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Supplement

A Minimal Unified Model of Disease Trajectories

Captures Hallmarks of Multiple Sclerosis

Venky Kannan, Narsis Kiani, Fredrik Piehl, Jesper Tegner

A Constraints on the Dynamics of I ↔ CNS in-
teraction

We argue that oscillations in demyelination in CNS only if these are already
observed in the inflammatory component I. To show this, we start with a
general interaction of the form

dZDemy
dt

= f(I)− κZDemy(t) (1)

where f is any function that monotonically increases and κ > 0 is a rate de-
termining remyelination. Monotonicity of f is a direct consequence of the fact
that demyelination is caused by inflammatory attacks. We can solve Eq. (1)
directly by integration and the solution is given by:

ZDemy(t) =

∫ t

0

e−κ(t−t
′)f(I(t′))dt′ + e−κtZO (2)

As t >> 1/κ, the second term on the right hand side vanishes and we are left
with first term. If there is no oscillating component in I, then the monotonicity
of f implies that there is none in ZDemy either.

We can in fact generalize this result and consider any remyelinating function g:

dZDemy
dt

= f(I)− g(ZDemy(t))

as long as dg(x)/dx ≥ 0. Another way to look at this is to consider the Fourier
transform of both sides, unless there are oscillations on the right hand side,
there would be none observed in ZDemy.

In fact, if we are to require monotonic increase in ZDemy over time scales T >
1/κ then Eq. (2) implies the monotonic increase in I as well. The integrand
of the first term on the right hand side is non-negligible only for (t− t′) . 1/κ
which, together with the monotonicity of proves this.
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As no assumptions have been made to these claims, it follows that all types of
responses that we expect in ZDemy must be generated in inflammatory
itself.
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B Model parameters

Parameter Description Value
c1, b1 Controls rate of change of inflammatory component. c1 = 20, b1 =

30
IS , AS Stationary state values of pro and anti inflammatory com-

ponents.
IS = 7, AS =
7

ξ0 Initial rate of increase of inflammatory component upon
immune threshold breach.

0.5

τ Time scale determining the proliferation of inflammatory
component following immune breach.

20

λ Poison rate at which the random perturbations occur. 20
IC Immune threshold. Varies
c2, b2 Controls rate of change of anti-inflammatory component. c2 = 50, b1 =

30
c3, b3 Controls rate of change of demyelination. c3 = 20, b3 =

40
Ztot Total volume of the region susceptible to damage. 2
κ Rate of remyelination. 1
c4 Controls the growth of dead cells c4 = 0.5
ZC CNS threshold Varies

Table 1: Parameters used in the model and their values
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