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Human Genome Project

 Sequencing of the human genome has 
yielded an estimate of 20,000–25,000 
protein-coding genes

http://www.genome.gov/12011238

http://www.genome.gov/12011238�


http://www.ornl.gov/sci/techresources/Human_Genome/publicat/primer2001/PrimerColor.pdf



Central Dogma of Genetics

http://cnx.org/content/m11415/latest/



Fluoresence In Situ Hybridization (FISH)

DNA  microarrays, also called cDNA microarrays or Oligomicroarrays

Immunohistochemistry (IHC)

Detection Techniques



http://www.ornl.gov/sci/techresources/Human_Genome/publicat/primer2001/PrimerColor.pdf

A = Adenine

G = Guanine

T = Thymine

C = Cytosine

Complementary Base Pairing



DNA Microarray

Tissue microarray technology for high-throughput molecular profiling of cancer Kallioniemi O 
et.al. Human Molecular Genetics, 2001, vol. 10, No. 7



http://en.wikipedia.org/wiki/DNA_microarray



Red Spot             = Cancer
Green Spot          = Normal
In-Between Spot  = Both                         

http://en.wikipedia.org/wiki/DNA_microarray

Gene expression



High Throughput Techniques

 High throughput techniques such as 
DNA microarrays, serial analysis of gene 
expression (SAGE) and proteomic 
surveys have produced many new 
potential diagnostic, prognostic and 
therapeutic targets that may lead to 
clinically useful applications

Tissue microarray technology for high-throughput molecular profiling of tumor specimens 
Kononen J et.al. Nature Medicine, 1998, vol. 4, no. 7, pp. 844-847



Disadvantages of Techniques

Histology is not preserved (sample ground up)

Genes may be expressed in multiple 
different cell types

Validation requires many samples



First Gene Discovery, Then 
Validation



HER2, ER & PR

http://www.ralphclevenger.com/



Other Targets

Angiogenesis Inhibitors Target Phase of 
Testing

Cancer
Type

Avastin (bevacizumab) VEGF Filed for 
approval

Kidney

Cilengitide Integrins III Brain

Pazopanib VEGFR and 
PDGF

III Kidney, 
Inflammatory
Breast

http://www.curetoday.com/index.cfm/fuseaction/article.show/id/2/article_id/1133



Other Targets

HER Family Inhibitors Target Phase of 
Testing

Cancer
Type

Erbitux (cetuximab) EGFR (HER 1) III Lung,
Pancreatic

Trastuzumab-DM1 HER2 II Breast

Vectibix (panitumumab) EGFR (HER1) III Head and 
Neck

http://www.curetoday.com/index.cfm/fuseaction/article.show/id/2/article_id/1133



Histotechnologists Needed

 To make TMAs
 To do IHC on TMAs
 To image slides 
 To run image analysis



Why TMA Technology Was Created

 “…analysis of hundreds of specimens 
from patients in different stages of 
disease is needed to establish the 
diagnostic, prognostic and therapeutic 
importance of each of the emerging 
cancer gene candidates.”

Tissue microarray technology for high-throughput molecular profiling of tumor specimens 
Kononen J et.al. Nature Medicine, 1998, vol. 4, No. 7



Imaging Tissue Microarray Reason #1

 Permanent electronic record which can 
be stored on a server and accessed from 
any computer with internet access







Imaging Tissue Microarray Reason 
#2

 Keep track of the x, y spot coordinates, 
making spot review and data entry 
MUCH easier



Tissue Microarray – 400 cores, 0.6 mm each – H&E of 4 µm section



Tissue Microarray – 400 cores, 0.6 mm each – CK8 of 4 µm section



Imaging Tissue Microarray Reason 
#3

 To collaborate efforts between 
pathologists via telepathology



https://secondslide.com/



Imaging Tissue Microarray Reason #4

 Can import images into a database 
linked to image, pathology, and clinical 
information.



Publicly Available TMA Databases

Institution Name of 
Database

Webpage

Stanford University,
California, USA

TMAD http://tma.stanford.edu/cgi-
bin/home.pl

Johns Hopkins University,
Maryland, USA

TMAJ http://tmaj.pathology.jhmi.ed
u/

Graz University of 
Technology, Austria

TAMEE https://esus.genome.tugraz.
at/tma/

MD Anderson Cancer 
Center, Texas, USA

TAD http://bioinformatics.mdand
erson.org/tad.html



Johns Hopkins Online TMA Database

http://tmaj.pathology.jhmi.edu/

Dennis Faith 
Brian Razzaque
James D. Morgan
Helen Fedor
Angelo M. De Marzo



http://tmaj.pathology.jhmi.edu/







Data in TMAJ Specimens Table

 Patient Data
 PatientID
 Age
 Race

 Surgical Pathology Data
 SurgPathNumber
 DateSpecimenTaken
 PStage
 HistologicalType (Gleason for radical prostatectomies)
 MarginsPositive

 Clinical Data
 PreOpPSA (for radical prostatectomies)





Image Application: Filtering



Scanners

Aperio Technologies ScanScope™ XT, GL, CS, OS 
& FL

http://www.aperio.com

Olympus and its wholly owned 
subsidiary Bacus Laboratories 
Inc. (BLI)

BLISS™ and Nanozoomer™ 
RS & HT

http://www.olympusamerica.co
m/

Dako – think it’s now Zeiss, but 
Dako web link still works

ACIS III™ http://www.dako.com/go/acis.ht
m

HistoRx PM-2000™ (fluorescence only) http://www.historx.com/

http://www.historx.com/�


Aperio Scanners



Olympus/Bacus Scanners

BLISS

Nanozoomer RS

Nanozoomer HT



Dako/Zeiss Scanner



HistoRx Scanner

PM-2000™ (fluorescence only)
by HistoRx



Hardware of Most Scanning 
Systems

 Brightfield microscope, objectives (Plan 
Apochromat: 1.25x, 5x, 10x, 20x, 40x , 
60x & 100x) and motorized stage

 Color video camera such as a 3 CCD 
(charge-coupled device)

 High resolution monitor
 Slide loader 
 CPU



Software of Most Scanning 
Systems

 Proprietary
 Composite
 Controls the hardware

 Stage – it’s movement
 Objectives
 Video camera

 Image analysis 
 Morphometric measurements
 IHC quantification
 Histology pattern recognition



Three Ways to Capture a Virtual 
Slide

 “Taking static images of a glass slide using 
a conventional light microscope and then 
collating them together;”

 “Remotely operating a microscope that is 
capable of dynamically changing its field of 
view and capturing an image at a user-
defined resolution;”

 “High-resolution scanning of the whole 
glass slide.”

Mulrane L, Rexhepaj E, Penney S, Callanan JJ, Gallagher WM. Automated image analysis in histopathology: a 
valuable tool in medical diagnostics. Expert Rev Mol Diagn. 2008 Nov;8(6):707-25. Review.



Image Capture

 Digitizing the tissue or cells on a glass 
microscope slide, so that the personal 
computer becomes the microscope

 Can view under different magnifications
 Can represent whole tissues or TMAs
Working with pixels instead of a paper 

image



20x Camera Capture

Pixel # / Micron

Aperio: ScanScope CS 2
Dako/Zeiss: ACIS II 2
Olympus/Bacus Labs: 
BLISS

2.37



Megabytes, Gigabytes & Terabytes

 Digitized TMA: 100 MB to 3 GB
 Storage is an issue
 BUT storage is getting cheaper



Scanning: Aperio



Scanning: Aperio



Scanning: Aperio



Scanning: Aperio



Scanning: Aperio



Scanning: Aperio



Scanning: Aperio



Scanning: Aperio



Viewing an Image: Aperio

Tissue Microarray – 400 cores, 1.5 mm each – stained with TOP2B on the left and 
H&E on the right - 4 µm section each





TMA Composites



Pathologist-based Analysis

 Standard on IHC studies
 Semi-quantitative
 Qualitative
 Inter-observer variation 
 Intra-observer variation
 Difficult to reproduce



Pathologist-based analysis of HER2 
on HerceptTest

Score Criteria

Weakly Positive: 2+ Weak to moderate 
complete membrane 
staining in >10% of tumor 
cells

Strongly Positive: 3+ Strong complete 
membrane staining in 
>10% of tumor cells



Quantitative Image Analysis

“It is the extraction of meaningful 
information from images; mainly from 
digital images by means of digital image 
processing techniques. Image analysis 
tasks can be as simple as reading bar 
coded tags or as sophisticated as 
identifying a person from their face.”

http://en.wikipedia.org/wiki/Image_analysis



Quantitative Image Analysis

“With automated image analysis, 
complex computer algorithms are used 
to enhance the slide image, making 
interpretation straight-forward and 
facilitating a more objective 
interpretation.” 

Mulrane L, Rexhepaj E, Penney S, Callanan JJ, Gallagher WM. Automated image analysis in histopathology: a 
valuable tool in medical diagnostics. Expert Rev Mol Diagn. 2008 Nov;8(6):707-25. Review.



Algorithm

“An algorithm is a computer-based 
specific set of instructions for carrying 
out a task or solving a problem.” 

Mulrane L, Rexhepaj E, Penney S, Callanan JJ, Gallagher WM. Automated image analysis in histopathology: a 
valuable tool in medical diagnostics. Expert Rev Mol Diagn. 2008 Nov;8(6):707-25. Review.



Typical Quantitative Image Analysis

 Separating stains (color deconvolution)
 Quantifying a particular stain (measuring 

pixel color intensities)
 Identifying a region of pathological 

interest (cancer vs. normal)

Mulrane L, Rexhepaj E, Penney S, Callanan JJ, Gallagher WM. Automated image analysis in histopathology: a 
valuable tool in medical diagnostics. Expert Rev Mol Diagn. 2008 Nov;8(6):707-25. Review.



Color Deconvolution

Cornish TC, Halushka MK. Color Deconvolution for the Analysis of Tissue Microarrays. Anal and Quant Cytology 
and Histology. 2009 31(0) ahead of print.



Color Deconvolution for TMA 
Images Website

 http://colordecontmas.sourceforge.net/



Typical Quantitative Image Analysis

 Determine where the edges of an object begin 
and end

 Count similar objects
 Calculate the area, perimeter & length of 

objects such as:
 Nuclei
 Microvessels
 Lymphoid cells

http://en.wikipedia.org/wiki/Microscope_image_processing

http://en.wikipedia.org/wiki/Microscope_image_processing�


ImmunoHistoChemistry

Method of protein detection and 
localization

 Can use frozen or formalin-fixed paraffin-
embedded tissue



Fluorescence In Situ Hybridization

 Cytogenetic 
technique

 Detects and localizes 
the presence or 
absence of specific 
DNA sequences on 
chromosomes

http://en.wikipedia.org/wiki/Fluorescent_in_situ_hybridization



Immunofluorescence

 The labeling of 
antibodies or 
antigens with 
fluorescent dyes

 Used to visualize 
subcellular 
distribution of 
biomolecules

http://en.wikipedia.org/wiki/Immunofluorescence



Users of Quantitative Image 
Analysis

 Oncology
 Pathology
 Toxicology within the pharmaceutical 

industry



Why Use It

“The continuous staining intensity values 
provided by the quantitative image 
analysis allows for better discrimination 
of subtle protein expression differences, 
which may not be apparent in the 
pathologist categorical evaluation.”

Alpha-Methylacyl-CoA Racemase Protein Expression Is Associated with the Degree of Differentiation
In Breast Cancer Using Quantitative Image Analysis Witkiewics AK et. al. Caner Epi Biomarkers Prev, 2005, 

vol. 14, no.6



Commercially Available Software Packages 
for Quantitative Image Analysis

Software Package Company

ScanScope Systems® Aperio Technologies, Inc., CA, USA

BLISSTM workstation with 
TMAscore

Bacus Laboratories, Inc., IL, USA

Automated Quantitative Analysis
(AQUA®)

HistoRX, CT, USA

HistoQuant 3DHistech, Budapest, Hungary



Quantitative Image Analysis Article



FrIDA: An open source framework 
for image dataset analysis

 FrIDA is image analysis software. 
 Developed by the Johns Hopkins 

University Tissue Microarray Core 
Facility. 

 Open source and written in 100% Java. 
Makes use of functionality from the NIH's 

ImageJ application.

http://bui2.win.ad.jhu.edu/frida/

http://rsbweb.nih.gov/ij/�


Image information on the pixels is 
quantified

 Hue (Color) – stain color
 Saturation (Color Purity) – amount of 

stain
 Luminosity (Intensity) – specimen 

density
 Good description is found at 

http://en.wikipedia.org/wiki/HSL_and_HSV



Setting Up a Quantitative Image 
Analysis

 Create a color mask
 Create a lasso mask
 Create a meta-mask



Creating a Color Mask



Creating a Color Mask



Creating a Lasso Mask



Creating a Meta-Mask Using 
Boolean Logic



Quantitative Image Analysis Data: 
Intensity Values

0 = no stain
>0<255 = some stain
255 = maximum stain



Quantitative Image Analysis Data: 
FrIDA

 Blue Intensity Mean 
 Brown Intensity Mean
 Blue Total Area
 Brown Total Area
 Brown and Tumor Intensity Mean
 Lasso + Blue or brown Intensity Mean



Publishing TMA Images and Scoring 
Data Over the Internet
 Roughly modeled after Stanford Microarray 

Database
 Concept:

 Once a study is published by a journal, all TMA 
diagnoses, image, scoring and non-protected 
clinical data can be “published” as supplemental 
data to the Internet for public online viewing or 
down loading

 In addition, some TMAJ Images are now linked to 
“Proteinpedia” database

(http://humanproteinpedia.org) by Akhilesh Pandy, 
MD PhD.

http://humanproteinpedia.org/�


Published TMAJ Images

 http://tmaj.pathology.jhmi.edu
 To see published images

 login to tmaj as a guest and then click the 
Images button.
 Username: guest
 Password: guest

http://tmaj.pathology.jhmi.edu/�


Publications

Cancer Res 2006, vol. 66, no. 22



Decreased NKX3.1 Protein Expression in Focal Prostatic Atrophy, Prostatice Intraepithelial Neoplasia, and Adenocarcinoma: 
Association with Gleason Score and Chromosome 8p Deletion: Cancer Res 2006, vol. 66, no. 22









Other Uses of Scanning:

 Telepathology
 Diagnosis
 Consultation

 Education



Recap

gene discovery tissue microarray

image acquisition 
and segmentationImage analysis
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http://users.skynet.be/J.Beever/hosepipe.html
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