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INTRODUCTION

RESULTS

Although the standard tissue processing procedure of formalin-fixed, paraffin
embedded (FFPE) tissues is ideal for most histological stains and enables excellent
preservation of tissue morphology, it frequently results in masking of the epitopes (also
called antigens) that antibodies bind to during immunohistochemical (IHC) staining. A
commonly used method for unmasking these epitopes is Heat Induced Epitope Retrieval
(HIER), a pretreatment step involving incubation of the slide in a heated buffer solution1.
HEIR typically uses temperatures of 95-97°C, which are just below the boiling point
of water (100°C), and the reduced boiling point at high altitude (94.7°C at
5000ft/1524m) often necessitates pressurized equipment or adjusting HEIR protocols2.
Although the adjustments needed are generally minor, many automated instruments do
not allow the user to alter preprogrammed protocols, or require complex programming to
make the adjustments.
The PURPOSE of this study was to test whether IHC slides stained using the Dako
Omnis at 5000ft (1524m) of elevation are equivalent to those stained using the Dako
Omnis at sea level using identical protocols.

A wide variety of antibodies, including nuclear, cytoplasmic and membrane markers, were
used to test the ability of the Dako Omnis to produce the same quality of IHC staining at high
altitude as it has been proven to produce at sea level. As Figure 1 shows, for most of the 24
antibodies tested, differences in the extent or intensity of IHC staining were minimal.
Interestingly, staining of brain tissue (GFAP and synaptophysin) seems more affected by
altitude than any other category of antibodies tested. The images are representative of 1-4
tissues sections per antibody.
As Figure 2 shows, quantitative image analysis shows a high correlation (R2 > 0.9) in the

Figure 1: Photomicrographs of 23 antibodies and an isotype control at sea level and high altitude. Images of IHC staining using the Dako
Omnis at sea level and at high altitude in the same tissue for each of 24 antibodies. In most cases, the staining is highly similar at sea level
and high altitude, and no systematic differences are discernable with the naked eye. Images are representative of 1-4 different tissues run for
each antibody, and were captured at 20X magnification. *CD20 did not stain appropriately in the staining run that was used for data analysis,
but stained normally in subsequent runs, so it was designated an outlier and excluded from the data analysis.
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ANTIBODIES AND REAGENTS: Antibodies (23, plus isotype negative control) were selected to represent
a range of nuclear, cytoplasmic, and membrane staining patterns in a variety of tissues. The isotype was run
to confirm that the EnVision™ FLEX detection system produces no non-specific staining. All antibodies were
in the Omnis ready-to-use format3, and all reagents used were designed for the Dako Omnis (HIER solutions,
buffers, antibodies, labeled polymer, diaminobenzidine [DAB] and hematoxylin counterstain). Lot numbers
for each reagent were kept consistent across tests.
TISSUES AND SLIDES : A variety of human tissues (1 to 4 per antibody) were selected for each antibody
to represent a range of anticipated staining intensities, including negative tissues, when possible. All tissues
were selected from formalin fixed, routinely processed, paraffin embedded (FFPE) blocks. Multi-tissue
blocks were made when possible. Slides were cut at 4µm, air dried and baked at 60°C prior to IHC staining.
IMMUNOHISTOCHEMICAL (IHC) STAINING: Baseline testing was done at sea level in Carpinteria, CA
(<100ft/30m elevation) and high altitude testing was performed at Premier Laboratory, LLC. in Longmont,
CO (5000ft/1500m elevation). All steps in the process, including HIER, were automated, and default
protocols from the Omnis instrument software were used for all antibodies. The default program for HEIR is
incubation at 97°C for 30 min in either EnVision™ FLEX Target Retrieval Solution, High pH or EnVision™ FLEX
Target Retrieval Solution, Low pH. Two additional runs were done at high altitude to confirm reproducibility,
but these were not included in the results presented.
IMAGE ANALYSIS: Stained slides were scanned at 20X using the Aperio ScanScope XT imaging system
and ImageScope software; all slides were scanned in the same session. Each tissue section was annotated
using a 8000x4000 pixel area bounding box. Efforts were made to select the same or similar tissue areas
between the sea level and high altitude slides. The annotated areas were analyzed using a modified Aperio
positive pixel count algorithm, and the Percent Positive Pixel Count and the Average Intensity of Positive
Pixels were used for quantitative image analysis. Average Intensity of Positive Pixels is calculated by adding
the intensities of every positive pixel and dividing it by the total number of positive pixels.
STATISTICAL ANALYSIS: Linear regression (Microsoft Excel) was used to compare the Percent Positive
Pixel Counts and the Average Intensity of Positive Pixels from one staining run at sea level to one staining
run at high altitude. Each tissue is presented as one data point, with 71 data points for 23 antibodies.

indicating that number and intensity of positive pixels does not differ significantly between
images from slides stained at sea level and from those stained at high altitude.
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extent and intensity of staining between slides stained at sea level and those stained at high
altitude. Furthermore, the slopes of the regression analyses are close to 1.00 (1.00 ± 0.05),
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CONCLUSIONS
1. The Dako Omnis is able to produce high quality IHC slides at high altitude (5000ft/ 1500m)
using preprogrammed default HIER protocols.
2. On average, the extent and intensity of staining is slightly reduced at high altitude
compared to sea level, but the difference is within the range of acceptable variability.
3. Some antibodies are notably affected by high altitude and may require adjustments to
HIER parameters or antibody incubation times to match staining seen at sea level.
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Figure 2: Linear regression comparing positive pixel count analysis of slides stained at sea level and high
altitude. Quantitative comparison of IHC staining at sea level and high altitude shows a high correlation
(R2 > 0.9) between (a) the Percent Positive Pixel Counts and (b) the Average Intensity of Positive Pixels. In
(a) and (b), the slope of the regression line is close to 1.00 (1.00 ± 0.05), indicating that number and
intensity of positive pixels does not differ significantly between images from slides stained at sea level
and from those stained at high altitude. n = 71 tissues, using 23 antibodies on 1-4 tissues each.

1. Evaluate the reproducibility and quantify the variability of IHC staining at high altitude on
the Dako Omnis.
2. Identify specific antibodies that stain differently at high altitude, and optimize their HIER
parameters and staining protocols.
3. Compare in situ hybridization (ISH) staining on the Dako Omnis at high altitude to ISH
staining at sea level.
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