Using Multi-Scale Modeling to explore the effects of Mycobacterium tuberculosis
on T cell responsiveness in granulomas
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GOALS OF THE STUDY MULTI-SCALE MODELING RESULTS OF UNCERTAINTY & SENSITIVITY
ANALYSIS

* Use model to prec!ict how Mtb .interferes with T_ cells at the Integrated Multi-Scale Model
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 Combine molecular and cellular/tissue level models to explore molecular scales
how they interact, look for emergent behavior  Emergence of behaviors that arise from interactions between agents that » The molecular dynamics change when placed inside agents in GranSim
would otherwise be impossible to know a priori®  The effect on Mtb peptide-MHC |l complexes is delayed until 30 days post
infection in GranSim, when T cells are deployed
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» Host immune cells (macrophages and T cells) form granulomas
to contain the infection

o

s

Q

g

@

ocoo

N O N

oo O,
-0 ;
qeie

0.0015

0.0010

g‘%
N AR
e
4&*
Correlation
o
%0
25
So
25
700
%0
25
So
’.‘
25
700
%0
25
So
25
700
%0
25
So
3
&
25
700

. . . % 0:2; — g 0.0005
* Only ~8% T cells in granulomas respond to Mtb? Antigen Presentation ODEs ) ) —— e BN Lo
"':*ntracellular tracellular Mtb by M_ S ;Q q'? ol? S S S ;Q o ol? ;9 ‘{')Q 'Q ;Q o (;Q S S S ;Q q'? IS ;9 (,;0
y . . . . Complex (C) Sel-MHC ng*) anld extracellular,
* [t's unknown why T cell response at site of infection is low Days
Rece (Me™) - -
tor (R) . . o |. . . . .
DC responds to pathogen Lymph node oo MHC II Translation & Peptide Binding
signals and migrates to - T
Dendritic cell (DC) draining lymph nodes % 1 (kIanF;n:xli.c:\aﬂilszc;fEi)lsllesd, mhcScale koffMhc kout kdegMhc
_—— the other half survive)
j%; ‘ _ - 8:3- ~— L e Ci—— i’gi pvalli)eoozo
: —r —_— Downregulation of ) 9 _05- O o '
" ntigen () " T J eesems 2machy 2 Tuy = S b S S 5 b s o S 5 & S S 5 & S 5 0.0015
Macroohaage * Mtb Naive T cells are primed, proliferate A | I » T:: s o S AS NS o s AS NS o S AS S 9 B S N S .
P g_) hir afl> and become effector T cells Anigen (A ch(Sa(rencc:itiIr??r;,asnTclj\li-gngllzf::ldo?NolfRz 5;‘ 00 —— = e v S 2 00005
* = . Dol %, &
Infection of h nd oo R e e e e B "--—---ﬂ ——— — — ——
nrection ohnasiephagdes an . Figure 4: Model schematics of GranSim and ODEs and how they relate to each other as a multi-scale R S A A N A A
chemokine/cytokine (TNF) production Days
Migration of T cells from lymph model.
e +TNF Activation nodes through circulation and  Cytotoxic T
X* S — G of Mo chemo-attraction to the lung cell (Tc)

g Wling o 550y oy sgnals @ ANALYSIS OF THE MODEL

Infected M® :
Pro-inflammatory
T cell (Ty)

2. Mtb antigen uptake and processing are most
influential through first 100+ days of infection

Latin Hypercube Sampling

» Method for generating a near-random sample of parameter values from a * In GranSim, influence on Mtb peptide-MHC Il complexes peaks around day
multidimensional distribution 25, tapers 100+ days post infection

MULTI-SCALE MODELING . Used to explore the entire parameter space of a model * Increases seen with pinocytic uptake and antigen processing

» Parameters derived from LHS are then used to perform uncertainty analysis * Decreases seen with antigen degradation and dissociation rate of Mtb
peptide-MHC |l complexes

Lung

Granuloma formation in the lung ~ Figure 1: Mtb infection process.
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Infected Regulatory
B Chronically & Gamma » Measures how the uncertainty of inputs impacts model outputs (sensitivity) _ _ _ _ _ _ o
nfected M Cytotoxic - Rank transformation allows consideration of non-linear relationships * Intervention in Mtb infection could possibly consist of finding
. | " .  Allows for inter and intra compartmental sensitivity analysis by varying ways to decrease Mtb antigen degradation and lowering
Figure 2: Example time point in GranSim : : : T :
and different types of agents on the grid. parameters in ODEs, GranSim, or both dissociation rates of Mtb peptide-MHC Il complexes
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hypothesized to effect antigen presentation by Mtb. MHC Il complexes.




