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Quantifying directional migration
In order to quantify directionality of migration, and compare between 

samples, the forward migration index (FMI) is computed for each cell and 

averaged per sample. This index is defined as the distance travelled in a 

certain direction, divided by the migration path length, The average FMI 

for 3 independent samples per condition is shown in Figure 3. 

The MDA-MB-231 breast cancer cells exhibited behavior consistent with 

our previous study, with a tendency to migrate towards lower oxygen 

levels [3]. A similar effect was found in the U251 glioblastoma cell line. 

However, this behavior was not observed in the other MCF-7 breast 

cancer and U87 glioblastoma cell lines. Interestingly, the U87 cell line did 

show a significant (p<0.05) increase in persistence (data not shown), from 

0.316 to 0.434, indicating a non-directional response to the gradient.

Assessing EMT state
In order to further elucidate the mechanisms that underlie the observed 

migration towards lower oxygen levels, we have started staining for EMT 

relevant markers, such as Vimentin. Two gradient and two control chips 

containing MDA-MB-231 cells were stained, and their cell normalized 

fluorescent intensity is shown in Figure 4. The higher intensity on the low 

oxygen side of the device indicates that Vimentin expression is elevated 

in low oxygen, which is consistent with literature on Vimentin expression 

in hypoxia [4].

Conclusions & outlook 
Using our oxygen gradient device, we find that not only MDA-MB-231, 

but also U251 cells tend to migrate to lower oxygen concentrations. 

Additionally, we demonstrate staining for the EMT marker Vimentin, 

expanding the capabilities of our system. We believe that our approach 

has the potential to increase our understanding of the role of oxygen 

gradients on cancer metastasis.

A microfluidic oxygen gradient device to assess EMT 
state and migrational responses of cancer cells
Jelle J. F. Sleeboom1,2, Karen I. van der Doelen2, Frank A. E. Kruyt3, Cecilia M. Sahlgren2,4, Jaap M. J. den Toonder1

1Microsystems, TU/e, NL  |  2STEM, TU/e, NL  |  3Medical Oncology, UMCG, NL  |  4CellFate lab, Åbo Akademi University, FI 

Cancer metastasis and oxygen
One of the difficulties in elucidating the mechanisms that underlie 

metastasis is the role of cues from the tumor microenvironment (TME) 

in regulating cancer cell behavior [1]. These cancer-cell extrinsic cues 

are typically not present in conventional in vitro models, or not 

controlled in in vivo models. The presence of oxygen gradients in the 

tumor is one of the cues that have been linked to directional migration 

of breast cancer cells. For example, MDA-MB-231 breast cancer cells 

have been shown to migrate towards high oxygen [2]. However, in our 

most recent study using our own PDMS microfluidic oxygen gradient 

chip (Figure 1) we found opposite directional migration, towards lower 

oxygen levels [3]. In this study, we further investigate whether this 

phenomenon is also found in different cancer cell types and cell lines.

In particular, we assessed the effect of an oxygen gradient on the 

migrational behavior of two different breast cancer cell lines (MCF-7, 

MDA-MB-231) and two different glioblastoma cell lines (U87 and U251), 

using the previously developed PDMS microfluidic chip [3]. 

Cell migration in the O2 gradient
Migration tracks obtained from our experiments with these cell lines are 

shown in Figure 2. Clear differences in migration patterns can be 

observed, but the effect of the oxygen gradient difficult to assess based 

on these graphs. 

MCF-7 MDA-MB-231 U251 U87

co
n

tr
o

l
gr

ad
ie

n
t

Figure 2| Migration tracks, shifted to start at (0,0), from each of the 4 cell lines, of which
50 cells were tracked between 17.5 and 24 hours after initiating the oxygen leaching flow.
The direction of the oxygen gradient is indicated below each of the gradient graphs.
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Figure 1| A) The previously developed oxygen gradient chip, filled with a blue dye for
visibility. An O2 leaching Na2SO3 solution is pumped through the channel to induce an
oxygen gradient between close to 0% and up to 21% saturation. B) Simulation of the
oxygen distribution across the whole chip.
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Figure 3| The forward migration index (FMI) parallel (A) and perpendicular (B) to the
gradient, for each of the 4 cell lines. Error bars indicate the standard deviation based on
three independent experiments (n=3), and the means of the control and gradient samples
were compared using a one-way ANOVA (*p < 0.05).
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Figure 4| A) Nuclear (blue) and Vimentin (red) staining of MDA-MB-231 cells after culture in
an oxygen gradient chip. The scale bar indicates 200 µm. B) The cell normalized Vimentin
fluorescent intensity of 2 gradient and 2 control chips on 6 positions along the dashed white
line in Figure 1B.
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