
1

Robust Three-dimensional Carbon Nanotube-in-
Micropillar Array Electrodes to Facilitate Size 
Independent Electroporation in Blood Cell 
Therapy  

Xuan Liua , An-Yi Changa , Yifan Mab, Liping Huaa, Zhaogang Yangb*, and 
Shengnian Wanga*

aCenter for Biomedical Engineering and Rehabilitations, Institute for Micromanufacturing, , Louisiana 

Tech University, PO Box 10137, Ruston, LA, 71272 USA. 

bDepartment of Radiation Oncology, The University of Texas Southwestern Medical Center, Dallas, TX 

75390, USA

‡ These authors contribute equally to this work.

* Corresponding authors: Zhaogang Yang, Zhaogang.Yang@UTSouthwestern.edu; Shengnian Wang, 

swang@latech.edu

Keywords : Electroporation, 3D Nanoelectrode, Carbon Nanotubes, Micropillar Array, Micromolding

Electronic Supplementary Material (ESI) for Lab on a Chip.
This journal is © The Royal Society of Chemistry 2021

mailto:Zhaogang.Yang@utsouthwestern.edu
mailto:swang@latech.edu


2

Supp Figure 1. Geometry and dimensions of CNT Nanotube-in-Micropillar Array electrode used in 
COMSOL simulation.
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Supp Figure 2. SEM images of CNT-coated electrode without micropillar pattern.
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Supp Figure 3. Cell viability (a) and microscopic images of (b) in K562 cells when co-transfecting GFP 
plasmid and siRNA probes that down regulate GFP translation. In panel a, red column is for “BE” 
treatment and blue column is for “CNT-BME” treatment.
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Supp Figure 4. Flow cytometry results of (a) the negative control sample and (b) electroporation sample 
treated using CNT-coated electrode without micropillar pattern (denoted as “CNT” in Figure 4 and 
sections 3.2 & 3.5).
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Supp Figure 5. Microscopic images of (a) negative control of whole blood and K562 cells, and (b) 
mixtures of K562 cells and whole blood cells treated using CNT-BME electrode. Note: Green: live cells; 
Red: dead cells. To clearly see RBCs, the magnification of the whole blood image is 20x and its scale bar 
is 20 µm, which is different from the rest images. 
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Supp Figure 6. Flow cytometry results on instant cell viability of (a) negative control and (b) whole 
blood samples using Live/Dead assay kit. FITC: live cells; PE: dead cells.
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Supp Figure 7. Schematic of a microfluidic design for multiple-channel, continuous flow operation of the 
CNT-BME system with the two electrodes of CNT-BME serve as the top and bottom channel walls.
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Supp Figure 8. Nyquist plots of multiple units of CNT-implanted micropillar electrodes when they 
are new or after used.
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