1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Appl Immunohistochem Mol Morphol. Author manuscript; available in PMC 2021 April 01.

-, HHS Public Access
«

Published in final edited form as:
Appl Immunohistochem Mol Morphol. 2020 April ; 28(4): 267-273. doi:10.1097/
PAI.0000000000000756.

Storage conditions and immunoreactivity of breast cancer
subtyping markers in tissue microarray sections

Angela R. Omilian, PhD2P, Gary R. Zirpoli, PhD¢, Ting-Yuan David Cheng, PhD24d, Song
Yao, PhD?, Leighton Stein, BAP, Warren Davis, PhD?, Karen L. Head, MSP, Priya Nair, MA2,
Thaer Khoury, MDP, Christine B. Ambrosone, PhD2, Wiam Bshara, MDP

a.Department of Cancer Prevention and Control, EIm and Carlton Streets, Roswell Park
Comprehensive Cancer Center, Buffalo, NY, 14263, USA

b-Department of Pathology, Roswell Park Comprehensive Cancer Center, Elm and Carlton
Streets, Buffalo, NY, 14263, USA

¢-Slone Epidemiology Center, Boston University Medical Campus, 72 East Concord Street, L-7,
Boston, MA, 02118, USA

d.Department of Epidemiology, University of Florida, 2004 Mowry Road, Gainesville, FL, 32610,
USA

Abstract

Loss of immunoreactivity in tissue sections has been shown to occur when slide sections are stored
at room temperature for prolonged periods of time. We conducted a systematic investigation to
determine the extent of staining loss in various storage conditions to determine an optimal storage
method. We investigated 6 antibodies that are commonly used for breast cancer subtyping in
research studies with immunohistochemistry (ER, PR, HER2, CK5/6, EGFR, and Ki67) in
formalin-fixed paraffin-embedded breast tissue microarrays (TMAS) consisting of 148 patients.
TMASs were sectioned at various time points: fresh, 1 week, 1 month, 6 months, and 12 months
prior to staining. Slides sectioned at each time point were stored in 5 storage conditions:
desiccator, paraffin dipped, 4°C, —20°C, and —80°C. IHC scores were assessed over time with
McNemar’s test and Bowker’s Test of Symmetry. Desiccator storage was the only storage
condition that did not show any loss in immunoreactivity for any antibody or time point in our
study. Paraffin coated slides were the most difficult storage method operationally and also showed
the most loss in immunoreactivity. Storing sections in a desiccator was the most effective method
for minimizing immunoreactivity loss. Cold storage at 4°C is an intermediate option that is not as
protective as a desiccator, but offers the advantage of being accessible to virtually all research labs.
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Introduction

Immunohistochemistry (IHC) is a well-established method for the detection of protein
expression in human tissues. It is quick, cost effective, and allows for evaluation within a
tissue’s morphological context, justifying its routine use for the detection of biomarkers for
cancer diagnosis, prognosis, staging, and therapeutic intervention, as well as research
studies. The outcome of any given IHC assay is dependent on several conditions in a
multistep process beginning with tissue acquisition in the operating room.

Several pre-analytical variables, such as cold ischemia time, type of fixative, fixation
duration, processing and embedding, and post-sectioning storage have the potential to
influence the final result of an IHC reactionl~4. While progress has been made over the years
to standardize pre-analytic factors®8 (College of American Pathologists, National Cancer
Institute Best Practices for Biospecimen Resources, Clinical and Laboratory Standards
Institute), one variable that is often overlooked in many research studies is the effect of
storage on sectioned slides.”

It is common for sectioned slides to be stored for extended periods in research studies,
especially in large multi-center epidemiological studies or clinical trials where a central
laboratory amasses a large amount of slides over time to then evaluate in batch IHC assays
once all materials are obtained. Given that many hospitals do not readily send patient blocks,
sections are sent instead, and since the coordination of slide acquisition from many hospitals
takes time, a situation arises in which the sections that were collected earlier are stored much
longer than those that arrive later. This heterogeneous material quality may lead to spurious
results if slides experience antigen degradation. If immunoreactivity is lost over time with
slide storage, there could be a skew toward less positive results in older sections, with the
worst case scenario being a false negative result.

The notion that storing tissue sections for a long period of time may negatively impact the
quality of IHC results is not new. Reports of the problem date back to the early 1990s8
where it was reported in studies of breast cancer that immunoreactivity was weaker, and in
some cases lost altogether, when slides were stored at room temperature prior to
immunostaining.® This general result has been both confirmed and disputed over the years,
with an overall consensus that prolonged storage at room temperature is suboptimal”-10-14,
Many alternatives to storage at room temperature have been proposed including vacuum
storage, paraffin coating tissues after sectioning, storage at 4°C, adding antioxidants to
paraffin, and storage in a nitrogen chamber, but an optimal alternative storage environment is
not known or practiced consistently in the field.2

The purpose of this study was to evaluate, when storage is unavoidable in research studies,
what storage conditions are best and minimize the loss of immunoreactivity for IHC assays.
We included freezing storage conditions as previous reports that assess freezing on stored
sections are uncommon and/or had small sample sizes.1>:16 Moreover, freezer storage
appears promising because immunoreactivity has been shown to decline with increasing
storage temperature.*15-17 We evaluated five storage conditions at 4 time points spanning
one year and two freezing conditions, —20°C and —80°C; two 4°C conditions (paraffin
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coated sections vs. uncoated), and a desiccator at room temperature. We investigated six
markers (ER, PR, HER2, Ki67, EGFR, CK5/6) that are commonly used for subtyping breast
cancer and therefore have particular importance for epidemiological research studies of
breast cancer.18:19

Study Population and specimens

Formalin-fixed, paraffin-embedded (FFPE) tumor samples from 148 breast cancer patients
were evaluated for 6 common markers of breast cancer that are being evaluated for the
African American Breast Cancer Epidemiology and Risk (AMBER) Consortium.20 The
biospecimens used for this study were collected at Roswell Park Comprehensive Cancer
Center following clinical protocols and the use of these specimens was approved by the
Institutional Review Board at Roswell Park.

TMA construction and preparation of sections

Two TMAS were constructed, one to be stained with ER, PR, and HER2 (TMA 1); the 60
cases for this TMA were chosen because they were positive for these markers as indicated
by the patients’ medical record. The second TMA (TMA 2) consisted of 88 patients (90
cases) who had triple negative breast cancer, and this TMA was stained with Cytokeratin
5/6, EGFR, and Ki67, markers for basal-like breast cancer.2! Intensity scores and percent
positivity from the patient medical record are provided for all cases where it was reported in
Supplemental Table 1. Three 0.6-millimeter FFPE tumor tissue cores per patient were
arrayed into a recipient paraffin block guided by a pathologist (W.B.).

TMAS were sectioned at 4 um and stored at different time points: 12 months, 6 months, 1
month, and 1 week prior to IHC staining. All stored sections were compared to a freshly cut
TMA section that was sectioned the day before staining. For each time point, sets of paraffin
slides were sectioned for each of six markers for each of the following storage conditions: 1)
4°C, 2) 4°C and paraffin dipped, 3) —20°C, 4) —80°C, and 5) desiccator at room temperature
(Terra Universal Desiccator, Model 3950-06A, Fullerton, CA USA). Ameraffin® (Cardinal
Health, Dublin, OH) embedding medium was used for paraffin dipping and the detailed
procedure is provided in the supplemental materials. Exposure to light did not occur in any
storage condition. All TMA sections were cut by the same person using the same microtome
throughout the study. We did not repeat the room temperature (without desiccator) condition
because TMA sections were limited, we wanted to maximize the number of storage
conditions for comparison, and much previous work has addressed the room temperature
storage condition specifically and shown that it is suboptimal”-10-14_ An overall schematic of
the study design for TMA section storage is shown in Figure 1.

Immunohistochemistry

Prior to immunostaining, TMAs were removed from storage and dried at 60°C for one hour
with the exception of the paraffin dipped TMAS that were dried overnight so that the excess
paraffin was completely removed. For each antibody stain, slides stored at different time

points and fresh cut slides were stained for each antibody in a single batch at the end of the
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study. All slides were stained on the Dako Omnis autostainer (Dako, Glostrup, Denmark),
which has temperature and humidity controls, and is a fully automated staining process. On
the Omnis, an onboard antigen retrieval step was used for all markers (Table 1). Endogenous
peroxidases were quenched with EnVision™ FLEX peroxidase-blocking reagent (Dako),
slides were rinsed with wash buffer (Dako), and then monoclonal primary antibody (Table 1)
was applied. The EnVision™ FLEX DAB+ Chromogen System (Dako) was used for
visualization.

Positive control tissues consisted of tissues of cases at Roswell Park with a known score,
determined for each antibody with a regimented series of testing and validation prior to this
study. These control tissues were run alongside the TMAS and then compared with our
reference control slides (cataloged from original antibody validation) to ensure that staining
was accurate. Positive control slides matched the corresponding reference slides in intensity
for each antibody in our study. A duplicate slide with control tissue that had all reagents
applied except the primary antibody served as a negative control.

Slide Scanning and Digital Image Analysis

Slides were digitally scanned using Aperio ScanScope XT (Leica Biosystems, Inc., Buffalo
Grove, IL) with 20x bright-field microscopy and then Aperio ImageScope version
12.2.1.5005 (Leica Biosystems, Inc., Buffalo Grove, IL) was used to review images for
quality. Cores were excluded if they were folded or >75% of the tissue was absent?2. An
annotation layer was created for each core of interest in the TMA. Under the guidance of a
pathologist, representative areas of invasive tumor cell-only regions were manually circled
using the pen tool.

The Aperio platform was used to develop quantitative image analysis algorithm macros for
the quantification of IHC slides. Briefly, these algorithms used color de-convolution to
separate diaminobenzidine (DAB) from the hematoxylin counterstain thereby providing
stain separation. Each algorithm was tailored to fine-tune the cell feature detection using
cellular, nuclear, and stain parameters, creating an algorithm macro based on the cell
compartment location of the target protein.

For ER, PR and Ki67 stains, the Aperio Nuclear V9 algorithm macro was used. For ER and
PR antibodies, cell nuclei were individually classified as 0 -no staining, 1+ -weak, 2+ -
moderate, and 3+ -strong. The analysis results provided the total number of detected cells,
the percentage of cells per class (0, 1+, 2+ and 3+) and the percentage of positive stained
cells along with the average staining intensity of the positive nuclei as a score of 0, 1+, 2+
and 3+. H-scores, which measure the extent of immunoreactivity, were calculated for ER
and PR. H-scores were obtained by the formula 1x(%1+) + 2x(%2+) + 3%(%3+) and ranges
from 0 to 300, where 300 represents 100% of cells being 3+. For Ki67, nuclear intensity was
calculated as either negative 0 or positive 1+; the total number of detected cells and the
percentage of positively stained cells were reported.

The Aperio Membrane V9 algorithm macro was used for HER2 and EGFR to detect
membrane staining for individual tumor cells and to quantify the intensity and completeness
of membrane staining. Tumor cells were individually classified as 0, 1+, 2+, and 3+ based
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on their membrane staining intensity and completeness, using the HER2 scoring scheme:
score 0 = no staining or unspecific staining of tumor cells; score 1 = weak (intensity) and
incomplete staining (quality) for more than 10% of tumor cells (quantity); score 2 =
moderate and complete staining for more than 10% of tumor cells; score 3 = strong and
complete staining for more than 10% of tumor cells. The analysis results provided the total
number of detected cells, the percentage of cells per class (0, 1+, 2+ and 3+), and the
percentage and number of cells with complete membrane staining.

The Aperio Cytoplasmic V2 algorithm macro was used for CK5/6 to detect and quantify the
positive staining intensity and the percentage of cells that stained. Cells were individually
classified using the scoring scheme 0 -no staining, 1+ -weak, 2+ -moderate, and 3+ -strong.
The algorithm results included the total number of cells, percentage per scoring class,
average positive intensity (as RGB value) and H-score.

TMA Core-to-case collapsing and positivity thresholds

We used a tumor cellularity-weighted approach to determine a single IHC score for cases
that had at least two TMA cores; this method has been shown to diminish the influence of
small discordant regions.?2:23 The weighted approach sums the product of percent positivity
and core weight for all cores per case, where core weight is the number of tumor nuclei in a
given core divided by the total number of tumor nuclei for all cores for that case.

Thresholds for positivity for ER and PR adhered to current clinical guidelines that use 1% as
a cutoff for determining positivity for these markers.24 Using clinical scoring criteria, case-
level HER?2 status was defined as positive (3+; 210% of tumor cells staining at the 3+
intensity level), equivocal (2+; <10% of tumor cells staining at the 3+ intensity level and
>10% of tumor cells staining at the 2+ intensity level), or negative?® (0/1+: all other cases);
this was also applied to EGFR that stains in a manner similar to HER2. A 14% cutoff was
applied for Ki67,22 and 1% cutoff was used for CK5/6. Stains were also evaluated with H-
score treated as a continuous variable but the overall results were unchanged (data not
shown).

Statistical analysis

Statistical analyses were conducted with SAS version 9.3 (SAS Institute). Following
Fergenbaum et al. 2004, for ER, PR, CK5/6, and Ki67, immunoreactivity in stored and fresh
sections was compared in paired 2 x 2 tables using McNemar’s test.10 For a given storage
condition, agreement between each time point and fresh sections was assessed using
unweighted K statistics and corresponding 95% confidence intervals. Because three
categories of staining intensity were scored for HER2 and EGFR, 3 x 3 tables were used,
and the p-values correspond to a generalization of McNemar’s test called Bowker’s Test of
Symmetry. All p-values were two sided.
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Results

Percentage of Positive Results in Stored and Fresh TMA Sections

Fresh cut sections were used as the reference to compare all stored slides. The cross-
classification of stored and fresh sections stained for all six antibodies is shown fully in
Supplemental Tables 2 and 3. For ER, PR, and HER2, the number of positive cases was
similar for fresh cut and stored slides, regardless of the storage condition or duration of
storage. Significantly fewer cases were classified as Ki67 positive for the paraffin dipped
condition stored for 1 month than the fresh cut (57.8% versus 73.3%, P = 0.02, Table 2) and
paraffin dipped slides were also shown to have significantly less immunoreactivity for EGFR
at the 1 week, 1 month, and 6 month time points (Table 2). However, at the 12 month storage
time point, where a continuation of this trend is expected for EGFR, no significant
difference was observed between the stored and fresh sections (Supp. Table 3).
Unexpectedly, the slides stored for only one week showed more negativity than all other
longer storage time points for CK5/6 (Table 2). Representative cores from TMA 1 and TMA
2 for two antibodies (ER and Ki67) are shown in Figure 2.

Discussion

Desiccator storage was the only storage condition that did not show any loss in
immunoreactivity for any antibody or time point in our study. Sections that were stored in
the cold (4°C, —20°C, or —80°C) showed some loss of immunoreactivity for the CK5/6 and
EGFR markers, and changes in immunoreactivity for paraffin dipped slides were observed
for two antibodies - Ki67 and EGFR (Table 2). One unexpected finding is that slides stored
for only one week showed more negativity for the CK5/6 antibody in all three cold storage
conditions than slides that were stored for much longer; we hypothesize that this is a
spurious association due to the small number of cores available for comparison in the 1 week
and fresh TMA sections for this antibody. Because we wanted to perform staining in a single
batch at the end of the study, our experimental design necessitated that the 1 week and fresh
sections were among the last slides cut from the TMA block (Figure 1) and therefore
experienced the most core dropout. With core-to-case collapsing (described in methods), the
combination of cores that are left for a case after dropout may influence the composite score
for that case and this is exacerbated as core dropout increases. This unexpected finding may
also be explained by core heterogeneity between TMA slices.

We focused on testing various storage arrangements that were likely to ameliorate
antigenicity decline. Early studies of cold and desiccator storage have shown that the
duration of slide storage influences IHC assay results.11:16.17.26.27 \whjle three of our
antibodies show some change in immunoreactivity in cold storage (Table 2), three antibodies
did not show any change in immunoreactivity over time in cold storage (ER, PR, HER2) and
we did not observe any immunoreactivity loss for any storage duration for slides that were
stored in a desiccator. We speculate some reasons for the discrepancy between our findings
and those from earlier reports. First, it is possible that pre-analytic factors may have played a
bigger role in some earlier studies, before it was well known how these factors can influence
IHC outcome and so they were less controlled.12 Second, we used a state-of-the-art
automated staining platform with temperature and humidity controls, clinical-grade reagents,
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and antigen retrieval for all antibody staining protocols with slides sectioned at different
time points stained in a single antibody batch at the end of the study. Third, digital pathology
analysis served to reduce inter- and intra-observer subjectivity for pathologist interpretation.
28 Because automated scoring cannot reliably distinguish between tumor and non-tumor
cells, 23 we manually circled the tumor to demarcate specific regions for automated analysis,
adding to the thoroughness of our scoring analysis. A limitation of our study is that we only
assessed the effects of slide storage for one year. In reality, the storage of slides for many
clinical trials or other large studies is likely to occur for longer time periods.

While contrasting with some early studies, our results are consistent with recent and more
thorough studies of antigenicity declinel2:29:30_ Grillo et al. 2015 found that loss of
antigenicity was proportional to tissue section age and was dependent on storage conditions
with cold storage being the least affected and maintaining immunoreactivity for at least two
years (desiccator storage was not evaluated in this study).12 Similarly, Blows et al. 2016
reported that PR staining on breast TMAs was unaffected after one year of storage - even for
slides at room temperature without protective modifications.2® Immunohistochemistry is
prone to issues associated with lack of reproducibility and variability among staining
batches, 3132 and generalizations across IHC studies is complicated by the use of different
antibody clones, lots, and procedural differences like antigen retrieval. This may explain
why different studies of antigenicity loss show differing results for the same markers or
storage conditions. Nevertheless, taken collectively, our results are consistent with an overall
trend that antigen preservation is maximized by storing sections in dry, cold, and dark
conditions.

IHC is a mainstay both in cancer research and clinical diagnostics. While the issue of
antigen degradation is not as critical in clinical practice because sectioned slides are
typically stained immediately, slide storage is a common occurrence in research studies, and
is nearly unavoidable in large multicenter research efforts. Here, we find that paraffin
coating showed a decline in immunoreactivity for two markers that we examined, being the
least effective and most cumbersome storage method in practice, requiring additional steps
to remove the wax prior to staining. Similar findings for paraffin coating have been noted in
other studies.12:13:30.33 Desiccator storage preserved antigenicity with no observation of
declining immunoreactivity over time in any of the six markers that we examined. Cold
storage is an intermediate option that is not as protective as a desiccator, but offers the
advantage of being accessible to virtually all research labs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Overall study design for tissue microarray (TMA) section storage. TMA 1, stained for ER,

PR, and HER2, contained 60 patients that were chosen because they were positive for these
markers in the patients” medical record. TMA 2 consisted of 88 patients with triple negative
breast cancer, and this TMA was stained with Cytokeratin 5/6, EGFR, and Ki67. All stored
sections were compared to a fresh section that was cut one day prior to staining.
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Figure 2.
Representative tissue microarray (TMA) cores of breast cancer tissue for slides stored over

time and in five storage conditions. a) ER antibody. b) Ki67 antibody.
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Table 1.

Antibody and staining information. Abbreviations: HIER - heat-induced epitope retrieval.

Antibody name Clone Vendor Catalog No. | Concentration (ug/ml) | TMA tested | Antigen Retrieval
Cytokeratin 5/6 D5/16 B4 Dako M7237 0.9 TMA #2 HIER, pH 9
EGFR 31G7 Invitrogen 28-0005 0.6 TMA #2 Proteinase K
ER SP1 Cell Marque 249R-15 0.5 TMA #1 HIER, pH 9
HER2 CB11 BioGenex MU134-UC 0.2 TMA #1 HIER, pH 9
Ki67 MIB-1 Dako GA626 Ready to use TMA #2 HIER, pH 6
PR Y85 Cell Marque 323R-15 0.4 TMA #1 HIER, pH 9
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Table 2.

Significant differences between stored slides and the fresh cut slide. Only storage conditions and durations
with a significant difference are listed. For ER, PR, and HER2, there were no significant differences between
the number of positive cases for fresh cut and stored slides, regardless of the storage condition or duration of

storage. Kappa, K, measures agreement between the stored and fresh sections.

Storage condition | Duration of storage | P K (95% CI)

Ki67 paraffin dipped 1 month 0.02 0.57 (0.33-0.81)

CK5/6 | 4C 1 week 0.03 0.78 (0.61-0.96)
-20C 1 week 0.03 0.65 (0.44-0.86)
-80C 1 week 0.03 0.67 (0.47-0.87)

EGFR | paraffin dipped 1 week 0.005 0.51 (0.31-0.71)
paraffin dipped 1 month <0.0001 | 0.27 (0.09-0.46)
paraffin dipped 6 months 0.001 0.39 (0.19-0.59)
-20C 6 months 0.02 0.61 (0.43-0.79)
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