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Reynolds number and drag coefficient calculations: 

The Reynold’s number Re was calculated for each flow condition, ܴ݁ ൌ ଶ
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channel velocity, ܦு ൌ ݓሺ/݄ݓ2 ൅ ݄ሻ is the hydraulic diameter, w is the channel width, h is the channel height, 
µ is the dynamic viscosity of the fluid and ૉ is the density of the fluid [1]. Supplementary Figure 1 details the 
relationship between Re and flow rate for a low viscosity (1 cP) and high viscosity (33 cP) of suspension 
medium.  

The compressive force on the cells was calculated using Equation 1, which requires calculation of the Drag 

Coefficient	ܥ஽. The four-parameter drag correlation,	ܥ஽ ൌ
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, proposed by Brown 

et al. (2003) was used to calculate the drag coefficient [2], Which is recommended for use when ܴ݁ ൏ 2 ∙ 10ହ 
which fully encompasses the range of Reynolds numbers used in the body of work. Supplementary Figure 2 
further describes the shear and compressive force contributions over a range of flow rates for a low viscosity (1 
cP) and high viscosity (33 cP) of suspension medium. 

 
Figure S1: Variation of Reynolds number with flow rate for our device for two viscosities, µ=1 cP and µ=33 
cP. The dashed line at Re=40 represents the flow regime being defined as either shear- or inertia-dominant.
  
 

 
Figure S2: Plots of equations (1) and (2) as a function of flow rate. Changing the viscosity µ of the fluid 
determines whether the system is inertia or shear dominant. (a) For µ=1 cP, at flow rates above ~40 µl/min 
the compressive force contribution ܨ௖ begins to surpass the shear contribution  ௌ. (b) For µ=33 cP the shearܨ
force has a larger contribution that the compressive force ܨ௖ for the entire range of flow rates described. The 



dashed line is at a Re=1. 

Calculation of average DI: 
Cell deformation depended on the initial position of cells in the inlet channel. Cells which did not travel 
centrally down the inlet channel did not deform at or near the SP, and therefore did not undergo the same 
stresses as a cell deformed at the SP. Thus, these events were excluded from calculations of the DI of each 
sample. This was done using velocity change of the cell between the inlet channel and the SP. The change in 
velocity was defined as Δv using equation 1, where vinlet is cell velocity in the inlet channel, and vmin is the 
minimum cell velocity in the cross flow junction. If a cell deforms whilst trapped at the SP vmin=0 and ∆V=1. 
Cells which did not decelerate, and were positioned close to the channel walls, would have ∆v=0 because 
vmin=vinlet.  

Discarding events with ∆v<0.75 was chosen as a condition for characterising DI of a sample. Supplementary 
Figure S3 shows an example dataset of HL60 cells, with the change in average DI shown as a function of ∆ݒ 
threshold, where only cell deformations with Δv greater than the threshold were included in the average. The 
graph shows a step increase in DI between the thresholds of	0.45 ൏ ݒ∆ ൏ 0.60. As the threshold is increased 
further the DI value plateaus. For Δv>0.8 the standard error begins to significantly increase due to the reduction 
of events included in the average. Therefore, a threshold of ∆v<0.75 was optimum for distinguishing cells 
deformed close to the SP with a low associated error. 
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Figure S3: The average DI±SE of HL60 deformed at a flow rate of 40 µl/min in 0.24% methyl cellulose 
buffer, as a function of ΔV threshold. 



Velocity profile of microfluidic device: 
In this work the velocity profile in the microfluidic device was simulated using the finite element software 
COMSOL Multiphysics, with the fluid properties ߤ ൌ 33	ܿܲ and	ߩ ൌ 1005	݇݃/݉ଷ. The simulation was 3D and 
the geometry mimicked the microfluidic devices used, the channel widths were 35 µm and channel height was 
25 µm. A single-phase laminar flow model was used with the initial condition of incompressible fluid 
behaviour. The boundary conditions were inlet laminar inflow at a flow rate of 5µl/min, and at the outlet 
pressure of 0. An “extremely fine mesh” was used when running the simulation. Figure S4a shows the variation 
of flow velocity along the central axis within the cross-flow section of the device, where the position (-40-0) µm 
is the inlet, position 0 is the stagnation point and (0-40) µm is the outlet. A sine function is fitted to the velocity 
profile, shown in red.  

 
Figure S4: Velocity profile found using COMSOL where 0 is the stagnation point of the cross-flow. The 
volumetric flow rate used was 5 µl/min. (b) A velocity magnitude image generated by COMSOL. 

 

Confocal fluorescence imaging of live SW480 cells treated with Latrunculin A: 
SW480 cells detached using TryplE (Thermo Fisher Scientific) and resuspended in DMEM with 0.01 µM, 1 µM 
and 1 µM of Latrunculin A, as well as a control with no drug added. Cells were incubated with the fluorescent 
stains and drug for 2 hr before imaging using confocal fluorescence.  F-Actin was stained using  a live cell 
fluorogenic labelling probe based on Silicon-Rhodamine (Sir) (Spirochrome, Cytoskeleton Inc.) and DNA was 
stained using the dye Hoechst 3342 (Thermo Fisher Scientific).  

 



Figure S5: Confocal fluorescence images of SW480 cells treated with various concentrations of Latrunculin 
A. Cells were stained for actin (red) and DNA (blue). Images show that with increased concentrations of 
LatA the actin cortex is less pronounced due to the drug inhibiting actin polymerisation. Thus, the breakdown 
of the actin causes increased deformability in LatA treated cells. Scale bar 20um.

 
Figure S6: The viability of HL60 cells after deformation at various flow rates (Q) (blue) in the inertial 
regime (µ=1 cP), compared to a control which was not deformed (red). Viability assay performed using 
Trypan blue dye exclusion method 
 

 
Figure S7: (a) Phase contrast images of HL60 cells post-deformation in the inertial regime (µ= 1 cP). Scale 
bar 40 µm. (b) Density scatter plots of HL60 cell shape (ܦ஼) against diameter (µm), comparing cells which 
were not deformed to those which were deformed at 600 µl/min and 800 µl/min.  
 
 

Equation used to determine DImax 

Supplementary equation (2) is the exponential fit function used on the datasets in Figure 3. It is a one-phase 
exponential decay function with constants: amplitude A, time constant τ and offset DImax. This was used to find 
the extrapolated parameter DImax which represents the maximum deformation the cells plateau towards as a 
function of flow rate Q. 
  ܫܦ ൌ ܣ ∙ ݁ିொఛ ൅ ௠௔௫ܫܦ  (2)



Figure S8: (a) The maximum deformation of HL60 cells over a range of forces (µN) where ࢀࡲ ൌ ࡿࡲ ൅  .࡯ࡲ
The four data sets represent different flow regimes, where the viscosity of the cell suspension buffer was 
changed by adding methylcellulose to PBS. ࡵࡰ േ  was averaged from multiple cell events combined from ࡱࡿ
N=3 repeats, each data point includes 30 > n > 500 cell events. For the same applied force DI was larger in 
the most shear dominant regime (33 cP) compared to when lower viscosity suspension buffers were used. In 
the inertial regime (1 cP), for ࢀࡲ ൏ ૙. ૞ૡ	ࡺࣆ DI is lower than the shear regime (33cP). For  ࢀࡲ ൏ ૙. ૞ૡ	ࡺࣆ 
DI begins to surpass that of the shear regime as this coincides with the cytoskeletal fluidisation regime. The 
data is fitted with an exponential.   (b) A graph of the maximum deformation ࢞ࢇ࢓ࡰ of HL60 cells in different 
viscosity cell suspension mediums, with a linear fit. 
 

 
Figure S9: (a) The average velocity profile of N=50 HL60 cells as they pass through the SP of the cross 
flow. A sine function is fitted, shown in red. (b) The strain profile of the same 50 cells, the Kelvin-Voigt model 
was fitted, both shown in red. Q was 5 µl/min and viscosity was µ=33 cP. 
 

 



 
Figure S10: (a) The DI ratio of the different cell samples as a function of flow rate, in a shear-dominant 
regime (µ=33 cP). ܫܦ േ  was averaged from multiple cell events combined and from N=3 repeats. The ܧܵ
relative DI of HL60 compared to SW480 (DIHL60/DISW480) is shown in red, the DI ratio of SW480 cells treated 
with 1 µM of LatA compared to untreated SW480 (DISW480LatA/DISW480) is shown in blue. Both datasets are 
fitted with an exponential function. (b) The DI ratio increase of the different cell samples as a function of 
flow rate, in an inertia-dominant regime (µ~ 1 cP).
 

 
Figure S11: (a) The strain profile of N=56 SW480 cells, the Kelvin-Voigt model was fitted, shown in red. The 
average velocity profile of the same 56 cells is shown. A sine function is fitted, shown in red. (b) Strain and 
velocity profiles for N=30 SW480 cells treated with 1 µM of LatA.  



 

 
Figure S12: (a) Confocal fluorescence image of SW480 cells, stained for actin (red) and DNA (blue). (b) 
Histograms showing the cell diameter found using the bright field image, actin cortex diameter from the actin 
stain, and the nucleus diameter from the DNA staining.  
 

 
Figure S13: (a) Confocal fluorescence image of HL60 cells, stained for actin (red) and DNA (blue). (b) 
Histograms showing the cell diameter found using the bright field image, actin cortex diameter from the 
actin stain, and the nucleus diameter from the DNA staining.  
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