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Abstract
This work describes an algorithm to segment the nuclear envelope (NE) of HeLa cancer cells from Electron Microscopy images. The algorithm is
unsupervised, fully automatic, fast and processes one image in less than 10 seconds. Comparison with hand segmented ground truth reported Jaccard
values 94% - 98% and Hausdorff distance 4-13 pixels and the algorithm outperformed segmentation with active contours. Code and data are freely
available at https://github.com/reyesaldasoro/Hela-Cell-Segmentation and http://dx.doi.org/10.6019/EMPIAR-10094.

Materials & Methods
The data sets used in this work consisted of EM images of cancerous HeLa cells. Wild type HeLa cells were prepared and embedded in Durcupan resin following the method of the National Centre for
Microscopy and Imaging Research (NCMIR). Serial blockface scanning electron microscopy (SBF SEM) data was collected to obtain 518 EM images of 8192 x 8192 pixels each, using a 3View2XP (Gatan,
Pleasanton, CA) attached to a Sigma VP SEM (Zeiss, Cambridge). Voxels size was with 10 x 10 x 50 nm with intensity [0-255]. Initially the data was acquired at higher bit-depth (32 bit or 16 bit) and after
contrast/histogram adjustment it was reduced to 8 bit. Seven individual cells were manually cropped as volumes of interest and each cell consisted of 300 slices with dimensions 2000 x 2000 x 1 and were
saved as single channel TIFF files.

Results & Future Work
The main contributions of this work are: (a) a framework to segment the nuclear envelope of HeLa cells from SBF
SEM images, which includes disjoint regions of the nucleus. (b) The modelling of the NE surface against an
ellipsoid, which could reveal interesting biological characteristics of the nucleus. (c) The 2D maps of the NE
surface, which can provide an easier way to assess the characteristics of a 3D structure. The framework is not
restricted to HeLa cells as other cells from any electron imaging modality could be also analysed. Future work will
consider the analysis of the whole cell, other cellular structures and the chromatin in the nucleus.

city.ac.uk/biomedical-engineering-research-centre
github.com/reyesaldasoro/Hela-Cell-Segmentation
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