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Background

• In histology, stains of different colors are used to provide 
visual contrast of cellular structures and also for 
targeting/detecting specific proteins.

• Although only a few stains (3 or less) are used, these 
stains combine/mix in different proportions, producing a 
variety of colors and hues.

• It is important to be able to separate (un-mix) the color in 
an image into its constituent staining components, so 
that individual stains (markers for IHC) can be separately 
quantitated and compared (colocalization).



3

Color Segmentation

• Conventional Color Segmentation
• Pixel has a single color (HSI, RGB)
• Problem :  Stains combine to shift actual colors – for example, 

darker-blue counter stain can mask lighter-brown positive 
stain.  Red and Brown hard to distinguish.

• Color Deconvolution
• Each pixel has a combination of up to three colors.
• Colors of stains are easily calibrated, no guess work.  

Contribution of each stain is independently calculated
• Applications include single marker quantification, co-

localization and double labeling.
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Color Deconvolution

Original Image Crystal Green

Fast Red DAB

• Three stains combine 
in original image

• Stains are accurately 
separated

• Contribution of each 
stain can be measured 
independently
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Colocalization using Deconvolution

• Purpose: Classify pixels according to presence/absence of up to 
three stains/markers.   Typically counterstain (C) and two protein 
markers (A, B). 

• Methodology: Color Deconvolution used to detect presence or 
absence of each stain/marker.  Thresholds used for detection.

• Segmentation: Seven possible classes for each pixel:
• One stain/marker only: A, B, or C.
• Two stains/markers:  A+B, A+C, B+C.
• All three stains/markers: A+B+C.

• Output: For each class:
• Percent (by area).
• Average Intensity of stains present.

• Applications
• Double labeling with markers A and B
• Cytoplasmic with nuclear stain C and marker A.
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Marker A: Fast RedHematoxylin

Marker B: DAB Mark-up Image

Double Labeled TMA

Double Labeling by Colocalization
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Double Labeling

Double Labeled TMA Marker B (Green) is nuclear
Both markers (Yellow) occur in cytoplasm
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Validation of Deconvolution for Double Labeling

• Purpose:

• To demonstrate that the measured pattern and density of staining
for each marker was the same on the double-labeled image as 
on the corresponding single labeled images.

• Method:
• Three serial sections were cut from the same tissue block. 
• One slide was prepared by counterstaining, in combination with 

staining specific to two markers (double-labeled slide). 
• Two additional slides were prepared by counterstaining, in 

combination with staining specific to a single marker (single-
labeled slide) – one slide for each marker. 

• The Color Deconvolution algorithm was then applied to images 
obtained by scanning all three slides and the pattern/density of
staining was compared.
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Stained Serial Sections
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Deconvolution of Serial Sections
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Contrast Adjustment of Marker A 
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Summary

• Color Deconvolution

• Accurately separate multiple stains in a digital slide.

• Colors are calibrated eliminating guess work.

• Stains which are difficult to distinguish visually 
(Red/Brown) can be easily separated and quantitated.

• Colocalization

• Demonstrated on double labeled IHC slides.

• Order of staining can effect expression levels, but 
pattern of staining is unaffected.

• Controls needed for setting detection thresholds.


