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• Using human-collected data, it is possible to create an Artificial Intelligence, or 
AI, that can process the data in a manner similar to that of humans

• Open-Source software is a software that is free and available for anyone to 
access, use, and distribute 

• QuPath is an Open-Source software that can be used to digitally analyze 
bioimages, allowing for easy access regardless of financial power, providing 
equity to the scientific field of bioimage analysis

• The software can be trained to examine a variety of histopathologic slides 
stained with different techniques such as hematoxylin and eosin, 
immunohistochemistry, and immunofluorescent staining; it can determine 
qualitative and quantitative information about that sample

• In analyzing histological slides, AI algorithms can be built to detect individual 
cells and their nuclei, all while storing parameters regarding the detections for 
later use

• Software can be used to calculate an optical density (OD), a measure of light 
absorbance, for each pixel by adding the OD values of the respective red, 
green, and blue channels, thereby enabling calculation of the OD for various 
histological stains such as hematoxylin and DAB (3,3’-Diaminobenzidine)

• Using the computer-generated boundaries, statistical calculations using the 
OD of each pixel can be automatically quantified, such as the mean or 
maximum OD of a cell, nucleus, or cytoplasm.  In turn, this can relay 
information about the level of expression for the molecule captured via a 
DAB stain

• Measurements including the area, perimeter, and nucleus-to-cell area ratio can 
be calculated and used in later cell classification efforts

Cell  Measurements from a tissue stained via an H-DAB procedure

Methodology

QuPath and AI

• Cell types in the image can be classified by annotating margins around cells of 
the same class, such as tumor cells, immune cells, or stromal cells

• Annotation of multiple regions of interest defining each cell class represent 
data that can be used via AI to train cell-type recognition.  The learned 
algorithms are then applied to the whole image, and over time, increasing 
information about cell types and expected heterogeneity allows correct cell 
classification across an image set. 

• Classifiers consider all measurements of a cell, including optical and 
geometrical quantities

• While a classifier is active, new annotations during pathology review will lead 
to cell classifications being updated in real time

Automation
• Subjective thresholds classify cells into the pathology ratings of Negative, +1, 

+2, and +3, which are gradations of intensity based on protein expression, with 
a Negative rating correlating to no expression and the +1, +2, and +3 ratings 
correlating to increasing levels of protein expression

• The ratings allow for calculation of a bioimage’s Hq Score, which is based on a 
pathology metric that considers the relative proportion of each rating across 
different cell classes and across the whole image.

• The classical H-score of immunoreactivity is obtained by the formula: 3 x 
percentage of 3+ nuclei + 2 x percentage of 2+ nuclei + percentage of weakly 
staining, or 1+, nuclei, giving a range of 0 to 300.

• Programming can be used to automate parts of the method such as cell 
detection, application of the method to multiple images at once, and 
exportation of relevant quantities and results.

• To apply a classifier to a full dataset or across datasets it is important to have 
acquired the data with consistent parameters and scanning devices or correct 
for variability associated with acquisition.

Applications

Conclusions

Next Steps

• We have refined a method of using a digital bioimage analysis platform to 
quantify protein expression levels

• Protein expression is quantified after cell detection and AI-based cell 
classification.  Subjective thresholds can be applied if classical pathologic 
metric calculation is desired.

• While this analysis was performed on a subset of human breast cancer 
pathology slides immunohistochemically stained for the PARP-1 protein, this 
method can be applied to a variety of stains and a plethora of proteins, thanks to 
its easy adaptability to the stain type and molecule under examination

• Pre- and post-processing steps will be added to allow for integration of slide 
quality/stain variability and reduce classification error.

• We will generate separate histograms and datasets related to specific cell 
classes and compartments for easier visualization of class-specific proteomic 
differences

• Similar quantification strategies will be applied to multifluorescent images to 
allow for digital quantification of multiple proteins simultaneously.

Classifier Training Window Classifier Applied to Image in a tumor-heavy section, 
displaying tumor, immune, and stromal cells (nuclei outlined 

alone above, cytoplasm and nuclei outlined below)

Automatically Generated Histogram of Nucleus DAB OD mean values, which does 
NOT include separation into distinct cell classes

Cell Classification • This method provides a digital alternative, or comparative measure, to manual 
slide scoring.

• Additionally, this method can be used to determine proteomic information for 
different cell types and cell compartments via comparison of quantification 
results for different cell classes.


