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Next Generation Digital Pathology:



„Conventional“ Digital Pathology

Digital Pathology = Scanning 

+ Viewing 

+ Managing 

+ Sharing

of VIRTUAL SLIDES.



„Next Generation“ Digital Pathology

Digital Pathology = Scanning 

+ Viewing 

+ Managing 

+ Sharing

of VIRTUAL SLIDES.

Now, as multitude of techniques and technologies for 

creating virtual slides have been established within the 

community, we are entering the next stage of Digital 

Pathology, which focuses on digital image analysis!

“Combine the strengths of the human brain 
(learning, interpolation, experience, error-handling) 

with the strengths of computers!
(speed, endurance, reproducibility, large-scale data handling)”

Scanning 

+

Analysis



Principles of TissueFAXS

樣本種類:

各類組織切片

組織微陣列TMA

細胞抹片

Result I Result II 

全自動高速拍攝:

可見光/螢光樣本
自動對焦拍攝
全景無縫拼接

影像分析:

全彩IHC自動分色
專利組織細胞辨識
18種強度及型態量化參數

流式數據報告產出:

功能性二維散點圖
數據 ←→ 細胞聯動
ROI分析自動報告輸出

Image Analysis



The TissueFAXS™ product family

TissueFAXS is a microscope based slide scanner 

with ultimate flexibility and image quality

Automatic scan IHC and/or IF sample with different configuration by user demand.



Tissuegnostics High Throughput Scanning 

Solution for Immunohistochemistry sample 

1cm2 tissue only 57s !
• Focus strategy = 7X7

• Exposure time 2.5ms



1cm2 tissue with 4 FL less than 15mins!
• Focus strategy = 7X7

• Exposure time <50ms each channel

Tissuegnostics High Throughput Scanning 

Solution for Immunohistochemistry sample 



The digital sample / virtual slide might consist of thousands of

individual fields of view!

The Virtual Slide in IHC



The digital sample / virtual slide might consist of thousands of

individual fields of view!

The Virtual Slide in IHC

Over-sized slide



Slide overview

The Virtual Slide in IHC



Corp and FOV line

The Virtual Slide in IHC



Category in virtual slide

The Virtual Slide in IHC



TMA acquisition and manage

Auto detect each core

Missing core identify

Block grouping

Each core size and shape can 
be manually correct

Block angle and cores distance 
can be manually correct

Only scan identified core 

Focus once on each core

The Virtual Slide in IHC



The Virtual Slide in IHC

Consecutive sections



The digital sample / virtual slide might consist of thousands of 

individual fields of view (FOV)!

The Virtual Slide in IF



Scanning of 50 µm thick retina 

TissueFAXS provide specific 

image stacking algorithm for 

thick sample without blur effect

The Virtual Slide in IF



TissueFAXS ™ VIEWER – Freeware!
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Image Analysis



From Image...



…to Analysis

Positive cells Positive cells

Intensity of DNA staining
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Each cell is indicated as one dot 

The reactivity of two channels is plotted on the x- and y-axes
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Each cell is indicated as one dot 

The reactivity of two channels is plotted on the x- and y-axes



TissueFAXS™ Cytometry

How many of the blue

nuclei are also stained in 

brown (in %)?

Expert‘s estimations:

1% - 40% 



TissueFAXS™ Cytometry

How many of the blue
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1% - 40% 



TissueFAXS™ Cytometry

How many of the blue

nuclei are also stained in 

brown (in %)?

Expert‘s estimations:

1% - 40%

Observer independent

measurement: 14,54%



Estimation versus Measurement

Relative Staining Intensity = gray value(GV)

GV = 0: BLACK

GV = 255: WHITE

What is the difference in 

GV between A and B?

1. ∆ = 0

2. ∆ ≤ 20

3. ∆ ≤ 50

4. ∆ ≤ 100

5. ∆ > 100

Compare frames A and B – which one is brighter and 

how much is it brighter (select answer to the right)?



Estimation versus Measurement

∆ = 0 !!!!



Estimation versus Measurement

Relative Staining Intensity = gray value(GV)

Assume A and B are 2 

samples stained for:

• Tumor marker

• Cytokine expression

• Apoptosis

• Proliferation

• …..



Distinguish between Nucleus and Cytoplasm!

3 channel overlay

DAPI

Anti-Tubulin

Anti-beta-COP

Not only analyze single cells – even analyze subcellular compartments on a single cell basis!

Courtesy Dr. R. Pepperkok, Advanced Light Microscopy Facility, EMBL Heidelberg



Nuclear Identification by DAPI

Tissue FAXS – „DotFinder“ Algorithm

Identifies and

quantifies

dots

optionally in 

the nucleus

or in the

cytoplasm



Green Dots Count

Tissue FAXS – „DotFinder“ Algorithm

Identifies and

quantifies

dots

optionally in 

the nucleus

or in the

cytoplasm



Orange Dots Count

Tissue FAXS – „DotFinder“ Algorithm

Identifies and

quantifies

dots

optionally in 

the nucleus

or in the

cytoplasm



Green dots and Orange dots finding results

Tissue FAXS – „DotFinder“ Algorithm

Identifies and

quantifies

dots

optionally in 

the nucleus

or in the

cytoplasm

2 Green 5 Orange



Example of detection of all dots from the image 

with all z-levels merged, within a given range 

(“ring mask”) from the automatically detected 

nuclear border

Identifies and

quantifies

dots

optionally in 

the nucleus

or in the

cytoplasm



Forward Connection

GREEN positive

RED negative

GREEN negative

RED positive



Backward Connection

Cells with red 

contours belong 

to the highlighted 

Gate.



DAPI

CD4

CD8

Foxp3

Phenotype of Tissue Infiltrating Leukocytes

Courtesy Dr. Melanie McCoy, University of Western Australia, Perth



DAPI

CD4

CD8

Foxp3

Phenotype of Tissue Infiltrating Leukocytes

Courtesy Dr. Melanie McCoy, University of Western Australia, Perth



Phenotype of Tissue Infiltrating Leukocytes

Courtesy Dr. Melanie McCoy, University of Western Australia, Perth



Phenotype of Tissue Infiltrating Leukocytes

Courtesy Dr. Melanie McCoy, University of Western Australia, Perth



Phenotype of Tissue Infiltrating Leukocytes

Courtesy Dr. Melanie McCoy, University of Western Australia, Perth



HistoFAXS: the system for immunohistochemistry

Original image



Original image The blue channel generated

by color separation algorithm

SEGMENTED NUCLEI

HistoFAXS: the system for immunohistochemistry



Original image The red channel generated

by color separation algorithm

HistoFAXS: the system for immunohistochemistry



All dots within the Gate have a red contour

in the source images

HistoFAXS: Backward Connection
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TissueGnostics provide a solution for image analysis 
equivalent to Flow cytometry !

DAPI mean int.
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Multiplets

Single Cells

Debris

Compact Cells

Irregular Shapes

Courtesy Prof. Arvydas Laurinavicius, National Center of Pathology, Lithuania
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Target Cells:

Compact, round singlet
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✓

Imput gate from proper 

cell size poulation Imput gate from singlet 

and compact cell poulation

✓
✓



Measurement of Extracellular Matrix

Total Area Measurement



Measurement of Extracellular Matrix

Total Area Measurement



Measurement of Extracellular Matrix

Total Area Measurement



Analysis of marker distribution

Nuclear translocation assayof NFkB

Apply Analysis Method to All Sample and Auto Generate Result



Analysis of marker distribution

Nuclear translocation assayof NFkB

Automatic Generate PDF Report



Analysis of marker distribution

Nuclear translocation assayof NFkB

Automatic Generate Statistic Report



Application Notes



Application Note 1:

Measurement of Neuronal Markers

Courtesy Prof. M. Maurer, Inst. f. Pathophysiologie, Univ. of Heidelberg, Germany

Aim:

Measure the moleular expression levels of certain markers in neuronal cells in a rat model.

1,87%

Red: nuclei (Propidium Iodide)

Green: neuronal marker



Application Note 2: 

Early Identification of Malignant Transformation

Courtesy Prof. H. Klocker, Dep. of Urology, Med. Univ. of Innsbruck, Austria

Aim:

Provide an automated 

and observer 

independent data basis 

for clinical diagnosis of 

prostate cancer based 

on a specific tumor 

marker and changes in 

the composition of 

prostatic glands 

characterized by 

different types of 

cytokeratin expressed 

by epithelial cells. 



Application Note 3: 

Counting of Bacteria (Spirochaeta)

Courtesy Dr. M.J. Flaig, Dep. of Dermatology, LMU Munich, Germany

Aim:

Automatically count 

bacteria per mm² in 

infected skin.

Density: 2198 bac./mm²



Application Note 4: 

Signalling Molecules in Apoptosis

Region-specific 

analysis of liver 

tissue by HistoQuest 

as key feature in 

tissue analysis

Takeda K, et al. 2008, Proc. Natl. Acad. Sci. USA 105(31):10895-900



Application Note 5: 

Functional Characterization of Stem Cells

Dr. Glyn Stacey, UK Stem Cell Bank



DAPI mean intensity

Dr. Glyn Stacey, UK Stem Cell Bank
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Stem Cells

Debris

Feeder cells

Marker high positive

Marker negative

Marker low positive

Application Note 5: 

Functional Characterization of Stem Cells



TissueFAXS offer:

• - Automated scanning of tissue sections, biopsies, cell smears

• - Fluorescence and/or immunohistochemistry

• - Digital overviews

• - Analysis of Regions of Interest (ROI)

• - Color separation

• - Single cell identification even in dense tissue conditions

• - Quantification of antibody staining PER CELL

• - Measurement of nuclear, cytoplasmatic, membrane markers

• - „FACS-like“ analysis of cells in tissue sections (dot-plots, gates)

• - Forward- and backward connection to link images with data

• - Observer independent, reproducible functional measurements

Summary



TissueFAXS全球發表超過3000篇
在台灣發表文獻超過400篇

中研院x2台北醫學大學

台大x3

淡水馬偕醫院

林口長庚醫院 

成大醫學院x2

高雄醫學大學

高雄長庚醫院

屏東科技大學

中山醫學大學

彰化基督教醫院

中國醫藥大學x3



TG Ultimate Solution for Tissue Cytometry 



TissueFAXS

(scanning)

HistoQuest

(Bright field)
TissueQuest

(Fluorescence)

Single Cell 

Analysis

Total Area 

Measurement

Color Separation

TissueFAXS

Viewer (Free)

TissueFAXS Software



Analysis workflow

Pick a small 

region

Color Separation 

(BF)

↓

Nucleus 

Detection

↓

Marker 

Detection

↓

↓

Setting Cut-off

- Nuclei Size

- Remove small size nuclei

- Remove weakly stain nuclei

- Ring Mask

- Identified Cell Mask

- Nuclei Mask

↓

Report
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