














Figure 4: Simulation of labeling experiments.

3 Model quantification

As in [2] we assume a doubling time of active NSC of 22.8 hours, as measured in [4]. The
other model parameters and the initial conditions 2, ¢V, ¢ are fitted based on the data.
For fitting we use a multistart approach (5000 multistarts) with random nonnegative initial
parameter guesses. The sampling of the initial guesses follows a latin hypercube approach.

Optimization is performed using the MATLAB function fmincon.

4 Model selection

To compare different models we use the Akaike information criterion for small sample sizes

(AIC.) given as
2k + 2k

n—k—1
where n is the number of data points, k& the number of free parameters and AIC the Akaike

AIC, = AIC +

information criterion [1]. This approach takes into account the accuracy of the fit but at the
same time punishes a high number of free parameters to prevent overfitting. The level of
empirical support of a given model is considered substantial if 0 < A < 2, considerably less
so if 4 < A < 7 and none, if A > 10 holds, where A is the AIC, of a given model minus the
minimum AJC. of all considered models [1].

5 Age-related change of cell parameters

In [2] it has been concluded that the activation rate of NSC changes during aging. This can
be modeled by assuming that the rate is not given by a constant but by a time-dependent
function. In the following we allow the activation rates r1, o and the self-renewal probability
a to be functions of the age of the organism.



6 Fitting active and total NSC dynamics

To check consistency of our dataset with the model from [2] we first fit different versions of
the model only to active and total NSC counts, i.e., for the moment we ignore the information
about resting NSC.

6.1 Identical activation rates for dormant and resting NSC

In [2] it has been concluded that the activation rate of quiescent NSC changes during aging.
To obtain the model from [2] we assume that the activation rates are identical for dormant
and resting cells and that they change with age. As in [2] we set

r(t) == ri(t) = ro(t) = rmaee .

As in [2] we assume a cell cycle time of active NSC of 22.8 hours, as measured in [4]. We fit
the other model parameters to active and total NSC counts. We observe that the model is
close to the data, however, the values of the estimated parameters differ from those in [2].
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Parameter | Value | Source || Parameter | Value | Source
Tmaz [1/days] | 0.1304 | fitted Br [1/days] | 0.0174 | fitted
a 0.3518 fitted p [1/days] 1.0526 [4]

AIC.=33.1
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6.2 Different activation rates for dormant and resting NSC

We now consider the case where activation rates of dormant and resting NSC can be different.
As in [2] we assume that they decline exponentially with time, i.e.,

1 (t> - Tmax,leiﬁryla

ro(t) = rmaxyge_ﬂ“ﬁ.

We fit this version of the model to the counts of total and active NSC. This does not

improve the fit and an increase in AIC. demonstrates that based on the total and active cell
counts there is no evidence for the rates to be different.
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Parameter Value | Source || Parameter | Value | Source
Tmaz,1 [1/days] | 0.8211 fitted Br1 [1/days] | 0.9924 fitted
Tmaz,2 [1/days] | 0.1404 | fitted Br2 [1/days] | 0.0111 fitted

a 0.3508 | fitted p [1/days] | 1.0526 [4]

AIC,=38.3

7 Fitting total, active and resting NSC dynamics

Now we include our data on resting NSC. In this section we fit the model to total, active
and resting NSC counts.
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7.1 Identical activation rate for dormant and resting NSC

We first consider the scenario where dormant and resting NSC have the same activation rate,
i.e., we set

r(t) ==ri(t) =ro(t) = Faze .
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Parameter | Value | Source || Parameter | Value | Source
Tmaz [1/days] | 0.0467 | fitted || B, [1/days] | 0.0185 | fitted
a 0.0016 | fitted p [1/days] | 1.0526 [4]

AIC.=120.3

7.2 Different activation rates for dormant and resting NSC
If we allow dormant and resting cells to have different activation rates, i.e.,

(&1 <t> = Tl,maxei&'lt?

T2 <t> - T2,maxeiﬁﬂt7

we obtain a better fit and a reduction in AIC,. This suggests that different activation rates
are required to explain the observed dynamics of resting NSC.
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Parameter | Value | Source || Parameter | Value | Source
Tmaz, [1/days] | 0.0202 | fitted | 3,1 [1/days] | 0.0053 | fitted
Tmaz,2 [1/days] | 3390.0 | fitted || B2 [1/days] | 0.1028 | fitted

a 0.3536 | fitted p [1/days] | 1.0526 [4]

AIC.=53.3

The high activation rate of resting cells indicates that in young mice most activated cells
do not return to quiescence after division.

7.3 Different activation rates for dormant and resting NSC and
age dependent self-renewal

We now allow different activation rates for dormant and resting cells and we allow self-

renewal to increase over time. The expression for age-dependent self-renewal has been taken
from [2]. We set

1 (t> = eraaze_/BTlt?
T2<t> = T2,maxeiﬁr2t7
1
a=g- (1+ e Pt (2amim — 1)).

This best obtained fit is the following.
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Tmaz [1/days] | 0.0202 | fitted | 8.1 [1/days] | 0.0053 fitted
Tmaz,2 [1/days] | 3389.3 | fitted | B2 [1/days| | 0.1029 fitted
Armin 0.3526 | fitted || B, [1/days] | 7.25:107° | fitted

p [1/days] 1.0526 (4]

AIC.=56.1

We observe an increase in AIC, supporting the view that age dependence of self-renewal
has only a minor impact on cell dynamics. Also here the high activation rate of resting cells
indicates that in young mice most activated cells do not return to quiescence after division.

The following figure shows how activation rates and self-renewal probability change with
age.
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7.4 Model with non-zero activation for large time

In the versions of the model considered so far, the activation rates decline asymptotically
with time. This can lead to rates that are practically zero within the life-time of a mouse.
To prevent this unrealistic scenario, we modified the model as follows:

—Br1t

™ Tl,maxe €,
— B0t

ro =1 m e Pr2 €.

This implies that the activation rate is always larger than e. We fit ¢ in addition to the
other parameters.

7.4.1 Constant self-renewal

We first consider the scenario with constant in time self-renewal (¢ = const) and age-
dependent activation rates:

— t
1T = T1,maz® Pr1 + €,

- t
T2 = T2,maz€ Ara + €.
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Parameter Value | Source || Parameter | Value | Source
Tmaz1 [1/days] | 0.0196 | fitted || 5,1 [1/days] | 0.0107 | fitted
Tmaz,2 [1/days] | 3390.0 | fitted || B2 [1/days] | 0.1035 | fitted

a 0.3604 | fitted € [1/days] | 0.0031 | fitted

p [1/days] 1.0526 [4]

a =

—Brit
1T = T1,maz€ fr1 + €,

— t
T2 = T2 max€ Pra + €,

1
2

AIC.=36.0

7.4.2 Age-dependent self-renewal

(e Pt (2amm —

16

1).

The fit is significantly improved. Although we have one more free parameter AIC. is
reduced compared to the previous versions of the model. This implies that it is important
for the observed process that activation rates do not decline to zero for high ages.

We now allow in addition that self-renewal is age-dependent. As motivated above, we set
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Parameter Value | Source || Parameter Value | Source
Tmaz,1 [1/days] | 0.0202 | fitted | 3,1 [1/days] | 0.0102 | fitted
Tmaz,2 [1/days] | 3390.0 | fitted || 3,2 [1/days] | 0.1033 fitted

Armin 0.3537 | fitted | B, [1/days] | 8.1-107* | fitted
€ [1/days] 0.0026 | fitted p [1/days] 1.0526 [4]

AIC.=41.4

The increase in AIC, indicates that age-dependence of self-renewal has only little impact
on the NSC dynamics.

The following figure shows how activation rates and self-renewal probability change with
age.
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