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Abstract

Konica Minolta provides a technology service using fluo-
rescence nanoparticles to quantitatively analyze specific
proteins per cell with high sensitivity. In support of that tech-
nology service, we have developed fluorescence nanoparti-
cles for the marking of biomolecules whose brightness and
resistance to discoloration exceed those of conventional flu-
orescent pigments.

Konica Minolta’s technology service deals with both path-
ological diagnosis and drug development. In pathological
diagnosis, highly effective medicines can be selected for in-
dividual patients by classifying patients according to their
disease or disorder since the disorder (or disease) was not
determined by conventional diagnosis method such as DAB
(diamino benzidine) method. This is especially promising in
the treatment of cancer.

In drug development, the effects of a drug can be mea-
sured by the number of proteins observed, and this increases
the probability of successful clinical treatment trials aimed at
reducing variety of specimens of interest.

In our cell nucleus extraction processing, we employed
three processes FUNCTIONS : machine learning using a sup-
port vector machine (SVM), extraction of the contour edge of
the nucleus, and segmentation processing using the edge
extraction and H-minima methods. In the bright point ex-
traction process, preprocessing removes the auto-fluores-
cence generated by tissue staining.

In verifying the system as applied to breast cancer, manual
calculation of the system’s accuracy was 100 %, the F mea-
sure of cell nucleus extraction was 91 %, and that of bright
point extraction was 90%. Further, manual extraction and
that of our system correlated highly, with a protein per cell
nucleus correlation value of 0.97 and an amount of protein
per cell area of 0.90.

We are now expanding our work to encompass other
types of cancer.
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Fig. 1 Quantitative analysis of specific cell nucleus proteins.
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Fig. 2 Flow of the cell nucleus extraction algorithm (SVM: support vector
machine).
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Fig. 4 Cell nucleus contour edge extraction.

(A) Pathology image.
(B
(C
(D) Cell nucleus region detection.

) Edge angles indicated by pixel values.
) Result of contour edge cell nucleus extraction.

Fig. 3 Cell nucleus extraction using an SVM.
(A) H stain pathology image of cell nuclei with uneven staining.
(B) SVM score image in which cell nucleus pixels indicate brightness value.
(Q) Cell nucleus regions extracted.
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Fig. 5 Segmentation of overlapped cell nuclei.

(D) (E)

Fig.6 Contour edge and H-minima methods combined in the segmen-
tation of overlapped cell nuclei.
(A) Pathology image of overlapped cell nuclei captured.
(B) Cell nuclei contour edges extracted.
(C) High-degree overlapping cell nucleus regions extracted.
(D) High-degree overlapping cell contour-edge segmented.
(E) Segmentation of low-degree overlapping cell nucleus regions
(D) using the H-minima method in each cell nucleus region.
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Fig. 7 Bright point extraction.

(A) Fluorescence image captured.
(B) Low-frequencies removed.
(C) Bright points extracted.
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nucleus
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Table 1 Evaluation conditions.

Pathology Cancer type Breast
image Stain Hematoxylin
Fluorescence .
image Marker Ki67
Microscope camera Olympus DP73
Microscope Image size 1600 x 1200
Microscope power x40
3.2 FHfkER

Ml & B DAl AR % Table 2 121,

Table 2 Evaluation of cell nucleus and bright-point extraction. Note that
the three values of the cell nuclei and those of the bright points
compare closely to each other.

Precision Recall

F measure
value value
Cell nuclei 93% 90% 91%
Bright points 89% 90% 90%
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Fig. 8 High correlation of system extraction and manual detection in
fluorescence nanoparticle scores Bn and Ba.
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