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Dynamics vs. end-point assays
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Different cancer cell lines
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ODE model with quiescence
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Estimation of the fraction of quiescent cells
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Estimation of the fraction of quiescent cells
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Exponentially Modified Gaussian

1 _e=w?
EMG(x|\, p,0) = ( e 22 )*(Ae“)
A
2

7 /20



Exponentially Modified Gaussian
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Exponentially Modified Gaussian
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Intermitotic time fitting
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Intermitotic time fitting
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Treatment on PC9 cancer cell
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An age-structured model

We consider the renewal equation with quiescence:
{

2 jpu, 2) + B(@)p(t,2) + () pl£,3) + o plt, 8) =0,

) t0—2jﬁ

2Q() = fofy() (t,3) da — uQ(0),

p(t,a) +

p(t,a) : number of proliferating cells with age a > 0 at time t > 0,

G0
P(t) := J p(t, a) da : number of proliferating cells at time t,
0

Q(t) : number of quiescent cells at time t,
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An age-structured model
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The renewal equation and the exponential growth
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$p(t.2) + < p(t,3) + Ha)p(ta) = O,
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0

L P(0,a) = po(a).
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The renewal equation and the exponential growth

$p(t.2) + < p(t,3) + Ha)p(ta) = O,

Q0

| PO =2 Blap(ta) da

0

L P(0,a) = po(a).

There exist a positive function p(a) and a positive constant A
which depend only on 3(a), and a constant C = C(f3, pp) such that

p(t,a) ~ C p(a)et

as t — o0.
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The eigenvalue problem

Consider the eigenvalue problem

Ai)()+6aﬁ() B(a)p(a) = 0,
p(0) = 2{7 H(a)p(a) da
p() > 0, xp ) da
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The eigenvalue problem

Consider the eigenvalue problem

Af?()Jraaf?() B(a)p(a) =0,
p(0) = 2§y B(a)p(a) da
p(-) >0, Xp ) da

There exists a unique solution given by
p(a) = p(0)e LT &
where A > 0 is the unique solution to the implicit equation

1=2 foo B(a)e kBTN 67 gy
0

and p(0) is chosen to have {p(a) da = 1.
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The intermitotic time distribution

The age-structure of the labelled cells at time t = 0 is given by

Po(a) = po(a) lo<asto-

Then we follow this age-distribution along time and obtain for
t>0

p(t,a) = p(t,a) Dica<ttto-
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The intermitotic time distribution

The age-structure of the labelled cells at time t = 0 is given by

Po(a) = po(a) lo<asto-

Then we follow this age-distribution along time and obtain for
t>0
p(t,a) = p(t,a) licactrty-

According to the age-structured model, the intermitotic time

distribution writes
T
a) = CTlf B(a)p(t,a) dt
0

CT_J fﬁ p(t,a) dt dt.

where
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The intermitotic time distribution

Under the condition that no cell divides in a time less than tp

Va < t, ,B(a)=0,
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The intermitotic time distribution
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The intermitotic time distribution

Under the condition that no cell divides in a time less than tp
Va<t,  B(a)=0,

and that all the cells are proliferating

a—-+o

a
lim J B(a) da' = +oo,
0
I7(a) is close, for large T, to the function
Io(a) := B(a)e o P@)de

More precisely we prove the convergence

0
J 117(2) — L (3)| da —— 0.
0 T—+w
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Inversion formula

We can recover the division rate from the IMT distribution

lo(a)

B(a) = W7

15 / 20



Inversion formula

We can recover the division rate from the IMT distribution

lo(a)

B(a) = W7

and the EMG fitting leads numerically to an error-like function:
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A first fitting model

Assuming that 3 is indeed an error function

B(a) = 50Erfc(m; a)

we obtain a three-parameters model

/oo(a|ﬁo, m, O') = BoErfc<m _ a) e~ SS BoErfe(7=2 )da’,
o
which can be used to fit an experimental IMT histogram (H;)1<i<n-

Notice that the integral Sg BoErfc(’"%al)da’ can be explicitely
computed in terms of basic functions.
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Incorporate the exponential growth rate

When we know experimentaly the value of the exponential growth
rate A, a very important point for applications is to recover a
division rate 8 such that the relation

o0
2J B(a)e (BN 4y — 1
0

is satisfied.
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Incorporate the exponential growth rate

When we know experimentaly the value of the exponential growth
rate A, a very important point for applications is to recover a
division rate 8 such that the relation

o0
2J B(a)e (BN 4y — 1
0
is satisfied. We remark that this relation writes

O
2J lp(a)e *da =1

0
and we use it to improve the fitting method by fitting a modified
histogram
- e
Aa Z,- Hie—2ai

with the modified three-parameters model

To(a) = 2lp(a)e 2.
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Numerical results
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Numerical results

Dansity
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The fraction rate f

The fraction of quiescent cells among labelled cells

Q(0)
Q(0) + %, p(t,0)dt

is measured experimentally. But we have with our model

F .=

0 0 0
Q(0) = Jt C;—Ct?(t) dt = 2th Jo B(a)p(t, a) dadt
and
0 0 0
J_t p(t,0)dt =2(1—f) f_t L B(a)p(t, a) dadt.

Finally we obtain

2f

F=— <% =¥
2f +2(1— 1)
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Numerical results
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