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What are we trying to accomplish in this meeting?
(Stating the obvious!)

Educate mathematicians about work at the interfaces between mathematics and
medicine and mathematics and biology.

Motivate mathematicians and bielagﬁ)st&to engage with each other to create
NOVEL approaches to BOTH dlSCIplInésS“’
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We aim to develop quantitative models of how cancer cells
respond to clinically relevant genotoxic stress.
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Systems biology seeks to characterize the
underlying principles and function of biomolecular networks

Experimental systems biology has two limits:

Quantifying the edges Finding new nodes
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Computational cell biology seeks to create quantitative,
predictive models of biomolecular networks
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Modern biology consists of both discovery science and
hypothesis driven research

Hypothesis Driven Discovery Science




We seek the middle ground in order to best produce
“New Biology”
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The DNA damage response is integral to preventing to tumorigenesis.
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Principle Component Analysis and PLSR reduce
multi-dimensional data sets into a set of vectors along orthogonal axes.
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We use Partial Least Squares Regression to establish quantitative relations
between signaling and cellular responses

UN
2 uM Dox

10 uM Dox

The modeling is unsupervised, but the selection of
measurements is guided by prior biological knowledge.
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Network Measurements of the DNA Damage Response
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The first step in our “New Biology” discovery algorithm is
guantifying the cellular response of interest

2 UM doxorubicin arrests cell growth and 10 uM doxorubicin induces apoptosis
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2 UM Doxorubicin leads to a G2 arrest
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2 UM and 10 uM Doxorubicin treatment blocks mitosis
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2 UM Dox treatments lead to a G2 population that is p21+
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2 UM Doxorubicin induces a 4N, G1/S-like permanent arrest.
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2 UM Doxorubicin induces senescence

10 uM Doxorubicin induces apoptosis

Untreated 2 uM Dox 10 uM Dox

48 hours

48 ho,urs?

We can now study of the cell commits to either of these fates.
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Based on prior biological knowledge we select key nodes to
monitor the information flow through the cell.
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Quantitative Immuno-fluorescence is used to quantify signaling.
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5. The single cell data is analogous to flow cytometry data.

One gets information on signal strength and cell population dynamics.



High-content microscopy is a powerful means of monitoring signaling.
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Senescent cells release factors that encourage transformation.
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If you use chemotherapy, then you
need to kill the whole tumor!



A persistent DDR drives the Senenesence Associated Secretory Phenotype
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Regression modeling can quantify the contribution
of signaling events to a given outcome.
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Partial Least Squares Rregression suggests

a role for pdnk is senescence.

Response Loadings

Signal Loadings

Proliferation

Apoptosis Senescence
¢ ]|
N
o o
-
@)
C ! 0
Q O -8 6 4 2 0 2 4 6
o
S
Q 4
@

Component 1

Apoptosis m li - Senescence
. 015 ‘
A.‘! ] L Egm
/\—mH ort u
A
N A
S . .
C T
.2 O 0.15 -0.1 0.05 0.05
Q.
E -0.05
@)
O -0.1 u .
-0.15 u ]

Component 1

M All_Signals

Ep21
A pErk
Aplnk
A pHsp27



Timecourses of interest
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Senescent U20S cells exhibit nuclear pJdnk foci.

Untreated 96 hours post 2 uM Dox pulse

yH2AX

pJnk

pcdun




Bartek et al. showed that JNK is recruited to the sites of DNA
Damage by H2AX this Apiril.

a) WSTF kinase associates with the C-terminus
of H2A.X and phosphorylates Y142.

b) Eya1/3 phosphatases dephosphorylate Y142
facilitating S139 phosphorylation.

c) If repair is possible, then phosphorylated S139
recruits MDCA1.

d) If it is not repairable, then Y142 is phosphorylated
and recruits JNK1, which promotes apoptosis.

But how is Jnk activated?
\

DNA repair: New tales of an old tail
Jiri Lukas & Jiri Bartek
Nature 458, 581-583(2 April 2009)

Xiao, A. et al. Nature 457, 57—62 (2009).
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Co-localization of pdnk and yH2AX in DNA damage induced senescent U20S
cells suggests that Jnk signaling is not definitively coupled to cell death.
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Does the SASP activate Jnk?

Are the DNA damage foci maintained intentionallyin order to maintain the permanent arrest?
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Senescent U20S cells up-regulate I1L-6

Untreated U20S cells Day 6. 2 UM Dox U20S cells Day 6.
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Timecourse of the BrdU addition experiments
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Untreated U20S cells without Serum addition proliferate.
The Jnk inhibitor slows proliferation and induces a morphology change.

- Doxorubicin
- Serum
- Jnk Inhibitor

- Doxorubicin
- Serum
+ Jnk Inhibitor




U20S cells treated with 2 pyM Dox (4 hours) do not have a sub-
population of proliferating cells even after serum addition.
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Genotoxic chemotherapy drives a cell into a novel signaling state in
which the effect of a given molecule is drastically altered.
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Jnk activity drives proliferation. Jnk activity drives arrest.
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