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Her-2/neu (H2N) status in breast carcinoma has
been considered a prognostic factor that may have
therapeutic implications; however, the correlation be-
tween H2N overexpression and gene amplification has
not been completely defined. A consecutive series of
ductal carcinomas (34 invasive and 7 in situ) were
analyzed by fluorescent in situ hybridization for H2N
gene and chromosome 17 copy number using touch
preps of intact cells and by immunohistochemistry,
using three different commercial antibodies to H2N
protein (Zymed, clone 31G7; Ventana, clone CB11;
and Dako, polyclonal) in corresponding formalin-
fixed, paraffin-embedded tissue sections. Gene ampli-
fication was classified as unequivocal if more than five
signals were present in more than 80% of the counted
nuclei and absent if more than 80% of the nuclei
counted contained two or fewer gene copies. Cases
that did not fulfill the above criteria were considered
equivocal for amplification. Immunostaining was
classified as follows: 0 5 no staining; 11 5 faint, in-
complete membranous pattern; 21 5 moderate,
complete membranous pattern; 31 5 strong mem-
branous pattern. Of the 34 invasive tumors, 10 (29%)
had unequivocal gene amplification. Furthermore, all
had more than 10 copies of the gene in more than 60%
of the counted nuclei. An additional nine cases (26%)
had equivocal amplification, which was usually the
result of chromosome 17 aneuploidy (seven of nine)
or heterogeneity. With the Zymed and Dako antibod-
ies, all tumors with 31 staining had unequivocal gene
amplification and all cases with 21, 11, or 0 staining
were negative or equivocal for gene amplification.

With the Ventana antibody, all cases with 31 staining
had unequivocal gene amplification, but two cases
with unequivocal amplification by fluorescent in situ
hybridization exhibited 11 staining. Moderate (21)
H2N staining was observed in one case, three cases,
and five cases with the Ventana, Dako, and Zymed
reagents, respectively, and did not correlate with H2N
gene copy number. Discordance between H2N and
chromosome 17 copy number was not a useful means
of defining amplification. Two cases of ductal carci-
noma in situ with the Zymed antibody and two with
the Dako antibody showed 31 staining despite lack of
unequivocal gene amplification. We conclude that (1)
strong H2N immunostaining is highly associated with
gene amplification, although there is minor variation
in sensitivity between different antibodies; (2) a subset
of breast carcinomas (3 to 15%) demonstrate moder-
ate H2N staining without evidence of amplification,
and it is unclear whether they represent highly sensi-
tive staining or are a subset of cases that show over-
expression without amplification; (3) gene amplifica-
tion, as detected by fluorescent in situ hybridization, is
associated with at least 10 gene copies per nucleus,
and lower gene copy duplication (3 to 4/nucleus) is
frequent, usually the result of chromosome 17 poly-
somy, and not associated with high-level overexpres-
sion; (5) overexpression of H2N without amplification
may be more frequent in ductal carcinoma in situ,
implying a different role in the biology of preinvasive
versus invasive neoplasm.
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Her-2/neu (H2N) status in breast carcinoma has
long been implicated as a prognostic biomarker (1,
2), and recent studies suggest that it may be a
determinant of response to adjuvant therapy (3, 4).
Thus, determination of H2N status in breast cancer
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has assumed clinical importance. Two methods
may be used to assess H2N status in clinical sam-
ples. Fluorescent in situ hybridization (FISH) uses
sequence complementary DNA probes to quantify
cellular H2N gene copy number. It is more easily
implemented and interpreted than molecular-level
techniques, such as Southern blot (5). FISH is also
capable of evaluating the number of H2N gene cop-
ies relative to chromosome 17 number, which dis-
tinguishes gene amplification from chromosomal
aneuploidy. Despite the objective and quantitative
nature of FISH, application of the technology in
tissue sections is complicated by nuclear truncation
(slicing), which obscures enumeration of signals.
Because of wider accessibility, immunohistochem-
istry (IHC) is most frequently used to assess H2N
and is likely to become the standard for determin-
ing H2N status. However, IHC is subject to a num-
ber of technical artifacts, sensitivity differences be-
tween different antibodies (6), and subjective
interpretation. Thus, widespread clinical applica-
tion requires validation, partly by comparisons with
more objective assays.

In this study, we prospectively compared IHC
with FISH to determine H2N status in a represen-
tative group of breast carcinomas. By performing
“two color” FISH (for H2N and chromosome 17)
using touch preps of intact cells, we were able to
optimize quantitation of H2N copy status. From the
same tissue slice used for FISH, we then compared
H2N staining pattern using three different commer-
cial antibodies. Thus, we were able to account for
most artifacts that commonly have an impact on
assay of H2N. Our first objective was to provide an
independent and unbiased technical comparison of
the technology used to determine H2N status. We
were also interested in quantitatively evaluating the
relationship between H2N gene copy status and
chromosome 17 number and their association with
protein expression.

MATERIALS AND METHODS

Sample Procurement
A series of 41 mastectomy or lumpectomy spec-

imens that were received at the Harper Hospital
Department of Pathology during 1998 were used for
the study. Upon the specimens’ arrival to the tissue
laboratory, the margins were denoted with ink and
the tissue was serially sectioned when fresh and
unfixed. Intact cells from the grossly identified neo-
plasm were scraped from the cut surface with a
scalpel blade and placed on a sialanized slide, im-
mediately fixed in methanol/acetic acid, and then
used for FISH analysis. The area of the tumor from
where the scrape was obtained was then submitted
in a designated cassette. After routine processing

and paraffin embedding, this block was used for
IHC.

Immunohistochemistry

Zymed Antibody
After deparaffinization, slides were placed on the

Ventana ES automated immunostainer and stained
with the following protocol: Protease 2, 4 min, and
primary antibody, c-erbB-2 (Zymed Laboratories,
San Francisco, CA; clone TAB250), 1:10 dilution, for
32 min. The staining was completed with the
3-amino-3-ethylcarbazole (AEC) detection kit (Sig-
ma, St. Louis, MO), and slides were counterstained
with hematoxylin.

Ventana Antibody
After deparaffinization, slides were placed on the

Ventana ES automated immunostainer and stained
with c-erbB-2 antibody (Ventana Laboratories, Tuc-
son, AZ; clone CB11) for 32 min. The staining was
completed with the AEC detection kit, and slides
were counterstained with hematoxylin. No enzyme
digestion was used.

Dako Antibody
Sections were placed in citrate buffer, 10 mM, pH

6.0, microwaved on high for 15 min, and sat in hot
buffer for an additional 15 min. Sections were then
placed on the Ventana automated stainer using the
following protocol: primary polyclonal c-erbB-2 an-
tibody (Dako Laboratories, Carpinteria, CA), 1:200
dilution, incubated for 32 min and followed by the
AEC detection protocol. Sections were then coun-
terstained with hematoxylin.

All of the above protocols were conducted ac-
cording to the manufacturers’ recommendations.
The same known H2N-positive case of invasive
ductal carcinoma was used for positive immuno-
staining control with the three antibodies, and con-
ditions were kept constant to maintain uniform the
intensity of the staining in the control throughout
the experiment. For negative control, the tissue was
processed in the same way, except that the primary
antibody was omitted (buffer substitution).

Interpretation
All slides were reviewed by two pathologists, who

were unaware of the status of the gene amplifica-
tion. Each slide was scored according to the follow-
ing scale:

• No discernible staining or, at most, faint,
background-type staining without localization
to the plasma membrane.

• 11: These cases were easily confused with 0
staining from low power. Examination under
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high power revealed faint (usually focal) stain-
ing with a discernible but incomplete plasma
membrane pattern (Fig. 1).

• 21: Tissue staining in this type of case was
recognized at low power, but examination un-
der high power was necessary to identify a
complete, unequivocal membranous staining
pattern (Fig. 2).

• 31: Strong complete plasma membrane pat-
tern that could be appreciated at low power
(Fig. 3).

In addition, the approximate percentage of tu-
mor cells that showed staining was recorded. Fi-
nally, staining of accompanying benign epithelium,
if present, was also scored as noted above.

FISH
Thirty-six cases were hybridized using probes

purchased from Oncor (Gaithersburg, MD), and 10
cases were hybridized using probes purchased from
Vysis (Downers Grove, IL). Five cases were hybrid-
ized using both probes, and the results were com-
parable.

Oncor Probe
Genomic sequence probes for c-erbB-2 and chro-

mosome 17 alpha-satellite probes were applied
separately to two different slides. Both probes were
digoxigenin conjugated. Hybridization was per-
formed in two slides as follows: After slide dehydra-
tion with graded ethanol washes, denaturation was
performed by incubation in 70% formamide 2 3
standard saline citrate solution at 70° C. Hybridiza-
tion was carried out in a humidified chamber (4- to
16-hour incubations at 43° C). After washes in for-
mamide and phosphate buffer detergent solution,
pH 8.0, rhodamine antidigoxigenin/FITC-avidin
was applied to slides (45 ml; 15 min at 37° C). Nuclei
were counterstained with DAPI (Sigma) and then
examined using a fluorescence microscope.

Vysis Probe
Ten cases were simultaneously hybridized with a

locus-specific identification probe for c-erbB-2
(spectrum orange) and a chromosome 17 centro-
mere enumeration probe (spectrum green). Dehy-
dration and denaturation were performed as de-
scribed above, and hybridization was done as
described in the probe preparation section of the
Vysis centromere enumeration probe and locus-
specific identification protocol. Nuclei were coun-
terstained with DAPI and then examined using a
fluorescence microscope.

Cell Counting
All cell counts were performed by one investiga-

tor (TW) in a Zeiss Axioscope. Between 100 and 300
nonoverlapped nuclei were counted for each hy-
bridization, and signals were recorded and tabu-
lated in the following categories: 1 to 2 signals per
nucleus (spn), 3 spn, 4 spn, 5 to 10 spn, 11 to 20 spn,
and more than 20 spn.

Interpretation
H2N gene amplification was classified as un-

equivocally present if more than five copies of the
gene were present in more than 80% of the counted
nuclei. Amplification was absent if more than 80%

FIGURE 1. 11 staining. Faint, focal, and incomplete membranous
pattern (c-erbB-2 mouse monoclonal antibody).

FIGURE 2. 21 staining. Complete membranous pattern, moderate
intensity (c-erbB-2 mouse monoclonal antibody).

FIGURE 3. 31 staining. Strong, complete membranous pattern (c-
erbB-2 mouse monoclonal antibody).

Her-2/neu Status in Breast Carcinoma (R.E. Jimenez et al.) 39



of the nuclei counted contained two or fewer gene
copies. Cases that did not fulfill these criteria were
considered as having equivocal amplification. In
addition, tumors were classified as monosomic, di-
somic, trisomic, or tetrasomic if more than 80% of
nuclei contained one, two, three, or four copies of
chromosome 17, respectively. Cases that did not
fulfill these criteria were classified as heterogeneous
and contained a variable number of chromosome
copies per nuclei (Fig. 4). By analyzing the relation-
ship between the number of copies of the H2N gene
and the number of chromosomes 17, we classified
each case as discordant or concordant. Discordant
cases were those in which the difference between
H2N gene copies and chromosome 17 copies within
each number category was more than 15%.

RESULTS

Histology
Of the 41 cases, 7 (17%) were ductal carcinomas

in situ and 34 (83%) were invasive tumors, of which
10 cases had an in situ component in the slide
examined. Seven of the invasive tumors (21%) were
moderately differentiated, whereas 27 (79%) were
poorly differentiated. Thirty-one (75%) cases had
lymph node sampling at the time of the procedure,
of which 17 (55%) were negative and 14 (45%) were
positive for metastatic carcinoma. Of the seven in
situ tumors, one (14%) was low grade, four (57%)
were intermediate grade, and two (29%) were high
grade.

Immunohistochemistry
Table 1 shows the immunostaining results for the

invasive tumors (n 5 34). With the Zymed antibody,
14 were negative, 5 had 11 staining pattern, 5 had
21 staining pattern, and 10 had 31 staining pat-
tern. Benign areas showed weak and focal (11)
staining in 39% of cases, predominantly in the pe-
riphery of the tissue section. It was seen in cases

with 0 (4 of 12), 11 (1 of 5), 21 (2 of 4), and 31 (4
of 7) staining of the malignant epithelium. With the
Ventana antibody, 16 cases were negative, 9 had 11
staining, 1 had 21 staining, and 8 had 31 staining.
Thirty-three percent of cases that contained non-
neoplastic epithelium showed staining of the be-
nign cells. Again, all staining was 11 and was seen
less frequently in cases with 0 (3 of 14) or 11 (1 of
3) versus 21 (1 of 1) or 31 (3 of 6) staining of the
malignant epithelium. With the Dako antibody, 15
cases showed no staining of the tumor cells, 6 had
11 staining, 3 had 21 staining, and 10 had 31
staining. Only 3 (11%) of the cases that contained
non-neoplastic epithelium showed staining (11) of
accompanying benign epithelium.

There was a strong relationship between the pro-
portion of immunoreactive neoplastic cells and the
intensity of staining for each antibody (Table 1).
The mean percentage of immunoreactive tumor
cells was 31% for 11 staining, 60% for 21 staining,
and 86% for 31 staining with the Zymed antibody;
27% for 11 staining, 90% (only one case) for 21
staining, and 83% for 31 staining with the Ventana
antibody; and 38% for 11 staining, 63% for 21
staining, and 90% for 31 staining with the Dako
antibody. However, three cases with 31 staining
with the Zymed antibody had only 50 to 60% of cells
staining. With the Ventana antibody, three 31-
staining cases had 40%, 60%, and 70% of the cells
staining, and with the Dako antibody, one 31-
staining case had 60% and another one had 70% of
the cells staining. If we look at the 11 staining
cases, one case with the Zymed antibody, one with
the Ventana antibody, and two with the Dako anti-
body had more than 80% of the cells staining. Of
the 10 cases that contained both an in situ and an
invasive component, 4 had 31 staining in both
components and 3 had 0 staining in both compo-
nents (i.e., with all three antibodies). Of the remain-
ing three, one case showed 11 staining of the in-
vasive component and 21 staining of the in situ
component with the Dako and Zymed antibodies,
and another one showed this phenomenon only
with the Dako antibody.

FIGURE 4. Chromosome 17 alpha centromere labeling by FISH. Note
the variable number of signals within each nucleus (heterogeneity).

TABLE 1. Overall Staining versus Antibody

Antibody 0 11 21 31

Zymed 14 5 5 10
Mean % of cells stained – 31 60 86
% with benign epithelium staining 33 20 50 57

Ventana 16 9 1 8
Mean % of cells stained – 27 90 83
% with benign epithelium staining 21 35 100 50

Dako 15 6 3 10
Mean % of cells stained – 38 63 90
% with benign epithelium staining 0 40 0 13
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FISH
Ten of 34 (29%) invasive tumors had unequivocal

amplification of the H2N gene. Eight of these cases
had more than 80% of nuclei with more than 10
spn, and the other two had more than 60% of nuclei
with more than 10 spn. Amplified tumors typically
contained large numbers of signals (20 to 50), often
distributed in clusters (Fig. 5). Nine cases (26%)
exhibited equivocal amplification; in each of these
cases, there was heterogeneous distribution of gene
copy number per nucleus. All had at least some
nuclei with more than 5 copies, but only one ex-
hibited a significant proportion of nuclei (7%) with
more than 10 copies of the gene. Five of the nine
hybridizations were also heterogeneous with re-
spect to chromosome 17 copy number.

Of the invasive tumors, 3 had chromosome 17
monosomy, 14 were disomic, 2 were trisomic, 3
were tetrasomic, and 12 were heterogeneous. Table
2 shows the relationship between gene amplifica-
tion status and chromosome 17 status. Whereas the
negative amplification cases were predominantly
disomic (9 of 15), most of the equivocal cases were
aneusomic (8 of 9). Note that a significant number
of amplified tumors were also disomic (4 of 10).
Table 2 also shows the relationship between the
number of H2N gene copies and the number of
chromosome 17 copies. All amplified cases were
discordant (i.e., H2N copies exceeded chromosome
17 copies). However, discordance was also seen in
three cases with equivocal amplification and in four
cases with negative amplification status. Of these,
three had most cells with double the number of
chromosome 17 copies relative to H2N gene copy
number (4:2, 4:2, 2:1), whereas in one case, the
opposite was true (1:2). Note that most cases of
equivocal amplification (six of nine) were concor-
dant, suggesting that the increased H2N gene cop-
ies were due to chromosome 17 aneuploidy.

Table 3 summarizes the relationship between
H2N staining and amplification status in the inva-
sive tumors. With the Zymed antibody, all 31 tu-
mors had unequivocal gene amplification and all
unequivocally amplified tumors had 31 staining.
All 21 staining cases had negative (n 5 3) or equiv-
ocal (n 5 2) gene amplification. Two 11 staining
cases were equivocal for gene amplification, and
three were negative. Cases with no staining were
negative (n 5 9) or equivocal (n 5 5) for gene
amplification. With the Ventana antibody, all 31
had unequivocal gene amplification; however, two
cases with unequivocal amplification by FISH ex-
hibited 11 staining. Repeated processing of these
two cases rendered the same results. Whereas the
21 staining case was negative for amplification, the
11 cases had negative (n 5 2), equivocal (n 5 5), or
unequivocal (n 5 2) gene amplification by FISH.
Twelve cases with 0 staining were negative, and 4
were equivocal for gene amplification. With the
Dako antibody, all 31 staining tumors (n 5 10) had
unequivocal gene amplification and all unequivo-
cally amplified tumors showed 31 staining. The 21
staining tumors showed negative (n 5 2) or equiv-
ocal (n 5 1) gene amplification, the 11 cases
showed negative (n 5 5) or equivocal (n 5 1) am-
plification, and the 0 staining cases showed nega-
tive (n 5 8) or equivocal (n 5 7) gene amplification
by FISH. Thus, of seven cases that showed 21 stain-
ing with any antibody, four (57%) had negative gene
amplification and three (43%) had equivocal ampli-
fication.

Ductal Carcinoma In Situ Cases
Table 4 summarizes the findings in the seven

ductal carcinomas in situ (DCIS). Four of the seven
cases were heterogeneous with regard to chromo-
some 17 copies. Two cases (both discordant) had
unequivocal gene amplification, three (all concor-
dant) were equivocal, and two (both concordant)
were negative. With the Zymed antibody, one case
with no staining was equivocal for gene amplifica-
tion; two cases with 21 staining were negative (n 5
1) or equivocal (n 5 1); and four cases with 31 had
unequivocal (n 5 2), equivocal (n 5 1), and nega-
tive (n 5 1) amplification. With the Ventana anti-
body, three cases with 11 staining were equivocal
(n 5 2) or negative (n 5 1) for gene amplification,
two cases with 21 staining were equivocal (n 5 1)
and negative (n 5 1) for gene amplification, and
two cases with 31 staining were unequivocally am-
plified. With the Dako antibody, three cases with
21 staining were equivocal (n 5 2) or negative (n 5
1) for gene amplification and four cases with 31
staining were negative (n 5 1), equivocal (n 5 1), or
unequivocal (n 5 2) for gene amplification. Thus,
31 staining (i.e., overexpression) with no gene am-

FIGURE 5. Her-2/neu (H2N) gene amplification. Numerous (more
than 20) signals are present within each nucleus. Cases with 31
immunostaining were invariably associated with high H2N copy
number. Note the smaller size of the H2N signal compared with that of
chromosome 17 in Figure 4. (Because photographs are taken from an
intact spherical nucleus, florescent signals may be in different levels of
focus and may appear blurred.)
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plification was observed only in DCIS tumors and
occurred with two of the three antibodies.

DISCUSSION

The H2N gene encodes a transmembrane protein
with an extracellular growth factor receptor domain
and an intracellular tyrosine kinase domain (7).
H2N has been associated with a poor prognosis in
breast carcinoma, particularly in node-positive pa-
tients (8) and in at least a subset of node-negative
patients (2). Some authors have suggested that the
prognostic value of H2N reflects responsiveness to
chemotherapy (3). The recent development of a
therapeutic anti-H2N antibody has driven further
interest in determining H2N status in breast carci-
noma (4, 9).

FISH has become an increasingly popular tech-
nique to determine H2N status in breast (3, 10 –13)
and other carcinomas (14 –19), by quantitation of
gene copy duplication. Most studies of H2N status
in breast cancer using FISH, however, have been
performed in archival, formalin-fixed, paraffin-
embedded tissue (10, 13). Although this technique
provides optimal correlation between morphology
and hybridization findings, it introduces fixation
and, most important, sectioning artifacts that may
interfere with the interpretation and quantification
of signals. Furthermore, signals from hybridizations

performed in touch preps containing whole nuclei
are, in contrast, larger and brighter, well delineated
from surrounding cells, and thus more readily
counted and not numerically altered by sectioning
artifacts (20). Because the background of stroma
and inflammatory cells is usually underrepresented
at the time of preparing the smear, contamination
by these cells is minimal and, in any event, easily
identified. Our study thereby optimized the analysis
of H2N gene copy status.

Studies in the literature using FISH are difficult to
compare because of the differences in criteria to
define amplification; these include the ratio be-
tween gene copies to chromosome 17 copies (11,
12), an absolute number of gene copies (16, 21), and
the mean number of copies (10). Variability of cri-
teria reflects attempts to correct for artifacts, as well
as intrinsic tumor heterogeneity. We found 29% of
invasive tumor cases to have unequivocal amplifi-
cation (per our definition) of the H2N, which is
comparable to previously published literature (3, 5,
10, 22). Our data show that there is a discrete,
well-defined subset of breast carcinomas with more
than 10 copies of the H2N gene in most tumor-cell
nuclei. In all such cases, H2N signal gain was dis-
proportionate compared with chromosome 17 sig-
nals. With the use of intact cells, such tumors are
readily distinguished from tumors with equivocal
amplification (i.e., fewer than five copies of the
nuclei in the majority of the cells), which is usually
secondary to chromosome 17 polysomy or tumor
heterogeneity. In either event, equivocal amplifica-
tion does not translate into strong (31) protein
overexpression. Xing et al. (10) identified a subset of
patients with what they defined as “low-grade am-
plification” (mean signal number, 2 to 8/nucleus).
This group had a significantly lower incidence of
recurrence compared with the high-grade amplifi-
cation cases. They did not, however, correct for the
presence of chromosome 17 aneuploidy. Other au-
thors have obviated this problem by defining am-
plification on the basis of the ratio of H2N signals to
the chromosome 17 copy number (11, 12). Our data
suggest that this may result in a significant number
of false positives, because discordance may be ob-

TABLE 2. Chromosome 17 Ploidy, Amplification Status, and Concordance Between H2N Gene Copies and

Chromosome 17 Centromere Copies in Invasive Tumors

Chromosome
17 Ploidy

Amplified Equivocal Negative Total Concordant Discordant

Monosomy 1 0 2 3 1 2
Disomy 4 1 9 14 8 6
Trisomy 1 1 0 2 1 1
Tetrasomy 0 2 1 3 2 1
Heterogeneous 4 5 3 12 5 7
Total 10 9 15 34 17 17
Concordant 0 6 11 17 – –
Discordant 10 3 4 17 – –

TABLE 3. Staining Intensity versus Amplification Status

in Invasive Tumors

Amplified Equivocal Negative

Zymed
0 0 5 9
11 0 2 3
21 0 2 3
31 10 0 0

Ventana
0 0 4 12
11 0 5 2
21 0 0 1
31 8 0 0

Dako
0 0 7 8
11 0 1 5
21 0 1 2
31 10 0 0
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served in cases that do not have more than two
copies of the gene.

As with FISH, comparison of previous immuno-
histochemical studies is also problematic because
of variability of criteria to interpret staining. Most
studies considered only membranous pattern as
positive, whereas others (21) considered cytoplas-
mic pattern also as positive; and whereas most in-
vestigators have used a four-tier (5, 6, 12) or three-
tier (14) grading system to evaluate IHC, others
have used the percentage of cells with staining as
criterion of positivity in IHC (23). Although we
found that intensity of staining correlates with ex-
tent of staining, the latter was less reliably corre-
lated with gene copy status, as we found numerous
discrepant cases. This may have important diag-
nostic implications, as grading of staining may be
subject to a larger degree of interpretation subjec-
tivity than counting the actual percentage of
positive-staining cells. In our series, invasive carci-
nomas with 31, unequivocal staining pattern were
uniformly associated with unequivocal gene ampli-
fication and cases with unequivocal amplification
were associated with 31 staining pattern, except for
two cases with the Ventana antibody. Similarly, 0
and 11 staining are uniformly reliable indicators of
nonamplified gene status and vice versa. Most
problematic was the intermediate category of stain-
ing (21), which did not correlate with gene ampli-
fication but could be potentially confused with 31
staining. Thus, it is critical to optimize staining and
standardize criteria for interpretation. Neverthe-
less, it should be acknowledged that a subset of
cases may be subject to variable interpretation.

Other authors found overexpression of H2N pro-
tein without gene amplification. Persons et al. (12)
compared FISH with IHC performed in touch preps
from frozen pulverized tissue. They defined gene
amplification exclusively on the basis of the ratio of
H2N gene signals to chromosome 17 centromere
signals and graded the IHC intensity based on a
4-tier system, considering both 21 and 31 intensi-
ties as positive. They found 11 of their 100 cases to
have discordant FISH and IHC results. Two of them
had positive amplification by FISH and were nega-
tive by IMH, and nine had positive IMH results but

were negative by FISH. After repeated analysis of
these cases, one of the positive FISH cases was
reinterpreted as negative, one of the negative cases
by IMH was reinterpreted as positive, and one of
the positive cases by IMH was reinterpreted as neg-
ative, leaving eight discrepant cases (8%), all of
them having positive IMH results but negative am-
plification by FISH. Ratcliffe et al. (22) performed
simultaneous staining of H2N membranous expres-
sion by IHC with detection of gene copies by im-
munohistochemical in situ hybridization. They de-
scribed a small subset of tumors that had positive
membranous staining, without evidence of nuclear
staining of the gene. In our series, most 21 cases
(with any antibody) were 11 or 0 staining with the
other two antibodies and none was 21 with all
three antibodies. These data imply that 21 staining
in at least some tumors may be the result of arti-
factually high sensitivity and is unlikely to represent
“true” overexpression. Nevertheless, “true” overex-
pression without gene amplification has been de-
scribed in 3 to 10% of breast carcinomas (22, 24).
Identification of these cases may be performed by
Southern and Western blot analysis or by messen-
ger RNA in situ hybridization. Other mechanisms
besides gene amplification, such as increased activ-
ity of the OB2–1 transcription protein (25, 26), are
probably related to this phenomenon.

Staining without amplification arguably may be
the result of inadequate dilution of the antibody.
We attempted to control for sensitivity by assessing
the staining of the adjacent benign epithelium. De-
spite deliberate elimination of staining in benign
cells during titration in positive controls, benign
cells showed weak staining in some cases. Because
this correlated poorly with staining of the tumor
cells in intensity or distribution with any antibody,
we believe that the staining of benign structures is
unlikely to be entirely dilution dependent. Some
authors proposed that staining of the normal epi-
thelium represents detection of preneoplastic ge-
netic changes in the normal-appearing epithelium
(22).

It thus is likely that analysis of at least some cases
by IHC may be problematic with respect to inter-
pretation. In such cases, FISH may provide useful

TABLE 4. Summary Data on Ductal Carcinoma In Situ Cases

Case
Staining intensity H2N gene

amplification
Chromosome

17 Ploidy
H2N chromosome 17 copy

concordanceZymed Ventana Dako

1 3 3 3 Amplified Het D
2 3 3 3 Amplified Het D
3 0 1 2 Equivocal Het C
4 2 2 3 Equivocal Het C
5 3 1 2 Equivocal Tetra C
6 2 1 3 Negative Di C
7 3 2 2 Negative Di C

Het, heterogeneous; Tetra, tetrasomy; Di, disomy; D, discordant; C, concordant.
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data to classify a patient as H2N positive or nega-
tive. The importance of accurate determination of
the H2N status for an individual patient is stressed
by the reported relatively high incidence of myo-
cardial toxicity in patients who use Herceptin (27).

Analysis of H2N in DCIS is interesting. Two cases
with 31 staining using the Zymed antibody and two
with the Dako antibody had negative or equivocal
amplification, a phenomenon not seen in the inva-
sive tumors. Thus, it seems that overexpression
without amplification may be more frequently ob-
served in DCIS cases than in the invasive cases (0 of
34). Furthermore, if we were to accept that 21
staining represents true overexpression (i.e., does
not correspond to false-positive staining), then
overexpression without gene amplification was
seen in 4 of 7 DCIS cases with the Zymed antibody
(compared with 6 of 34 invasive cases), in 2 of 7
DCIS cases with the Ventana antibody (compared
with 1 of 34 invasive cases), and in 5 of 7 DCIS cases
with the Dako antibody (compared with 3 of 34
invasive cases). Previous studies found a higher
incidence of H2N staining in DCIS cases than in
invasive carcinomas (23), suggesting that H2N plays
a role in the preinvasive stages of ductal carcino-
mas. We observed a stronger staining pattern of the
in situ tumor compared with the invasive tumor in
at least two cases that contained both components.
Further study is needed to clarify the specific role of
this biologic marker at different levels of the spec-
trum of development of breast carcinoma.

CONCLUSION

• H2N gene amplification is seen in approxi-
mately 30% of cases of invasive breast carci-
noma and is highly associated with overex-
pression.

• Strong H2N immunostaining is highly associ-
ated with gene amplification, although there is
minor variation in sensitivity among different
antibodies used for IHC. In some cases, corre-
lation with FISH data may be necessary to
optimize interpretation of IHC stains.

• A subset of breast carcinomas (3 to 15%) dem-
onstrate moderate H2N staining without evi-
dence of amplification, and it is unclear
whether they represent highly sensitive stain-
ing or are a subset of cases that show overex-
pression without amplification.

• Gene amplification, as detected by FISH, is
usually associated with a high number of gene
copies per nucleus. Low-grade duplication of
H2N gene (3 to 4 copies/cell) is usually the
result of chromosome 17 polysomy and is not
associated with high-level overexpression.

• Overexpression without amplification may be
more frequent in DCIS, raising questions about

different roles of H2N in the biology of prein-
vasive neoplasm.
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