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The initial aim of this project was to create a model coupling the circadian
clock and the cell cycle networks. However, such a coupled model was published by Gerard and Goldbeter
during the first year of this project. This unexpected turn of event led to substantial modifications of
the initial project. Gerard and Goldbeter®s model was used as a template to produce a logical model, with
the prospect of applying tools and methods available in the logical formalism to analyze entrainment of
the cell cycle by the circadian clock. This proved more difficult than expected, partly due to the
complexity of the original model, and partly because preliminary results highlighted limitations in the
circuit functionality analysis method. Nonetheless, within the context of this project, a new model of
the mammalian cell cycle has been developed, and the corresponding paper has just been accepted to the
ECCB 2016 conference, to be published in a forthcoming issue of Broinformatics.
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1. MRABRLEDOER

The cell division cycle is the process
through which a cell reproduces itself,
replicating its genetic material and
sorting the copies to two daughter
cells. In multicellular organisms, cell
division is under tight control at each
stage of development, and
deregulation of this process is a major
hallmark of cancer.

Circadian oscillations characterize
biological activities that display cyclic
variations over a 24 hours period. In
mammals, the sleep-wake cycle is the
most conspicuous manifestation of the
circadian clock, but metabolic, cellular
and molecular processes are also
affected. Accordingly, perturbations of
the circadian clock have been linked to
various disorders, including diabetes,
and cancer. The main components of
the mammalian circadian clock are

displayed on the figure opposite.

Like the cell division cycle, the
circadian clock is controlled by a
complex molecular oscillator. Recent
works further uncovered the tight
regulatory links from circadian rhythms
to the cell cycle machinery, showing
that many clock regulators (RORaq,
REV-ERB, PERs, BMAL1-CLOCK, BMAL1-
NPAS, CRYs, TIM) also have an impact
on cell cycle regulators (p21, c-myc,
WEE1, ATM and ATR)[1].

Both systems are appealing for
computational scientists and have

been heavily studied from a systems

biology point of view. Yet, at the time
when this project was drafted, the
connection between these two
oscillators had hardly been explored

by modelers.

References:
Borgs et al. Cell Cycle, 8(6):832-7,
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2. ROEW

The main purpose of this project was
thus to build a model coupling the
mammalian cell cycle and circadian
oscillators. Unfortunately, during the
very first year of the project, such a
coupled model, based on differential
equations, was published
independently by an other team
[Gérard2012]. In this context, the

project had to be reoriented.

While | kept working on a logical
model of the mammalian cell cycle, |
decided shift the main focus of the
project to the analysis of the
properties of Gérard and Goldbeter's
new coupled model. The aim was to
better understand the coupling
mechanism, taking advantage of a
well-researched, and now publicly
available model. The modular
structure of the model was supposed
to help achieve fast progress, and |
was  particularly interested in
exploring the roles of feedback
circuits [Thieffry, 2007] in such a

complex model.

References:



Gérard and Goldbeter, 2012. PLoS
Comput. Biol. 8(5):e1002516
Thieffry, 2007. Briefings in
Bioinformatics 8(4):220-225

3.MRDAEE

The logical formalism is a discrete
modeling framework that has been
successfully applied to a number of
biological systems [See Abou-Jaoudé
2016 for a recent review], and for
which a number of tools are available
that have been used in this project. In
particular, circuit functionality analysis
[Naldi et al., 2007] and the model-
checker NuSMV [Cimatti et al., 2002]
have been applied to this project.
Models were developed using the
software GINsim [Chaouiya et al.,
2012].

References:

Chaouiya et al., 2012. Methods Mol.
Biol. 804, 463-479.

Cimatti et al., 2002. Lect. Notes Comp.
Sci. 2404:359-364.

Naldi et al., 2007. Lect. Notes Comp.
Sci. 4695:233-247.

4 TR

Due to the necessary reorientation
discussed above, the initial project
could not be carried out as initially
planned, and as a consequence the
results could not match the expected
outcome of the project. In particular,
the project led to a single publication,
recently accepted for the ECCB

conference later this year (see

reference below). This article
presents an extended and updated
version of an earlier logical model of
the mammalian cycles, introducing
several new variables and
interactions. Perhaps more
importantly, the paper illustrates an
application of model-checking
techniques to evaluate complex
dynamic properties of logical

models.

Besides this publication, the project
generated a number of conceptual
advances and preliminary results

which I introduce below.

First, adaptation of the Gérard-
Goldbeter model proved a
challenging task. Due to the
difference in terms of modeling
framework, the modular nature of
the model proved a hindrance rather
than an asset: indeed, module
definition in the continuous and
discrete formalism seem to follow
unexpectedly different principles,
and we could not directly transpose
the original modules in the new
modeling framework. A model has
finally been developed, but it proved
too unreliable and difficult to
evaluate to warrant publication, and
had to be discarded.

Second, analysis of this preliminary
model revealed limitations in the
current  definitions of circuit
functionality. Some of these

limitations have recently been



discussed [Comet et al.,, 2013], but
were not widely known at the start of
this project. In particular, we were
surprised to observe that some states
within the main complex attractor
showed no functional negative circuit,

and indeed not functional circuit at all.

These observations have prompted the
development of new lines of research
on modularity and the roles of
regulatory circuits, towards a new
definition of circuit functionality. This
research is still in the early stages and
will extend well beyond the scope of
this project, but promising preliminary
results suggest that valuable insights
may be obtained from these new

plans.

References:
Comet et al., 2013. Bull. Math. Biol.
75(6):906-19.
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