Figure 12. Site-specific labeling of heavy-chain N-linked glycans

Incorporating Histological Analysis into Existing High Content Imaging
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ABSTRACT
One of the benefits to fluorescent imaging is the ability to quantify the resultant images for
the presence, location and intensity of fluorescent signals. Often, when performing
immuno-fluorescent detection in tissue, architectural details are lost and can necessitate
the imaging of matched, histologically stained samples using a different method of
acquisition. Usually this requires the use of a wholly different acquisition setup, which only
allows for a shallow comparison between samples. Reasons for the limited comparisons
are due to the differences between the acquisition systems, for example, the differences
between the spatial resolution in color versus monochrome CCD cameras. A solution to
this problem would be to combine the acquisition for both staining methods into one
machine. We have incorporated the ability to acquire and analyze chromogenically
stained histological samples in a high-content imaging instrument that is traditionally used
for fluorescent and brightfield imaging. In lieu of using a colored camera, this method
uses colored light through the use of LEDs in the transmitted light path, but remains
compatible with the fluorescent light path. This method allows for a more direct
comparison between matched samples.
Due to using discrete wavelengths of light, we can construct composite images of
chromogenic staining where the contribution of each color component can be quantified
and analyzed both separately and in combination. We demonstrate the ability to modify
typical methods for analysis of fluorescent imaging for chromogenically stained images.
Using tissue microarrays containing multiple tissue and cancer types, we apply these new
automated acquisition and analysis methods to these histological samples. We are able
to compare and quantitate the amount of staining between positive and negative samples
while only looking at the staining in the relevant colors. To further demonstrate the utility
of this method, we also construct hybrid chromogenic and fluorescent images to generate
quantitative images in the context of tissue architecture. The results from this work show
that merging these imaging modalities can provide additional contextual information and
will allow for similarity of analysis between sample types.

Figure 3. Analysis of Tissue MicroArray Slides
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For acquisition, the above wavelengths were chosen to match the absorption spectra of
the dyes used in staining. Samples were automatically acquired using 10x and 40x
objectives on the CX7 in sequence.
For analysis, we take the information from these individual channels to generate an
analysis algorithm. This allows for the component parts to be individually analyzed, but
also allows for combinations when necessary. In these examples, the channel
corresponding to the Haematoxylin staining was used to set object boundaries on the
cell nucleus to generate an object count for analysis. This cell mask was used in the
other channels and combined to measure the optical density of the DAB staining (which,
since observed as brown, is observed in 2 of the above channels). Once the cell mask
and combinations of staining, the algorithm detects the assigned criteria in the images.

• Percent positive (cell) staining provides the aggregate staining based upon user
input criteria. For example, in this case, the objects of interest are Ki67 stained nuclei
that appear brown in the above images. Setting up events, we can combine object
based staining for brown (ObjectAvgOpticalDensityCh1 AND
ObjectSpotAvgOpticalDensityCh3 AND ObjectSpotAvgOpticalDensityCh4) generating
the percentage of selected cells that are positive for Ki67 on a field or well basis.
It should be noted that these samples were analyzed using the same algorithm to
determine the ability of the software to automatically analyze the samples. Because the
tissue microarray contains diverse samples, there may be individual differences that
would not normally be reflected in samples that were all derived from the same anatomical
location or cell type.
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A strength of incorporating both types of imaging into the same machine is that
serial sections of samples can be imaged and analyzed in the same manner. In the
above, both the fluorescent and chromophore stained samples had the Ki67
positive staining determined for the field. (Yellow arrows orient to a common
physical feature in the sample.) In this case, a similar amount of positive cells were
shown.

Conclusion
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Typical HCS instrumentation can be used for acquisition and analysis of
chromogenically stained histological tissues. Because of the lack of a color
camera, image acquisition is modified to take the images using a specialized
brightfield unit, that allows for the targeted absorption of the chromophores to be
acquired on a monochrome camera, thus allowing for certain wavelength to be
acquired and analyzed.
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A comparison was made between negative and positive tissue. Multiple measures can be
taken, so it was important to determine the most relevant measures for these samples.
Several methods of positivity can be considered for this tissue:
• Percent Field Staining provides a gross indication of how much staining is present at
the field or well level, this allows for a measurement that is irrespective of the valid
objects in the field. This method would best be used for identification of non-cell
associated antigens.
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Figure 2. Relevant Measures
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To make this process easier, a Thermo Scientific HCS Studio™ Cell Analysis Software
Histology algorithm was developed to take into consideration the differences between
the typical workflow of fluorescent HCS and histology applications. Notably, staining
intensity is measured in optical density (OD), which compensates for the background
transmission of the samples. Additionally, to create utility, user defined grading can be
assigned for personal metric development.
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Figure 6. Chromogenic and Fluorescent Imaging
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Object identification in increasing magnification allows for fine tuning of the object
outlines. In 10x, it may be difficult to determine if the appropriate segmentation and
thresholding of objects is occurring. As magnification increases, the algorithm can be
modified, allowing for better visualization of tissue characteristics.

A tissue microarray “spot” was acquired as separate fields
using blue, green and red illumination, with a 40x objective
and titled to recreate the entire sample (above). Images were
color encoded to represent the typical visual acquired with a
color camera (center). The images were then individually
analyzed: Objects detected (blue outlines) and Ki67 staining
(red spots) were measured, analyzed, and compared to other
groups within the array.

Figure 4. Quantitation
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Figure 1. Acquiring Color Images with a Monochrome Camera
Tissue Microarray samples (Biomax, #LM241) that were stained with Haematoxylin
(Newcomer Supply, #1202), Eosin (Sigma, #HT110316) and probed for Ki-67 (Cell
Signaling Technologies, 9027S), detected with DAB (Vector Labs, #MP-7401) were used
to as samples for acquisition and analysis. For acquisition, a Thermo Scientific™
CellInsight™ CX7 High Content Analysis Platform was used. The CX7 is equipped with a
5-color bright field unit that illuminates the samples with discrete wavelengths of light.
When an image of a chromophore labeled sample is acquired using each of these
wavelengths, the images can be reconstructed following Maxwell’s theory of color
Normal Tonsil Tissue, 10x
composition.

Figure 5. Magnification Comparisons
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Samples were quantified using the images acquired with the 10x objective. The overall staining of Ki67 measured as pixels over the total number of pixels in the acquired area. The
average optical density of samples was also measured.
Interestingly, while many of the samples demonstrated higher Ki67 percentages, only half of the experimental groups were significantly above the negative samples. (p<0.1). To
determine the why the other samples were not different than the normal tissue, other data were analyzed. In the case of sample group 6, it was determined that the highly variable OD
may have impacted the overall analysis (above, right). The images for this group were analyzed by eye, and it was determined that folding of the TMA sample was responsible for nonuniform enhanced staining (above, center), indicating that variability of OD within samples could be a valuable quality control measure. As for the other groups, algorithm optimization for
these cell types may improve results.

In this work, samples were acquired with several magnifications. The samples were
analyzed using an algorithm that enabled the samples to be analyzed using optical
density, as well as incorporating other useful metrics (grading, percent of field
stained, etc.). This was used to obtain data from an automatically scanned and
analyzed set of spots from a cancer tissue microarray. Based upon this data,
several results were obtained:
• The ability of the samples to be automatically analyzed is somewhat dependent
on the similarity of the shapes of the cells.
• Variation in optical density measurements is a useful metric for determine the
quality of the sample preparation and analysis. In this instance, a variable optical
density measurement indicated that the sample was folded during sample
preparation.
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