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Her-2/neu, a proto-oncogene located on chromosome
17, is an important biomarker in breast carcinoma.
Immunohistochemistry (IHC) is currently the most
widely used method for assessing Her-2/neu status.
Some IHC-positive cases do not show Her-2/neu gene
amplification by fluorescence in situ hybridization
(FISH). It has been suggested that some of these IHC
“false positive” results may in part be due to increased
copy number of chromosome 17 resulting in in-
creased Her-2/neu protein expression. We analyzed
IHC and FISH data from 561 cases of invasive breast
carcinoma to test this hypothesis. IHC and FISH for
Her-2/neu were performed on formalin-fixed, paraffin-
embedded sections of 561 invasive breast carcinomas.
The IHC results were interpreted as 0, 1+, 2+, or 3+
according to the manufacturer’s recommended criteria.
The FISH results were expressed as a ratio of Her-2/neu/
chromosome 17 and were interpreted as positive (> =
2.0) or negative (<2.0) for gene amplification according
to the manufacturer’s recommended scoring system.
We found that in IHC 3+/FISH-negative cases (n = 15)
both the average chromosome 17 copy number and the
average Her-2/neu copy number were significantly
higher than that in IHC (0 to 2+)/FISH-negative cases
(m = 411) (2.45 vs. 1.68; P < 0.0001, and 3.19 vs. 1.95;
P < 0.0001, respectively). In contrast, the IHC 2+/FISH-
negative cases did not exhibit a significantly increased
number of chromosome 17 compared to IHC 0 to 1+
cases. In addition, the average copy number of chromo-
some 17 in FISH-positive cases (z = 135) was signifi-
cantly higher than that in FISH-negative cases (n = 426)
(2.27 vs. 1.70; P < 0.0001), indicating a general associ-
ation of increased chromosome 17 copy number with
Her-2/neu gene amplification. Thus, our data suggest
that IHC 3+ immunostaining without scorable gene am-
plification may indeed be, at least in some cases, the
result of increased Her-2/neu protein expression sec-
ondary to an increased copy number of chromosome
17, associated with an increased total number of Her-2/
neu gene copies per tumor cell. (J Mol Diagn 2003,
5:155-159)

Her-2/neu (also known as c-erbB2 or ERBB?2) is a proto-
oncogene located on chromosome 17. It encodes a
transmembrane growth factor receptor with tyrosine ki-
nase activity. Overexpression and/or amplification of Her-
2/neu is detected in approximately 20% to 30% of inva-
sive ductal carcinomas of the breast.”* It has been well
documented that overexpression and/or amplification of
Her-2/neu is associated with poor prognosis.’*” Pa-
tients with increased expression of Her-2/neu also show a
poorer response to non-anthracycline containing cytotox-
ic®"" and hormonal'®'* therapies. With the introduction
of Herceptin, a recombinant “humanized” monoclonal
antibody against Her-2/neu for treatment of metastatic
breast cancer, the accurate assessment of Her-2/neu
status has become essential in determining the clinical
management of breast cancer patients.

Immunohistochemistry (IHC) and fluorescence in situ
hybridization (FISH) have emerged as the two most
widely used methods to evaluate Her2/neu status in
breast cancer. Numerous studies have shown that the
overexpression of Her-2/neu protein is closely correlated
with amplification of Her-2/neu gene in the IHC 3+ cases,
but not in the IHC 2+ cases.** 57" The positive Her-2/
neu immunostains with no evidence of Her-2/neu gene
amplification have sometimes been considered “false
positive,” particularly in the IHC 2+ cases. Chromosomal
aneusomy affecting chromosome 17 occurs in breast
carcinomas and may complicate the scoring of Her-2/neu
amplification.'®'® In this study, we sought to address the
issue of chromosome 17 polysomy as a contributing fac-
tor to strong positive Her-2/neu immunostaining in the
absence of Her-2/neu amplification as scored by dual-
color FISH.

Materials and Methods

Case Selection

Among cases received for Her-2/neu testing, all cases of
invasive breast carcinoma during a 5-month period and
additional IHC 3+ cases during the following 8 months
were included in this study. There were a total of 561
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Table 1. Summary Data on Average Chromosome 17 Copy Number and Her-2/neu Gene Copies per Tumor Nucleus

FISH negative (Her-2/chr 17 ratio < 2.0)

FISH positive (Her-2/chr 17 ratio = 2.0)

Chr 17 copy number

Her-2 copy number

Chr 17 copy number Her-2 copy number

IHC N (range) (range) N (range) (range)

0 202 1.67 (1.03-4.28) 1.87 (1.04-4.71) 2 1.60 (1.44-1.77) 6.46 (4.25-8.67)
1+ 166 1.67 (1.15-3.20) 1.98 (1.10-4.94) 4 2.57 (1.96-3.44) 9.21(3.92-14.1)
2+ 43 1.75 (1.00-3.00) 2.19 (1.00-3.86) 20 1.95 (1.03-3.38) 6.87 (2.07-20.4)
3+ 15 2.45 (1.85-3.69) 3.19 (1.85-5.21) 109 2.33 (1.07-4.96) 11.0 (3.21-40.7)
Total 426 1.70 (1.00-4.28) 135 2.27 (1.03-4.96)

N, number of cases.

cases. All IHC and FISH tests were performed in the
Department of Pathology at Memorial Sloan-Kettering
Cancer Center.

Immunohistochemistry and FISH

Serial sections of 4- to 5-um thick were used for both IHC
and FISH tests. IHC was performed using HercepTest kit
(DAKO, Carpinteria, CA) and the results were interpreted
as negative (0 or 1+) or positive (2+ or 3+) according to
the manufacturer's recommended scoring system.

The PathVysion Her-2/neu probe kit (Vysis Inc, Down-
ers Grove, IL) was used for the FISH analysis. In brief, the
sections were baked overnight at 56°C, and the invasive
carcinoma components were located on a corresponding
H&E stained section. Unstained sections were deparaf-
finized in CitriSolv (Vysis Inc, Downers Grove, IL), dehy-
drated in 100% ethanol, and air-dried. Slides were then
subjected to protease digestion for 45 to 60 minutes,
denatured, and hybridized with pre-warmed probes
(Her2/neu/CEP17 SG probe; Vysis) overnight at 37°C.
They were then washed with post-hybridization wash
buffer at 72°C and counterstained with DAPI, mounted,
and stored in dark before signal enumeration. Slides
were first scanned at low power using a DAPI filter to
identify areas of optimal tissue digestion and non-over-
lapping nuclei. The number of chromosome 17 signals,
Her-2/neu signals, and the number of tumor nuclei
scored were recorded for each case. Cases were inter-
preted as amplified when the ratio of Her-2/chromo-
some17 signals was equal or greater than 2.0.

Statistics

The statistical analyses were performed using the Mann-
Whitney test. All reported P values are two-tailed.

Results

The data are summarized in Table 1. Among the 561
tumors tested, Her-2/neu was negative by both IHC (0 or
1+) and FISH methods in 368 tumors (Table 1). The
average copy number of chromosome 17 in these tumors
was 1.67 per tumor cell. This value of less than 2.0 copies
per cell reflects the partial loss of nuclear material due to
truncation of the tumor nuclei in the 4- to 5-um thick

sections used for the tests since breast carcinoma nuclei
are generally greater than 5 um in diameter.

There were a total of 58 cases that were Her-2/neu
positive by IHC (43 cases of IHC 2+ and 15 cases of IHC
3+), but negative by FISH (Table 1). The average copy
number of chromosome 17 in IHC 3+/FISH-negative
cases (n = 15) (Figure 1) was significantly higher than
that in IHC (0 to 2+)/FISH-negative cases (n = 411) (2.45
vs. 1.68; P < 0.0001), whereas the IHC 2+/FISH-negative
cases did not exhibit a significantly increased copy num-
ber of chromosome 17 in comparison to the IHC-nega-
tive/FISH-negative cases (1.75 vs. 1.67).

The data also demonstrated that the average chromo-
some 17 copy number in FISH-positive tumors (n = 135)
overall was significantly higher than that in FISH-negative
tumors (n = 426) (2.27 vs. 1.70; P < 0.0001), indicating
that polysomy 17 was more commonly seen in tumors
with Her-2/neu gene amplification.

When the data were analyzed based on the absolute or
unadjusted Her-2/neu signals, ie, Her-2/neu gene copies,
per tumor nucleus, the impact of polysomy 17 could be
clearly seen (Table 1). The average Her-2/neu gene copy
number in IHC 3+/FISH-negative tumors (n = 15) was
significantly higher than that in IHC 0 to 2+/FISH-negative
tumors (n = 411) (3.19 vs. 1.95; P < 0.0001). The detailed
data on these 15 tumors are presented in Table 2.

Discussion

Studies have shown that occasional breast carcinomas
with Her-2/neu IHC 3+ immunostaining may be negative
for gene amplification by FISH according to standard
scoring criteria.’®'72° The FISH method is technically
more standardized and less affected by tissue variables
than the IHC method, and has emerged as the gold
standard for assessment of Her-2/neu gene amplification
status. The findings of IHC 3+ staining without gene
amplification has been generally attributed to two factors:
false positive immunostaining or protein overexpression
without gene amplification. Our data provide the evi-
dence for a third factor, namely chromosome 17 aneu-
ploidy or polysomy.

Our data show that tumors with Her-2/neu gene ampli-
fication had significantly more copies of chromosome 17
than tumors without Her-2/neu gene amplification. This
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Polysomy 17
Her-2 not amplified

IHC 3+

may reflect the fact that both DNA aneuploidy and Her-
2/neu gene amplification tend to occur more frequently in
poorly differentiated high-grade carcinomas. 92122 Poly-
somy 17 in these tumors would have an additive effect
with genuine Her-2/neu amplification and contribute to
the overall increase of Her-2/neu gene copies in the
tumor cells. Similarly but less dramatically, polysomy 17

Her-2 amplified

Figure 1. Representative examples of IHC (X10) and FISH (X100) images of Her-2/neu. A and B: A case of IHC 3+ /FISH-negative. C and D: A case of IHC 3+
and FISH-positive.

in the absence of Her-2/neu gene amplification would
result in a modest increase of Her-2/neu gene copies in
the tumor cells. This modest but significant increase as
demonstrated in this study in the Her-2/neu gene copies
may result, in some cases, in an increased Her-2/neu
protein production to the level that could be demon-
strated by IHC staining as strong as 3+.
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Table 2. FISH data on 15 Tumors with IHC 3+/FISH-
Negative Results
Case Chrosome 17 Her-2/neu gene
number  FISH ratio  copy number copy number
1 1 1.85 1.85
2 1 1.96 1.89
3 1 2.18 2.21
4 1 2.32 2.42
5 1 2.57 2.57
6 1.2 2.32 2.72
7 1.5 1.93 2.98
8 1.3 2.31 3.03
9 1.2 2.72 3.34
10 1.7 1.96 3.27
11 1.4 2.54 3.50
12 1.6 2.52 3.91
13 1.1 3.69 417
14 1.7 2.86 4.75
15 1.7 3.07 5.30

It should be noted that the average chromosome 17
copy number per nucleus for each tumor varied from 1.00
to 4.28 among FISH-negative tumors and from 1.03 to
4.96 among FISH-positive tumors in this study. The value
of equal or close to 1.0 may be the result of nuclear
truncation or true loss of chromosome 17 in the tumor
cells.’®2" This brings out a technical issue of the FISH
assay. A positive result in a dual-color FISH assay is
defined as a ratio of Her-2/neu signal/chromosome 17
signal equal or greater than 2.0. A positive result in a
single-color FISH assay, where only the Her-2/neu signal
is detected, is usually defined as a number of Her-2/neu
signals equal or greater than 4.0. Thus, there will be
cases that are FISH negative using the dual-color system,
but positive in the single-color system due to polysomy
17. Vice versa, positive cases in the dual-color assay
could be negative in the single-color assay due to nu-
clear truncation or chromosome 17 monosomy. These
discrepant results usually occur in tumors of borderline
Her-2/neu amplification, whose clinical response to Her-
ceptin-based therapy remains to be systematically stud-
ied. In addition, Grushko et al®® have shown that border-
line/low-level Her-2/neu amplification is more often seen
in BRCAT-associated than in sporadic breast cancers.
The overall frequency of borderline/low-level Her-2/neu
amplification (ratio of 1.7 to 2.5) in the current study was
8.5%, which is in line with the reported frequency for
sporadic tumors. The frequency of polysomy 17 in this
subset of tumors did not differ from the entire group, that
is, an increased chromosome 17 copy number was ob-
served in IHC 3+ cases, but not in IHC 0 to 2+ cases.

The finding that the IHC 2+/FISH-negative tumors
were not associated with chromosome 17 polysomy sug-
gests that this group of tumors may behave more similarly
to the IHC-negative (0 to 1+)/FISH-negative tumors than
to the IHC 3+/FISH-negative tumors and may be truly
Her-2/neu negative in a biological and clinical sense.

We also identified tumors with increased copy number
of chromosome 17 or even Her-2/neu amplification that
showed no Her-2/neu immunostaining, ie, IHC 0. Con-
versely, not all tumors in the IHC 3+/FISH-negative group
showed markedly increased chromosome 17 copy num-

ber. Thus, while the increased chromosome 17 copy
number in tumors without Her-2/neu amplification is sta-
tistically associated with “false positive” IHC 3+ staining,
it is not strictly sufficient or absolutely necessary for the
IHC 3+ staining in these tumors.

The important issues of biological behavior and thera-
peutic response of this subset of tumors remain to be
addressed. Since, as our data demonstrated, the aver-
age chromosome 17 copy number in FISH-positive tu-
mors, regardless of IHC status, was significantly higher
than that in FISH-negative tumors, and increased number of
chromosome 17 and Her-2/neu gene copy was statistically
associated with the strong IHC (3+) staining, it will be
reasonable to examine whether these IHC 3+/FISH-nega-
tive tumors with polysomy 17 are biologically distinct from
other FISH-negative tumors and more similar to tumors with
conventional Her-2/neu amplification, especially in terms of
their response to Herceptin-based therapy.
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