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Extended Abstract

Most cancer-related deaths are due to the metastasis. Blood microcirculation provides the principal pathway for
delivering the circulating tumor cell (CTC) to distant organs to form secondary tumor. One of the hypotheses for initiating
CTC extravasation is the attachment to the vascular endothelium through the formation of receptor-ligand bonds. The
transition from initial attachment to firm adhesion largely depends on the blood flow conditions, which is lack of
guantitative data. Experimental findings showed that CTC attachment mostly occurs at the venular part of the
microcirculation [1], which implies that low flow rate facilitates CTC adhesion. As the white blood cell (WBC) has similar
processes as CTC, most models developed for WBC are suitable for CTC. Existing studies indicated that leukocyte
margination and adhesion are pronounced within an intermediate hematocrit range of Ht =~ 0.1-0.3 [2, 3] and the
margination of CTC depends on its deformability [4] as well as its relative size to the vessel [5]. Furthermore, increasing
the extent of RBC aggregation also increased the firm adhesion of WBCs to the endothelium [2, 6-8].

This study aims at studying the effects of haematocrit, vessel size, flow rate as well as RBC aggregation on CTC
adhesion in idealized microvessels by a particle-based method - dissipative particle method. The membrane of cells was
represented by a spring-based network and intercellular interaction between RBCs was modelled by a Morse potential
function presented by Liu, et al. [9] based on depletion-mediated assumption. CTC adhesion was described by adhesive
dynamics model developed by Hammer and Apte [10]. The CTC adhesion was found to be closely linked with its
confinement. In the microvessel with a diameter of 5/3 of the CTC size, the CTC has a larger number of receptor-ligand
bonds formed on the cell surface with the haematocrit due to a growing wall-directed force. But with the increase in the
microvessel size, an enhanced lift force induced by the collision between RBCs and CTC at high haematocrit inhibits the
CTC attachment. In addition, the velocity of CTC is larger than the average blood velocity in a smaller microvessel and the
ratio of CTC velocity to the mean blood velocity drops to around 1 in a larger microvessel and even the CTC
flows slower than the blood stream at Ht =0.1 as the cell nearly moves near the vessel wall. Also, the presence of
CTC increases the blood flow resistance, which is more pronounced for the case of CTC adhesion. Moreover, the
strong tendency of RBCs migrating towards the vessel at a higher flow rate enables the detached CTC to contact
with the vessel wall again. And the induced large deformation increases the number of receptor-ligand bonds for
the adherent CTC. In the aggregating RBC suspensions, an enhanced CTC adhesion can be found because it
enables the CTC to stably roll along the vessel wall at the low flow rate. And an additional wall-directed force
provided by the RBC aggregates further compresses the CTC, leading to an increasing number of receptor-ligand
bonds.
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