Shedding New Light On MICROSCOPY

APPLICATION NOTE

Nikon A1 R MP, AX R MP multiphoton confocal microscope

Diagnostic imaging of mixed connective tissue and
epithelial tumors of the mammary gland by label-free
imaging using multiphoton microscope

Mixed connective tissue and epithelial tumors of the breast mainly include fibroadenoma (FA) and phyllodes tumor (PT). Fibroadenoma is the most
common breast tumor in young women, while phyllodes tumor is a relatively rare disease, accounting for about 0.5% of all breast tumors. Whereas
fibroadenomas are usually 2-3 cm in size and stop growing, phyllodes tumors grow rapidly and can grow into massive tumors exceeding 10 cm. Also,
phyllodes tumors are benign tumors like fibroadenomas, but they may become malignant during the process of growth.

Fibroadenomas and phyllodes tumors are often difficult to distinguish by needle biopsy because of their similarities in clinical and histological
images, despite differences in surgical indications and surgical techniques. Several studies have been conducted in the past to search for factors useful
in differentiating between fibroadenoma and phyllodes tumors, but none have yet been established.

Therefore, Dr. Kana Kobayashi-Taguchi and Dr. Yoshiaki Kamei of the Breast Center, Ehime University Hospital, and Dr. Takashi Saitou and Dr. Takeshi
Imamura of the Department of Molecular Medicine for Pathogenesis, Graduate School of Medicine, Ehime University, attempted image diagnosis of
breast tumors using multiphoton microscopy. This application note introduces the contribution of multiphoton microscopes to medicine, based on the
research results of Dr. Taguchi et al.
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Overview
Multiphoton microscopy has advantages such as higher resolution and minimal
phototoxicity compared to conventional optical imaging. It is also possible to image
collagen without staining utilizing second-harmonic-generation (SHG).

In this study, utilizing label-free imaging of collagen and autofluorescent
substances in mammary gland tumors by means of multiphoton microscopy,
and region segmentation by means of deep learning, quantitative evaluation
metrics were built to discriminate mammary gland tumors, which were difficult to
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(a) Comparison of multiphoton microscope images of
fibroadenoma (FA) and phyllodes tumor (PT) lesions

System: AT R MP

Objective: CFI75 Apo 25XC W MP

Detection of SHG and autofluorescence signals:

(1) Dichroic mirror (DM) 495 nm and short pass filter 492 nm

(2) DM 560 nm and bandpass filter 525/50 nm (central
wavelength/bandwidth)

(3) Emission filter set including DM 662 nm and bandpass filters
617/73 nm

Excitation wavelength: 950 nm

FOV: 0.5 x 0.5 mm

Resolution: 512 x 512 pixels
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(b) Schematic of quantification of differentiating factors in breast
masses based on multiphoton microscope images.

The yellow dotted area indicates the breast ductal epithelium and

lumen, and the area outside these indicates the stroma. A ground

truth image set was created by segmenting images acquired

by multiphoton microscopy. Supervised machine learning was

performed using this image set as training image data to assign

all pixels to epithelial, stromal, or external regions. Based on the

I segmented image set, SHG intensity within the stromal area was

< measured and the ratio of lateral ductal epithelium to stromal

| | area was scored.
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Results

Comparing the HE- and PSR-stained images with the SHG images acquired by multiphoton microscopy, the SHG images showed dark ductal epithelium and strong signals in
the collagen-rich stromal regions. Collagen observed in SHG images resembled in shape and pattern the fibril structures in PSR-stained images that specifically stained type |
and type lIl collagen. In addition, the boundary between epithelium and stroma was confirmed in the autofluorescence image obtained by multiphoton microscopy shown in
green (Fig. 2 (a)).

Mixed connective tissue and epithelial tumors are lesions with both epithelial and stromal proliferation, but phyllodes tumor (PT) has been reported to have more pronounced
stromal proliferation than fibroadenoma (FA). To establish quantitative criteria to distinguish between FA and PT, scoring of the area ratio of epithelium and stroma was
attempted using image segmentation by means of deep learning (Fig. 2(b), Fig. 3). Ground truth images were prepared from multiphoton microscope images in which three
regions, epithelium, stroma, and outer, were manually labeled based on HE-stained images. The overall accuracy and the intersection of union (loU) between the predicted
and ground truth images were compared, and the results showed that the test image set had a total accuracy of 93.5% and an loU of 89.5%, indicating high segmentation
performance (Figure 3(c)).

The standard deviation was then calculated for the images for which epithelial-to-stromal area ratio scoring was performed based on the results of the image segmentation
analysis. As a result, PT showed a higher deviation than FA in both ground truth and predicted image data (Fig. 4(a)). In addition, quantification of the SHG signal intensity in
the stromal regions showed a stronger SHG signal in FA than in PT (Fig. 4 (b)). When a scatter plot combining the score of the epithelial-stromal area ratio and the SHG signal
intensity of the stromal area was created, FA and PT could be clearly separated (Fig.4 (c)).

Summary
In multiphoton microscope images, the ductal epithelial regions exhibiting autofluorescence and the stromal regions exhibiting collagen-derived SHG signals were segmented
using SegNet, an image segmentation program utilizing deep learning. When quantifying the ductal epithelial/stromal area ratio and the signal intensity of SHG within the
stromal area, the former was higher in PT and the latter in FA. When an attempt was made to distinguish between PT and FA using these two factors, a clear distinction was
attainable.

Autofluorescence imaging combined with multiphoton microscopy and Al image analysis identified quantitative factors that enabled the differential diagnosis of fibroadenoma
and phyllodes tumor. It is expected that this result will lead to this method's application in computer-aided diagnosis of mixed connective tissue and epithelial tumors in

mammary glands.
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AX R MP multiphoton confocal microscope
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Cooperation

Department of Breast Center, Ehime University Hospital:
https://www.m.ehime-u.ac.jp/hospital/breast/?page_id=215

Department of Molecular Medicine for Pathogenesis, Graduate School of Medicine,
Ehime University:

https://www.m.ehime-u.ac.jp/school/imaging/

* Large field of view of FOV22
* High resolution of up to 2K x 2K for resonant,
up to 8K x 8K for galvano

* High speed of up to 720 frames per second
(resonant 2048 x 16 pixels)

* Two types of stands for
flexible sample settings



