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Abstract Methods

The Wnt pathway is important in determining cell
proliferation, cell polarity, and cell fate during
embryonic development and adult tissue
homeostasis. The destruction cycle of this pathway
regulates the amount of Beta-catenin in the cytosol.
Mutations in the Wnt pathway have been linked to
colon cancer, coronary heart disease, osteoporosis
and type Il diabetes. We created a mathematical
model based on differential equations for the Wnt
pathway, to better understand how the signaling
works. The more the Wnt pathway is understood the
closer science comes to curing cancer and other
related illnesses.

The Wnt pathway is a cell signaling pathway which
regulates the level of Beta-catenin, which in turn
controls controls the expression of over 100 genes.
The pathway is studied in Drosophila (flies),
Xenopus (frogs), mouse and humans, especially
cancer cell lines. Each species in the Wnt pathway is
carefully mapped out and labeled. Reversible binding
steps are recognized by the equation v; = kXY -k;
(X;*Y)), where X; and Y, denote the concentrations of
binding partners and (X;*Y)) the concentration of their
complex. Irreversible reactions are described as
vi=k{*X;, where k; is the first order rate constant and
X; is the concentration of the reactants. Our new
model simulates the full Wnt pathway, as opposed to
the original 2003 model.
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A mathematica code is designed where each
reaction and reversible binding steps is accounted
for. The reactions included in this model are protein
synthesis/degradation, protein phosphorylation and
dephosphylation and the assembly/disassembly of
protein complexes. We took binding, dissociation
and catalytic rates from the literature, and did the
same thing for initial concentrations.
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The above picture shows the before and after
effects of the Wnt signal.

« Figure A shows the destruction complex before 30k
the Wnt signal attaches to the coreceptors D
LRP5/6 and Frizzled. P —

« Figure B shows Wnt binding to the coreceptors E
which activates Disheveled (Dsh). This causes 20p

Beta-catenin to accumulate and form a
complex with TCF.

Differential Equations
dAAX/dt = GAAX Ky s — AAXG kyog — AAX Kpsgs + N
APCAX Ky3.512 A
dAPC/dt = AAX Kqp.o13 = APCAX Ky31p + AB Kignis — APCB Kys.ora
dAX/dt = AAX Kyp.515 — APCAX Ky3510

% (p-cateninTCF) -

dAB/dt = -AB Kq4.15 + APCB Kys514 50 100 150
dDsh,/dt = Dsh; Ky, — Dsh, ky 01
dDsh./dt = -Dsh, k; ., + Dsh, ko

dG/dt = GAAX Kyry — AAXG K,

AGAAX/dt = -GAAX Ky, — GAAX Ky g + AAXG Ky.g + GAAXPD Ky

dGAAXxpp/dt = GAAX Kj_.5- GAAXPP Ks_.3 + BGAAXPP Kg..7—

GAAXpPpB K76+ GBAAXPPP kg .o .

dGBAAxppp/dt = BGAAXpP Kg..g — GBAAXPPP kg .o

dT/dt = TB ko1 = BT Ky110

dp/dt = BGAAXPP Ke.7 — GAAXPP K756 + BT Kignty — BT Kygsio +
AB Kyg515 =~ APCP Ky5514 °

The following curves are listed from top to bottom:

» Curve D (inhibits GSK3 by setting k4=0 and k9=0)
Curve E (added 1 uM of TCF)

+ Curve C (has | additional uM activated Dsh)

» Curve A (reference curve)

Curve B (has an addition of 0.2 nM axin)

dBGAAxpp/dt = - BGAAXPP Kg..; — BGAAXPP Kg .5 + GAAXPP Ky
dpp/dt = GBAAXPPP kg .q
dBT/dt = - TR Kyon1q *+ BT Kyg510

Our main interests is to investigate cellular
response under complex stimuli, which the
cells would encounter under normal or
pathological physiological conditions.
Setting up a model is the first step in this
direction. Our model recapitulates the
known experimental facts of the Wnt
pathway under traditional stimulation, and
will serve as the basis for future
experiments with complex stimuli; like
pulses in a microfluidic torture chamber.
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