In this context, structu-
ral genomics comprises the initial phase of genome
analysis, which is aimed at defining the structure
and organization of the complete DNA sequence
as the ultimate physical map of an organism9. For
human genomics, this goal was reached after fi-
nishing the genome sequence. In the second
phase, making use of the information provided by
structural genomics, functional genomics refers to
development and application of experimental ap-
proaches to assess gene expression. However, bio-
logical functions and phenotypic manifestations of
genes can not be elucidated based solely on gene-
tic analysis. Due to the broad range and the quan-
tity of emerging new information covering several
topics of scientific knowledge, this information
cannot longer be managed by a single discipline.
For this reason, several related scientific areas, the
majority of them added with the magical suffix 
“-omics”, emerged in the last years, each one of
them devoting to a specific aspect of functional
genomics. Some of them are explained next. An
overview about the interactions of these related
disciplines in the context of genomics is schema-
tically presented in Figure 1.

Genomic polymorphism analysis
A part of functional genomics deals directly with
search for and analysis of functional polymor-
phisms and mutations at the DNA level. Besides
classical sequencing of regions of interest, SNP (for
single nucleotide polymorphisms) approaches
search for variations in single bases of the DNA.
SNPs comprise approximately 80% of all known
polymorphisms in the human genome and their
occurrence is estimated to be 1 in 1.000 base
pairs10. Used for large-scale genome-wide associa-
tion studies, the hope is to find SNPs within or in
the vicinity of a gene directly involved in a disease
and in this way, to use them as genetic markers11.
Neverthless, due to the magnitude of the human
genome, analysis of single nucleotide polymor-
phisms can not be done for all the genome at the
same time. Rather, reported analyses on SNPs
usually refer to one or several polymorphisms pre-
sent in one or more genes involved in a specific di-
sease. Therefore, although SNP analysis can be
considered as a part of functional genomics, spea-
king in a strict sense it does not represent a geno-

mic approach. Nevertheless, SNP analysis is con-
sidered here because its importance for the con-
tribution to the understanding of genetic mecha-
nisms of diseases at the DNA level. 

Transcriptomics
Gene expression is analyzed at the RNA level by
measurement of transcripts within the area of
transcriptomics. The methodology of choice nowa-
days is the micro-array technology. This is based on
the hybridization of transcripts in a clinical sam-
ple to labeled cDNAs, PCR-products or synthetic
DNA oligonucleotides, which are bound to a glass
slide in a co-ordinate system, so called “array”12. In
this way, a snapshot of the gene activity at a given
time point can be obtained.

Proteomics
Furthermore, translated RNA messages are asses-
sed at the protein level in the area of proteomics.
The development of this global analysis of all pro-
teins present in a given sample was achieved prin-
cipally through the conjunction of two methods:
two-dimensional gel electrophoresis (2-DE) and
mass spectrometry (MS)13;14. Dynamic changes in
a sample may have a high level of complexity and
could be caused by altered synthesis of proteins,
protein degradation, or post-translational modifi-
cations. Thus, they cannot be evaluated at the ge-
nomic or transcriptomic levels, but rather can be
assessed by proteomic approaches15.

Beyond these three relative well-known and
well-established areas, a couple of related, new 
“-omics” disciplines have emerged in the last years
and are still emerging, which deal with the final
goal of comprehension of gene function from diffe-
rent points of view. Two of these other “omics” dis-
ciplines are worthy of mention here because of
their potential implications for rheumatic diseases,
and should be explained shortly: immunomics and
metabolomics.

Immunomics
The first one, immunomics, refers to the study of
immune-related transcripts, in order to unravel
the molecular functions, regulation and diversity
of immunoglobulins, receptors, cytokines and 
other immune system components16. For exam-
ple, auto-antibody profiles have been determined
with antigen-based microarrays17, and cyto- and
chemokine profiles with antibody-based arrays18.

GENOMICS IN THE PRACTICE OF RHEUMATOLOGY
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Genomics

Structural
Genomics

Functional
Genomics

Main "omics" disciplines

Mapping

Genomic polymorphisms
associations

Transcriptomics

Main objective:
Definition of the whole DNA sequence of an organism

Sequencing

Proteomics

Other "omics" disciplines

Immunomics

Metabolomics

Glycomics

Pharmacogenomics

etc.

– Assessment of gene expression
– Elucidation of gene function and dysfunction
– Identification of molecular pathways

Main objectives:

Final objective of Genomics:
Comprehension of genetic and molecular mechanisms of disease

Figure 1. Overview of genomics and related disciplines as tools for the comprehension of genetic mechanisms of diseases.
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These methodologies represent an accurate 
low-cost and low-sample option for simultaneous
determination of several immunological targets,
that otherwise had to be determined one by one in
single tests.

Metabolomics
The second one, metabolomics, is the area concer-
ned with analysis of global profiles of low molecu-
lar weight (MW) metabolites. The low MW feature
of the metabolome constitutes the counterpart of
the proteome, which deals with high MW proteins.
The profiles are generated using methods such as
mass spectrometry and nuclear magnetic reso-
nance19;20. Experts in this area opine that, since the
metabolome reflects an answer of an organism to
genetic alterations, environmental influences or
pathological processes, metabolite profiles of body
fluids or tissues can be important indicators of
physiological or pathological states21;22.

One fundamental aspect in the development of
these and other disciplines is the expansion from
studying single genes or proteins to studying all at
once in a systematic way, in the so called geno-
me-wide approaches. Analysis and management
of this overwhelming flood of data and its assimi-
lation in the context of these related disciplines
would not be possible without strong support from
bioinformatic sciences. Besides evaluation and as-
sistance in the interpretation of data, computa-
tional tasks can also include: establishment and
management of databases, mathematical and
structure modeling, simulation of laboratory expe-
riments and prediction of experimental outcomes
and statistical support23.

Gradually, the conjunction of these enormous
efforts should lead to assessment of gene expres-
sion, elucidation of gene function and identifica-
tion of gene dysfunction, with the final purpose of
a definite comprehension of the genetic and
molecular mechanisms of disease. 

Possibilities And Limitations of Genomic
Approaches Applied to Rheumatic Diseases

The first argument supporting the realization of
genome-wide functional analysis related to rheu-
matic diseases is the still relative small knowledge
on genetic and molecular mechanisms underlying
these disorders, in spite of their huge social, psy-

chological and economical impact. Therefore, each
attempt to find out more about the dysfunctions
dominating these diseases and how to treat them
in benefit of the patients should be encouraged. 

Study populations
The relatively high frequency of these diseases
constitutes an important advantage for the achie-
vement of functional studies. Cohorts with appro-
priate numbers of patients and with defined disea-
se parameters, adequate for powerful statistical
analysis, can be established in rather short time. In
this way, studies about actual disease activation
phases as well as comparisons before and after a
defined treatment can easily be performed. Fur-
thermore, familiar studies for analysis of inheri-
tance related aspects can also be accomplished.

Clinical samples
Another great advantage when investigating
rheumatic diseases may be the feasibility in the
acquisition of adequate clinical samples. The ideal
set up in functional studies is to analyze single cell
populations. Pure peripheral blood cell popula-
tions, e.g. CD4+ or CD8+ T-lymphocytes, CD14+
monocytes, CD19+ B-cells, etc., can be readily
obtained from peripheral whole blood by well-es-
tablished methods. Additionally, in some cases, ac-
cess to affected tissues is easily practicable, as is the
case of joint tissues in arthritis. Nevertheless, sepa-
ration of a specific cell type from an affected tissue
or organ (e.g. lung, kidney, infiltrated joints, etc.)
could be sometimes problematic. In cases where
mixed cell populations are analyzed, statements
are done for tissue inflammation status. In any
case, it is recommended to thoroughly plan pro-
cessing of clinical samples in order to obtain relia-
ble information on function and/or activity of the
one cell type or tissue of interest.

Infrastructure
Due to the comparative high processing costs and
the special infrastructure needed for application of
these high-throughput technologies, the recently
developed but differently implemented platforms
are not utilized routinely, making difficult to com-
pare the experimental approaches and the results
obtained. For their use in the routine laboratory
analysis, these methodologies need to be standar-
dized and ranges of reference need to be defined.
Until this is accomplished, it is important to em-
phasize that comparisons between different expe-
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riments are only allowed when performed with the
same system and under several intra- and inter-ex-
perimental internal controls.

Bioinformatics
As mentioned before, the management of this
enormous amount of information would not be
possible without assistance from computational
sciences. Informatic professionals who are in
charge of analyzing the results from genome-wide
approaches have the advantage of impartiality,
since their interpretation of the data is solely based
on the result of a formula or an algorithm, so that
in their eyes all genes are “equal”. However, the de-
cision on a “positive” or “negative” regulated gene
cannot be taken only based on signal intensity
thresholds, an algorithm, or other mathematical
parameters. Rather, for doing this classification,
known biological principles and molecular proces-
ses must also be taken into account, which, in the
best of the cases, should be compatible with the
clinical observations. Therefore, it is of pivotal im-
portance to promote formation of computational
professionals with a deeper knowledge of biologi-
cal processes on the one hand, and to encourage
the development of “scientists-friendly” software
packages on the other hand, in order to allow a
tightly and fruitfully cooperation between biolo-
gists and bioinformatic professionals.

Validation
Extremely important is the fact that results from
statistical analysis of discovery approaches at any
level (DNA, RNA, protein, antibodies, etc.) must
be validated, that means, be reproduced. Never-
theless, due to the time and the extensive experi-
ments required for validation analysis, only a limi-
ted set of selected candidate genes or biomarkers
can be further evaluated. As an example of this can
be mentioned the work by Liao and collegues,
which needed 1 month per sample for the valida-
tion experiments using the same methodology as
the discovery approaches15;24. Consequently, besi-
des the limited number of candidates which can be
validated, their selection for extensive analysis de-
pends ultimately on the research focus of the in-
vestigating group.

Interpretation
Since these methodologies are not applied routi-
nely, it is still a sort of “privilege” of only several
groups worldwide to perform these kinds of ge-

nome-wide approaches and to select the informa-
tion to be published. In this sense, only a small per-
centage of the information obtained on gene or
protein expression approaches is really used for
publication and for additional work, depending, as
mentioned before, on the special interests of the
investigating group. A great part of the data will
probably remain in a drawer, since no single group
can pretend to further investigate all differentially
expressed genes in a study cohort. Unfortunately,
that means first, that the time as also the personal
and economical resources invested in such ap-
proaches remain sub-utilized, and second, that the
information reaching the public community is
limited to the scope of the publishing group.

What do We Have Until Now?

The nucleotide sequence of many human genes
has been already defined, either through predic-
tion from the DNA sequence or through isolation
and identification from a clinical sample. Similar-
ly, the corresponding proteins have been either
elucidated from the DNA sequence or have been
actually isolated. Nevertheless, elucidation of a
biological function and assignment to a pathway
has been achieved only for a small percentage of
them25. Contrary to the many expectations on the
beginnings of the genomic revolution, genomic
approaches have brought up to now only first sug-
gestion of candidates which could be specifically
involved in a pathological process. In almost all
cases, further investigations are necessary for veri-
fication of a real pathological contribution to the
disease. 

Various reports on different discovery approa-
ches applied to some rheumatic diseases are pre-
sented next. A more extensive relation on the cur-
rent status of gene expression profiling in rheuma-
tic diseases has been discussed for example by
Häupl et al.26.

From Analysis of Single Nucleotide Polymorphisms
Over the last years, there have been many reports
on SNPs analysis for all thinkable genes and di-
seases. However, initial expectations of finding
powerful disease-related polymorphisms have di-
minished with appearance of contradictory results.
It seems to be that the most common SNPs may not
be the most informative27. According to the group
of Chakravarti28, most SNPs may not have a direct
influence on their protein products, because they
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fall in the non-coding area of the genome. Further-
more, it seems to be that a significant percentage
of relevant SNP variants occur principally in cer-
tain populations, such as Asians or African-Ameri-
cans. In order to discover relevant SNPs, sample
populations should be large and ethnically diverse.
Additionally, to detect disease-relevant SNPs, pa-
tients’ cohorts should be as large as possible.

These difficulties in the analysis of SNPs are re-
flected in the inconsistent reports for several genes
in several populations. A good example for this is
the analysis of the TNF promoter polymorphisms,
which have been analyzed for example in patients
with RA29-33, SLE 34 and psoriasis arthritis35. The re-
sults from these analysis are miscellaneous, sho-
wing in most of the cases little consensus on whe-
ther any TNF polymorphisms are in fact functio-
nally associated to the diseases36. 

Other examples of genes with SNPs apparently
associated to rheumatic diseases, which may be
worthy of further investigation, are: for RA, IL-1ß37;
for SLE, osteopontin38, IL-1ß 37 and the B-cell mar-
ker CD1939; and for SSc: IL-1A40, SPARC41 and fi-
brillin 142;43. 

From transcriptomic approaches
Heller et al.44 made a first report on the use of a cus-
tomized cDNA microarray for the analysis of gene
expression in patients with RA. For their array, they
selected a set of human genes of probable signifi-
cance in inflammation, and tested it with synovial
tissue from RA patients and, for comparison, with
intestinal tissue samples from patients with
Crohn’s disease, cultured chondrocyte cell lines,
primary chondrocytes, and synoviocytes. Among
others, comparisons allowed them to describe dif-
ferential expression of tissue inhibitor of metallo-
proteinase 1, ferritin light chain, and manganese
superoxide dismutase in RA when compared to
Crohn’s disease. Based on their results, they
demonstrate the suitability of cDNA micro-array
technology for profiling of complex diseases.

An interesting study was reported last year by
Bovin and colleagues45. They compared the gene
expression in peripheral blood mononuclear cells
from rheumatoid factor (RF) – positive with nega-
tive RA patients, and also with healthy donors
(HD), in oligonucleotide-based micro-arrays. After
analysis and validation, they found no significant
differences in PBMC expression profiles from
seropositive and seronegative patients, suggesting
that RF-positive and RF-negative RA are not funda-

mentally different diseases. Furthermore, when
comparing RA patients with HD, they found follo-
wing genes having a significantly higher expres-
sion in RA patients than in HD: CD14 antigen, de-
fensin alpha-1 and alpha-3 (DEFA), fatty-acid-
-Coenzyme A ligase, long-chain 2 (FACL), ribonu-
clease 2 (RNASE2), and the calcium-binding pro-
teins S100A8 and S100A12 (calgranulin A and C).
The last two have been also reported to be up-regu-
lated at the protein level, as will be mentioned la-
ter24. Additionally, the expression of HLA-DQ beta
1 was significantly reduced in RA patients com-
pared to HD. Genes for MHC class II molecules, DP
alpha 1 and DR alpha, have also been found in ano-
ther study to be down-regulated in early RA46.

The newest work published up to now is that re-
ported by Olsen et al.46. Here, they compared gene
expression profiles of peripheral blood mononu-
clear cells from patients with recent onset RA (ERA)
and with longstanding RA (LRA), and compared
them also with patients with SLE, asthma, allergic
diseases, and healthy donors, on commercial mi-
cro-arrays. Remarkable, they found 44 genes that
were down regulated by more than threefold in
ERA when compared to LRA. These genes were
grouped into functional categories, from which the
two major groups comprised genes involved in im-
mune and inflammatory responses and cell pro-
liferation. Furthermore, they refer about nine
genes up regulated in ERA, including three in-
volved in activities of the immune system (TGFß
receptor II, CSF3 receptor, cleavage stimulating
factor) and two involved in glucocorticoids activi-
ty (cytochrome P450 IIIA, 11-ß hydroxysteroid de-
hydrogenase 2). In conclusion, the authors suggest
that early RA presents a characteristic gene ex-
pression profile, and emphasized the importance
of early and accurate diagnosis of RA for avoiding
long term disability, thus pointing out the appli-
cability of their results.

From Proteomic Approaches
Using proteomic approaches, Dotzlaw et al.47 were
able to establish a protein expression profile in pe-
ripheral blood mononuclear cells of RA patients,
different from that for healthy donors. They iden-
tified a total of 29 differentially over- or under-ex-
pressed proteins in RA patients when compared to
healthy controls. Among the up-regulated proteins
were HSPA5, a demonstrated autoantigen in RA48,
and fibrinogen gamma, which could have a po-
tential role in inflammatory arthritis through acti-
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vation of chemokine production in synovial fi-
broblasts49. On the other side, the heat shock pro-
tein Hsp60, which has been shown to contribute to
arthritis suppression by stimulation of regulatory
suppressive T cell activity50, was found to be down-
regulated51. However, the question remains open
whether these proteins are directly involved in the
pathogenesis of RA, or are gene products with al-
tered expression as consequence of the disease.

In another proteomic study, Liao et al.24 des-
cribed the search for differentially expressed pro-
tein biomarkers when analyzing synovial fluid (SF)
in patients with erosive and non-erosive RA. From
a total of 418 identified proteins, they selected 30
that were more abundant in SF from patients with
erosive RA and 3 that were more abundant in non-
erosive RA SF. Selected candidates included serum
proteins, metabolic enzymes, calcium-binding
S100 proteins, matrix-degrading proteinases, cel-
lular signaling proteins and several not-yet cha-
racterized proteins. For validation, they selected
CRP as control, because of its feasibility for measu-
rement, and six members of the S100 family of cal-
cium-binding proteins (calgranulin A -S100A8-, B
-S100A9- and C -S100A12-, calgizzarin -S100A11-,
-metastasin -S100A4- and S100P protein). Interes-
tingly, S100A8 and S100A12 had been already re-
ported to be up-regulated at the transcript level in
the work by Bovin et al.45. Liao and co-workers con-
firmed that CRP and calgranulin A, B and C were
elevated in the sera from erosive RA patients when
compared to non-erosive RA patients or to healthy
donors, and suggest further validation for their use
as markers of disease severity.

Finally, the group of Kantor et al. 52 is developing
a bioanalytical platform for phenotypic analysis
and biomarker discovery in whole blood and 
other samples, which combines several methods
for quantification of proteins (proteome), low mo-
lecular weight biomolecules (metabolome), and
other several hundred cellular parameters. Their
goal is to identify candidate biomarkers and sub-
sequently, to establish measurement assays for
these specific markers, which can be performed
more easily in a clinical laboratory. They have car-
ried out some initial analysis with samples from RA
patients, in order to demonstrate the potential of
their methodology. In a near future, we will proba-
bly hear more about this promising platform. 

From Immunomic Approaches
Two interesting works on the characterization of

auto-antibody profiles with micro-array technolo-
gy should be mentioned here. 

The first one is the work by Robinson et al. 17. He-
re, they describe the development of an auto-anti-
gen array, which included 196 different biomole-
cules representing major auto-antigens in eight
distinct human autoimmune diseases, such as pro-
teins, peptides, enzyme and ribonucleotide com-
plexes, DNA, and post-translationally modified
antigens. This micro-array was used for the detec-
tion of antibodies in the serum of patients with RA,
SLE, polymyositis (PM), primary biliary cirrhosis,
Sjögren syndrome, diffuse and limited systemic
sclerosis (SSc), and mixed-connective tissue disea-
se. Bound antibodies were detected using anti-hu-
man IgM/IgG conjugated with Cy3. The results cor-
related with those obtained for the same serum
samples using conventional methods, such as ELI-
SA, immuno-precipitation and western-blot ana-
lysis. Furthermore, they were able to make com-
parative quantification using internal standards. 

The second report by Feng et al.53 is a smaller
version of the first one. Here, they selected only 15
auto-antigens, and the detection of bound auto-
-antibodies was done with horseradish peroxidase-
-conjugated secondary antibodies and chemolu-
miniscent substrates. Antibodies were quantified
using calibration curves, and positive samples
were confirmed by commercially available me-
thods. They analyzed cohorts of patients with RA,
SLE, SSc, PM and Sjögren syndrome. 

Both groups are confident that their methods
represent a powerful high-throughput, low-cost
tool for studying auto-antibody responses.

And What do We Get From Genomic 
Approaches? Perspectives of Genomics 
in Rheumatic Diseases

Before the breakthrough of genome-wide approa-
ches, most expression studies have evaluated
genes or proteins either one by one or a maximal
of several dozens at a time54-58. The main attractive
of these new discovery approaches is the possibi-
lity of analyzing several hundred to thousand tar-
get genes or proteins at the same time, offering the
opportunity to get a global picture of a given pa-
thology 59;60. Then, one or several interesting candi-
dates, which could be directly involved in the di-
sease process, can be identified and selected for
further characterization. As was mentioned before,
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this selection depends strongly on the special inte-
rests of the investigation group. In any case, exam-
ples for “candidates” worthy of further inves-
tigation could be:
– a SNP associated to a disease, as for example
the possible association between a polymorphism
in the human CD19 gene and SLE40 or in the IL1
gene cluster and RA43

– an up or down regulated gene transcript, as was
reported for clusterin and for chitinase 3-like 2
gene in the osteoarthritic cartilage37;39;61

– an increased or decreased protein level, as in
the case of calgranulin A and B as markers for dif-
ferentiation of RA from other inflammatory joint
diseases62

– detected auto-antibodies, as described by Feng
et al. using antigens characteristic for rheumatic
diseases53

Furthermore, for complex and multi-factorial
disorders, such as rheumatic diseases, the search
for a single altered gene can be the wrong strate-
gy. Instead, it could be more appropriate to define
profiles of expression of several genes or proteins
in relation to the diseases, so-called “signa-
tures”38;47;63. 

After identification of an interesting candidate
resulting from genome wide approaches, the in-
vestigator must decide what to do next with the
molecule of interest, as would be explained next.
An overview about implications of genome-wide
approaches and definition of possible candidate
genes or molecules for the clinical practice of
rheumatic diseases is given next and is also
schematically presented in Figure 2.

Validation
As was mentioned before under “Limitations and
possibilities…”, validation or confirmation of re-
sults from genomic approaches is extremely im-
portant. Nevertheless, from all resulting potential
candidates, only few of them can be validated and
further analyzed, due to the time consuming and
extensive experiments required for this. Therefore,
the choice of targets for validation should be done
based on bioinformatic data, and should be sup-
ported by available data regarding their relation to
the disease under investigation.

Results from single nucleotide mutations and
polymorphisms analysis can be easily confirmed
by PCR approaches64, but there are also reports
with other methods, for example with oligonucleo-
tide arrays65. Also for validation of candidate genes

after transcriptome analysis with microarrays, real
time PCR is a preferred validation method nowa-
days, due to its sensitivity and feasibility, but 
other methods of choice could be in situ hybri-
dization or northern blot approaches66. In turn, va-
lidation of target proteins after 2-DE and mass
spectrometry (MS) approaches can be done for
example with immunoassays and multiple reac-
tion monitoring-MS (MRM-MS)24;67.

Beyond simple replication of experiments with
the same samples, validation experiments should
consider two aspects:
– candidates or targets should be determined with
other methods in the same samples or patients
used for the original approach.
– targets should be determined in a larger num-
ber of samples or patients with these other me-
thods.

Further Clinical and Laboratory Investigations
Successfully accomplished validation experiments
for candidates of interest deliver the basis to decide
which of them should be exhaustive investigated.
Since many genes and their proteins as well as ma-
ny molecular networks and pathways are still not
yet sufficiently characterized, elucidation and in-
terpretation of functional role in a normal physio-
logical or a pathological process represent the next
hurdle in the discovery process. Since a thorough-
ly characterization of a gene or a protein can in
some cases take several months or even years into
account, clinical studies for confirmation of posi-
tive or negative correlation of the candidate with a
disease or a disease phase is done sometimes
based only on clinical aspects, but without pro-
found knowledge of its molecular biology and ef-
fects. 

In this way, the gene or protein, or one of their
biological effects can be measured in different co-
horts, e.g. patients before and after a treatment,
patients with other pathologies, healthy donors,
etc. With the results from these studies, possible
correlations should be established with several fac-
tors, as for example familiar occurrence, risk and
other predisposing factors, clinical and laboratory
parameters of disease activity, and clinical out-
comes. 

On the other side, functional confirmation of
gene expression profiling can be done with additio-
nal arrays for proteins, auto-antigens, auto-antibo-
dies, metabolites or glycoproteins specific for de-
fined cell or tissue types. Nevertheless, for a de-
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Genome-wide approaches
applied to rheumatic diseases

Discovery approaches:
Identification of interesting candidates in genome-wide approaches

Validation approaches:
Reproducibility of results from discovery experiments with other methods

Clinical studies and 
correlations:
– with healthy donors and 

other patients cohorts
– with risk and other factors
– with disease activity

"Classical" laboratory
experiments:
– molecular biology, biochemical and

cell biological approaches
– in vivo experiments

Definition of clinical applicability:

As marker for
– prediction relative risk
– early detection
– diagnostic
– follow up
– prognosis

As potential
– therapeutic agent
– therapeutic target

Figure 2. Illustration of the work flow from genome-wide approaches to the definition of clinical applicability of new mar-
kers in rheumatic diseases

tailed characterization of single genes or proteins,
it is indispensable to go back to classical laborato-
ry work and apply traditional approaches from ge-
netic, biochemistry, and cell biology, in order to
gain accurate information on expression, regula-
tion and biological functions of the candidate in
question.

Potential Clinical Applicability
After consideration of all molecular, biochemical
and functional analysis data on the one side, and of
all clinical and correlation data on the other side, it
can be determined if the target has potential clini-
cal applicability. With all data from interdisciplinary
work, the fully characterized molecule of interest



ÓRGÃO OF IC IAL DA SOC IEDADE PORTUGUESA DE REUMATOLOGIA - ACTA REUM PORT. 2005;30:313-26

324

can be defined as disease biomarker for prediction
of relative risk, early detection, diagnosis, follow up,
or prognosis. Alternatively, depending on the bio-
logical effects and/or functional role, it can be con-
sidered as potential candidate for therapeutic ap-
proaches, either as therapeutic agent or as target. 

Clinical applicability opens the possibilities for
another “omics” discipline: pharmacogenomics,
which is defined as the study of genetically caused
interpersonal variability in drug responses. Nu-
merous publications have shown that genetic poly-
morphisms localized within the coding regions for
drug-metabolizing enzymes, surface receptors, cell
transporters and other drug targets can influence
drug efficacy and/or toxicity, and that these poly-
morphisms and therefore their effects vary be-
tween individuals. By studying these inter-perso-
nal differences at the genetic level, it should be
possible to adjust drug prescription based on in-
dividual genotypes68-70. This would be the ultimate
from-bench-to-bedside implication of genome-
wide approaches for clinical practice.

Closing Remarks

It has been a long way since 1985, when scientists
began to consider the realization of the ambitious
project of sequencing the complete human geno-
me until official announcement of the completion
of a working draft of the human genome sequence
in June 2000. However, this was not the end but just
a milestone in the so-called genomic revolution. At
that point, many people thought that the nu-
cleotide sequence, as ultimate physical map of the
human genome, would be a kind of open book
from which complexities of gene expression and
genetic mechanisms of disease could simply be
read. Nevertheless, it turn out to be not that easy:
there were huge expectations of rapid acquisition
of knowledge, but it has happen slowly than ex-
pected. Considering the above mentioned and 
other published reports on genome-wide approa-
ches regarding different aspects of Rheumatology,
it is evident that until now, only a small part of the
work has been done in this area, in a rather frag-
mentary way. 

Now, we are in front of a broad range of someti-
mes frustrating inconvenients but also exciting
possibilities, which all together should help us to
understand genetic and molecular mechanisms
ruling biological and physiological processes, and

to treat effectively or at least, to manage appropria-
tely complex pathological disorders, such as rheu-
matic diseases. Genome-wide approaches, with all
their sub-disciplines, can contribute in this pro-
cess. In order to accelerate discover, and to optimi-
ze personal and technical resources, cooperation
and exchange of information between groups
needs to be strongly encouraged. An ideal situation
would be accessibility to all obtained information
from genome-wide approaches at al levels (DNA,
RNA, proteins and beyond) in public databases,
preferably managed by international consortiums
and ruled according to principles of good scienti-
fic practice, giving all interested groups worldwide
the possibility to participate in this fascinating dis-
covery process.
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