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Statement of Purpose: 
Cell printing using modified thermal inkjet printers as a 
new approach of tissue engineering has been attracting 
more and more researchers. However, there are concerns 
that heating and stress to the cells during the printing 
process may cause cell apoptosis or other physical or 
genetic changes. The goal of this study was to 
comprehensively study the changes in heat shock protein 
expression and cell membrane morphogenesis in the 
printed Chinese hamster ovary (CHO) cells and the repair 
rate of the damaged cell membrane of the printed cells. 
 
Materials and Methods: 
Modified thermal inkjet printers: HP Deskjet 500 thermal 
inkjet printer and HP 51626A black ink cartridge were 
modified as previously described1. Ink cartridges were 
cleaned thoroughly with double distilled water, sonicated 
using an ultrasonic sonicator to remove any ink or 
blockages, sprayed with 100% ethanol. The whole 
assembly of the printer along with the cartridge was 
placed overnight in a Class II hood under ultraviolet light 
prior to use. 
Printing of Cells: 8 million cells/ml cell suspension was 
prepared in phosphate buffered saline (PBS) for the bio-
ink. The fibrinogen coated microscope cover slips were 
served as bio-paper. 
Heat shock protein 70 expression analysis: 4 protein 
samples were prepared for heat shock protein 70 (Hsp70) 
study. They were from printed CHO cells, manually 
heated CHO cells (positive control), manually heated 
printed CHO cells, and untreated cells (negative control). 
Each cell sample contained 40,000 cells. After lysed the 
cells, the proteins were analyzed using Western blot. 
Cell membrane permeability study: Texas Red dextran 
molecules with different molecular weights (3000, 
10,000, 40,000, and 70,000) were used to stain printed 
CHO cells in order to assess whether pores had developed 
in the cell membrane. Negative controls were prepared 
using cells manually pipetted onto the microscope cover 
slips. After incubation at 37 °C for various times ranging 
from 15 min to 2 hours, dextran solutions were carefully 
added to the printed cells. The samples were incubated at 
darkness for 45 minutes and then carefully washed twice 
using PBS. A LSM510 confocal microscope was used to 
examine the fluorescent stained cells using appropriate 
channels for Texas red and GFP.  
 
Results and Discussion: 
Heat shock protein 70 expression: Heat shock proteins 
exist in all cell types and the expression will be elevated 
when cells undergo sudden changes in environment such 
like temperature. Over-expressed heat shock proteins bind 
to other proteins to protect them from denaturing2. We 
found all protein samples had heat shock protein 

expressed. Manually heated CHO cells had the strongest 
Hsp70 protein expression. The printed CHO cells showed 
similar Hsp70 protein expression compared to the 
untreated cells. Although the modified bioprinter had a 
print frequency of 3.6 kHz, the heating time during the 
drop ejection process was as short as 2 microseconds 
during which 1.3x10-5 Joules of energy is delivered3. 
According to kinetics study of Hsp704, heating time 
during printing was too short for cells to respond via the 
heat shock protein mechanism. 
Cell membrane permeability: Figure 1 shows cells 
incubated with dextran molecules 15 min after printing, 
we could clearly see the red fluorescence from the Texas 
red-labeled dyes with molecular weights up to 40,000. No 
significant fluorescence from the printed cells incubated 
with 70,000MW dextrans indicated limited penetration of 
the dye. Control samples showed no significant 
fluorescence for any dextrans. The average pore size is 
105Å for the printed CHO cells according to the dextran 
sizes. We also observed only 3,000MW dextrans 
penetrated the cell if we incubated the cells one hour, thus 
we estimate the pore size after 60 min to have shrunk to 
somewhere between the Stokes diameter of 3,000 and 
10,000 kD dextrans, or approximately 37Å. After 1.5 
hours the pores appeared repaired as none of the dextrans 
penetrated. 
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ure 1.  Confocal microscopy images of printed CHO 
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