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Figures 

 

Figure 1 – Overview of µVS where (a) cell and mRNA are mixed in suspension, (b) flow of the suspension past posts creates 
vortices, (c) vortices disrupt the cell membrane, (d) allowing for mRNA to diffuse into the cytosol prior to (e) the cell membrane 
repairing itself. The hardware unit (f) is used to pneumatically drive the mRNA and cell suspension through the microfluidic chip 
(g) where the deep reactive ion etched posts (h) create hydrodynamic flow conditions as (i) simulated using computational fluid 
dynamics. Figures 1a-e are for illustrative purposes only and not drawn to scale. 

 
Figure 2 –T cell EGFP expression details. (a) Primary T cell EGFP expression efficiency at 19 h post transfection (green bar), post 
processing cell viability (orange bar), cell recovery (blue bar), and total yield of transfected cells (red bar) using different mRNA 
transfection concentrations (n = 3). In all conditions, high recovery (e.g., greater than 88%) and viability (e.g., greater than 77%) 
was achieved after µVS transfection. (b) EGFP expression histograms from live single T cells analyzed via flow cytometry as a 
function of mRNA concentration at 19 h after transfection and return to culture. Transfection efficiency ranged from approximately 
24% to 64% for 10 µg mL−1 (30 nM) to 160 µg mL−1 (473 nM). (c) There was also a linear relationship between median population 
EGFP fluorescence (in relative fluorescence units) and mRNA concentration. 
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Figure 3 – T cell growth, viability, and EGFP mRNA expression efficiency over 1 week for the (a) handling control, (b) mRNA 
control, (c) 10 µg mL−1, (d) 40 µg mL−1, (e) 80 µg mL−1, (f) 120 µg mL−1, (g) 160 µg mL−1 and (h) device processed control samples. 
After transfection and return to culture medium, the cell viability (blue line) and concentration (plotted as fold concentration 
increase, black line) from each group was monitored using trypan blue dye exclusion and an automated cell counter in triplicate. 
EGFP expression and persistence was quantified using flow cytometry at different time points after transfection. The resulting plots 
demonstrate that cell growth rate and viability was not adversely affected from on chip mRNA transfection using µVS. All groups 
demonstrated a 2x increase in concentration from post processing growth, except the 10 µg mL−1 group, which may have undergone 
extra stress due to spending the longest time on ice between processing and recovery. Additionally, the persistence of EGFP protein 
was monitored (green line) and appeared to decrease in signal due to cell growth and protein degradation.  

 
Figure 4 - EGFP expression is equally distributed between the two types of CD3+ cells. µVS-based mRNA delivery results in even 
distribution of expression among the CD8 and CD4 T cells, which is equal to that of the whole CD3+ population EGFP expression. 
The percentage of CD3+ cells expressing EGFP (upper left histogram) translates to the specific CD4 and CD8 T cell groups (bottom 
left and right histograms respectively), which were distinguished using fluorescent labeled antibodies (upper right scatter plot), 
demonstrating no bias for mRNA delivery for helper or cytotoxic T cells. EGFP positive percentages are shown for (a) 10 µg mL−1, 
(b) 80 µg mL−1, and (c) 160 µg mL−1.  
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Figure 5 – Overview of the T cell activation profile. After processing and 24 h of cell culture, each replicate from the handling 
control and processing control were individually labeled with fluorescent antibodies against markers of activation (CD69, CD154, 
CD44, CCR7, CD45RA and CD25) to assess if µVS exposure causes a change in T cell activation state. Replicates from each of 
the processed control cell and handling control cell group were plotted using FlowJo and the histogram data was overlaid. For all 
groups, the activation marker expression remained the same between control and device processed groups. Representative overlays 
of the flow cytometry data are plotted above with the processed control shown in dashed red and the handling control shown in 
blue. Based on the overlaid data, the activation state and activation/naivety marker expression of pan T cells is not altered because 
of processing via µVS. 
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