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S1 Supplementary Methods

This section gives additional technical details about the design and solution techniques for
the model.
S1.1 Model Assumptions and Formulation

Consider the following system of ordinary differential equations, describing the dynamics of
two subpopulations of ASM cells defined in Fig. 2(a,b):

P=ApD (1—p;c>—)\pcp+)\cpc, (Sla)
¢=XpeD — (Aep + Aa) €, (S1b)

where p and ¢ are the size of p- and c-subpopulations respectively (e.g. measured in number
of cells per cross-sectional airway wall area), a dot over a variable represents its rate of change
(a time derivative), A, is the proliferation rate, A, is the apoptosis rate, and A,c, Ay are the
switching rates, and V' is the total capacity (maximal population size, measured in the same
units as p and ¢). The system (S1) is subject to the initial conditions p|i—o = po and c|—p = ¢o.

The total size of the ASM population is thus given by
s=p+ec. (S2)

We incorporate the effect of short-term inflammatory events by assuming that the switching
rate Aoy can change according to the inflammatory status p which, for instance, could represent
airway eosinophil cell count in sputum per unit volume. The dynamics of u is described by the

following equation:
fr=—-Xap+af(tw), [fltw)=>30(—1t), (S3)
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where ¢ denotes Dirac’s §-function, ¢; is the time of an acute inflammatory event, Ay is the decay
rate of the inflammatory factor, a is the magnitude of a single acute inflammatory event, and
w = 1/E[ti}1 — t;] is the mean event frequency.

All parameter ratios are expressed in terms of a small parameter ¢ = 1/(\,T"), which is
defined as the ratio of the proliferation timescale 1/), to the remodelling timescale T'; Table 1
gives the scalings of the corresponding ratios of rates used in the model. It should also be noted
that the choice of the relative orders of magnitude for the rates (Fig. 2b) is not unique; however,
a global rescaling of all the parameters by a power of € does not affect our main conclusions.
Also, similar results could be obtained by assuming that \j., rather than \,, or their ratio, are

functions of .

S1.2 Solution Techniques

We use a combination of linear stability analysis, two-time-scale asymptotics and numerical
simulation to characterise qualitatively the dynamics of a population of ASM cells. Direct
numerical simulation of (S1)—(S3) is performed with Matlab ode45 Runge-Kutta solver at the
relative tolerance of 107¢, where individual inflammatory events in (S3) are approximated as a
series of Gaussian “peaks” f(t) = ), exp{—)\% (t—t:)?/(202)} /V2m0? for o = 0.01 < \y/w.

ASM growth dynamics

For the given assumptions, equations (S1) lead to three distinct asymptotic growth regimes
for a population of ASM cells.

The first regime (case (1) in Fig. 2(b,d)) is characterised by an approximately constant c-
subpopulation and negligible p-subpopulation when the balance between the state-switching,

proliferation and apoptosis
Aop  Aa

Ape  Ap
is satisfied; in the second growth regime (case (2) in Fig. 2(b,d)), the c-subpopulation of ASM

(54)

cells exhibits a slow logistic growth, which is significant only in the long term (i.e. months to
years), while the p-subpopulation remains small; in the third regime (case (3) in Fig. 2(b,d)),
the ASM cell population splits into the c¢- and p-subpopulations of comparable size that grow
logistically in relatively short time-scales (i.e. weeks to months).

Considering the dynamics of the inflammatory status p for the moderate-to-large speed of
inflammation resolution (IR = A\g/\p 2 1), an approximate solution to (S3) takes the form of a

series of independent ‘spikes’ (Fig. S1):
N —IRA (E—t;
ut) ~a e oot (S5)
1=

where n = |wt| (|z] denotes the integer part of z).

Since the time spent by an ASM cell population above the “severe” inflammation sensitivity
threshold ps has the greatest impact on the net population growth, we estimate this time
Tyevere = N AL as the product of the number of events N = T'w over a fixed long-term observation

period T" and the time interval At spent above uo after each exacerbation of given magnitude
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Figure S1. Schematic of the inflammatory status dynamics p (solid) given by (S5) for large IR
and a > pg. Dashed red line indicates the “severe” inflammatory threshold puo; thick black solid

denotes the time-interval At spent above the threshold.

a > pz. The growth isoline of total ASM cell population s(7") = const (see Figs 4 and 6a) can
thus be approximately characterised by Tgevere/T = w At = const. In particular, for a single
“IRA AL and the time interval is At & (A IR) ! log s

subject to the compatibility condition (0 < At < w™!). The isoline of the ASM population

exacerbation, from (S5) we have pg ~ ae

growth for fast inflammation resolution is thus given by

IR~ A (”) log<a> . IR>1, (S6)
Ap H2

where a/p2 and w/\, are the relative magnitude and mean frequency of exacerbations respec-
tively, and A = T/Tyevere > 1 is a constant that defines the value of the fold-increase in ASM
population size. The predicted growth isoline (S6) is plotted as the dashed white lines in Fig-

ure 4.



