
Summary and analySiS
The reductionist approach in science has permitted the identification 
of innumerable genes, molecules and cells. These isolated discover-
ies have generated a very large dataset that is difficult to understand 
in totality. Focusing on single molecules or cells is like listening sep-
arately to notes of an individual instrument in a symphony, which 
fails to capture the ensemble effect achieved by the combination 
of instruments playing together. Newer sets of technological tools 
have further complicated the picture, so that microarrays and high-
throughput screens generate a massive output of data. One of the 
greatest challenges of modern science is integrating all this knowl-
edge so that it can be used to improve the understanding of disease 
processes and enable the development of novel biomarkers or drug 
targets. Building a network from the molecular and cellular com-
ponents is the goal of the novel growing field of systems biology, 
whose concepts and potential applications to human disease have 
recently been reviewed by Barabasi et al.

Briefly, a biological network is composed of nodes (e.g. each 
individual molecule) and links, which represent the interactions 
between nodes of a network. Although one might assume that each 
node has approximately the same number of links (Figure 1A), bi-
ological networks are actually scale-free (Figure 1B). This means 
that there are a few nodes that are highly connected, termed hubs, 
which hold the whole network together. This facilitates transfer of 
molecular information across the system, accommodates perturba-
tions with minimal adverse effects and promotes biological diver-
sity. Networks have a high degree of clustering, in which molecules 
that are involved in similar functions have an increased tendency 
to interact with each other. In immunology, this means that the 
regulatory immune network forms a module, and disturbance of 
hubs of this network (e.g. CTLA4, Foxp3) leads to a significant 
dysregulation along with overlapping physiological consequenc-
es, while disturbance of more peripheral nodes (fewer links) leads 
to less prominent effects. 

Systems biology uses bioinformatics to generate computer models. 

Building a biological network starts by inputting profiles of 
cellular transcripts that occur after manipulation of a particular 
molecule. There are currently many public databases covering 
genetic, protein and RNA networks that can be used as a start-
ing point. The prediction of the computer model is then tested 
experimentally by manipulation of target components of the 
network and measurement of output information. The model is 
then updated based on the validation data, refining the perfor-
mance of the model. This approach may overcome the failure 
to develop novel drug candidates relying solely on advances 
in conventional scientific experimentation. In addition, mod-
els will predict the consequences of multiple drug targeting as 
with immunosuppressive protocols used in our transplant re-
cipients. This approach has been applied with success in oncol-
ogy through the use of network signaling models to predict ef-
ficacy of drug combinations, ultimately optimizing anticancer 
therapy, as seen in work by Lee et al. Lastly, systems biology 
could integrate different scales of interactions, such as at the 
genetic, protein and cellular levels, to explain common pheno-
types originating from diverse abnormalities. 

Is systems biology going to substitute traditional experi-
mental designs used to perform science today? Not really, 
but it will definitely help interpret experimental data that fre-
quently do not take into account the complex, nonlinear struc-
ture of networks, such as the immune system, with its many 
parallel, overlapping and compensatory pathways. Computa-
tional models will always need to be validated with traditional 
scientific approaches. Germain et al. have reported specific 
data-gathering techniques and modeling tools that can be em-
ployed to answer relevant immunological questions.

We are currently driving on roads with a fragmented 
knowledge of the road map. Detailing the immune network 

will permit us to draw this map and help us embrace the complex-
ity, understand the big picture and better translate discoveries into 
tangible clinical benefits.
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Figure 1: Structure of networks. A biological network is not randomly 
wired (similar number of links between nodes) (a), but follows a scale-
free property, with central nodes that are highly connected (hubs) and 
less connected peripheral ones (B). When a network is being formed 
(C), the rich-gets-richer process is observed, so that highly connected 
nodes acquire more links than those that are less connected, leading to 
the natural emergence of a few highly connected hubs. Most biological 
hubs are essential to network homeostasis so that alterations lead to 
disruption of the network and lethality to the organism. This network 
property is not exclusive to biology, but can be found in other networks 
such as social (Facebook) or scientific collaborations. Panel C illustrates 
how a research collaboration network may develop over time with the 
emergence of a clear hub (established researcher) surrounded by nodes 
(collaborators), consistent with a scale-free property.




