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ABSTRACT  

Active regulation of dendritic cells (DC) by the lymphatics is just beginning to be 
explored [1]. The importance of interstitial flow on CCR7 signaling has recently been 
demonstrated for breast cancer cells [2], which likely mimic DCs to home to lymph 
nodes. Both lymphatics and DCs secrete the CCR7 ligands CCL19 (which is not matrix-
binding) and CCL21 (which is strongly matrix-binding), and both are important for 
lymph node homing of immune cells.  

Here we develop a dynamic computational model to be used in parallel with in vitro 
tests to describe the specific response of DCs to both CCR7 ligands and flow.  

In the computational model, which simulates the actual in vitro experimental system 
(Fig.1, left), a channel (5.55 x 1.6 x 1 mm) maintains dendritic cells embedded within a 
3D gel and subjects them to chemokine gradients. Constant chemokine concentrations 
C0 and C1 are applied at the channel boundaries. The interaction between chemokines 
CCL19 and CCL21 with a single cell and the extracellular matrix were studied using the 
finite-element code Comsol Multiphysics, solving the following equation  for each 
species Ci: 
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where D is the species diffusivity, ρ is the medium density, v is the flow velocity and r 
is the reaction term, which accounts for the chemokines binding and unbinding to the 
matrix. The equilibrium constants were derived experimentally using biacore.  

Figure 1 (right) shows the transitory in CCL21 and CCL19 concentrations, respectively. 
CCL21 diffuses slowly and does not reach steady state conditions even after 12 hours 
(the duration of the considered in vitro tests). On the contrary, CCL19 diffusion is 
comparable to the experimental average velocity of dendritic cells (0.01µm/s). Figure 2 



 

shows the concentration distribution around a cell with and without flow. 

This preliminary computational model, integrated with experimental data, is giving a 
first insight into the interaction between dendritic cells, kemokines gradients and 
interstitial flow. Future developments of the model include the integration of cell 
movement, dependent by the species concentrations.  

 

Figure 1. Left: Chamber used to measure concentrations and reaction constants. The chamber 
is filled with collagen gel seeded with DCs. Right: CCL19 and CCL21 concentration (mol/m3)  

on the channel cross section (z axis), at different time points (0-12 hours). 
 

 

 

 

 

 

 

 

Figure 2: distribution of CCL19 concentration (mol/m3) around a cell in the presence (left) or 
absence (right) of slow flow (6µm/s).The arrow shows the flow direction. 
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