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Supplementary Materials: Mathematical Modeling of
Tuberculosis Granuloma Activation

Steve M. Ruggiero, Minu R. Pilvankar, and Ashlee N. Ford Versypt

The equations (1)-(4) for TB granuloma activation in the paper are combined with the immune
response model developed in [1], which included the following equations (51)—(516) to track the
populations of

e macrophages

- resting macrophages, Mg
- infected macrophages, M;
- activated macrophages, M4

o CD4+ T cells

— Tho cells, T,
— Thl cells, T;
— Th2 cells, T

o CD8+ T cells

- T80 cells, Tgo
— T8 cells, Ty
— TC cells, T,

e bacteria

— intracellular bacteria contained inside of infected macrophages, B;
— extracellular bacteria located inside the granuloma but outside of any cells, Bg (note that in

[1] the only source of B is the B ;g contribution from the immune response, whereas the
model developed in the present work also includes a contribution Bg 1, from the bacterial

leakage)
— total bacteria, By = Br + Bj

and concentrations of

e cytokines

- TNF-a, F,
- IFN-y, I,
~IL-4, I

IL-10, I
IL-12, I15

with the parameters defined in Table S1:
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For detailed descriptions of the derivation of (51)-(516), see [1] and [2]. Diagrams of the kinetic
processes in the immune response model for macrophages, T cells, and bacteria are illustrated in [2].

Table S1. Parameters used in immune response model from [1]

Parameter Description Value Units
X5, Production of I, by Ty 50 pg- T, 1. day™!
n30 Production of F, by M; 3x10%  pg-ml ! MI_1 -day !
a5e Production of I, by M 0.03 Pg- ml~!. M;l
K4 Recruitment of My 5x 1073 dayf1
a3 Production of I, by Mg 2x107* pPg- ml!- Mﬁl
Xs5p Production of I, by Tg 50 Pg- Tg_1 -day !
w8 Production of I}y by T, and Tg 0.02 Pg - CD8 1. day_1
X342 Recruitment of T, by chemokines 1x1073 da}f1
X3a¢ Recruitment of T, and Tg 3x1073 dayf1
031 Production of F, by M4 4x1073  pg-ml!. Mgl -day !
X1 Recruitment of T 4x1073 day_1
a3 Production of F, by T; 816 x10™* pg-ml!. Tfl -day ™!
®33 Production of F, by Tg 6 x 107> pg-ml~t. Tgl -day !
X3, Recruitment of T; 5x 1073 day_1
S¥3p0 Fy dependent recruitment of T 1x10% day_1
ST4p F, dependent recruitment of Mg 2 x 10* Mg - day !
STy F, dependent recruitment of Ty 2 x 10° Ty - day *
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Parameter Description Value Units
S73p F, dependent recruitment of T 2 x 10* Ty - day
573pc F, dependent recruitment of T, and Ty 8 x 10* T- dayfl

fo Ratio adjustment of F, and I 50 -

f7 Effect of Ijp on I, induced Ty differentiation to T} 1 -
fs Ratio adjustment of F, and [;p on M recruitment 1 -

Sap1 Half-sat constant of F, on T; recruitment 165 pPg- ml !
Sap Half-sat constant of F, on Ty recruitment 450 pPg- ml !

S4p Half-sat constant of F, on Mg recruitment 200 pg-ml~! . day !
B2 Scaling factor of Bt for F, production by M4 10-3 -

B Scaling factor of F, for My activation to M4 100 Br-pg!

c Half-sat constant of I, on T; death 1.1 x 103 pg-ml!
Cc Half-sat constant of I, on T; and Tg death 550 pg-ml~!
Csp Half-sat constant of T7 on T, cytotoxicity 50 Tc
cT1 Half-sat constant of T, on T-cell induced M killing 10 Ty
54 Half-sat constant of M4 on I, production by Ty 7 x 103 My - ml™!
cr Half-sat constant of Bt on F, production by T; and 1 x 10% Bt

Tg
Csp Half-sat constant of M4 on I, production Tg 7 x 103 My -mlt
€230 Half-sat constant of Br on I;p production by 1x 103 Bt - ml
dendritic cells
€3 Half-sat constant of Br on I;; production by Mg 5x 103 Bt -ml

4 Half-sat constant of TCMLIH on M| apoptosis 40 T- M;l

w3 Max percent contribution of T; to Fas-FasL 0.4 -
apoptosis of M;

wo Max percent contribution of M; produced 0.15 -
cytokines to Mg recruitment

w1 Max percent contribution of T; to cytotoxicity 0.5 -

m Percent overlap of T; and Tg 0.6 -

KTy Rate of I, induced apoptosis of T; 1x107* Mgl -day !
HTey Rate of I, induced apoptosis of T, and Tg 1x107* M;l -day !
UTS Death rate of Tg 0.33 day !
UTe Death rate of T, 0.33 day !
UTS0 Death rate of Tgg 0.33 day_1
75 B; turnover to Bg, primarily due to M death 4x10°3 day_1
UTNE Decay rate of F, 1.11 day !
k1aq Apoptosis of M induced by Fas-FasL 0.1 day !
k14p Apoptosis of M induced by F, 0.1 day !
ks> Cytotoxic killing of M 0.5 day !
510 Half-sat constant of I, on F, production by M4 80 pg-ml!
512 Production of I}, by dendritic cells 1x 103 pg-ml~!.day !
s Downregulation by Ijy on I1; production by M4 10 pg-ml!
o7 Production of I;p by M4 0.01 pPg - ml~!. Mgl
Nfraca Average number of bacteria released from M; 0.5 -
apoptosis by Fy
Nfrace Average number of bacteria released from M;j 0.1 -

apoptosis by Fas-FasL
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Parameter Description Value Units
a0 Growth rate of Bg 0.05 d.a1}f1
X19 Growth rate of B; 0.4 day 1
12 Production of I by T» 1x1073 Pg- T2_1 - day 1
a1 Production of I by Ty 5x 1074 Pg- TO_1 day 1
K1y Production of I1g by T> 0.06 pg- T, L. day™!
g Production of I by My 8 x 1074 P - Mgl day?
oy Production of 1, by Ty 0.03 pg-ml~! T, !
X16 Production of I}y by Ty 2x1073 Pg- Tl_1 -day~!
a Max growth rate of Tj 5x1073 day !
STm Recruitment rate of My 1% 103 Mg - da}F1
fs Ratio adjustment of Iy and I on I;y production 2.5 %1072 -
fa Ratio adjustment of 11y and Iy, on I, production 2 -
f2 Ratio adjustment of I, and I; on T differentiation 1 -
to T
f1 Ratio adjustment of I and I, 200 -
2 Half-sat constant of I on Tj differentiation to T 5 pg-ml~!
Se Half-sat constant of [1p self-inhibition in 60 pPg- ml~!
production by M 4
54 Half-sat constant of I;; on production of I, by Tj 50 pg-ml!
and Tgo
sy Half-sat constant of Ij, on I, production by NK 40 pg-ml!
cells
51 Half-sat constant of I, on My activation to M4 7 x 103 pPg - ml~!
S8 Half-sat constant of I;g on M4 deactivation 1 pg-ml?
C9 Half-sat constant of B on My infection to M 2 x 10° Br
cs Half-sat constant of By on My activation to M4 2 x 10° Br-ml™!
c15 Half-sat constant of M4 on I, production by T; 2 x 10° My
10 Half-sat constant of Br on I, production by NK 1x 103 Br-ml™?
cells
UMR Death rate of Mg 33x1073 day !
UMT Death rate of M; 1.1x 1073 dayf1
UMA Death rate of M4 0.07 day_1
Hiy Decay rate of I, 2.16 day !
257 Decay rate of I, 2.77 da}f1
H110 Decay rate of I1g 5 day !
U2 Decay rate of I, 1.19 day_1
UT2 Death rate of T, 0.33 day !
UT1 Death rate of Ty 0.33 d.’s1}f1
HTO Death rate of Tj 0.33 day !
ko Rate of My infection to M; 04 dayf1
k3 Rate of My activation to M4 0.05 day_1
kq7 Max death rate of M due to B; 0.02 day_1
ky Rate of M 4 deactivation by Iy 0.08 day 1
ke Max rate of T differentiation to T; 5x 1073 ml-pg~!-day !
k7 Max rate of T differentiation to T, 0.02 ml-pg ! - day !
ks Rate of B killing by My 5x 1077 ml- Mg! - day ™!
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Table S1. Parameters used in immune response model from [1]

Parameter Description Value Units
k15 Rate of B killing by M4 1.25 x 107 ml- My day !
Sg Production of I, by NK cells 100 pg-ml~!.day !
N B; carrying capacity of M; 10 By - M;
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