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ABSTRACT 
We performed the transport of a breast cancer cell

(MB231-TGFb) in a microvessel using high-resolution
simulations. Using open-source imaging software Slicer3D and
Meshmixer, the 3D surface mesh forming the cell membrane was
reconstructed from confocal microscopic images. The
Dissipative Particle Dynamics method is used to model the cell
membrane. The extracellular fluid flow is modeled with the
Immersed Boundary Method to solve the governing equations of
the blood plasma. The unsteady flow is applied at the inlet of the
microchannel with an oscillatory pattern. Our results showed
that the extracellular flow patterns are highly dependent on the
waveform profile. The oscillatory flow showed the creation of
vortices that influence the cellular deformations in the
microchannel. These results could have implications on the
destination of the cancer cells during transport in physiological
flows. 
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NOMENCLATURE 
CFD  Cmputatinal Fluid Dynamics 
FSI   Fluid-Structure Interactin 

 
1. INTRODUCTION 

 
 Cancer metastasis leads t the transprt and widespread f
malignant cancer cells t ther parts f the bdy by expliting
bdy fluids (lymphatic fluid, bldstream, and interstitial fluid)
[1]. In particular, the actual metastasis prcess is simplified t a
series f successive actins beginning by (i) invasin f tissues
at the primary tumr; (ii) intravasatin int the surrunding
vasculature r lymphatic system; (iii) survival in the circulatin
(cell fragmentatin and death); (iv) arrest at the new lcatin,
and fllwed by extravasatin and clnizatin t a secndary
tumr [2]. While this prcess has been knwn in general, the
detailed mechanism f cancer metastasis in micr-vessels is nt
knwn. 
 
In this wrk, we address this knwledge gap by investigating the
defrmed shapes f cancer cells during fluid transprt. Mst
previus studies assume that cancer cells have spherical shape,
which is nt necessarily realistic. Fr example, Byrd et al. [3]
generated three-dimensinal tumr mdels based n MRI
images btained frm varius breast cancer patients. Their
results shwed that breast cancers were categrized int fur
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main distinct tumr shapes: discidal, segmental, spherical and
irregular. These shapes are imprtant as they are the building
blcks fr the creatin f 3D tumrs in micrvasculature
envirnments. While numerical simulatins have been used t
test and frmulate key hyptheses n cancer mechanics such as
defrmability, adhesin, and extravasatin dynamics f cancer
cells [4-5]. Hwever, due t the irregular shapes f the cancer
cells, previus numerical mdels typically cnsider cancer cells
as idealized spheres [2]. Furthermre, previus mdels in
literature rely nly n particle-based methds t simulate cell
and plasma dynamics, which d nt reprt the extracellular flw
patterns [2, 4-5] as well the lading cnditin n the cellular
membrane. In this prject, we investigate the defrmatin f a
breast cancer cell during its detachment frm the primary tumr
in micr-circulatin. The intracellular and extracellular flw
dynamics [6] will be reprted t elucidate the histry f cell
defrmatin in flws. 

2. MATERIALS AND METHODS 
 
The 3D surface mesh was generated based n the

cnfcal scans f breast cancer cell type MDA-MB-231 as
seen in Figure 1a. Briefly, cells were cultured n glass cverslips
vernight in standard grwth media. They were then fixed with
4% parafrmaldehyde and stained fr fcal adhesin prtein
paxillin as previusly described [7]. Individual cells were then
imaged in full using a Leica Stellaris cnfcal micrscpe at 0.5
μm step size. The images (TIFF files) were prcessed using the
pen-surce imaging sftware Slicer3D t generate the 3D mesh
f the cell membrane by a sequence f threshlding. The pen-
surce sftware Meshmixer t manipulate the triangular mesh t
cntrl the mesh reslutin while preserving the exact shape f
the cell as shwn in Figure 1b.  

The cancer cell membrane is mdeled using the Dissipative
Particle Dynamics (DPD) methd. The DPD particles are
cnnected using a triangulated mesh f nn-linear springs based
n the carse-graining prcedure [6] as shwn in Figure 1b. The
mdel incrprates the physical prperties f the lipid bilayer,
in-plane stretching, bending stiffness, the area cntains and
vlume cnservatin as well as plasma viscsity [6].
Furthermre, the gverning equatins fr the external plasma are
the three-dimensinal, unsteady incmpressible cntinuity and
Navier-Stkes equatins with density and dynamic viscsity f
1000 kg/m3 and 1.2 mPa s, respectively. The cntinuity and
Navier-Stkes equatins are slved using the curvilinear
immersed bundary (CURVIB) methd [8]. The discrete
equatins are integrated in time using a fractinal step methd.
A Newtn-Krylv slver is used t slve the mmentum
equatins in the mmentum step and a GMRES slver with a
multigrid pre-cnditiner is emplyed fr the Pissn equatin.
The cupling between the cellular dynamics and the extracellular
flw field is established using the FSI methdlgy [6]. 

Tw types f inflw wavefrms (steady and scillatry prfiles)
were carried ut with a bulk inflw velcity f 0 = 1 /.

with the length scale f  = 1 , the crrespnding Reynlds
number is  = 8. × 1−3. The cmputatinal dmain was
defined as a rectangular bx and discretized using a structured
grid f size 61x61x81.  
 
Aunifrm flw prfile is applied at the inlet f the cmputatinal
dmain. Fully-develped flw is assigned at the dmain’s utlet.
On the surface f the cellular membrane and the micrchannel
wall, the n-slip bundary cnditin is applied fr the fluid
plasma.  
 

 
FIGURE 1: (a) Cnfcal scan f breast cancer cell type MDA-

MB-231 placed n a flat substrate. (b) Cnstructed 3D triangulated
surface mesh. 
 

3. RESULTS AND DISCUSSION 
 
The results f tw simulatins with steady and

scillatry flw prfiles are shwn in Figure 2. 
. 

 
FIGURE 2: 3D extracellular flw streamlines induced by the

cellular dynamics f the cancer cell and the (a) steady flw and (b)
scillatry flw. 

At first, the cell is allwed t relax in the first perid f
the simulatin. This perid prvides the cytskeletn DPD
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particles n the cellular membrane t reach the equilibrium
cnditin (n lading). The fluid-structure interactin is
activated nly when the cell has reached the equilibrium state.  

 
There exists a drastic difference between the dynamics

f the steady and scillatry flws. In the case f the steady flw,
the streamlines were bserved t fllw a laminar trend due t
lw flw velcity and the minimal defrmatin induced by the
cell membrane n the plasma (Figure 2a). The cell prpagates
alng the micrchannel in a straight trajectry, which is defined
by the flw streamline. Hwever, the scillatry flw
streamlines were bserved t be fully chatic and frming
multiple fully clsed vrtex rings (Figure 2b). The cell respnds
t the change in the flw rate. The interactin between these
vrtex rings with the micrchannel wall is significant as the cell
prpagates tward the utlet. Our results suggest that the cell
exhibits very different histry n mechanical lading in the
scillatry flw frm the steady flw. This effect might play a
rle in the malignance f the cancer cells [1]. 

 

4. CONCLUSION 
In this wrk, we perfrmed CFD simulatins n a

realistic/irregular gemetry f the breast cancer cell type MDA-
MB-231 cnsidering nly the uter membrane envelpe. The 3D
surface mesh f the cancer cell was recnstructed based n the
cnfcal scans. The results revealed that ur current frmulatin
can simulate the cellular dynamics f the cmplex irregular
shape f the cancer cell as well as capture the detailed
extracellular flw field induced by varius flw prfiles. Future
wrks will aim t incrprate the cytskeletn int the current
mdel t study its internal impact fr instance n the defrmatin
and adhesin f the cell. 
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