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Abstract
Immunohistochemistry is a routine procedure for detecting the expression of biological markers in
formalin-�xed and para�n-embedded tissues. Chromogens, which can appear as different colors \
(brown, blue, red) under bright �eld microscopy, are localized in �xed tissues to antigens of interest via an
antibody-antigen detection system. The advantage of a chromogen system is that the stained tissue
section is permanently �xed, and the staining quality is maintained for many years. The shortcoming,
however, is quantifying the intensity of such stains. Unlike immuno�uorescent protocols in which the
brightness of a region is directly proportional to the amount of localized antigen, chromogen stains
appear darker in regions with more antigen. This dark staining is visible to the human eye under white
light, but darker spots have lower intensity values; something that is counterintuitive and cumbersome for
the purposes of quantitation. We report that this limitation can be overcome by measuring the “reciprocal
intensity” of the chromogen stain. A typical red-green-blue image resulting from bright �eld microscopy
has its maximum intensity value found in the white, non-stained area. Areas that contain any coloration,
due to the chromogen or a counterstain, have an intensity of less than the maximum. By subtracting the
intensity of the stained area of interest from the maximum, the staining in these areas can be represented
as a quantity that is positively correlated with increasing darkness. This is a more intuitive means of
assessing the intensity of a chromogen stain, and allows for more sensitivity in quantifying gradients of
coloration between treatment groups. This approach has the potential to stratify nuanced protein
expression in previously published human specimen data sets into cohorts with clearer clinical outcomes.
Nguyen DH, Zhou T, Shu J, and Mao JH \(2013). “Quantifying chromogen intensity in
immunohistochemistry via reciprocal intensity.” Cancer InCytes 2\(1):e.
"http://www.cancerincytes.org/currentissue/letterfromtheeditorinchief.html#\!quantifying-chromogen-
intensity-in-
immunohistochemistry-/c1vds":http://www.ihcworld.com/_books/Nguyen_Reciprocal%20Intensity.pdf

Procedure
Here we report a method that is able to numerically quantify the intensity of a chromogen stain in IHC
under bright �eld microscopy. Standard red-green-blue \(RGB) color images acquired from bright �eld
microscopy have a maximum intensity of value 250 \(represented by white, unstained areas) as
measured by the standard intensity function in the open source Fiji software \(ImageJ) \
(http://�ji.sc/Fiji). Stained areas, as marked by either a nuclear counterstain such as hematoxylin or the
chromogen, appear to the human eye as varying degrees of coloration; the more antigen-chromogen
present, the darker the area appears. However, darker areas have lower intensity values, resulting in an
inverse correlation between the amount of antigen and its numerical value. This is counterintuitive and
cumbersome for the purposes of data analysis. One way around this dilemma is to measure the
“reciprocal intensity” of the stained area. Since the maximum intensity value of an RGB image analyzed
in ImageJ is 250, we can subtract the intensity of a stained region of interest \(ROI) from 250, thereby
deriving a reciprocal intensity that is directly proportional to the amount of chromogen present \(Figure
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1). The maximum intensity value of 250 is somewhat arbitrary, since it serves as a reference from which
reciprocal intensities are derived. Therefore this maximum point should be reasonably selected and
systematically applied to all measurements in a data set. This is relevant to images that were not white
balanced prior to image capture or were edited for contrast afterwards. As proof of principle, we �rst
quanti�ed the reciprocal intensity of nuclear-localized ER in this tumor model \(Figure 2A) using the open
source Fiji \(ImageJ) software \(http://�ji.sc/Fiji). A uniformly sized region of interest was placed over
each nuclei using the draw tool \(Figure 2B-D), and the mean intensity was measured using the
“Measure” function under the “Analyze” menu of Fiji \[Note: desired outputs of the measure function \(i.e.
mean intensity, area, etc.) can be speci�ed in the “Set Measurements…” option under the “Analyze”
menu.]. ER was expressed to varying degrees in the nuclei, ranging from no staining \(Figure 2B), to
moderate staining \(Figure 2C), to dark staining \(Figure 2D). Reciprocal intensities directly correlated
with increasing staining intensity \(Figure 2E) \(ANOVA, p<0.0001).
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Figure 1

Schematic of method for deriving recip-rocal intensity from chromogen intensity. Standard red-green-blue
images from bright �eld microscopy have a maximum pixel intensity of 250 in white, un-stained areas (as
measured by the standard intensity function in the Fiji software). Counter stains (i.e. hema-toxylin) and
speci�c stains (i.e. chromogens) result in varying degrees of coloration, which exhibit an intensity of less
than 250, inversely correlating with the intensity of the stain. Subtracting the intensity of the region of
interest from 250 will yield the reciprocal intensity, which is positively correlated with the intensity of the
stain.
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Figure 2

Reciprocal intensity of nuclear estrogen receptor-alpha in breast cancer. (A) Trp53 null mouse mammary
tumor stained with an antibody that detects the estrogen receptor-  (ER) protein with a brown DAB
precipitate; nuclei are counter-stained with hematoxylin (blue) (bar, 50 m). (B, C, D) Insets from A; bar, 10
m; dotted line, region of interest (ROI). (B) Nucleus that is negative for ER but appears blue because of

hematoxylin. (C) Nucleus that exhibits moderate staining for ER. (D) Nucleus that exhibits dark staining
for ER. (E) Individual mean intensity within ROI cover-ing 20 independent nuclei were quanti�ed for each
visu-ally identi�ed category of ER staining: no stain, medium, or dark. Reciprocal intensity positively
correlated with increasing ER staining (ANOVA, p<0.0001; a. u., arbi-trary units).


