Supporting Information
Data representation
The encoding of the data in the text file affects the results of the compression of that file. We arranged the data in the files according to the location on the grid. Each line represents an (X, Y) grid location, and contains the data of all cells and molecules located on that specific grid location. The data includes names, the behavioral state for the cells, and the concentration/expression level for the molecules (see Figure 1b). We encoded the data in the files to one letter characters rather than strings (for names of cells and molecules), integers rather than floating numbers (for concentrations and expression levels), and Booleans (for cellular behavioral states). We then re-ordered the data in each line in ascending alphabetical order for characters and then ascending numerical order for integers and Booleans. This was done to avoid the effect of the variance of the order of the data recorded in the files due to probability in the model.
NCD Estimation
We use the real-life compressor xz Utils (http://tukaani.org/xz/) to compute the normalized compression distance (NCD) between two states of the system. The compression technique is based on the Lempel-Ziv Markov chain algorithm (LZMA2). Out of all the available compression algorithms (gzip, bzip2, LZMA implemented in the 7zip package etc.), xz Utils provides the NCD range that is the closest to the ideal interval of [0 1]. There are, however, challenges in working with real-life compressors. The NCD between identical files is greater than zero and between totally random files is less than one. This can be compensated by normalizing the NCD values in the [0 1] interval. For the data representation used in this work we observe NCD distances in the interval [0.64 0.94]. The MDS algorithm requires a symmetric distance matrix, as the NCD is not symmetric, we take the arithmetic mean of the two NCD values: NCD(filei, filej) and NCD(filej, filei), where the indices i and j  indicate two generic files. 

MDS based data representation 
We transform the high dimensional state information into a three-dimensional representation using non-metric MDS, implemented in Matlab. We use the following parameter values: the goodness-of-fit criterion to minimize is Kruskal’s normalized stress1 criterion, the initial configuration of the Cartesian points is determined using the classical multidimensional scaling algorithm, the termination tolerance for the stress criterion and for its gradient is 
[image: image1.emf]10

−4

. The maximum number of iterations is set to 500. If the termination tolerance is not achieved in 500 steps, then the algorithm did not converge and we have a suboptimal configuration of points. The global dissimilarity matrix which is the input to the mdscale.m function contains 
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 block matrices of dissimilarities between each combination of two experimental conditions out of the total of 
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 systems compared with the MDS algorithm. An element of the global dissimilarity matrix is 
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. For each pair of systems, the NCD is computed between each combination of runs and time points. The NCD values are normalized to be in the interval [0 1]. The elements on the diagonal of the global dissimilarity matrix are set to zero.

Contour levels
In order to have clearly spaced contour levels, high resolution in the region of low probability and low resolution in the region of high probability, we need to display between 20 and 30 contour levels. We start with 201 equally spaced contour levels to have high resolution throughout the figure. The large number of contours offers a wide range of values from which to choose the optimal unevenly spaced levels. These levels are the same for the 
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systems that are compared. The selection algorithm is summarized in the following pseudo code:

1. For each system, select between 20 and 30 unevenly spaced contour levels from the 201 equally spaced contour levels: 
a.  Compute the area ratio between the area of the candidate contour and that of the last selected contour

b. Select the candidate contour if the area ratio is above the given threshold

2. Merge into one list the unevenly spaced contour levels of all the systems

3. Reduce the number of levels from the combined list: 

a. Compute the relative difference between the actual value of the candidate level and that of the last selected contour

b. Select the candidate contour if the relative difference is above the given threshold

The color palette illustrating the space between two consecutive contours starts from dark blue to dark red. The blue colors are mapped to low values of the contour levels and the red colors are mapped to high values of the contour levels. The transition of colors from dark blue to dark red is done in increasing order of the levels.
Computational complexity of the NCD analysis
Computing the NCD between two state representation files takes on average 1.95 seconds of real time in Matlab, on a computer running Windows 7 Professional, with processor Intel(R) Core(TM) 2 Duo CPU E8500 at 3.17 GHz, usable memory 3.21 GB and 32-bit operating system. If these computations were performed on a single computer as the one described above, the NCD analysis between two experimental conditions using 50 simulations for each condition and each simulation having 31 time points, would take approximately: 50 x 31 x 50 x 31 x 1.95 =  4684875 seconds (>54 days) of real time. The NCD computations are independent of each other and thus can be run in parallel. We used grid computing to run multiple NCD algorithms at the same time to considerably reduce the real time of the NCD matrix computation. Using the grid of 200 computers at the Tampere University of Technology, the NCD computation between two experimental conditions took between 6 and 10 hours, depending on the load of the grid.
Model description: HSP60 regulates T-cell behavior

The model used in the analysis presented in this paper was created using GemCell, which a generic computational modeling framework described in 1[]
. Here we describe the modeled biological system, the parameter calibration and some of the in-silico experiments performed using the model (adapted from 2[]
, http://www.cs.tut.fi/sgn/csb/execmodel/). 

The biological system

In addition to serving as a chaperone, Heat shock protein 60 (HSP60)  also functions as a molecular signal for the immune system: HSP60 is expressed in cells exposed to stress or immune activation, and has been found as a target of autoantibodies and autoimmune T cells in healthy individuals and in those suffering from autoimmune diseases 
 ADDIN EN.CITE 

[3-5]
. HSP60’s expression is up-regulated in inflammation, and HSP60-reactive T-cells have been observed in a large variety of inflammatory diseases 
 ADDIN EN.CITE 

[3-14]
. Accordingly, HSP60 has been considered a pro-inflammatory "danger signal". Nevertheless, HSP60 treatment has been demonstrated to arrest inflammatory damage. It was recently reported that administration of HSP60 led to the arrest of autoimmune disorders 
 ADDIN EN.CITE 

[15-21]
. These beneficial effects of HSP60 were marked by a shift in the autoimmune response from a Th1 phenotype to a Th2 phenotype 
 ADDIN EN.CITE 
[4,22]
. The researchers in 
 ADDIN EN.CITE 

[23]
 proposed that the resolution of inflammation by HSP60 probably involves at least 2 pathways: (i) inhibition of T-cell chemotaxis into inflamed sites, and (ii) a switch towards Th-2 cytokine secretion 
 ADDIN EN.CITE 
[23,24]
. 
A partial answer to the dominance of HSP60 as a target of autoimmune attack was provided by the discovery that HSP60 could directly activate APCs, including macrophages and dendritic cells, probably through binding to cell-surface receptors such as TLRs 
 ADDIN EN.CITE 

[25-28]
. It was recently shown that T-cells directly respond to HSP60 via the innate receptor TLR2 29[]
. 


CD4+ CD25+ regulatory T-cells (Tregs) were shown to prevent autoimmune disease in mice 
 ADDIN EN.CITE 

[30]
, and they are also present in the blood of healthy humans 31[]
 . Tregs do not proliferate or produce cytokines upon polyclonal stimuli, and they are able to suppress T-cell proliferation and cytokine secretion such as IFN-γ and TNF-α 
 ADDIN EN.CITE 

[31-34]
. A recent study showed that Tregs are the target population of HSP60 by way of an innate signaling pathway that involves TLR2, and that HSP60-treated Tregs are markedly more effective than untreated Tregs in suppression of the proliferation of effector T-cells 35[]
. Indeed, Tregs removal from the system completely prevents the inhibition of IFN-γ and TNF-α secretion by HSP60. This study 35[]
 found that HSP60-induced enhancement of Treg function involves both contact dependant and cytokine dependant mechanisms. HSP60 treatment enhanced the contact dependant (CTLA4) regulatory activity of Tregs and induced cytokine dependant (IL-10, TGF-β) regulation. Blocking of CTLA4, IL-10 or TGF-β partially but significantly inhibits the augmenting effects of HSP60 35[]
. These results are consistent with the finding that HSP60 treatment markedly augments IL-10 and TGF-β secretion in Tregs and probably also from their target T-cells. 

Model execution

Model Calibration; repeating lab results 

Before we could perform in-silico experiments on our model, we had to calibrate it so it will reproduce the results measured in the “wet” laboratory experiments. If we can achieve these results, we can consider the data inserted into the model as verified. Once the data is verified, we can use the model to carry out in-silico experiments based on this data. 

We followed lab experiments that tested the effect of HSP60 on T cell regulation in peripheral blood of healthy human donors 35[]
. Experimental conditions were as follow:   

“2 hours-HSP60-treated or untreated CD4+CD25+ T cells (Tregs) were co-cultured (1:10) with untreated CD4+CD25– T cells on mitogenic anti-CD3 Abs for 24 hours, and the cytokine levels were measured in the culture media.”

Four experiments were preformed: 

· -HSP60 – No HSP60 was added to the medium of CD4+CD25+ T cells.

· +HSP60 – HSP60 was added to the medium of CD4+CD25+ T cells.

· IL-10 knockout – Anti-IL-10 Abs were added to the medium to inhibit IL-10 effect. This medium also contained HSP60.

· CTLA4 knockout – Anti-CTLA4 Abs were added to the medium to inhibit CTLA4 effect. This medium also contained HSP60.

Our model was able to repeat the results achieved in the lab. In laboratory and model experiments, the amounts of the indicated cytokines in the medium after 24 hours were similar:

· -HSP60 – Tregs were not activated and did not affect T cell activation by anti-CD3 Abs. The level of the Th1 cytokines – IFN-γ and TNF-α was high, and accordingly, the level of the regulatory cytokine IL-10, was low.  

· +HSP60 – HSP60 led to the activation of Treg cells, which in turn down regulated Th activated cells. The secretion of IFN-γ and TNF-α was reduced by approximately 50%, and the secretion of IL-10 was tripled.  

· IL-10 knockout – The absence of IL-10 led to a reduction in the ability of activated Treg cells to down-regulate activated Th cells. Consequently, although HSP60 was present, IFN-γ and TNF-α down-regulation was suppressed by approximately 25% and IL-10 elevation was suppressed by around 25%.

· CTLA4 knockout – Similar to the IL-10 knockout experiment, the absence of CTLA4 led to a reduction in the ability of activated Treg cells to down-regulate activated Th cells. Consequently, although HSP60 was present, IFN-γ and TNF-α down-regulation was suppressed by approximately 25%. The in-silico experiment suggests that IL-10 elevation, under these conditions, will be suppressed by around 25%. However, such measurements were not performed in the laboratory, and therefore this result is to be tested to confirm the model’s prediction.  

Having said that, the calibration of the model is not perfect.  The effect of the absence of IL-10 or CTLA4 on IFN-γ and TNF-α secretion was similar to that measured in the lab, but diverse. This difference in the outcomes can be a result of the reduction of the data, for example the absence of TGF-β, which might affect the fine tuning of the model’s experiments. Nevertheless, this diversion is within the borders of standard deviation, and therefore might simply points to variations within both biological and computational experiments. 

 In-silico experiments

Once our model was calibrated, we used it to carry out in-silico experiments. These experiments had two goals. The first was to reproduce previously done lab experiments and to learn about unmeasured experimental parameters. The second goal was to change experimental conditions and perform new biological experiments based on the calibrated, verified data.  

We chose six parameters that were not or could not be tested in the “wet” lab, and used the four previously described experiments to evaluate them.

1. Cytokine secretion pattern

Using the computational model we were able to follow the cytokine secretion pattern over time. It is much harder to detect such delicate changes in cytokine levels in “wet” laboratory experiments. The amounts of secreted cytokines grow rapidly with time, and this elevation is controlled by the experiment conditions, as described earlier. 

2. Change in the number of Cells 

We measured the changes in the number of cells over time. In all experiments nTh cells were activated by anti-CD3 Abs after around 12-14 hours.  During the following hours, some of these activated cells were down-regulated by the activated Treg cells while others continued to adopt the Th1 phenotype. Th1 activated cells proliferated once within the 24 hours measured, at about 18-20 hours.  

-HSP60 – Most of the nTh cells were activated by anti-CD3 Abs and proliferated accordingly. 

+HSP60 – The nTh cells were activated, but most of them were down-regulated by Treg cells both during activation and after Th1 proliferation.  After 24 hours there were slightly more down-regulated cells than activated Th1 cells.  

IL-10 knockout – the absence of IL-10 led to a late down-regulative effect of Tregs on Th1 cells. The reason is that the down-regulation is carried out only by CTLA4 which is expressed only at a later time point by most cells. 

CTLA4 knockout – the absence of CTLA4 led to an earlier down-regulative effect of Tregs on Th1 cells, caused by an early secretion of IL-10 from Tregs in the process of activation. The latter synergetic effect of IL-10 and CTLA4 is eliminated. Therefore, although there are sufficient levels of IL-10 in the system, they are not enough to overcome the presence of IFN-γ. 

3. Chemotaxis 
To facilitate T-cell chemotaxis in our model, we added a symbolic chemotaxis agent to the environment, and an expression of a corresponding symbolic receptor on the T-cells. 

-HSP60 – No chemotaxis.

+HSP60 - The addition of chemotaxis to the system caused an increase in the down-regulative effect of the Tregs. 

IL-10 knockout - The introduction of chemotaxis into the system elevated CTLA4 regulation, since it increased the chances of contact between Th cells and Tregs. 

CTLA4 knockout – the chemotaxis had no significant effect. 

4. Density

To test the influence of a reduction in the density of the cells on their behavior, we increased our grid from a 12x12 grid to a 20x20 one. 

-HSP60 – A minor elevation in the number of down-regulated Th1 cells. This is a result of a larger scatter of the basal secreted IL-10 from non-activated Tregs. 

+ HSP60 - The expansion of the grid caused a reduction in the area of influence of both IL-10 and CTLA4, which in turn eliminated their late synergetic effect. Therefore the low density +HSP60 runs showed a marked difference in the Th regulation by Tregs, and lower levels of IL-10, and a corresponding higher levels of IFN-γ and TNF-α secreted by activated Th1 cells.

IL-10 knockout - As the effect of CTLA4 requires cell-cell contact, the increased distance between the cells on the larger grid caused the reduction in Th down-regulation. Even though we could observe some down-regulation of Th1 proliferation, the majority of the cells remained activated. Higher levels of IFN-γ were secreted by activated Th1 cells.

CTLA4 knockout - The CTLA4 knockout experiments with a larger grid show that the effect of IL-10 was reduced in about 10%. This was caused by a decrease in IL-10 concentration around Tregs, as a result of the expansion of the environment and the consequent reduction of the IL-10 accumulation in the microenvironments around the cells. 

5. Treg location

To test the effect of the location of Tregs in our model, we changed the pre-run condition so that all Tregs will be located in the most left 10% locations of the grid, instead of randomly dispersed throughout the grid. 

-HSP60 - The -HSP60 runs show an increase in the down-regulation of Th cells. This is a result of the massive IL-10 secretion in the relatively small area in which all Tregs were located. Since Th cells were spread randomly, Th cells that were located closer to the Treg area were affected by the high IL-10 concentrations. This IL-10 effect is more significant at the early stages of the run, before a large amount of IFN-γ is secreted by the activated Th1 cells. 

+HSP60 - The addition of HSP60 to the system caused a reduction of more than 10% in IFN-γ secretion and a similar elevation of IL-10 secretion. This means that the high levels of IL-10 in the Treg zone already down-regulated most of the neighboring Th cells. 

IL-10 knockout – the Treg zone limitations caused an elevation in cell-cell contact, and as a result the accumulative CTLA4 signal was able to almost overcome the IFN-γ signal.

CTLA4 knockout – the overall effect of IL-10 is the same as if the Tregs were spread randomly due to a very high IL-10 levels in a restricted zone. 

6. Treg to nTh ratio

To test the effect of the ratio between the amount of Treg cells and the amount of nTh cells in the system, we increased the number of Tregs to be 20% of the total number of cells instead of 10%. The increase in the amount of Tregs elevated the down-regulative effect. 

We could observe dramatic changes due to the density of the Tregs in the system and the consequent increase in both the size of the IL-10 microenvironment and CTLA4 signaling. Indeed, more Tregs secrete more IL-10, which is effective in the early stages of the simulation. Down-regulated Th cells will add to this effect by secreting more IL-10. Consequently there is a large decrease in the Th1 cytokine profile. Note that although the cell count of Th-reg cells is similar to the normal experiment, in fact the Th population number is reduced dramatically and therefore the down-regulative effect is much higher. 
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