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1 Background

Atopic dermatitis (AD) is a disorder of inflammation in the skin and is strongly
associated with other inflammatory epithelial atopic conditions (asthma, allergic
rhinitis and food allergy). The pathogenesis of AD results from complex interac-
tions between susceptibility genes encoding skin barrier molecules and markers
of the inflammatory response, host environments, infectious agents, and spe-
cific immunologic responses [1-3]. Despite the long-held knowledge about the
multiple immunological processes involved in AD pathogenesis (including role of
dendritic cells, kerationocytes and T lymphocytes, interactions between different
cell types, effect of allergen exposure, trauma and infection with Staphylococ-
cus Aureus on the AD exacerbations) the precise reason for the bias towards
a cutaneous Th2 response in AE still remains obscure. It seems likely that un-
derstanding of the complex cross-talk between different components of the cu-
taneous immune network is fundamental to understanding of the Th2 polarised
inflammation in AD.

To gain in-depth understanding and be able to predict the behavior of the
system, we sought to create an integrated in silico model compositionally from
relatively simple individual components that are amenable to detailed mathe-
matical analysis. The simple, initial model described in this contribution will
serve as a high level architectural specification of AD skin and immune system
interactions. In the future we plan to harness data from microarray analysis in
order to refine the individual model components by incorporating the recon-
structed signal transduction pathways within cellular components.

2 Model description

Petri nets have been widely used in modelling biochemical, genetic, signaling and
metabolic networks [7-9]. We however feel that the modelling of AD requires
a multistep approach, embedding the investigations of the internal genetic or
metabolic signaling cascades within the detailed analysis of the interactions be-
tween the cellular components of the cutaneous immune system. The preliminary
model of cell-to-cell signaling in AD exposed to allergen and infected with S.A.
incorporates three cell types (KC, DC and T cells), where KC and T cells are
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simplistically represented as places. The signaling within DC is represented by
two independent pathways, TNF-α–NFκB-dependent IL-12p70 initiating Th1
responses and TSLP-STAT3-OX-40L pathway inducing Th2 responses. The sig-
naling proteins are represented as places and are connected by activating (black
arrows) and inhibiting (red diamond arrows) edges.

The model was constructed using yEd graphical software, and BioLayout
Express3D [10] was used to simulate the signal flow allowing investigating the
dynamic behaviour of the network dependently on presence/absence of inhibition
edges, conservation or consumption of the tokens at the transitions, and the value
of initial stimulation given by the number of tokens. To represent healthy skin
and AD skin firings via TNF-α or TSLP were inhibited, respectively, and the
simulation for altered number of tokens at each starting place was repeated as
for the initial state of the network. Similarly, the effect of S.A. infection (0-1000
tokens) and combined effect of Der-p-1 and S.A. in exclusive Th1/Th2 or both
pathways enabled models was investigated.

As assumed, stimulation with der-p-1 in AD model induced only Th2 re-
sponses, which were greatly enhanced in the presence of Staphylococcal infec-
tion. While in normal skin model infection with SA led to induction of both Th1
and Th2 responses, stimulation of AD model resulted in Th2 skewing. Induc-
tion of Th2 polarisation depended on blocking of the Th1 signaling, rather than
enhancing Th2 signaling.
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