
Supplementary Materials: 
 
Computerized quantification of nuclear localization of β-catenin.  
 
An analysis of tissue specimen images showed that they should be divided into 2 groups 

depending on the variability of β-catenin expression. Only one area had to be analyzed when β-

catenin was uniformly distributed in the specimen, but when β-catenin was non-uniformly 
distributed, up to four areas were analyzed and an average of the results for each area was 
determined. Images of the tissue specimens were acquired using a confocal microscope (yielding 

21 images). These images resulted from staining with either Texas Red (for β-catenin) or DAPI 
(for nuclei). An example of a Texas Red stained image is shown in Figure 1a below. In the 
computer analysis of the images, we determined several parameters for the fluorescent color 

reactions: a) % bright red area in the image from an intense expression of β-catenin, b) % dark 

red area in the image (no expression of β-catenin), c) % bright blue area in the nuclei, d) % of 
dark blue area in the nuclei. We also determined the % of the unstained area (black) in the image.  
 

In order to quantify how much β-catenin (IHC, stained with Texas Red) was present within 
nuclei (IHC, stained with DAPI) in an image, a two-step approach (color standard development 
followed by confocal image analysis) was used. The approach was the same for both the DAPI 
and Texas Red stained images. First, the confocal images were converted from JPEG or TIFF 
images into L*a*b space images (1). The L*a*b color space representation used an intensity 
dimension (L) ranging from 0 to 100% and a two dimensional color space (a*b) to represent the 
image. The L*a*b color space represents the way the human eye sees colors.  Color comparisons 
were made at full intensity, i.e. L=100%. Second, for each patient specimen the tenth confocal 
image (in middle of 21 confocal images) was chosen to develop a color standard for that patient. 
Software was developed by TM using a MATLAB platform and associated toolboxes 
(http://www.mathworks.com/) to analyze the stained images. The software used only the a*b 
color space and classified the a*b image into different clusters based on color.  Classification 
was achieved using the K-Means clustering algorithm (2). For K clusters, the following steps 
were performed in the K-Means algorithm: 

1. K points representing initial cluster centroids were randomly placed into the a*b space of the 
image to be analyzed. 

2. Each pixel in the image was assigned to the cluster that had the closest centroid to the pixel. 
3. When all pixels had been assigned, the positions of the K cluster centroids were recalculated. 
4. Steps 2 and 3 were repeated until the centroids no longer moved. This produced a separation 

of the pixels into clusters such that the sum of the within cluster sum of squared distances is a 
minimum 

Although the procedure did always terminate, the K-Means algorithm did not necessarily find the 
most optimal configuration, i.e. corresponding to the global objective function minimum. 



Because it could converge to a local minimum, it was necessary to run replicates and select the 
answer giving the best result. In the present study, 40 replicates were run and the best clustering 
result was chosen as the standard for analyzing the confocal images. The output from the K-
Means algorithm was a set of cluster centers in the a*b space. Three clusters were used for both 
the DAPI and Texas Red images. For the DAPI stained image, the 3 clusters corresponded to 
bright blue, dark blue, and black, while for the Texas Red stained image, the regions 
corresponded to bright red, dark red, and black. Figure 1a shows an example of a Texas Red 
stained image. Once calculated, the cluster centers are fixed and used to analyze the 21confocal 
images. To analyze these images, pixels were assigned to the cluster whose center was closest in 
Euclidean distance to the pixel in the a*b space (Figure 1b shows the assignments for the image 
given in Figure 1a). The black regions correspond to the bright red regions in Figure 1a. The 
gray regions corresponded to the dark red regions, while the white regions correspond to the 
black regions. The nuclei regions in the a*b space were given by the sum of the bright and dark 
blue pixels since DAPI only stains nuclei. The bright red pixels corresponded to β-catenin 
located within the cytoplasm, membrane, or nucleus of a cell while the dark red regions 
represented background artifacts. Bright red pixels were considered to be contained within the 
nuclei if their pixel locations in the Texas Red image were identical to a location in the DAPI 
image that is dark blue. The percentage of β-catenin in the nuclei was calculated as the number 
of bright red pixels in the same location as dark blue pixels divided by the total number of dark 
and bright blue pixels.  

 

            
Figure 1a. Texas red image for patient PMP129 Figure1b. Clusters corresponding to Figure 

1a 
 

A plot of a typical profile for the fraction of β-catenin in the nucleus versus confocal image 
number (Figure 2), shows that the fraction started low, peaked, and then dropped off.   
 



 
Figure 2. Typical result for fraction of β-catenin in nucleus 

 

In few cases there was a double peak in the plot.  The fraction of β-catenin in the nucleus was 
calculated as the average of the values for slides 7 to 13, which were situated in the middle of the 
21 confocal images. 
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