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Abstract

Cellular endocytosis is a mechanism of great interest
in biology, for it regulates the communication between
the cell and the external medium. With recent advances
in fluorescence microscopy, endocytosis has become a
popular candidate for image-based high content screen-
ing campains. In this context, we have developped an
automated framework comprising robust cell segmen-
tation using coupled shape-constrained active contours
and efficient endosome extraction using an isotropic un-
decimated wavelet transform. The resulting method has
few parameters and is able to analyze tens of cells per
image in the order of seconds. Validation is performed
by experimentally confirming previously published re-
sults obtained through manual analysis.

1. Introduction

Receptor-mediated endocytosis allows cells to com-
municate with their environment via membrane recep-
tors which transport macromolecules form the extracel-
lular medium to intracellular compartement named en-
dosomes. This phenomenon is now easily observable
using fluorescence microscopy, however due to the lack
of adapted algorithms and softwares, image analysis is
usually performed by visual examination, which is a te-
dious task, time consuming, user-biased and provides
poor quantitative measurements. Although new tools
have been developped to quantitatively measure multi-
ple features on individal cells (e.g. cycle, size, inten-
sity, localization of subcellar compartments, etc.), none
of them currently focuses on celullar endocytosis in an
efficient, intuitive and automated manner.

In this paper, we propose a fully automated method to
detect cells and evaluate the endocytosis of IL-2 recep-
tors (IL-2R) in Hep2β cells through quantitative param-

eters such as endosome count per cell and fluorescence
intensity. We start by presenting the cell segmentation
step in section 2, which is based on active contour mod-
els. Then, we describe in section 3 the endosome extrac-
tion method based on an isotropic undecimated wavelets
transform (IUWT). Section 4 presents results on biolog-
ical data, where we show that we obtain similar results
to those published in recent work using manual analysis
[3]. Finally, section 5 concludes the paper and discusses
further extensions to this work in order to provide a ro-
bust and generic tool for endocytosis-based high-content
screening applications.

2. Automated multi-cell segmentation

This section describes the active contour model used
to automatically extract the cell boundaries. We first re-
call the main principles of active contour models and
then describe our segmentation method.

Recall on active contours The principal of active con-
tours is to deform an initial contour placed on the image
until it fits the boundary of the desired entity. The de-
formation can be mathematically expressed as the mini-
mization of an energy functional, which comprises sev-
eral terms related either to the image data (driving the
contour toward features of interest) or to geometrical
properties of the contour (regularizing the deformation
to avoid local energy minima).

Active contours come in two mathematical forms.
Implicit models (also known as level sets [6]) express the
contour as the zero-level of a higher dimensional func-
tion defined on the image domain. Explicit models (also
known as snakes [4]) consider the contour as a paramet-
ric curve which is discretized into a set of control points
evolving in the image domain. Thanks to their topolog-
ical flexibility, level sets are well suited to segment an
unknown number of non-touching objects using a sin-
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where h is a symmetric low-pass filter, aj and dj are
respectively the approximation and the wavelet coeffi-
cients at scale j (≤ J), h↑k[l] = h[l] if l/2k ∈ Z and 0
otherwise, h̄[n] = h[−n] and “?” denotes convolution.

Detection of significant coefficients by FDR Wavelet
spot detection can be achieved by zero-ing the insignifi-
cant coefficients while keeping the significant ones. We
detect the significance of coefficients by testing the bi-
nary hypothesis: ∀ d, H0 : dj = 0 vs. H1 : dj 6= 0.
Since a wavelet has a zero mean, if dj comes from a sig-
nal having a constant intensity within the wavelet sup-
port, then dj would be zero, if no noise was present.
Thus dj ∈ H0 in this case. In order to control a global
statistic error rate, multiple hypothesis tests should be
used. Therefore, the false discovery rate (FDR) [1] [2]
is chosen to control the significance of the wavelet co-
efficients. The FDR is the average fraction of false de-
tections over the total number of detections. The FDR
control has two advantages: 1) it usually has a greater
detection power; 2) it can easily handle correlated data.
The latter point is important since the IUWT is over-
complete. Finally, we compute the correlation images
which corresponds to the multiscale spatial product be-
tween the detail images. Once the correlated image is
thresholded and binarized, the connected components
are considered as putative bright spots.

4. Experiments & results

Imaging Fig.1 shows a multi-channel image of IL-2R
endocytosis in Hep2β cells transfected with a Rac1 mu-
tant. The top-left image shows cells labeled with HCS
CellMask. The top-right image shows endosomes where
IL-2R, labeled with the specific antibody 561 coupled
to cy3, has been internalized. The bottom-left image
shows transfected cells expressing the myc-Rac1 mu-
tant, labeled with an anti-myc antibody and a secondary
mouse antibody coupled to FITC. Images were aquired
on a Zeiss Axiovert 200 epifluorescence microscope
equipped with a 25× objective (NA 0,8) and a Roper
Scientific Coolsnap HQ Camera. Images are obtained
from three different experiments. A total of 96 images
were obtained under the same acquisition settings, yield-
ing around 800 cells.

Cell segmentation Fig.2 presents segmentation re-
sults on the HCS labeled image (fig.1-top-left). Since
the fluorescence marking is inhomogeneous and difficult
to see, we superimpose the result on a maximum gradi-
ent map of the image, where real cell contours are easier
to distinguish visually. One can see that the contours

Figure 1. Sample image of IL-2 receptor en-
docytosis in Hep2β cells. Top-left: cells.
Top-right: endosomes. Bottom-left: myc-
Rac1 mutant. Bottom-right: merged view.

fit the cell boundaries correctly, while touching cells are
well distinguished. This is due to the incorporation of
the new shape constraint, which improves the detection
of elliptic shaped objects, as shown in fig.3. Without
shape constraint (fig.3-left), contours fail to detect cell
edges and contact locations correctly. This behavior
is successfully corrected using the shape-constraint de-
scribed in eq. (2) (fig. 3-right).

Figure 2. Left: initialization on the HCS la-
beled image. Right: final contours super-
imposed on a gradient map of the image.

Figure 3. Segmentation results on touch-
ing cells. Left: without shape constraint.
Right: with shape constraint.



Spots detection Fig.4-top-right shows spot detection
results, which are robust to the variability of biologi-
cal images and to the high level of noise. To validate
the method, we quantified the endocytosis of IL-2R for
two different cell populations, and compare the results
with those published in [3]. The first population corre-
spond to transfected cells expressing a myc-Rac1 mu-
tant (known to inhibit endocytosis). The second popu-
lation corresponds to control cells which do not express
the mutant. To automatically sort the two populations,
we use the K-means algorithm to cluster the cells mean
intensity into 3 classes, so as to capture weakly trans-
fected cells (an example of cell transfection is shown
in fig.4-bottom-left). For the three experiments, 194
cells were found to be transfected and 594 were not, and
the expression of myc-Rac1 mutant inhibited 38%±10.5
(mean ± standard deviation) of IL-2Rb entry as com-
pared with the non-transfected cells. These results are
similar to the previous published results [3] based on
manual analysis.

Processing time ranged from 5 to 10 seconds per im-
age using a 2.4 GHz dual-core cpu, including initializa-
tion, cells segmentation and endosomes extraction, by
comparison with manual analysis which takes from 5 to
10 minutes. The time mostly depends on the number
of cells per image. 10 seconds is the worst case time
needed for an image full of cells (around 30 cells).

Figure 4. Results on clustered cells. Top-
left: IL-2R endosomes. Top-right: spot
detection results. Bottom-left: myc-Rac1
mutant transfection. Bottom-right: cell
segmentation results.

5. Conclusion and perspectives

We have developped an automated framework for
multiple cell segmentation and spot detection for the
quantitative analysis of cell endocytosis. Segmentation
is performed using multiple coupled active contours, to
which we have added a shape-constraint to monitor the
contours deformation according to our prior knowledge
of the cells shape. Endosome extraction is performed
using an isotropic undecimated wavelet transform, and a
selective statistical filtering of the wavelet coefficients.
Results show that the method is able to detect cells
boundaries fast and efficiently, even in case of touching
cells. Quantitative results coincide with previously pub-
lished work on manual analysis, proving that the method
is suited for larger-scale experiments, and more particu-
larly high-content-screening campains. We can exploit
the results to provide more accurate quantitative data,
such as spatial distribution of the endosomes.
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