Journal of
Breast
Cancer

ORIGINAL ARTICLE

] Breast Cancer 2009 December; 12(4): 235-40

DOI: 10.4048/jbc.2009.12.4.235

Comparison of Silver-Enhanced in situ Hybridization and Fluorescence
in situ Hybridization for HER2 Gene Status in Breast Carcinomas

un Kang, Gui Young Kwon!, Young-Hee Lee?, Gyungyub Gon,
g g gyu

Department of Pathology, Military Manpower Administration, Government of Republic of Korea, Seoul; 'Department of Pathology,
Chung-Ang University of Medical Center, Seoul; ?Department of Pathology, University of Ulsan College of Medicine, Asan Medical Center,

Seoul, Korea

Purpose: Silver-enhanced in situ hybridization (SISH) is a
newly developed method to evaluate HER2 gene amplifica-
tion in invasive breast carcinomas. Most laboratories widely
use fluorescence in situ hybridization (FISH) to evaluate the
HER2 gene amplification status because FISH is a very sen-
sitive and accurate technique. However, this technique is
not the best because it requires specialized equipment and
interpretation skills. We compared a new technique of SISH
with FISH for assessing HER2 gene amplification in invasive
breast carcinomas. Methods: HER2 gene amplification was
assessed in 165 cases of invasive breast carcinoma by FISH
and SISH with constructing a tissue microarray. The tumors
were assessed by the guidelines of the American Society of
Clinical Oncology/College of American Pathologists (ASCO/
CAP). Positivity was defined as a HER2/Chromosome 17
ratio greater than 2.2. Negativity was defined if the ratio was
less than 1.8. The tumor was considered as equivocal for

HER2 gene amplification if the ratio was between 1.8 and 2.2.
The HER2 protein status was assessed. Immunostaining
for HER2 protein was performed in a Benchmark automatic
immunostaining device with using whole tissue sections.
Results: There was agreement of the HER2 gene amplifi-
cation status by SISH and FISH in 162 of 165 cases, which
is a concordance rate of 98.2% (x=0.94). There were three
discrepant cases, with two of them being FISH positive and
SISH negative (one case was IHC negative and one case
was IHC positive) and one case was FISH negative and SISH
equivocal. Conclusion: The 98.2% concordance between
FISH and SISH meets the ASCO/CAP requirements for test
validation of >95% concordance. These results indicate that
SISH can be used as an alternative to FISH for assessing
the HER2 gene amplification status in breast carcinomas.

Key Words: Breast neoplasms, erbB-2 receptor, In Situ Hybridlization

INTRODUCTION

The HER2/neu oncogene is a member of the epidermal
growth factor receptor family, and its amplification is
known to be one of the most common genetic alterations
associated with human breast cancer. (1) The detection of
HERZ2 gene amplification is necessary for the proper selec—
tion of breast cancer patients responsive to the humanized

anti—-HER2 monoclonal antibody Trastuzumab (Herceptin®
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Genentech, South San Francisco, USA)(2,3) and the small
molecule dual HERI/HER2 tyrosine kinase inhibitor Lapa—
tinib (Tykerb®, GlaxoSmithKline, Philadelphia, USA). (4,5)

Immunohistochemistry (IHC) and fluorescence in situ
hybridization (FISH) are used to determine HER2 gene
amplification. In 2007, the American Society of Clinical
Oncology/College of American Pathologists (ASCO/CAP)
made a guideline of recommendations for HER2 testing
in breast cancer. (6) They suggest an algorithm defining
positive, equivocal, and negative values for both HER2
protein expression by [HC and gene amplification by FISH
and a new silver—enhanced in situ hybridization (SISH).
They emphasized that the performance of a testing algo—
rithm should rely on an accurate, reproducible assay. They

specified elements to reduce assay variation such as spec—
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imen handling, assay exclusion, and reporting criteria.
FISH is a popular technique to determine the status of
HER2 gene amplification on a genomic level. However,
FISH has disadvantages which include a longer staining
and scoring time, training of personnel for the interpreta—
tion of slides, use of fluorescence microscopy, and imper—
manence of the fluorochrome stain, (7) A newly developed
SISH is a fully automated assay providing permanent
stained slides in six hours that can be interpreted by con—
ventional light microscopy. (8) The aim of this study was
to compare HERZ gene amplification by both methods

in a series of invasive breast carcinomas.

METHODS

Case selection

Two hundred and one consecutive breast cancer cases
which were diagnosed and treated surgically during 2003
and 2004 at the Asan Medical Center, Seoul were selected
for this study. In all cases, samples were formalin—fixed,
paraffin—embedded and processed in a pathology labo—
ratory according to the institutional standardized pro—

tocols.

Immunohistochemistry

Immunostaining of HER2 was performed in a Bench—
mark automatic immunostaining device (Ventana Medical
System, Tucson, USA) using formalin—fixed, paraffin—
embedded tissue sections. Five yum thick sections were
obtained with a microtome, transferred into adhesive
slides, and dried at 62.8°C for 30 min. After incubation
with primary antibody against HER2 (1:500 dilution,
DAKO, Glostrup, Denmark), immunodetection was per—
formed with biotinylated antimouse immunoglobulin fol—
lowed by peroxidase—labeled streptavidin using a labeled
streptavidin biotin kit with 3,3 —diaminobenzidine chro—
mogen as the substrate. The primary antibody incubation
step was omitted in the negative control. The normal
breast tissues entrapped within the block and appropri—
ate control tissues were used as positive controls. Slides

were counterstained with Harris hematoxylin.
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Construction of tissue microarray blocks

Formalin—fixed, paraffin—embedded tissue samples were
arrayed using a tissue—arraying instrument. Briefly, rep—
resentative areas of each tumor were selected and marked
on the H&E slide, and its corresponding tissue block was
sampled. The designated zone of each donor block was
punched with a tissue cylinder 1 mm in diameter, and the
sample was transferred to a recipient block. Each sample
was arrayed in duplicate to minimize tissue loss and over—
come tumor heterogeneity. The slides were prepared from
archived paraffin blocks and were processed in parallel
for FISH (PathVysion® HER2 DNA Probe Kit, Abbott/
Vysis, Des Plaines, USA), SISH (INFORM® HER2 DNA
probe and ultraView™ SISH Detection Kit, Ventana
Medical Systems, Tucson, USA),

Silver—enhanced in situ hybridization

For SISH, 5 ym—thick sections from the microarray
block were prepared. The automated SISH of slides were
performed according to the manufacturer's protocols for
INFORM HER2 DNA and chromosome 17 probes. (9) Both
probes were labeled with dinitrophenol (DNP) and opti—
mally formulated for use with the ultraView SISH Detec—
tion Kit and accessory reagents from Ventana's Bench—
mark® series of automated slide stainers. The HER2 DNA
probe was denatured at 95°C for 12 min and hybridiza—
tion was performed at 52°C for 2 hr., After hybridization,
appropriate stringency washes (3 times at 72°C) were
performed. The chromosome 17 probe was denatured at
95C for 12 min and hybridization was performed at 44°C
for 2 hr. After hybridization, appropriate stringency washes
(8 times at 59°C) were performed. The HER2 and chro—
mosome 17 DNP-labeled probes were visualized using the
rabbit anti—DNP primary antibody and the ultraView SISH
Detection Kit which contains a goat anti—rabbit antibody
conjugated to horseradish peroxidase utilized as the chro—
mogenic enzyme. Silver precipitation is deposited in the
nuclei and a single copy of the HER2 gene is visualized
as a black dot. The specimen is then counterstained with

Harris hematoxylin.
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Fluorescence in situ hybridization

Consecutive sections from the microarray blocks were
cut at 5 #m thickness and mounted on SuperFrost +/+
slides. Deparaffinizing, pre—treatment and protease diges—
tion procedures followed the Abbott PathVysion HER2
DNA Probe Kit protocol (Abbott Laboratories, Abbott Park,
USA) with additional monitoring for the progress of
proteolytic digestion by propidium iodide staining. Probe
mixes were hybridized at 37°C between 14 and 18 hr. After
hybridizations, slides were washed in 2X SSC/0.3% NP—
40 at 72°C for 30 min, air dried and counterstained with
DAPIL.

Scoring criteria

SISH signals were visualized as single copies, multiple
copies, and clusters. A discrete dot was counted as a sin—
gle copy of HER2 or Chrl7. The size of these single dots
was used as a reference to determine the relative number
of amplified copies in the cancer nuclei. In some nuclei,
clusters of dots representing many copies of HER2 gene
were apparent., A small cluster of multiple signals was
counted as six signals and a large cluster as 12 signals.
Enumeration of HER2 and Chrl7 signals in 20 nuclei was
done within a target area and the HER2/Chrl7 ratio was
calculated. Cases with a HER2/Chrl7 ratio less than 1.8
were negative for HER2 gene amplification while cases
with a HER2/Chrl7 ratio greater than 2.2 were positive
for HER2 gene amplification. If a HER2/Chrl7 ratio was
either equal to or fell between 1.8 and 2.2, we counted

the number of signals in another 20 additional nuclei in
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a second target area. The HER2/Chrl7 ratio was then
calculated from both target areas (40 cells).

SISH scoring critera; 1) Negative for HER2 gene ampli—
fication: HER2/Chrl7 ratio less than 1.8. 2) Equivocal for
HERZ2 gene amplification: HER2/Chrl7 ratio equal to or
between 1.8 and 2.2. 3) Positive for HER2 gene ampli—
fication: HER2/Chrl7 ratio greater than 2.2.

Typical examples of a non—amplified case and amplified
case are given in Figure 1,

FISH scoring criteria; 1) Negative for HER2 gene ampli—
fication: less than 4.0 HER2 gene copies per nucleus or
a HER2/Chrl7 ratio less than 1.8. 2) Equivocal for HER2
gene amplification: HER2/Chrl7 ratio between 1.8 and
2.2. 3) Positive for HER2 gene amplification: more than
6 HER2 gene copies per nucleus or as a HER2/Chrl7 ratio
greater than 2.2.

THC scoring criteria; 1) Negative for HER2 protein: no
staining or weak, incomplete membrane staining in any
proportion of the tumor cells. 2) Equivocal for HER2 pro—
tein: complete membrane staining that is either non—
uniform or weak in intensity but with obvious circum—
ferential distribution in at least 10% of cells. 3) Positive
for HER2 protein: uniform intense membrane staining

of >30% of the invasive tumor cells.

Statistics

Cases that yielded informative results with both techni—
ques were only included in the concordance analyses. Con—
cordance rates between IHC, FISH and SISH were deter—

mined and the « statistics calculated by Cohen’s & .

(B) ©

Figure 1. Typical example of a non-amplified case and amplified case as demonstrated by Silver-enhanced in situ hybridization (SISH).
(A) Two single dots represent each Chr17, (B) non-amplified HER2 case showed 2 HER2 signals in tumor cells (arrow), (C) amplified
HER2 case showed clusters of HER2 signals in tumor cells (arrow). Note the fibroblasts (arrow head) as internal control ( x 1,000).
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RESULTS

From 201 cases, 165 were informative for both SISH and
FISH (Table 1). Twenty five cases were excluded because
of the absence of tumor cells in the microarray tissue and
11 cases for poor staining by SISH. The status of HER2
gene amplification status by SISH and FISH was in agree—
ment in 162 out of 165 cases representing a concordance of
98.2% (£k=0.94) (Table 1). There were three discrepant cases,
two of them representing FISH positive, SISH negative
(one case is IHC negative and one case is IHC positive)
and one representing FISH negative, SISH equivocal.

The status of HER2 gene amplification except for equiv—
ocal cases by SISH and HER2 protein expression by IHC
was in agreement in 136 out of 148 cases representing a
concordance of 91.9% (k=0.78) (Table 2). The status of
HER2 gene amplification except for equivocal cases by
FISH and HER2 protein expression by IHC was in agree—
ment in 147 out of 159 cases representing a concordance
of 92.5% (£=0.81) (Table 3).

Table 1. Result of HER2 gene amplification status by FISH vs
SISH

FISH
Positive ~ Equivocal ~ Negative Total
SISH
Positive 37 0 0 37
Equivocal 0 0 1 1
Negative 2 0 125 127
Total 39 0 126 165

FISH=fluorescence in situ hybridization; SISH=silver-enhanced in situ
hybridization.

Table 2. Result of IHC HER2 protein expression and SISH HER2
gene amplification status

IHC
Positve  Equivocal ~ Negative Total
SISH
Positive 31 4 2 37
Equivocal 0 0 1 1
Negative 10 21 105 136
Total 41 25 108 174

IHC=immunohistochemistry; FISH=fluorescence in situ hybridization.
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DISCUSSION

The major aim of this study was to compare SISH to
FISH assays presently used in diagnostic pathology labo—
ratories and thus validate its use as a routine diagnostic
method for assessing HERZ status in breast cancers.
Recently, a few manuscripts have been published about
the excellent reproducibility and efficacy of HER2 SISH
technique and interobserver interpretation. Carbone et
al.(10) reported excellent reproducibility and efficacy of
HERZ2 SISH staining and interobserver interpretation
(Kw=0.91) among five different institutions and high con—
cordance between consensus IHC and consensus SISH
(96.6%), FISH (97.8%), and chromogenic ISH (96.6%). Dietel
et al.(9) reported high concordance between FISH and
SISH (96.0%, £=0.754 ) and a low interobserver variability
in the interpretation of SISH.

The current study also showed that SISH yielded a high
concordance with FISH (98.2%) and IHC (91.9%). The 98.2%
concordance between FISH and SISH meets the ASCO/
CAP requirements for test validation of >95% concordance
for amplified versus non—amplified cases. The ASCO/CAP
guidelines recommended that laboratories should show
95% concordance with another validated test for positive
and negative assay values to perform HERZ2 testing. The
panel strongly recommends validation of laboratory assay
or modifications, use of standardized operating proce—
dures, and compliance with new testing criteria to be
monitored with the use of stringent laboratory accredi—
tation standards, proficiency testing, and competency
assessment. (6)

FISH has long been held to be a gold standard technique

Table 3. Result of IHC HER2 protein expression and FISH HER2
gene amplification status

IHC
Positive ~ Equivocal ~ Negative Total
FISH
Positive 37 4 3 44
Equivocal 0 0 0 0
Negative 9 18 110 137
Total 46 22 113 181

IHC=immunohistochemistry; FISH=fluorescence in situ hybridization.
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for assessing HER2 status on a genomic level. It has high
sensitivity (96.5%) and specificity (100%) for detecting
HER2 gene amplification. (11) FISH has several advan—
tages such as it can be done with only a small volume
of tumor samples and on formalin—fixed and paraffin—
embedded tissue samples with tissue preparation having
little or no effect on the testing. It also permits direct
visualization of gene amplification in the nuclei and pro—
vides an objective count of the genes and chromosomes
on a cell-by—cell basis. However, there are several dis—
advantages of FISH. It requires a fluorescence microscope
and special training for interpretation. It also may be
difficult to visualize the morphologic features of the tumor
cells and to separate in situ from invasive carcinoma. In
addition, fluorescence fades quickly and, therefore, the
FISH slides are not permanent and as a result the data
is lost. Besides, FISH is a time—consuming (2—3 days),
laborious, non—automated and expensive assay. Further,
use of FISH exclusively as the primary method for deter—
mining the status of HER2 gene amplification may also
be problematic.

As alternative assays that can overcome the disadvan—
tages of FISH, brightfield ISH including chromogenic in
situ hybridization (CISH) and SISH have been developed. (6)
CISH has been validated as an acceptable assay allowing
for the detection of HERZ gene copies using a simple
immunohistochemistry—like peroxidase reaction, enu—
meration of gene copy number with simultaneous histo—
logic examination by regular brightfield microscopy and
permanent storage since CISH signal intensity does not
diminish over time,(12,13) But it requires manual pro—
cessing and overnight hybridization. SISH has not only
the benefits of using regular brightfield microscopy and
permanent signal intensity but also a six hour automated
protocol saving more time and requiring less effort than
CISH.

In this study, 11 out of 186 cases having evaluable tumor
cells on the slides of SISH (5.9%) showed poor SISH stain—
ing. The tumor cell and internal control cells (fibroblast
and endothelial cells) had no signals. Also in same tissue
microarray slide, there was some heterogeneous staining

intensity in the sample. Judging from the fact that each
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two cores from the same case had similar intensity, the
poor staining and heterogeneous intensity might be caused
by a problem in the procedure for tissue processing.
The response of the Herceptin in the discrepant cases
may be important to determine the reliability of the test.
However, because this study was done with the patients
who were treated before Herceptin was used for the breast

cancer treatment, the response could not be followed.

CONCLUSION

The concordance between SISH and FISH was excellent,
SISH is a fully automated technique and can be easily
integrated into routine testing for breast cancer biomar—
kers as an alternative to FISH for determination of HER2

status in breast carcinoma.
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