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Introduction and brief outline

I Brief introduction to stem cells.

I Development of a mathematical model.

I Some basic features of the model.

I What does the model tell us?
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Stem cells

I “Stem cells are cells that can differentiate into other
types of cells, and can also divide in self-renewal to
produce more of the same type of stem cells.” -
Wikipedia intro.

I Very hard to measure in vivo.
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Stem cells

I “Stem cells are cells that can differentiate into other
types of cells, and can also divide in self-renewal to
produce more of the same type of stem cells.” -
Wikipedia intro.

I Very hard to measure in vivo.

Figure: Mouse experiment data (?)
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Hematopoietic stem cells and the bone marrow

I Cancitis group at RUC: Modelling of development and
treatment of blood cancers (leukemias), in particular
Myeloproliferative Neoplasms (MPNs).

I Hematopoietic stem cells (HSCs) give rise to a vast
production of blood cells.

I Mutations of HSCs are believed to be central in the
development of most leukemias.

I Stem cell “niches” in the bone marrow
micro-environment.

(?), (Wang, Stiehl et al. 2017), (?), (?).
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Modelling of the HSCs and their niches

Experimental observation:

In culture In body

Central hypothesis:
Limited division, exhaustion after division.
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Modelling of the HSCs and their niches

Central hypothesis:
Limited division, exhaustion after division.
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Competition for niche-space
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NC : Niche-bound, A: Active, I : Inhibited, NE : Empty niches

Considering multiple subpopulations of stem cells:
Work of Thomas Stiehl ⇒ Healthy and malignant cells
compete for a shared niche.
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Competition for niche-space
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NC : Niche-bound C -type, AC : Active C -type, IC : Inhibited C -type
NL : Niche-bound L-type, AL : Active L-type, IL : Inhibited L-type
NE : Empty niches.
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dNE

dt
= −bCNE IC + uCNC − bLNE IL + uLNL

dNC

dt
= bCNE IC − uCNC

dNL

dt
= bLNE IL − uLNL

dIC
dt

= −bCNE IC + 2rCAC − dIC IC
dIL
dt

= −bLNE IL + 2rLAL − dIL IL

dAC

dt
= uCNC − rCAC − dAC

AC
dAL

dt
= uLNL − rLAL − dAL

AL
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Competition for niche-space - Fitness

FC =
bC
dIC

(rC − dAC
)

(rC + dAC
)

and FL =
bL
dIL

(rL − dAL
)

(rL + dAL
)
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I If FC = FL then coexistence is possible.

I If FC < FL then L-type outcompetes C -type

I If FC > FL then C -type outcompetes L-type
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Now what?

I Model describing central mechanisms of HSCs.

I Can be fit to experimental (mouse) data.

I Some prediction/results about the significance of
certain mechanisms.

I A notion of stem cell fitness.
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Reducing the model

dNE

dt
= −bCNE IC + uCNC − bLNE IL + uLNL

dNC

dt
= bCNE IC − uCNC

dIC
dt

= −bCNE IC + 2rCAC − dIC IC

dAC

dt
= uCNC − rCAC − dAC

AC

dNL

dt
= bLNE IL − uLNL

dIL
dt

= −bLNE IL + 2rLAL − dIL IL

dAL

dt
= uLNL − rLAL − dAL

AL
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Reducing the model

Since NC + NL + NE = K , we set NE = K − NC − NL:

dNC

dt
= bC (K − NC − NL)IC − uCNC

dIC
dt

= −bC (K − NC − NL)IC + 2rCAC − dIC IC

dAC

dt
= uCNC − rCAC − dAC

AC

dNL

dt
= bL(K − NC − NL)IL − uLNL

dIL
dt

= −bL(K − NC − NL)IL + 2rLAL − dIL IL

dAL

dt
= uLNL − rLAL − dAL

AL
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Reducing the model

QSSA: Assuming ˙IC = 0 and İL = 0,

dNC

dt
=

2uC
αC + 1− NC − NL

AC − uCNC

dAC

dt
= rCNC − rCAC − dAC

AC

dNL

dt
=

2uL
αL + 1− NC − NL

AL − uLNL

dAL

dt
= rLNL − rLAL − dAL

AL

where αC =
dIC
bCK

and αL =
dIL
bLK

(Equivalent to setting uC
K ↓ 0 and uL

K )
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Reducing the model

QSSA: Assuming ȦC = 0 and ȦL = 0,

dNC

dt
= uC

(
2ρC (1− NC − NL)

αC + 1− NC − NL
− 1

)
NC

dNL

dt
= uL

(
2ρL(1− NC − NL)

αL + 1− NC − NL
− 1

)
NL

where αC =
dIC
bCK

, αL =
dIL
bLK

, ρC = rC
rC +dAC

and ρL = rL
rL+dAL

(Also arises by setting uC ↓ 0 and uL ↓ 0)
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Reducing the model

Chimerism = NL
NC+NL
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Future work: Simulated treatment in reduced
model

Fitness advantage due to increased ρL.
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Future work: Simulated treatment in reduced
model

Fitness advantage due to decreased αL.
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Wrapping it up

I Mathematical modelling of stem cells help shine a light
on a system which is otherwise hard to investigate.

I In particular: Limited self-renewal with “recharging”
through the niche leads to certain properties of the
HSC-bone-marrow system, and a notion of HSC fitness.

I HSC fitness is cell intrinsic, i.e. it could be possible to
determine it from studies involving only single cell types.

I Improving the fitness of healthy stem cells could be
more effective than decreasing the fitness of malignant
cells.

I By considering feedback signalling from blood, fitting
with (and perhaps even predicting) patient-data could
be possible.
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Thank you for your attention.

Any questions?

rakrpe@ruc.dk

rasmuspedersen.com

dirac.ruc.dk/cancitis

rakrpe@ruc.dk
rasmuspedersen.com
dirac.ruc.dk/cancitis


Modelling
hematopoietic

stem cells

Rasmus Kristoffer
Pedersen

Introduction

Background

Stem cells

HSCs and BM

Niche modelling

Developing a model

Competition

Model reduction

Future work

Conclusion

14/14

References

Andersen, M., Z. Sajid, R. K. Pedersen, J. Gudmand-Hoeyer, C. Ellervik, V. Skov, L. Kjær,
N. Pallisgaard, T. A. Kruse, M. Thomassen, J. Troelsen, H. C. Hasselbalch, and J. T. Ottesen
2017. Mathematical modelling as a proof of concept for MPNs as a human inflammation model for
cancer development. PLOS ONE, 12(8):e0183620.

Ashcroft, P., M. G. Manz, and S. Bonhoeffer
2017. Clonal dominance and transplantation dynamics in hematopoietic stem cell compartments.
PLOS Computational Biology, 13(10):e1005803.

Becker, N. B., M. Günther, C. Li, A. Jolly, and T. Höfer
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