A Multiscale Model of Cell Elongation, Proliferation and

Quiescence Transition in Angiogenesis

Spring model of the tip cell elongation in a vessel:
The tip endothelial cell has two distinct functional parts: lamellipodia and main body with

stress fibers. |l n a vessel, the tip cell ds |
to the stalk cells.
Elastic Transition Zone
Cargo Zone Generation/transmission of contractile ~1ewing Zone
*Mechanically forces for towing cargo *Formation of firm substrate
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Diagram of spring model of tip
Tip cell (star) is specialized to migrate with long cell(Munevar,Biophys. J., 2001)
filaments, while proliferation(green cell with an
arrow) happens in the stalk(Gerhardt,JCB,2003). 4
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Relation between Migration and Mitosis in a vessel

1. Every cell is modeled as a single
point in space.

2. Tip cell can only migrate, and stalk
cell can proliferate and be passively
drag by the tip cell.

3. Tip cell can migrate only if there is
mitosis occurring in the stalk.

Chemotactic Migration in anisotropic
Extracellular Matrix(ECM):

1. Vascular Endothelial Growth Factor(VEGF) is
released by the lesion, with concentration c: al

T =k, ~Bc
2. Protrusion force T is supposed to be (C + al)
3. Conductivity tensor K is selected based on the E — aA 3+ 1 a’\ A a’\
local fiber with unit direction a: ka

4. Contact guidance: Protrusion force is modified by — ==
the tensor K: K ﬂT

Angiopoietins and quiescence transition process

Angiopoietin -1(Ang -1,55kDa) and angiopoietin  -2(Ang -2,66kDa) are glycoproteins
modulating the maturation of blood vessels. Ang -1 stabilizes the cells and the
vessel, while Ang -2 takes the opposite roles. We introduce a new concept:

quiescent level of cells denoted by m: m=1 means cells are in totally quiescent
phenotype and can not proliferate, m=0 means cells are in actively proliferating
phenotype. Ang -1 is released by quiescent cells, with background level a_0, while

Ang-2 is released by active cells. Quiescent level is controlled by Ang -1 and Ang -2.
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a 1:Ang -1 a 2: Ang -2 m: quiescent level

A typical quiescence transition process
e: mass density of cells
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Relation between vessel extension and proliferation

Theorem
positive values bl and b2 depending on initial values and other parameters,
the quiescence transition
when b {m 1}<b 2, Vessel can always extend .

Combined algorithm

steady state.

Solve the ang -1,ang -2, quiescent level and

proliferation equation.

If there is new cells generated from mitosis,
then the tip cell can retract and elongate
forwards again and drag all stalk cells along,
otherwise, the tip cell can only elongate to a

steady state.

If two vessels intersect in space, then they

fuse together, and one of them stops
extension.

If a cell near the tip has enough mass and
VEGTF, then it can branch into another

vessel, with some random control.

One -dimensional Results

Illustration of one
day 7 after onset.

Two -dimensional Results

Initial setup of rat cornea  with
cauterization in the center . 1
unit= 2mm . Silver Nitrate cauterization
Is given in the center to make a lesion
at day 0. Initial sprouts are from
migration of cells from limbal vessels.

Right panel figures :
experiments of
(Proteomics, 2003 )

comparison  to
Thompson et al

. Suppose VEGF has sufficient

-dimensional vessel growth at
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Conclusions
To correctly describe the extension of vasculature during angiogenesis, it is necessary to
model different phenotypes of endothelial cells all along the vessel and the transition
between them . Our model highlights the critical role of angiopoietins in mediating
transition of proliferating cells to quiescence state and thereby effecting vasculature
extension .
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