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Investigation about the mechanism of cancer cell entrapment on CNT array 

As entrapment of cancer cells on CNT arrays occurs in a short time, no sufficient time is 

assumed for adhesive protein secreting from cells membrane and in contrary, CNT nano size 

tips act as adhesive sites to entrap cancer cells. On the other hand high metastatic cancer cells 

(like SW48) have a deformable cytoskeletal structures
1-4

 which could have a key role in the 

entrapment on CNT structures.  

In other words the CNT elastic beams, as stopping agents, were deflected during the cells 

motility which may result in the entrapment of cells with deformable structure (such as 

cancer cells) on these nano arrays. To investigate the validity of this suggested mechanism, 

one must study the entrapment of stiffer cells on CNT arrays. For this purpose, the SW48 

cells were fixed by glutardhyde. Fixation of the cells results in an increment of their stiffness 

which leads to a dramatic increase in the cytoskeletal Young’s modulus
5-6

. After the fixation 

process, the cells were flown on the surface of vertically aligned CNT arrays with the speed 
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of 0.5 ml/sec. This process was repeated for live SW48 cells with the same concentration. 

Figure 1S presented the SEM image of entrapped fixed (1S-A) and live (1S-B) colon cancer 

cells. The fraction of live entrapped cells is about 15 times more than fixed ones which may 

confirm the critical role of cell deformability in their entrapment on CNT arrays. The high 

speed of cells flowing on CNT arrays resulted in the escape of rigid cells from the CNT 

arrays whereas more deformable cells such as live cancer cells were entrapped with higher 

efficiency.  

 

 

Figure 1S. SEM image from the entrapment of (A) fixed and (B) live SW48 cancer cells with the 

same concentration on MWCNT arrays. The fraction of entrapped fixed cells is observably lower than 

live ones.  
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An interesting point is that vertically aligned MWCNTs have hydrophobic surface
7
. But all of 

eyukairotic cells (such as cells we investigated on) have hydrophilic membrane
8
. So, cells 

and CNTs might not have any hydro chemical attraction for adherence to each other in such a 

rapid time. In addition, for better investigation on the effect of chemical bonding in cell 

entrapment we investigated the effect of a chemical anti-adhesive material, BSA (bovine 

serum albumin), on the fraction of cancer cells entrapment. For this aim, two separate cell 

solutions with the same cell concentration were flown on two separate CNT surfaces in a 

manner which BSA was added in just one of the cell solutions. The fraction of cells 

entrapment on CNT arrays was the same for both of them which confirm the non-crucial 

effect of chemical adhesive bonding in cells entrapment on CNT arrays. As a result chemical 

processes might not have a key role in cells attachment to CNT surface. On the other hand 

mechanical interaction of such deformable cancer cells by elastic and deflectable CNTs might 

be the important parameters in their attachment. 

 

Effect of Ni catalyst on cell trapping 

The presence of nickel in the top side of the CNTs is due to the tip-growth mechanism in our 

PECVD unit. Although Ni acts as a catalyst during the growth, it is usually coated with a few 

layers of carbon and hence it is not directly exposed to cells. We believe that the round and 

smooth shapes of the tips could prevent the cell membranes to be torn by the sharp side walls 

of nanotubes. In addition, it might have a favorable contribution in the electrical interaction 

between CNTs and cell membrane.  The hemispherical shape of Ni catalyst (as shown in 

figure 2S-A) would lead to a smooth penetration into the cell membrane (as tested by LDH 

assay) and extract signal from inside the cell.  

Contrary to Ni/MWCNTs which have shown to be biocompatibile
10

, the Ni-removed CNT 

show some low level of cytotoxicity
9
. We have also observed that the removal of the nickel 
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from the top side of the CNTs would lead to smaller electrical signals which could be due to 

the lack of electrical contacts between the CNT tips and the cells. Finally we could result that 

Ni catalysts have constructive role in mechanical, biological, and electrical parameters of 

CNT-ECIS.   

 

 

 

Figure 2S. High magnification SEM images of, (A) Ni/MWCNT in which the Ni has a dome shape. 

(B) The sharp side walls of Ni removed MWCNT.  

 

 

Single-cell deformability has recently been recognized as a unique label-free biomarker for 

cell phenotype with implications for assessment of cancer invasiveness
11

.The presented 

device has practical potential for high-throughput deformability based diagnosis of cancer 

cells from healthy ones to obtain viable target cells of interest in cancer research, 

immunology, and regenerative medicines. We can divide the application of CNT-ECIS in two 

categories which we are being developed. As an immediate application, we are trying to use 

these devices to distinguish between various metastatic stages in cancer transformation and 

hopefully detect cancer cells at early stages of disease. The current paper describes a method 

300 nm 500 nm 
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to observe (study) the electrical signals and correlate them with different cancer cell stages 

based on CNT-ECIS devices.  

As a second category, the level of cell entrapment with respect to the metastatic grade as well 

as the type of the cancerous cells could be investigated by the device. We have observed that 

higher metastatic cells are attached to the CNTs in a more remarkable fashion and hence they 

can be counted to have an estimation of the grade of the metastasis of the cells. Also this 

device could be applicable in detection of rare cells such as Circulating Tumor Cells (CTC) 

in blood samples. Finally, we believe that the rapid response of such sensors could be 

applicable for monitoring some fast necrosis processes of the cells as well as on-line 

monitoring of drug effect on the viability of cancer cells. Further study about the cancer cell 

entrapment on vertically aligned CNT arrays as well as new generations of CNT-ECIS is 

being pursued. 

REFERENCES: 

1. Ochalek, T.; Nordt, F. J.; Tullberg, K.; Burger, M. M. Correlation between Cell 

Deformability and Metastatic Potential in B16-F1 Melanoma Cell Variants. Cancer 

Res 1988, 48, 5124-5128.. 

2. Evans, E.; Yeung, A. Apparent viscosity and cortical tension of blood granulocytes 

determined by micropippete aspiration. Biophys. J 1989, 56, 151-160. 

3. Hochmuth, R.  M. Micropipette aspiration of living cells.  J. Biomech  2000, 33, 15-

22. 

4. Ward, K. A.; Li,  W. I.; Zimmer, S.; Davis, T. Viscoelastic properties of transformed 

cells: role in tumor cell progression and metastasis formation. Biorheology 1991, 28, 

301-313. 

Electronic Supplementary Material (ESI) for Lab on a Chip
This journal is © The Royal Society of Chemistry 2012



5.  Shroff, S. G.; Saner, D. R.; Lal, R. Dynamic micromechanical properties of  rat artial 

myocytes measured by atomic force microscopy. Am. J.Physiol. Cell Physiol  1995, 

269, C286. 

6. Lulevich, V.; Zink, T.;  Chen, H. Y.;  Liu, F.T.;  Liu, G. Y. Cell mechanics using 

Atomic Force Microscopy based cell compression.  Langmuir  2006, 22, 8151. 

7. Klaus B. Mogensen.; Miaoxiang Chen,; Kristian Molhave,; Peter Boggild; Jörg P. 

Kutter, Carbon nanotube based separation columns for high electrical field strengths 

in microchip electrochromatography.Lab Chip, 2011, 11, 2116 

8. Walter, P.; Molecular Biology of THE CEL. 5th ed, Garland Science Taylor & 

Francis Group; 2008. 

9.  Akhavan, O;  Abdolahad, M.;  Abdi,Y.; Mohajerzadeh,S. Silver nanoparticles within 

vertically aligned multi-wall carbon nanotubes with open tips for antibacterial 

purposes.  J. Mater. Chem., 2011, 21, 387. 

10. Akhavan, O;  Abdolahad, M.;  Abdi,Y.; Mohajerzadeh,S. Synthesis of titania/carbon 

nanotube heterojunction arrays for photoinactivation of E. coli in visible light 

irradiation. Carbon, 2009, 47, 3280. 

 

11. Hur, S. C.; MacLennan, N. K. H.;  McCabe, E. R. B.;  Carlo, D. D. Deformability-

based cell classification and enrichment using inertial microfluidics. Lab. Chip 2011, 

11, 912-920. 

 

Electronic Supplementary Material (ESI) for Lab on a Chip
This journal is © The Royal Society of Chemistry 2012

http://xlink.rsc.org/?DOI=c0lc00672f
http://xlink.rsc.org/?DOI=c0lc00672f
http://xlink.rsc.org/?DOI=c0jm02395g
http://xlink.rsc.org/?DOI=c0jm02395g
http://xlink.rsc.org/?DOI=c0jm02395g
http://www.sciencedirect.com/science/article/pii/S0008622309004813?_alid=1866619755&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=1&_zone=rslt_list_item&md5=e9cd08f296d449aa862379b4b61ebf65
http://www.sciencedirect.com/science/article/pii/S0008622309004813?_alid=1866619755&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=1&_zone=rslt_list_item&md5=e9cd08f296d449aa862379b4b61ebf65
http://www.sciencedirect.com/science/article/pii/S0008622309004813?_alid=1866619755&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=1&_zone=rslt_list_item&md5=e9cd08f296d449aa862379b4b61ebf65

