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Bigger Picture

• Bone ≠ static
• Loading → mechanical stress → micro 
fractures

• Low calcium → release from bones
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Osteoclasts resorb bone

• Bone resorption: part of bone 
remodeling

• Physiological process
• Various diseases: abnormal osteoclast 
activity

• Increased resorption in e.g. 
osteoporosis, bone metastases

How to stop osteoclastic 
activity?!



Osteoclast formation
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Solution 1 (Nobel prize: no)
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Solution 2 (Nobel prize: maybe)

Monocyte Osteoclast
Precursor
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downstream of RANKL?

? ?



Status Quo
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Data: a messy affair

Source: Komarova lab

Oscillations, or just noise? 

2 minutes



Interpretation: 2 cell types?
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Working hypothesis
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Hence…

Focus on oscillations between 
perturbations

Pleiotropic 
Canard



What to learn from the 
data?

When they oscillate, they oscillate. 
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Next step?

• Ok, we have control data
• Need to start manipulating the 
oscillations and quantify impact on 
osteoclastogenesis

• Big question: how to manipulate 
oscillations?

Mathematical modeling!



Mathematical model
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Calcium oscillation model 
(Atri) 
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Calcium oscillation model 



Calcium oscillation model 
(Class 2)
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Decreasing Ca2+ - flux (δ) → increasing 
period

(through membrane)
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Bifurcation diagram (δ=0.01)

• Stable oscillations emerge (supercritical Hopf bifurcation)
• Narrow amplitude and frequency range
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Bifurcation diagram (δ=0.005)

• Multistability region (subcritical Hopf bifurcation)
• Wide amplitude and frequency range

[Ca2+]i
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Amplitude versus IP-3 production 
capacity 

Amplitude
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Period versus IP-3 production capacity 
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Calcium oscillation (Class 1+2)
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Predicts bursts of activity 



Predicts bursts of activity  (zoom 
in)
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Big question: how to 
manipulate oscillations?

Systematic approach!

2013



Take-home message 1

δ
Flux of calcium across plasma membrane

Manipulate Ca2+ channels

�
IP-3 production capacity

Manipulate the agonist receptors



Take-home message 2

• Working hypothesis: we only see 
small windows of intermittent but 
regular oscillations

• Measure larger time windows!

Add RANKL
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Quack…une bien belle 
semaine

• Special thanks to…

• The organizing committee and CRM 
staff

• S. Sims, S.J. Dixon, K. Tiedemann, S.V. 
Komarova
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