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Abstract

Computerized image processing has provided us with vauiadls for analyzing
histology images. However, histology images are comples, the algorithm which is
developed for a data set may not work for a new and unseen eatdIse preparation
procedure of the tissue before imaging can significantlgcaffhe resulting image. Even
for the same staining method, factors like delayed fixatiegrdde tissue and may alter
the image quality. In environmental research, due to thauie between the site where
the wild animals are caught and the laboratory, there isy@walelay in fixation. In this
paper we face the challenging problem of designing a metheataitorks on data sets with
different fixation delay and strongly varying quality. Hexe suggest a segmentation
method based on the structural information of epitheliuthlager in testicular tissue.
The cell nuclei are detected using the fast radial symmeétey.fiA graph is constructed
on top of the epithelial cells. Graph-cut optimization nwethis used to cut the links
between cells of different tubules. The algorithm is tesiadive different groups of
animals. Group one is fixated immediately, four groups wefedt room temperature
for 6, 18, 30 and 42 hours respectively, before fixation. Tuggssted algorithm gives
promising results for the whole data set.

1 Introduction

The pathologist analyses tissue slides using light miagto detect morphological abnor-
malities. Statistical quantification of histological ataions requires evaluation of a large
number of slides, which is time consuming. Manual analysisubjective and there is al-
ways a risk that pathologists vary in the assessment ofigetidge to tedious repetition of the
work. The histological slides can be digitized, which eealihe use of computerized image
analysis and machine learning techniques to complemergvéleation of the pathologist.
Such computer-assisted diagnosis is receiving the attenfimany researchers.
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Several reports indicate that compounds found in the enmient can effect male re-
production in humans, mammals, birds and fi§h Histopathology of testicular tissue is
regarded as a sensitive tool for detecting adverse effectsed by chemicals in male re-
production p]. One of the first steps in computerised analysis of histickigmages is to
identify different structures, like cells, lumen, glandsldubules. Once these structures are
segmented, measurements of different features can bedaut to detect adverse morphol-
ogy. Segmentation will be done by using chromatic inforovatr spatial relationship of
different components. The final image quality may vary beeaaf the preparation proce-
dure. It is a challenging problem to propose a method thaksvoorrectly, with the same
parameters, on any data set even for the same tissue and tsémreggsmethod. To compli-
cate matters more, the time period between the death of theabhand the placement of the
tissue in fixative affects the tissué][ This is relevant in environmental research due to the
distance between the site were the wild animals are caughtaraboratory. For practical
reasons the animal may even be frozen. This generates gwaldéficulties due to autol-
ysis and freeze damages of the tissue. Tissue which is @@ pa@ perfect lab condition
has a normal tubular structure, which is a lumen, surrouthgespithelial cells, however in
degraded tissue the lumen may be occupied with cells. Thevadtic information may also
be affected by the delayed fixation and freezing (see figar@ndlb ).

In this paper we suggest a segmentation method that usesuktigal information of
the testicular epithelium marked with GATA-4 antibody. $imethod can be used on any
tissue with similar structure. The spatial relationshigha cells has been used for epithe-
lium classification. Alberet al. use a graph theoretical method to study the morphological
characteristics of the epitheliumi][ The minimal spanning tree is computed in the three-
dimensional (3D) space of the sections with the selectetecenf the nuclei as vertices.
The average length of all edges in the graph is used for diguaiting different specimens.
Bilgin et al. first use k-means clustering to segment the epitheliumlzemnthe cell graph is
used for classifying brain tissue sampl&p [Gunduzet al. also construct a graph on top of
the cells and then compute the graph metrics of the cell graptiuding the degree, cluster-
ing coefficient, eccentricity and closeness for each calistinguish healthy from unhealthy
tissue [7]. Here we also use graphs, but as a segmentation method.

2 Methodology

The proposed algorithm first segments the cell nuclei, wkacin the vertices of a graph.
A graphg(v,¢) is defined as a set of nodes or verticeand a set of edges connecting
neighbouring nodes. The graph-cut optimisation is usednwwe the links between nuclei
belonging to different tubules, which thus yields an isetasub-graph for each tubule. By
applying morphological operators on sub-graphs we dedinése outer boundary of the
epithelium.

2.1 Cell segmentation and vertices identification

The cell nuclei are mostly radially symmetric, several methare suggested to measure the
local symmetry in image. Kuset al. [9] used phase symmetry suggested by Kovélsidr
segmenting cells, we use the fast radial symmetry filter teeextract them 10]. If pixel

p is located on the arc of a circle then the center of the cizlatione radius distance in
the direction of the gradient. The Fast radial symmetryrfikecalculated at one or more
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radii. Loy et al first calculate the Magnitude projection imadgg and orientation projection
imageO, which have high response at potential centroMsandO,, in [10] are defined as

Mn(Pive(P)) = Mn(Peve) £[[9(P)I| 1)

On(Pve(P)) = On(Peve) £1 (2)

whereg(p) is the gradient at pixgb andPy.e is a "positively/negatively affected pixel" and
is calculated using the gradient:

Pive =P+ round( 9(p) n . 3)

The radial symmetry contribution at radings
Sh = Mn(p)|On(P)|* © A (4)

wherea is a scaling factorA, is a two-dimensional GaussiaNi, and én are normalized
Mn andO,, across different radii, ang denotes the convolution. The result of the filter is
the average of the radial symmetry over different values.oSegmentation of the radial
symmetry yields the epithelial cell nuclei, but also otheclei. We formed a feature vector
based on morphology of cells (size, perimeter) and stedilsthromatic information (mean,
standard deviation, Skewness, minumum value and maximuue vd intensity), then ap-
plied k-means clustering to cluster cells into two groupke Epithelial cells are used for
further steps.

2.2 Edge establishment

In order to establish the edgeof our graph we need to find the neighbouring cell nuclei
centroids. One way is to use the Delaunay triangulation. Dékaunay triangulation of a
set ofm points corresponds to the dual graph of its Voronoi diagrahe Voronoi diagram
divides the space intm polygons{Py,P,,...Pn}, whereP, correspondes to the poif§. A
pointc belongs to polygof, if d(c,S*) = min;d(c,S;), wherej € {1,2,..m} andd(c,S;) is
the euclidean distance betweeandS;. Two pointsS; andS, share an edge in the Delaunay
triangulation if their corresponding polygoRs andR, share a side in the Voronoi diagram.
Delaunay triangulation yields a graph with edges only betwadjacent vertices. A sample
of such a graph is shown in figute.

2.3 Edge weights

As you can see in figuréc, the epithelial cells usually form a cluster around a cenftbe
distance between two nuclei in the same tubule is smallerttiedistance between nuclei in
differenttubules. We set the weight of each edge to be ielepsoportional to the Euclidean
distance between the two vertices that it connects.

2.4 Graph-cut minimization

We use a graph-cut minimization method to remove undesilgé® In graph-cut method
we need to specify two special terminal nodes which area@&lésource) and T (sink) that
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represent object and background labels. Edges betwednegedre called n-links, and t-
links represent connections between vertices and termiAdligraph edgee € ¢ including
t-links and n-links are assigned some non-negativewgstAn s-t cut is a subset of edges
C C ¢ such that the terminals S and T become completely separatdteanduced graph.
The cost of cut is sum of the weights of all the edges it sevéiisiwis :

IC = E;W& ©)

A minimum s-t cut, is a cut with minimal cost. Based on combioaal optimization a
globally minimum s-t cut can be computed efficiently in lovder polynomial time. Boykov
et al. [3] introduced a new version of the max-flow algorithm that enfprmed existing
techniques for computer vision applications. We need attion to specify the source and
the sinks of the graph.

2.5 Animals and tissue preparation

Thirty healthy, sexually mature minks were collected atahaual culling on a mink farm.
The animals were divided in five groups based on time intdrelveen euthanization and
fixation. Group one was put in fixative immediately post marteFour groups were left
at room temperature for 6, 18, 30 and 42 hours respectivelgré fixation. Transverse
tissue slices from testis were fixed in modified Davidsongiffor 24 hours at 4C and
embedded in paraffin wax. The samples were cut in 5 microrsetdions and stained with
GATA-4 antibody. Digital images of the sections were takethwa Nikon Microphot-FXA
microscope using the 10x objective lens.

3 Results

Testicular tissue is composed of tubules. Tubules are fdrmainly by the seminiferous
epithelium. Toxic damage will affect the cells in the epiitia and alter their morphology.
Two sample images of stained tissue of mink testicle, 0 arftb8@s postmortem, are shown
in figuresla and b. As you can see in this figure, the quality of the tissweiy different,
but they both have a similar structure, and the epithelidd of a tubule cluster together.

We applied the method outlined earlier to segment the tissgions into individual
tubules. To improve the result, we first applied the bildt&itar. We chose a spatial-domain
standard deviation of 3 pixels and an intensity domain stechdeviation of @ times the
dynamic range of the image. We then applied the fast radrahsstry filter with radii 3, 4
and 5 pixels. The thresholded result gave the nuclei. As wesea in the sample images
in figure 1, there were two different cell types in the tissue. We clestethe nuclei in
two groups using k-means clustering. The feature vectat asatained the mean, standard
deviation, minimum and maximum intensity within the nudeand the nucleus size. Next
we applied Delaunay triangulation to the epithelial nuttecreate a graph. The user was
asked to add markers at the center of each tubule to be sepaiidte markers were grown
until they each hit 7 nuclei. These nuclei were taken as ssusad sinks of the graph. The
max-flow optimisation was run and the links between diffétabules were removed.

Figurel c and d shows the graphs, overlaid on top of the images. Thesextgown in
red are those which were cut. The sub graphs associated ity telpeile can be used for
classification of the tubules; we can extract features basdtie morphology of the graphs
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Figure 1: (a) Stained thin section of mink testicular tisslisated immediately after eu-

thanasia. (b) Stained thin section of mink testicular gsdixated 30 hours postmortem. (c)
and (d) Graphs constructed with epithelial nuclei as vesti¢or the images in (a) and (b),
respectively. Red edges are removed by the proposed metisegarate the various tubules.

themselves, or we can use mathematical morphology opstaairfill the holes enclosed by
the edges of the graph to obtain a full segmentation of thejpim. We applied our method
on 50 images, 10 images per group. A sub-graph associatedhale which excludes some
of the epithelial cells of the tubule, and a sub-graph whittudes some of the cells from
neighboring tubules both are considered as wrongly segdeBimilarly, small cell cluster
which dose not belong to any tubule is considered as wrongeetation. For group 1 ( zero
hour postmortem) 85% of epithelial cell layer of tubulessggmented correctly. For groups
2, 3, 4 and 5, this number is 66%, 71%, 76%, and 72% respectikslit was expected for
the zero hour, in which the structure of the tissue is preskbetter, the error is smaller than
for the rest of the groups.

4 Conclusion

A method for segmenting the epithelial cell layer was pregbosThe result of segmenta-
tion can be used to analyse the epithelium structure andhlestehe postmortem effect
of delayed fixation or freezing, and find robust endpointsetedt adverse effects. When
analysing material from wild animals, it is important to aegte the histological changes
caused by delayed fixation postmortem from premortem pagjyol
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