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Purpose: To compare the efficacy of chromogenic in
situ hybridization (CISH™) with fluorescence in
situ (FISH) hybridization and immunohistochemis-
try (IHC) in determination of the HER2 status in
human breast cancer.Materials andMethods: HER2
gene amplification was determined on formalin-
fixed paraffin-embedded (FFPE) sections of 62 inva-
sive breast cancers by FISH and followed by CISH
using a digoxigenin (DIG)-labeled HER2 DNA probe
generated by Subtraction Probe Technology
(SPT™), and a biotin-labeled chromosome 17 cen-
tromeric (chr.17cen) probe. The sections were heat
treated and enzyme digested. After in situ hybrid-
ization, the HER2 probe was detected with fluores-
cein (FITC)-anti-DIG for FISH, followed by
peroxidase-anti-FITC and diaminobenzidine (DAB)
for CISH. The chr.17cen probe was detected with
peroxidase–streptavidin and DAB. For CISH appli-
cation, HER2 gene copies or chromosome 17 centro-
meres and morphology of cells were easily visualized
simultaneously with a 40� objective under bright-
field microscope in hematoxylin-counterstained
sections. IHC study of HER2 overexpression was
performed on adjacent sections using a panel of
three HER2 antibodies (TAB250, CB11, A0485),
and staining was scored according to the criteria
specified in the HercepTest. Results: HER2 gene
amplification detected by CISH was visualized
typically as large DAB-stained clusters or by many
dots in the nucleus. FISH and CISH identified
HER2 gene amplification in 19% of the tumors.
Chromosome 17 polysomy was detected in 31% of
the tumors. HER2 overexpression was demon-

strated in 19% (TAB250), 23% (CB11), and 36%
(A0485) of the tumors. Complete concordance be-
tween the results of CISH with FISH, TAB250,
CB11, and A0485 was seen in 100%, 97%, 94%,
and 84% of the cases, respectively. Conclusion: By
permitting observation of morphology using a
bright-field microscope, CISH is an accurate,
practical, and economical approach to screen
HER2 status in breast cancers. It is a useful meth-
odology for confirming ambiguous IHC results.
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HER2 gene amplification or HER2 protein overex-
pression has been identified in 10–34% of invasive
breast cancers according to a series of 52 published
studies including �16,000 patients and using differ-
ent methodologies (1). Identification of HER2 status
is important for determining the prognosis of pa-
tients who have invasive breast cancer, as well as
for selecting a subgroup of them with metastasis
HER2 overexpression for therapy with trastuzumab
(Herceptin; Genentech, Inc., South San Francisco,
CA) (2, 3), a monoclonal antibody to the HER2
protein. Trastuzumab has been found to be effec-
tive only in patients whose tumors show HER2 gene
amplification and/or HER2 protein overexpression.
Therefore, accurate, consistent, and straightfor-
ward methods for evaluation of HER2 status have
become increasingly important.
IHC staining has been the predominant method

of determining HER2 status in breast cancer spec-
imens. It is relatively easy to perform and has rapid
turnaround time, and relatively low cost (1, 4).
However, commercially available antibodies have
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demonstrated wide variation in sensitivity and
specificity for FFPE tissue samples, and the effect of
the tissue fixative and pretreatment have a substan-
tial effect on HER2 IHC staining (1, 5–21), although
antigen retrieval and immunodetection system cur-
rently used have improved sensitivity of antibodies.
In addition, the lack of universal scoring system and
interobserver differences in interpretation of HER2
IHC result are also important issues (1, 15, 17, 18,
22, 23).

Overexpression of the HER2 protein generally
(�95%) results from HER2 gene amplification (20,
24–26). Fluorescence in situ hybridization (FISH) is
thought to be the most sensitive technique for
quantitative evaluation of HER2 gene status in
breast cancer cells, and FISH in FFPE tissue sec-
tions is a valid alternative to IHC (1, 24, 27). In a
recent study, the sensitivity and specificity of FISH
were superior to IHC in FFPE tissue sections (10).
Patients who were positive by FISH but negative by
IHC had a worse survival than did those who had
HER2 overexpression but absence of gene amplifi-
cation (10). Therefore, HER2 amplification might
provide more meaningful prognostic information
than HER2 overexpression in breast cancer pa-
tients. In addition, FISH quantifies the number of
gene copies in the cancer cell, which objectively
reflects the HER2 gene status of tumors, whereas
IHC is a more subjective test. Therefore, FISH can
be easier to interpret than IHC. However, FISH
methodology also has its disadvantages. Evaluation
of FISH requires a modern and expensive fluores-
cence microscope equipped with high-quality 60 �
or 100 � oil immersion objectives and multi–band-
pass fluorescence filters, which is not used in most
routine diagnostic laboratories; The fluorescence
signals can fade within several weeks, and the hy-
bridization results are typically recorded with an
expensive CCD camera. Therefore, analysis and re-
cording of FISH data is expensive and time con-
suming. Most important, tissue section morphology
is not optimal in FISH on FFPE, a particular prob-
lem for distinguishing invasive breast cancer and
breast carcinoma in situ, where HER2 gene ampli-
fication or protein overexpression has different
clinical significance. All of these limitations make
FFPE FISH cumbersome for routine work (6, 28).

To accurately identify HER2 gene status by
bright-field microscopy and overcome FISH limita-
tions, we have developed CISH using the HER2
DNA probe generated by Subtracted Probe Tech-
nology (SPT). With SPT, repetitive DNA sequences,
such as Alu and LINE elements, which may consist
of up to 40% of template and cause unspecific hy-
bridization, are quantitatively removed. Therefore,
the final probe is very specific, and the need for
blocking nonspecific hybridization with Cot-1 DNA
in traditional FISH probes is eliminated. After hy-

bridization of the probe to target DNA on the tissue
section, the DIG-labeled DNA probe is detected
first by FISH using FITC-conjugated anti-DIG anti-
body and then followed by CISH using HRP conju-
gated anti FITC antibody and a simple IHC-like
peroxidase reaction. Further, a chr.17cen probe was
used as a reference probe to assist in distinguishing
HER2 amplification from chromosomal polysomy.
CISH using the SPT HER2 DNA probe has already
been evaluated against FISH (Vysis) and a HER2
antibody CB11 (28). The conclusion of that study
was that CISH is a useful alternative for detection of
HER2 amplification in FFPE tumor samples, espe-
cially for confirming the IHC staining results. To
further evaluate and assess the clinical usefulness
of CISH using SPT™ HER2 probe, three commonly
used and commercially available HER2 antibodies:
monoclonal TAB250 and CB11, which recognize the
external and internal domains of HER2 oncopro-
tein, respectively, and A0485, a rabbit polyclonal
antibody which recognizes internal domains, were
compared in this study with CISH. As no interna-
tionally accepted standard exists, we applied the
scoring proposed by the HercepTest (DAKO) for the
interpretation of the immunoreactivity of these
three antibodies.

MATERIALS AND METHODS

Tumor Specimens
FFPE tissue blocks from 62 patients with invasive

breast cancer were studied. Histopathological clas-
sification was done on hematoxylin and eosin
(H&E)-stained slides according to standard his-
topathological practice.

FISH and CISH

Probes
HER2 gene status was determined by using DIG

labeled SPOT-Light� HER2 DNA probe (Zymed,
South San Francisco, CA). Biotin-labeled chr.17cen
probe (Zymed) was used for the tumors having
more than two HER2 gene copies per nucleus (34 of
62 cases).

FISH and CISH procedure
FISH and CISH was done on 4 �m-thick tissue

sections mounted on Superfrost/plus microscope
slides (Fisher, Pittsburgh, PA). The slides were
baked for 2 to 4 hours at 65° C and then deparaf-
finized 10 minutes in xylene twice, and 5 minutes in
ethanol, thrice. Air-dried tissue sections were
placed in a plastic Coplin jar containing the CISH
Pretreatment Buffer (SPOT-Light� Tissue Pretreat-
ment Kit, Zymed), and loosely capped. They were
heated at 92° C for 15 minutes in the microwave
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with a temperature probe (GE Profile Sensor con-
vection). The temperature probe was placed in a
separate plastic Coplin jar without a cap. The slides
were washed immediately with deionized water af-
ter heat pretreatment. Enzyme digestion was fol-
lowed by covering the section with prewarmed 37°
C pepsin (SPOT-Light� Tissue Pretreatment Kit,
Zymed) and by incubating at 37° C for 3 � 1 min-
utes. The slides were then washed with deionized
water, dehydrated with graded ethanol, and air-
dried. The ready-to-use DIG-labeled HER2 probe or
biotin-labeled chr.17cen probe was applied to the
center of the coverslip. The coverslip was placed
with probe side down on the tissue sample. Fifteen
to 20 �L of the probe was used for 22 � 22-mm or
24 � 32-mm coverslips according to the size of the
tissue sections to be covered. After sealing the
edges of the coverslips with rubber cement, the
tissue sections and the probes were denatured at
94° C for 5 minutes by placing the slides in the slide
block of the PCR machine (MJ Research, Water-
town, MA). Hybridization was done in the same
slide block at 37° C overnight. The stringent wash
was done with 0.5� standard saline citrate at 75 to
80° C for 5 minutes. The following steps with CISH
Detection Kit (Zymed) are similar to the case of
IHC. The endogenous peroxidase activities were
blocked in 3% H2O2 diluted with methanol for 10
minutes. The unspecific staining was blocked by
applying the Cas-Block on the section and by incu-
bating for 10 minutes. Followed an incubation with
FITC conjugated mouse anti-DIG antibody for 45
minutes at room temperature the HER-2 probe was
detected by FISH. After FISH evaluation, the
mounting medium with DAPI (VECTASHIELD, Vec-
tor Laboratories, Inc., Burlingame, CA) was washed
away with PBS and Tween20. CISH procedure was
continued by incubation with HRP conjugated
sheep anti FITC antibody for 45 minutes at room
temperature, followed by DAB development for 30
minutes. The biotin-labeled chr.17cen probe was
detected with sequential incubation with HRP-
conjugated streptavidin for 45 minutes at room
temperature and DAB development (CISH Cen-
tomere Detection Kit, Zymed) for 30 minutes. Tis-
sue sections were counterstained with hematoxylin,
dehydrated, and coverslipped. Positive controls
were included in each staining run.

Evaluation of FISH and CISH Results
The FISH results were evaluated using a micro-

scope (Leica DMLB) equipped with 10�, 20�, and
40� dry objectives and 100� oil immersion objec-
tive; filter sets of DAPI/FITC/TRITC (Triple band),
TRITC, and FITC (Chroma Technology Corp,
Brattleboro, VT); and SPOT CCD camera (Diagnos-
tic Instruments, Inc., Sterling Heights, MI). CISH
results were evaluated using a microscope (Nikon,

E400) equipped with 10�, 20�, and 40� dry objec-
tives, with 10� oculars. Revised standard, as de-
scribed in Tanner’s paper (28), was used to inter-
pret the HER2 FISH and CISH results (Table 1).

IHC

HER2 antibodies
Two monoclonal antibodies (TAB250, Zymed;

CB11, Novocastra, Newcastle, United Kingdom)
and one polyclonal antibody (A0485, DAKO,
Carpinteria, CA, same antibody used in the Her-
cepTest) were tested for HER2 immunostaining on
a serial of 4-�m sections for the 62 tumors. Each of
these antibodies has been reported to specifically
recognize the HER2 receptor protein either in pub-
lished literature or in commercial information.

IHC procedure
Tissue sections were deparaffinized followed by

antigen retrieval in citrate buffer (pH 6.0, Zymed)
for CB11 and A0485, or by Ficin (Digest All I,
Zymed) pretreatment for 10 minutes at 37° C for
TAB250. After blocking for non-specific antibody
binding (NBA kit, Zymed), primary antibody was
added on the section and incubated for 1 hour at
room temperature. The NBA Kit (Non-biotin ampli-
fication system, Zymed) was used for visualization
with DAB as the chromogen. The sections were
counterstained with hematoxylin.

Evaluation of IHC results
For determination of HER2 protein overexpres-

sion, only the membrane-staining pattern and
staining intensity of invasive tumor cells were
scored. Interpretation was independently per-

TABLE 1. Interpretation of HER2 Fluorescence In Situ

Hybridization and Chromogenic In Situ Hybridization

Results

Category Comments

Amplification At least six copies or clusters of HER2 gene
amplicon per nucleus in �50% of cancer
cells.

Low-level amplification is 6–10 copies or a
small cluster of HER2 gene amplicon per
nucleus in �50% of cancer cells. High-
level amplification is �10 copies or large
clusters of HER2 gene amplicon per
nucleus in �50% of cancer cells.

Biotin-labeled chr.17cen probe was applied
for CISH to confirm that �6 copies of
HER2 gene were due to HER2 gene
amplification but not chromosome 17
polysomy.

No amplification 1–5 copies of HER2 gene per nucleus in
�50% of cancer cells.

Biotin-labeled chr.17cen probe was applied
for CISH when 3–5 copies of HER2 gene
per nucleus in �50% of cancer cells
were observed to confirm that this was
caused by chromosome 17 polysomy.
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formed by two of the authors (JZ and RW), each
blinded against the other and to the results of the
other assays. For the three antibodies used in this
study, IHC staining was scored according to the
criteria specified by DAKO for the interpretation of
the HercepTest. Immunoreaction was determined
to be strongly positive (3�) if a strong complete
membrane staining was observed in �10% of the
tumor cells or to be weakly positive (2�) if �10% of
the tumor cells showed weak to moderate complete
membrane staining. All other staining patterns
were interpreted as negative (0/�1). The investiga-
tors generally came to similar estimates of the
stained cells on the slides and to identical scoring
results. If there was any disagreement, a third per-
son’s (Z.S.) interpretation was included.

RESULTS

FISH and CISH
Criteria for successful FISH or CISH analysis in-

cluded identification of at least one copy of the
HER2 gene per nucleus in most cancer cells and
appropriate pepsin digestion as evidenced by well-
preserved cell morphology. FISH and CISH were
successful in 85% of cases in the first run. In the
end, FISH and CISH for HER2 was successful in all

FIGURE 1. Example of CISH in breast cancer with HER2 gene
amplification. A typical HER2 amplification appears either as peroxidase-
positive clusters of gene copies (A), or as multiple individual gene copies
(B). Original magnification, 400�. Counterstained with hematoxylin.

FIGURE 2. HER2 CISH and IHC staining in breast carcinomas. CISH of HER2 gene amplification appears as a mixture of clusters and individual
gene copies (A), and IHC of TAB250 3� staining (B); CISH of normal HER2 gene appears as one or two gene copies (C), and IHC of TAB250 0
staining (D). Original magnification, 400�. Counterstained with hematoxylin.
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62 cases and for chr.17cen was successful for all
cases attempted (total 34 cases). Pepsin digestion
was adjusted to 10 sec for one case and to 3 minutes
with 10� pepsin for another case. The FISH signals
were seen by 40 � objective and were easily iden-
tified by 100� objective. The CISH staining results
were clearly seen using a 40� objective in tissue
sections that were counterstained with hematoxy-
lin. Tumors with HER2 gene amplification ap-
peared typically as large peroxidase-positive in-
tranuclear gene copy clusters (Fig. 1A), as
numerous individual peroxidase-positive small sig-
nals (Fig. 1B), or as a mixture of clusters and indi-
vidual gene copies (Fig. 2A). Tumors with normal
HER2 gene showed typically one to two dots per
nucleus (Fig. 2C). Tumors with HER2 low amplifi-

cation showed typically 6 to 10 gene copies per
nucleus (Fig. 3A), which was confirmed by CISH
using chr.17cen probe on an adjacent section (Fig.
3B). Tumors with polysomy showed typically three
to five HER2 gene copies per nucleus (Fig. 3D),
which was also confirmed by CISH using chr.17cen
probe on an adjacent section (Fig. 3E).

FIGURE 3. HER2 and Chr.17cen CISH, and HER2 IHC staining in breast carcinomas. CISH of HER2 gene low amplification appears as 6 to 10 gene
copies per nucleus (A), CISH using Chr.17cen probe showing diploid of chromosome 17 as two dots per nucleus (B), and IHC of TAB250 2� staining
(C); CISH of HER2 appears as three to five copies per nucleus (D), CISH using Chr.17cen probe showing polysomy of chromosome 17 as three to five
dots per nucleus (E), and IHC of TAB250 0 staining (F). Original magnification, 400�. Counterstained with hematoxylin.

TABLE 2. Concordance between Fluorescence In Situ Hybridization (FISH) or Chromogenic In Situ Hybridization

(CISH) with Immunohistochemistry (IHC)

FISH or CISH

IHC
Total,
n (%)

TAB250 CB11 A0485

0/1� 2� 3� 0/1� 2� 3� 0/1� 2� 3�

No amplification 50 (81)
Diploid 38 0 0 37 1 0 36 2 0
Polysomy 11 1 0 10 2 0 4 6 2

Amplification 12 (19)
Low 0 0 1 0 0 1 0 0 1
High 1 4 6 1 4 6 0 1 10

Total 50 5 7 48 7 7 40 9 13 62
Percentage 81 19 77 23 64 36

The gray indicates the discordance between FISH or CISH with IHC.

TABLE 3. Special Cases Detected in the Study

Case No. TAB250 CB11 A0485 HER2 CISH Chr.17cen CISH

10 0 1� 2� H 2
24 2� 2� 3� 3–5 3–5
53 0 1� 2� 3–5 1–2
59 1� 1� 2� 4–7 4–7

CISH, chromogenic in situ hybridization.
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In a series of 62 breast cancers, the prevalence of
HER2 amplification was 19% (12 of 62) by FISH and
CISH (Table 2). Among the 12 HER2 amplification
cases, 1 was HER2 low amplification (6–10 gene
copies per nucleus for �50% of tumor cells).

Of 62 tumors tested by HER2 CISH, 28 tumors
had one to two HER2 gene copies/nucleus in tumor
cells. Because there have been no previous reports
of HER2 gene deletion, we consider these 28 tumors
not to have polysomy of chromosome 17.
Chr.17cen CISH was tested in the remaining 34
tumors, and chromosome 17 polysomy was found
in 19 tumors. Therefore, polysomy of chromosome
17 in current study is 31% (19/62). Eight of 12 tumors
(67%) with HER2 amplification were chromosome 17
polysomy. Most of the tumors having chromosome 17
polysomy showed three to five dots per nucleus.
However, one case (Case 59, Table 3) showed four to
seven dots per nucleus. Perhaps it was due to the
presence of numerous cycling cells at S and G2
phases of the cell cycle. Another case (Case 53, Table
3) had three to five HER2 gene copies per nucleus but
had one to two dots per nucleus for chr.17cen probe.
We think this corresponded to has sometimes been
seen by CGH of duplication of chromosome arm 17q
(29 and personal communication with Dr. Jorma
Isola). Therefore, Case 53 was not classified as HER2
amplification.

The concordance between FISH and CISH was
100%.

IHC
HER2 protein high overexpression (3�) was

clearly seen using 10� or 20� objectives in tissue
sections that were counterstained with hematoxylin
(Fig. 2B). HER2 protein weak overexpression (2�)
was clearly distinguishable using 20� and 40� ob-
jectives (Fig. 3C). HER2 protein no overexpression
(0, 1�) was distinguished using 20� and 40� ob-
jectives (Fig. 2D, 3F).

In a series of 62 breast cancers, the prevalence of
HER2 protein overexpression was 19% by TAB250,
23% by CB11, and 36% by A0485 (Table 2). There
was a 97% concordance between the results ob-
tained with the TAB250 and CB11 antibodies. The
concordance between the results obtained with
TAB250 and A0485 or CB11 and A0485 is both 86%.

Correlation of CISH with IHC
The relationship between gene amplification and

protein overexpression of HER2 is illustrated in Ta-
ble 2.

The results of TAB250 and CISH were discordant
in two cases (Cases 10 and 24, Table 3): Case 10 had
HER2 gene amplification but was negative by
TAB250; Case 24 did not have HER2 gene amplifi-

cation but was 2� by TAB250. The results of CB11
and CISH were discordant in four cases: Case 10
had HER2 gene amplification but was negative for
CB11; the other three cases (Case 24 and two other
cases which were not listed in Table 3) did not have
HER2 gene amplification but were 2� by CB11. Two
of these 3 cases had chromosome 17 polysomy. The
results of A0485 and CISH were discordant in ten
cases: all the cases had overexpression of the pro-
tein but were absent of gene amplification (Case 24,
53,59 and other seven cases were not listed in Table
3). Eight of these 10 cases had chromosome 17
polysomy.

With one exception (Case 10 in Table 3), 11 of 12
cases with HER-2 gene amplification detected by
CISH definitely showed positive staining by all
three antibodies. With two exceptions (Cases 10
and 24), all the cases with 3� positive for A0485 had
HER2 amplification. Six of eight (75%) cases with
2� positive by A0485 were negative by TAB250 as
well as by CB11, and were chromosome 17 poly-
somy lacked HER2 amplification. The concordance
between the results of TAB250 and CISH, CB11 and
CISH, and A0485 and CISH were 97%, 94%, and
84%, respectively.

DISCUSSION

For routinely used HER2 testing, accuracy and
ease are essential for starting trastuzumab (Hercep-
tin) therapy for metastasis breast cancer. IHC and
FISH on FFPE tissue are the two methodologies
currently FDA approved for use in HER2 testing. In
our 62 cases, results of FISH and CISH have 100%
agreement. The current version of HER2 FISH is
based on single-color detection, which is similar as
INFORM FISH test (Ventana, Tucson, AZ). The
HER2 CISH is a continuation of FISH with IHC like
reaction. The complete agreement of FISH and
CISH results demonstrated that HER2 CISH is as
sensitive as HER2 FISH. The present study, together
with those of a previous article (28), demonstrated
the utility of CISH, a novel methodology, in the
determination of HER2 amplification in FFPE tu-
mor samples. Interpretation of CISH is performed
using a standard light microscope and permits si-
multaneous evaluation of gene copies, tumor cell
and surrounding tissue morphology on the same
slide. By contrast, tissue morphology is less optimal
with FISH, and it may be necessary to review H&E-
stained sections to definitely identify areas of
invasive carcinoma from carcinoma in situ. This is
a disadvantage of FISH methodology in routine pa-
thology. In addition, FISH takes much longer time
to analyze than CISH, and FISH slides must be
stored at 4° C or lower and are subject to quenching
of the fluorescent signal, whereas CISH-stained
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slides can be stored in standard slide files and the
reaction product is permanent.

The current HER2 CISH is based on single-color
detection. To avoid misinterpretation of gene am-
plification with polysomy, we used the chr.17cen
probe on adjacent sections of the tumors which
have more than two HER2 gene copies per nucleus.
The increased HER2 copy number was evaluated
both as absolute numbers of HER2 or as clusters of
dots per nucleus, and as HER2 copy numbers rela-
tive to chr.17cen copy numbers. By using the HER2
probe and chr.17cen probe on serial sections, si-
multaneous detection of oncogene and chromo-
some copy numbers was ascertained. To evaluate
HER2 CISH, we defined amplification as clusters of
dots or as more than 6 gene copies per nucleus in
�50% of invasive tumor cells; polysomy as three to
five gene copies per nucleus in �50% of invasive
tumor cells; and normal as HER2 CISH showing 1–2
gene copies per nucleus in �50% of invasive tumor
cells. The chr.17cen probe was applied to the tu-
mors that had more than two gene copies per nu-
cleus. It was only informative for Case 59 (Table 3),
which had four to seven HER2 gene copies per
nucleus, because the use of the centromeric probe
confirmed that it was due to chromosome 17 poly-
somy. Although chr.17cen probe confirmed that the
tumor with 6–10 HER2 gene copies per nucleus was
due to HER2 gene low amplification and the tumors
(total 12) with 3–5 HER2 gene copies per nucleus
were due to chromosome 17 polysomy, chr.17cen
probe did not provide more information for these
tumors. As it has been suggested by Tubbs (30), we
suggest that the chr.17cen probe is only necessary
when there are 6–10 HER2 gene copies per nucleus
to confirm HER2 gene amplification, which is rela-
tively rare (one out of 62 cases, 1.6%). We do not
think that 2–4 HER2 gene copies per nucleus can
even be due to gene amplification. In the invasive
breast cancers we studied, chromosome 17 poly-
somy was frequent (31%), which is similar to the
results reported by others (13, 24, 31) and even
more frequent (67%) in the invasive breast cancers
with HER2 amplification.

In term of successful rate of CISH, we found that
the heat pretreatment and pepsin digestion are the
most critical procedures for successful and opti-
mized CISH performance. We have also observed
from recent experiment that successful rate of CISH
was low when over 20-year tissue blocks were used.
In a recent study (42) the authors have employed
CISH for HER2 assessment, in which 2 of 20 cases
examined could not yield interpretable CISH. We
suspect that pepsin digestion was not optimized for
these two cases since pepsin procedure was not
described in the paper.

In the current study, correlations between HER2
CISH with 2� and 3� cases of TAB250, CB11, and

3� cases of A0485 on invasive breast cancers using
FFPE tissue were generally good, and are similar to
that seen in prior studies comparing assays of HER2
gene amplification with those of HER2 protein ex-
pression (6, 20, 24–26, 32, 33). Our study showed
that TAB250 had the lowest misclassification rate
compared with CISH result. All tumors except one
(Case 10) with HER2 gene amplification demon-
strated overexpression of HER2 protein with the
three antibodies used in this study. This outlying
case may present a small-undetermined percentage
that amplified HER2 without overexpression (6, 16,
20, 26). The high rate of concordant results ob-
tained by the two monoclonal antibodies was
shown in this study. The monoclonal antibodies
detected HER2 overexpression in the absence of
gene amplification in 2% (1 of 50, TAB250) to 6% (3
of 50, CB11) of the cases. These results are in agree-
ment with a published range of other studies and
could represent single-copy overexpression at the
transcriptional level and/or beyond (6, 10, 20, 24–
26, 33). Alternatively, it may be due to gene ampli-
fication that is below the detection level of FISH
and CISH. Compared with the monoclonal antibod-
ies, the high level of overexpression of 36% (22 of
62) was detected by the polyclonal antibody A0485,
which is in higher range of 10 to 34% HER2 over-
expression reported in the literature (1). Although
the HercepTest kit was not used in the current
study, the same polyclonal DAKO antibody pro-
vided in the kit with standard heat induced epitope
retrieval was applied. Among the tumors with HER2
overexpression detected by A0485, 36% (8 of 22) did
not have HER2 gene amplification and were nega-
tive by TAB250 and CB11. These discrepancies were
mainly represented by tumors detected as 2� by
A0485. This observation is in agreement with the
recent findings of Ridolfi (11) and Lebeau (16).
When closely investigating the tumors stained 2�
by A0485, 6 of 8 (75%) cases with chromosome 17
polysomy lacked HER2 gene amplification. The
present study demonstrated again that A0485 has
higher sensitivity than other commercially available
antibodies, and it might detect lower levels of pro-
tein expression as suggested by others (5, 16, 34,
35). It has also been reported by several investiga-
tors in independent laboratory facilities that the
HercepTest or A0485 results in significant false-
positive cases (5, 9, 10, 35–37). As discussed by
Pauletti (10), in a subgroup analysis of the phase III
clinical trials that led to approval of trastuzumab
(34), patients with 2� IHC score did not seem to
benefit significantly from trastuzumab therapy (38–
40), and the beneficial treatment effects were
largely limited to patients with the highest levels of
HER2 protein overexpression (3�). In addition, the
study has shown that patients positive by HercepT-
est but negative by TAB250 had the same response
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rate as patients who were TAB250 negative overall
(41). Some investigators suggested a revised scoring
system by subtracting the level of staining of non-
neoplastic epithelium to improve HercepTest spec-
ificity (5). However, many tumor specimens in our
series did not contain nonneoplastic epithelium,
therefore we could not apply this scheme in current
study. A major advantage of CISH and IHC as an in
situ-based technology is their ability to combine
molecular diagnosis with histological examination
of the tissue. A combinatorial strategy using IHC
and CISH should provide comprehensive and valu-
able information on both HER2 protein concentra-
tions and gene amplification to help clinicians
make crucial management decisions.

In summary, we have documented a complete
agreement between CISH and FISH, and a high
level of concordance between CISH and IHC, espe-
cially between CISH and monoclonal antibody
TAB250, in the evaluation of HER2 status on inva-
sive breast carcinoma. Sixty-seven percent of the
tumors that were scored as 2� by polyclonal anti-
body A0485 were negative by TAB250 and CB11,
and did not show HER2 gene amplification but
showed chromosome 17 polysomy. In agreement
with the study by Tanner (28), the present study
confirmed the validity of CISH methodology. If
such consistency can be reproduced in other labo-
ratories, CISH could prove to be truly valuable in
clinical practice.
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