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Blood cell aggregation and adhesion to endothelial cells under shear flow are crucial to
many biological processes such as thrombi formation, inflammatory cascade, and tumor metas-
tasis, in which these cellular interactions are mainly mediated by dynamics and kinetics of un-
derlying receptor-ligand bindings. While the theoretical modeling of aggregation dynamics'' and
adhesion kinetics of interacting cells'**- have been well studied separately, how to couple these
two processes remains poorly understood.

Here we developed a unified framework that couples cellular aggregation dynamics and ad-
hesion kinetics. Cell aggregations inside a blood vessel are segregated into three phases: 1) a
two-body collision theory was applied to describe the doublet formation for an ensemble of inter-
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acting cells under shear flow; 2) the fate of a formed doublet is governed by a probabilistic
model of small system kinetics, which illustrates how the receptor-ligand bonds cross-linking the
double survive with time; 3) A mechano-chemical coupling model is used to determine the life-
time of a bond under external forces. The solution to these governing equations turn to be the
spatial and temporal distributions of individual cells or cell aggregates at vicinity of vessel sur-
face, which serve as the initial conditions for modeling cell adhesion kinetics onto endothelium.
Then, master equations for phases 2) and 3) were again solved to predict the rolling and tethe-
ring of receptor-bearing cells onto ligand-expressed endothelial cells. Parametric analyses were
conducted to elucidate the impacts of shear rate ( stress) and molecule binding affinity on cell
aggregation and adhesion, which were compared with experimental observations via flow cham-
ber assay. These results provide a unified framework for mechano-chemical-biological coupling
to combine cell aggregation with cell adhesion at cellular and molecular leveis ( This work was
supported by National Natural Science Foundation of China ( No. 11072251 ) , National Key Basic
Research Foundation of China(2011CB710904 ), CAS Knowledge Innovation Program ( KJCX2-
YW-L08) and Scientific Research Equipment Project ( Y2010030) ).
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