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Carmen Molina-Paris, University of Leeds
Stochastic modelling in immunology at the molecularcellular and population levels

T-cells sense their environment by means of Treediptors (TCRs) on their surface. A T-cell egpes about 30,000
copies of a unique (clonotypic) TCR, whose ligasm@scomplexes composed of a peptide bound to an MbliEcule
(PMHC). In vivo, TCR ligands are expressed on tirfase of antigen-presenting cells (APCs). Inttamnus a variety
of professional APCs will subject immature T-cétls thymocytes) to a “double test” by displayingnade range of
pMHC complexes, with peptides derived from housklpobteins (self-peptides). The stochastic natofegene
rearrangements implies that some TCRs will not b&e ao recognise a self-pMHC ligand (TCRs that awt
functional) and that others will recognise it fatwell, and thus would give rise to mature T-cedith the potential to
generate autoimmune responses. Thus, the need flmuble test that will check the functionality oftrymocyte
(positive selection) and its state of tolerance ttsat it does not recognise self-pMHC complexeb wigh affinities
(negative selection). This thymic selection precesly allows 2-5% of thymocytes to become matucells.
We have made use of mathematical modelling to addie following questions: (1) at the recepteelewhat are the
time scales for T-cell responses, (2) at the catlidvel, what is the threshold number of APCs igiven lymph node
needed to initiate an immune response, and (3hatpopulation level, how is T-cell clonotype sizel aiversity
homeostatically regulated.



Ulrich Behn, University of Leipzig
Evolution towards a complex architecture and selfdlerance in a minimal model of the idiotypic netwok

In our minimal model of the idiotypic network a eagpresents a clone of B-lymphocytes of ideniitiatype which is
encoded by a bitstring. Nodes of complementarytyide allowing a few mismatches, are linked. Thelehincludes
the influx of new, randomly generated idiotypes andegative selection of not sufficiently or oveémslated
clones. The network evolves towards highly orgahin@dular architectures, where the nodes can bssdiad into
groups according to their statistical propertiesherl building principles of these architectures cam dmalytically
described. The most interesting architecture cosgsria densely linked core, a weakly connected lpamyp groups of
unoccupied nodes, and singletons. In the preseficeeomanently occupied nodes, playing the role alf, she
architecture evolves in such a way that the exmansf autoreactive clones is controlled by the ekwthus providing
self tolerance. A modular mean field theory desmsilthe statistical properties in good agreemenh wimulations.
The results are discussed in the immunologicalednt

Rossana Scrivo, Sapienza University of Rome
Autoimmune phenomena of biological treatments

Cytokines mediate many aspects of immune fundtiery; are produced by activated immune cells, atih&eenhance
or inhibit the immune response. Their multiple atgs are regulated mainly at the level of theicretion by
expression of their receptors, by the concomitactioa of several cytokines, and by the occurreat@mhibitory
proteins and specific carrier molecules. In thetlasvo decades, manipulation of the cytokine miliey
administering targeted therapy has become the arsione of biological therapies, which have prowenbe an
effective treatment modality in most patients viithammatory rheumatic diseases resistant to catigeal drugs.
Later, novel biologic treatments recognizing otlmeolecular or even cellular targets have been idtroed into the
clinical practice. Curiously, all of them may besasiated with autoimmune phenomena, includingdtéelopment of
autoantibodies and of autoimmune clinical manifgéstes. The talk will cover the spectrum of autoume phenomena
associated with biological therapies.

Pietro Lio, University of Cambridge
Assessing comorbidities risk during an infectionSARS and HIV case studies

Comorbidity is a research area of great cross-gifinary interest, but it is defined mainly in theedical/clinical

setting. However, the role of comorbidity is relaty unexplored in comparison to that of individdédeases. Moni's
research presents an approach of quantitative freork to compare and explore the comorbidities agsfrom an

infection. This approach estimate the prevalensspaiation and risk scores of the disease multiiddybbased on the
available gene expression, gene diseases assatigpimtein-protein interaction (PPI), signaling patays and
phenotypic disease correlation data. Two case s&IBARS and HIV-1 infections are presented to tigets the
comorbidities association with other human diseases



Elena Agliari, University of Parma
Anergy and parallel processing in spin glass modetsf immune networks

We present some recent investigations on systeratarés of the immungystem, based on a statistical mechanics
approach. After a streamlined introduction on thddptive response of the) immune system, we irgdedispin-glass
model for the interaction between T lymphocytes Bnigmphocytes; such a model is able to mimic, ragrging
properties, several collective phenomena showreby/ systems (e.g. the self/non-self distriminatiba, breakdown of
immunosurveillance by lymphocyte unbalance, thelodipy of fighting several pathogens simultanegyisiVe also
show that this system can be mapped into a (mshiitg) associative network, where T cells direttgract with each
other and are able to orchestrate an immune respaesieving (several)'strategies" previously learhastly, we aim
to show that anergy (experienced by self-directetkls escaped from clonal deletion at ontogenestisywn via the
idiotypic network a la Varela is in agreement -arat conflicting- with the more recent two-signaldebperspective.

Susan Holechek Arizona State University
Dengue as a complex epidemiological and immunolagil system

Dengue is one of the most severe and under-diagnaesetor-borne diseases in the world threatening-tifths of the
world population. Fifty to one hundred million iofeons are reported every year including approxieiat500,000
severe cases due to dengue hemorrhagic fever (@H&)engue shock syndrome (DSS), and 22,000 déatbsing
mostly children. The increase in the number of Datfd DSS cases during the last decade calls fordistgiplinary
efforts between experimentalists, epidemiologists modelers in order to fight dengue at differecdls levels. We
propose an epidemiological model that capturesafiseprogression and a within-host model that cagsuhe viral
dynamics upon a secondary infection with a hetgols dengue virus serotype with the aim of undedste the
antibody-dependent enhancement mechanism of \@plgation, considered the lead cause of the mewer® dengue
disease forms DHF and DSS. Our parameters are basednmunological and epidemiological data from giea
outbreaks in which the population was susceptibléhe invasive dengue-2 Asian genotype, which kas fiound to
have replaced dengue-2 American in several cowai has been associated with DHF cases. Our madelbuilt
on the observation that following infection withhdee-1, individuals generate antibodies that wititpct them against
secondary infection with dengue-2 American but demgue-2 Asian suggesting that the affinity of radiaing
antibodies plays a crucial role in the developmehDHF. The understanding of the complexity of dengt both the
epidemiological and immunological scale will allms to create a nested model that links the witaivd between-host
dynamics of the disease providing a better insigfat the onset of dengue outbreaks.

Anna Alemany, Universitat de Barcelona
Bond elasticity controls molecular recognition secificity in antibody-antigen binding

Force-spectroscopy experiments make it possibfegiohanically characterize immuno-chemical reactiahthe level
of single ligand-receptor pairs. Here we describmathodology to measure the correlation betweerd lsdrength and
flexibility in systems of polyclonal and monoclbmatibodies using optical tweezers. We observé pbbclonal
antibodies obtained after immunization with methgidenone establish more rigid interactions thahe ones
obtained before immunization. We also test theitghilf a monoclonal antibody, designed to speaifjcrecognize
boldenone, to cross-react with testosterone. We tfirat monoclonal antibodies still recognize tettmone but with
lower affinity as revealed by the spectrum of boigitlities and strengths, which suggests thatlzodies explore
different conformations to improve molecular regiign. Our approach suggests that bond flexibptgys a major
role in remodeling antibody-antigen bonds in orderimprove recognition during the maturation of thamoral
immune system.



Marcello Delitala, Politecnico di Torino
A mathematical model of competition between cancerells and T-cells under immunotherapy

How does immunotherapy affect the evolutionary dyoa of cancer cells? Can we slow down cancer uthool by

using immune boosters? Bearing these questions iimd,nwe present a mathematical model of cancertimen
competition under immunotherapy. The model consists system of structured equations for the dyosmof cancer
cells and activated T-cells. Numerical results sgjghat the selection of proper infusion schesluiay play a key
role in the success of anti-cancer therapies.

In particular, we highlight how cancer evolutionrcde effectively slowed down by immunotherapeptictocols

relying on successive infusions of agents that bt proliferation of activated T-cells and agerihat enhance
immune memory.

Deborah Dunn-Walters, King’s College London
Challenges of age in immune system

A healthy immune system is essential for healthgingg In addition to protection from external patfens, the
immune system needs to maintain tolerance towadflaistigens and protection against tumours. TlitLis a complex
and balanced system, with strong homeostatic cbntafortunately the balance is lost with age.

Not only are older people more prone to infectiord @&ancer, but they have increased levels of atifoadies and
circulating inflammatory mediators. Many elemeafsthe system have been investigated and foune tanpaired

with age. In our studies of B cells we have fourad the repertoire of B cells is perturbed with agesing the diversity
that is such an essential feature of the adaptiveine system. Our studies on repertoire have baeied out using
B cell spectratyping and, more recently, high tlyloput sequencing. Following the immune respofftez ehallenge
with commonly administered vaccines we find sigaifi age-related changes in IgA and IgM antibodirdicating

that vaccine design for older people needs to asidmoduction of antibodies other than IgG. Logkat antibody
repertoire in sorted populations of B cells we Be# age-related differences are subclass-specfilor data appear to
suggest that age-related differences differ betwipes of B cell. Better standards for definingctional B cell

populations will be required in order to fully umdéand the changes observed.
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