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Abstract: This contribution deals with an unsupervised system to process digital photomicrographs in order to locate
and analyze islets of Langherans in human pancreases. The experiment has been conducted on real data and,
though we are still going to complete the evaluation of the whole method, we expect to define a set of proper
features (e.g. area, perimeter, fractal dimension, shape complexity, texture and entropy) useful for a fast and
reliable counting of healthy cells. In particular, this research aims to measure the advisability of a possible
implantation in patients affected by type 1 diabetes mellitus.

1 INTRODUCTION for the identification of some standardized strategies
to characterize islet morphology and to quantify their

This paper introduces a new system for the auto- degree of maintenance of their native round morphol-
matic analysis of high power magnification photomi- 09y (Nano et al., 2005).

crographs of the human islets of Langherans. The At present, the analysis is also performed by im-
cells that make these clusters can be divided into aproving the appearance through image processing
few classes which include the cells, that secrete  softwares or ad hoc systems (Metamorph). A grid is
glucagon, and thé cells, responsible for the pro- laid on the slide so to fix the islets and to let easily
duction of insulin. This research field is of particular count their different typologies (see Figure 1). This
interest because of the demand to evaluate the statgprocess is done by hand to separate those cells useful
of these endocrine tissue for preoperative planning in to the implantation and obviously it is slow, subjec-
patients that suffer from severe type 1 diabetes melli- tive and liable to errors; an environment to help the
tus, otherwise scarcely treatable by conventional ther- expert analyst is therefore desirable both to enhance
apies (Ryan et al., 2005; Shapiro et al., 2006). It has the quality of the digital photos and to elaborate the
been verified that the probability of obtaining a fa- images in order to locate automatically the zones of
vorable implantation increases when a large numberinterest.

of viable and purified islets is transplanted in to the A variety of methods is already present in liter-
patients (Bertuzzi and Ricordi, 2007). In a multivari- ature for both supervised and unsupervised segmen-
ate analysis aimed to identify sonrevitro parame- tation of photomicrographs depicting cells (Coelho
ters for islet quality or function predictive af vivo et al., 2002; Tripodo et al., 2006; Montseny et al.,
graft function of the same islets after their transplan- 2004; Bak et al., 2004). Usually these techniques
tation in diabetic patients, islet morphology (in terms are taken back to the elaboration of histograms, appli-
of the maintenance of their round shape profile, sim- cation of mathematical morphology, texture analysis,
ilar to what they showed in the native pancreas) was Fourier and wavelet transforms to extract the shapes
demonstrated to be correlated with 1 month recipi- of the components that have been found. Often the
ent c-peptide production (Ricordi et al., 2001); islet images have noise due to the presence of small arti-
morphology therefore should be considered an indi- facts, distortions and blurring introduced by the op-
rect parameter of islet viability. These results call tical system, inherent inaccuracies due to the lattice
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(e.g. the thickness of the sample that must be ana-optimal values in order to locate the imperfections on
lyzed), imperfections of the coloring of the contrast the red and green channels of the RGB color space.
agent (e.g. due to variations of exposure time and to We have carried out a statistical examination on both
the quantity of the marker itself). the background and foreground to determine their
starting threshold values; should the input image be
very different from the database we have considered,
then, to better calibrate the values, the user can select
some regions of interest, representative of the differ-
ent parts of the islets. Figure 3 shows the previous
input image soon after the preprocessing step.
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U

Figure 1: Two slides that put in evidence the presence of a
grid to easily count the number of the islets.

We have realized a system that acts through a li-
brary of tools to preprocess the data; the segmenta
tion of the various components in the images often re-
quires the intervention of an expert user who locates
the promising clusters of cells. This approach can be
applied not only to the islets of Langherans, but also
to analyze other vital cells (e.g. hepatocytes, bone
marrow cells). Finally it should be verified the pos- Figure 2: A sample photomicrograph of a cluster of the hu-
sibility to apply this strategy also in fixed tissue after man islets of Langherans.
different immunohystochemistry staining.

_ The following Section 2 describes the new en- We have successfully applied the same adap-
vironment to elaborate and classify the islets of (e self-tuning technique that has been introduced
Langherans. _Experlmental results.are presented in;, (Tripodo et al., 2006) to discriminate between the
Section 3, while remarks and possible future works p,re cells, or the mixed® and exocrine/ductal cells
are introduced in Section 4. that are highlighted by the marker as red and orange

zones respectively, while the yellow parts correspond

to dead cells or impurities or simply exocrine/ductal
2 SEGMENTATIONOF THE cells. This usually leads to a rough representation of

ISLETS the cells, but a simple median filter is sufficient to

remove all small objects (65 kernel) and pointlike
noise (3« 3 kernel). The shape of the cells so far ob-
tained can be further enhanced by the use of a math-
‘ematical morphology opening with a structuring ele-
ment represented by discrete disk of radius 2 (Soille,
2003). In such a way the cells of the islets are bet-
ter separated and, moreover, we can safely delete all
components that are too small (the allowed number of
pixels has been pre-defined according to the present
magnification power of the microscope). Figure 4
shows the final result obtained on the reference im-
age; another example is reported in Figure 5. We have
highlighted the final contour just to easily check the
tsegmentation of the relevant islets.

In this paper, we aimed to describe the system which
has been developed to provide an unsupervised anal
ysis of the human islets of Langherans (see Figure 2).
Different techniques have been implemented to en-
hance the quality of the images, to segment all com-
ponents, to distinguish among the cells and to evalu-
ate their conditions in order to quantify the advisabil-
ity of the implantation.

The photos in our database have been acquired
through a digital tool; they suffer from artifacts due
to the equipment (e.g. only the center of the image is
correctly in focus and a few impurities can be present
on the lenses). Predetermined threshold values resul
in a poor separation between the components of the
images, but we have experimentally verified that the
Otsu method (Otsu, 1979) is able to compute these
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perimeter) and the eccentricity of the ellipse which
approximates the shape of the islet and the measures
of convexity/concavity of its edges return a quanti-
tative esteem of its aspect. In particular, compactness
and eccentricity measure the roundness: healthy islets
should not have protrusions.

Figure 3: Some artifacts present in Figure 2 have been re-
moved. Due to the huge field of view, in the following we
will propose the results relative to the superimposed box.

Figure 4: Left: the remaining artifacts and dead cells have
been automatically removed from Figure 3. Right: the final
contour has been plotted on the input image of Figure 2.

Figure 5: The edges of the islets within the box have been
marked in blue.

3 EXPERIMENTAL RESULTS

The amount of information directly deducible

Images have a size of 2088550 pixels and were ac- from the luminosity of the pixels is another useful
quired at a sample dilution equal to 25Q0My a stere-  characteristic: the more homogenous an islet is, the
omicroscope Leica MZ12-5 with ax2zoom magni-  smaller its local entropy is. We are still investigat-
fication and equipped with a digital camera, able of ing on the ability of operators that return marks about
a 4.34765mpixel picture calibration. The set of im-  the value of local sharpness and textures (which are
ages we have studied has been obtained by isolatingclosely connected to the presence of luminosity gra-
the islets through the automated method from multi- dients).
organ donors (Ricordi et al., 1989). After pancreas For each isletr; we compute the produdj; be-
digestion the islets from 3 preparations have been pu-tween its average luminosit§ and its entropys.
rified by COBE processor (Vargas et al., 1996) and If we indicate withpy and oy respectively the mean
placed in a culture media for additional 48 hours at and the standard deviation of a@jl=¢xe, then the
24°C. The islets have been finally stained with dithi- islets with a scorég;—py| < 204 can be considered
zone (a vital stain that cross-reacts with zinc) and as promising candidate. A further important charac-
therefore it has been used to recognizetthexocrine teristic is given by the compactnees(Rangayyan,
and ductal cells (in which zinc is absent) from fhe  2005): with an analogous approach, the islets till now
cells (rich in zinc). accepted with a compactness valye< px+0x are

A set of parameters that describe each kind of definitely classified as reasonably good. For the sake
cluster of cells has been extracted from the segmentedof clarity, an islet is classified as good if it passes the
images. The area, the perimeter, the compactness (i.etest ong and then ork. The final evaluation of the
the normalized ratio between the area and the squaredvhole input photo of Figure 5 is summarized in Ta-
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Table 1: The features of each islet (33 in this example) haenlepresented by two columns (tgpand bottomx). The
threshold values are represented by dashed lines and stathteve to be passekireduces the number of candidates already
obtained byg (good islets have been marked witlva

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Wt20g f--4---f--1---t--1---t--1---t--1-t-1-t-1--t-1- 7111 -1--t-1-t-1-"Ft-"1-"1-1" F ==

Wg—20g r--1---F--1T—T--1---F--q9---F-=1---f--1---r--1---r--1---Fr--1---r--1---F--1---F--1---r--1

272 331 645 704 708 73.7 74.7 79.6 815 82.7 82.8 85.3 87.0 898 916 976 120.8
325 492 67.1 70.5 720 746 76.9 80.6 81.8 82.8 84.0 86.9 87.5 909 930 99.2

W+ok F==4--—-F--o---}--{---F-4---}--71}--{---}--{---}--{---F-H---}--{---}--{---}

08 058 020 055 005 005 036 028 071 019 039 018 013 021 015 019 048
074 037 009 025 052 036 025 03 023 012 044 007 013 013 019 020

ble 1. Figure 6 shows how the system highlights a [%.. ... —
single islet and proposes its features. ‘ :

The percentage of the area of the yellow zones
(more precisely, the ratio between red and yellow)
indicates the purification of islet preparation and the
eventual presence of embedded islets, that means
islets surrounded by exocrine tissue (Ricordi et al.,
1995). The final ratio between the area of good islets
and the area of all islets summarizes the goodness of
the inspected photomicrograph. Several parameters
have been therefore available now by an automatedFigure 6: A screenshot of the graphical interface of the

method of analysis for the characterization of an islet Systém. Small green boxes automatically delimit bubbles
preparation in terms of: (present as _artlfacts in the photo). A selected islet istpdin

) out by a white arrow and the values of the relevant features
are presented to the user.

e islet number (the number of red clusters);
e islet dimension (the red area);
e islet purification (the ratio between yellow and red

areas in the whole preparation); . Fromfa':hcomputer SdCiemj;ﬁ %o!nt ct)_f"vi?v;/r,] thte e;ﬁi—
e percentage of embedded islets (the ratio betweenggngy(zltm:nprlogl,oggs)eanrgiuros E:tesrr: sﬁoulg beesclgg_
red and yellow areas within an islet); 9 ' y

sidered as a tool to help the experts in obtaining a
quantitative esteem of the reliability of the islets in fa-
vorable implantation. The final results have been val-
idated by biologists involved in implantations to treat
4 REMARKSAND FURTHER patie_nts aff_ec_ted by severe forms of type 1 diabetes
mellitus. It is interesting to note that the methodolo-
WORKS gies we have applied to segment the components of
the photos are quite standard and general enough and
We have introduced an unsupervised system to locatethat the extracted features can be extended to differ-
the human islets of Langherans in photomicrographs. entiate between the andf3 cells which compose the
These clusters of cells have been characterized in or-islets; this is to correlate their peculiarities with infor
der to define some parameters representative of theirmation of the state of the patients. Moreover, though
number and morphology. The predictive role of these preliminary results are encouraging, we are improv-
features towards theiin vivo graft function should be  ing the segmentation procedure by including further
matter of further studies. algorithms based on mathematical morphology and

e islet morphology.
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watershed/level sets. M.Miyamoto, Y.Morimoto, Y.Nozawa, A.N.Balamurugan,
To the best of our knowledge, our environment B.Xu, (2000) Este}blishment of fluorescein_diacetate
is the first attempt to automatically analyze islets of and ethidium bromide (fdaeb) assay for quality assess-

! . . ment of isolated isletsCell Transplant 9:681-686.
Langherans for implantations. Previous works rely i i
on manual segmentation of their photomicrographs or E-Montseny, P.Sobrevilla, S.Romani (2004). A fuzzy ap-

t L thus t ire to be adapted i proach to white blood cells segmentation in color bone
are oo general, thus to require {o be adapied in or- marrow imagesProceedings of the IEEE Interna-

der to process images containing these kind of cells. tional Conference on Fuzzy Systerhd 73-178.
Therefo_re, acomparison of the results obtained by OUrR Nano, B.Clissi R.Melzi, G.Calori, P.Maffi
system is still desirable. B.Antonioli, S.Marzorati, L.Aldrighetti, M.Freschi,
Additional projects should be thia vitro char- T.Grochowiecki, ~C.Socci, A.Secchi, V.Carlo,
acterization of the human islet preparations after the E.Bonifacio, F.Bertuzzi (2005). Islet isolation for

. ; ; ; f P ~ allotransplantation: variables associated with suc-
staining with vital probes (i.e. propidium iodide, flu cessful islet yield and graft functioriabetologia

orescein diacetate (Barnett et al.,, 2004, Miyamoto 48:906-912.
et al., 2000) and probes for apoptosis (Ichii et al.

. . e " N. 1979). A thresholdi lecti hod fi -
2005). This should allow the direct quantification of Otsu (1979). A threshalding selecygn et roggray

scale histogramlEEE Trans. on System, Man, and

vital, apoptotic and necrotic islets. Finally the auto- Cybernetics9:62—66.

mated system for imaging analysis should be applied g v Rangayyan (2005Biomedical Image Analysi€RC

in fixed tissues after immunostaining for insulin and Press.

glucagon thus allowing a complete characterization of ¢ Ricordi, P.E.Lacy, D.W.Scharp (1989). Automated islet
islet cell composition (Ichii et al., 2005; Street et al., isolation from human pancreas diabet@8abetes
2004). 38(1):140-142.
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