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ABSTRACT

Purpose:  Investigating the biomechanical role of smooth muscle cells (SMCs) in arteries requires knowledge of their structural 
distributions. Compared to histology, 3D microscopy offers non-destructive ex vivo imaging under realistic conditions [1]. 
Robust 3D segmentation of SMCs, however, is challenging. We propose a method for automatic SMC quantification, and 
assessed its potential using a murine SMC apoptosis model.
Methods:  After euthanasia, carotid arteries (control and with induced SMC apoptosis: SM22α-hDTR [2]) were excised and 
mounted between micropipettes (Figure A). Nuclei were stained with SYTO41. Arteries were imaged using two-photon 
microscopy [1], while stretched to in vivo length and pressurised to 100 mmHg (Figure B). Image stacks were processed as 
follows: 1) deconvolution; 2) nuclei segmentation using vesselness filtering [3,4] (Figure C); 3) cylindrical coordinate system 
identification; 4) splitting of coincident nuclei, based on cores defined from groups of neighbouring voxels with similar 
orientations [3] (Figure D and E); 5) cylindrical coordinate system re-identification; and 6) cell density-distribution quantification 
(Figure F). Segmentation performance was assessed by comparing with manual cell counts.
Results:  Figure E demonstrates the method’s ability to split undersegmented coinciding nuclei. Cell counts were lower in 
SM22α-hDTR than in control; algorithm-derived counts were comparable to manual (Figure F). The control sample showed 
multiple SMC layers, while the SM22α-hDTR sample showed a single SMC layer (Figure F), which was confirmed visually.
Conclusion:  We developed a precise tool to quantify SMC distributions in ex vivo murine arteries, to facilitate quantitative 
modelling of SMC biomechanics. We intend to expand the current approach to address cell orientation, shape, and size.

Figure | (A) Imaging set-up illustrating acquisition of z-stack of slices. (B) Example slice of 3D stack; cell nuclei are shown in 
blue while elastin fibres are shown in red. (C) Segmentation results from vesselness filtering of example image stack, colours 
indicate separated nuclei (step 2, Methods). (D) Coinciding nuclei, corresponding with the left orange nuclei in C, shown in 
grey, with cell cores shown in red and blue (step 4, Methods). (E) Coinciding nuclei splitting results of nuclei shown in C. Non-
split nuclei are shown in grey, while split nuclei are shown in red and blue. (F) Transmural SMC densities and cell counts for 
one control and one SMC apoptosis sample; manual cell counts are given between parentheses. 

Artery Research  
Vol. 26(S1); 2020, pp. S8–S9

DOI: https://doi.org/10.2991/artres.k.201209.007; ISSN 1872-9312; eISSN 1876-4401 
https://www.atlantis-press.com/journals/artres

*Corresponding author. Email: k.vanderlaan@maastrichtuniversity.nl

A

D

B

E

C

F

https://doi.org/10.2991/artres.k.201209.007
https://www.atlantis-press.com/journals/artres
mailto:k.vanderlaan%40maastrichtuniversity.nl?subject=


	 K.W.F. van der Laan et al. / Artery Research 26(S1) S8–S9	 S9

REFERENCES
[1]	 Megens RTA, Reitsma S, Schiffers PHM, Hilgers RHP, De Mey JGR, Slaaf DW, et al. Two-photon microscopy of vital murine 

elastic and muscular arteries. J Vasc Res 2007;44:87–98. 
[2]	 Clarke MCH, Figg N, Maguire JJ, Davenport AP, Goddard M, Littlewood TD, et al. Apoptosis of vascular smooth muscle 

cells induces features of plaque vulnerability in atherosclerosis. Nat Med 2006;12:1075–80. 
[3]	 Frangi AF, Niessen WJ, Vincken KL, Viergever MA. Multiscale vessel enhancement filtering. In: Wells WM, Colchester A, 

Delp S, editors. Med Image Comput Comput-Assist Interv. Springer, Berlin, Heidelberg: MICCAI; 1998, pp. 130–7. 
[4]	 Spronck B, Megens RTA, Reesink KD, Delhaas T. A method for three-dimensional quantification of vascular smooth muscle 

orientation: application in viable murine carotid arteries. Biomech Model Mechanobiol 2016;15:419–32. 

© 2020 Association for Research into Arterial Structure and Physiology. Publishing services by Atlantis Press International B.V. 
This is an open access article distributed under the CC BY-NC 4.0 license (http://creativecommons.org/licenses/by-nc/4.0/).

https://doi.org/10.1159/000098259
https://doi.org/10.1159/000098259
https://doi.org/10.1038/nm1459
https://doi.org/10.1038/nm1459
https://doi.org/10.1007/BFb0056195
https://doi.org/10.1007/BFb0056195
https://doi.org/10.1007/s10237-015-0699-4
https://doi.org/10.1007/s10237-015-0699-4
http://creativecommons.org/licenses/by-nc/4.0/



