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to a greater or lesser degree with anti-HER-2/neu antibodies when
using formalin-fixed, paraffin-embedded tissue and because of the
marked variability in frequency of overexpression as determined
by immunostaining reported in the literature, we decided to attempt
to address this potentially important issue in a systematic fashion.

In this study, a cohort of breast cancers with known levels of
HER-2/neu gene amplification and expression was used as a panel to
demonstrate variable detection rates of immunostaining in archival
tissue for a large series of HER-2/neu-specific antibodies, many of
which have been reported in published studies of HER-2/neu overex
pression in breast cancer. The results demonstrate that, while all of the
antibodies did show some degree of membrane-associated immuno
staining in the molecularly characterized study cohort, each antibody
failed to detect some of the cases known to have overexpression. This
was expected since it was known from direct comparison of iminu
nostained frozen tissue sections with immunostained paraffin-embed
ded tissue sections from the same breast cancer cases that there is a
reduction in immunostaining with tissue fixation and paraffin-embed
ding on a case-by-case basis (5). More importantly, the ability of
different antibodies to detect HER-2/neu protein overexpressed in
archival tissue sections is quite variable.

This variability in sensitivity in archival tissues is very likely to
be one (if not the major) factor contributing to the differing
immunostaining frequencies reported in the literature. If one as
sumes that the HER-2/neu detection rates observed here are rep
resentative of percentages found in tissue processed for formalin

fixation and paraffin embedding of breast tissues in general, then
we can estimate the â€œtrueâ€•overexpression rate of reported cohorts
(Table 3). Reported HER-2/neu immunostaining percentages are
summarized in Table 3 for various antibodies. Although the re
ported immunostaining percentages, ranging from 14% to 25%, are
considerably lower than the overexpression rate observed in frozen
specimens, â€œcorrectionâ€•for false-negative cases in paraffin-em
bedded tissue using the values observed here provide a range of 26
to 39% for seven of the eight antibodies (Table 3). These â€œcor
rectedâ€•expression rates more closely approximate the rate reported
in cohorts analyzed as frozen specimens (5).

TA-i was the only antibody whose reported immunostaining per
centage did not â€œcorrectâ€•to approximately the 30% range for over
expression using the sensitivity rate observed for paraffin-embedded
samples in this study. The reason for this discrepancy is unclear. The
commercial distributor of TA-i does not recommend this antibody for
analysis of paraffin-embedded tissues because it does not successfully
stain this type of specimen.3 Despite this, TA-i was tested in this

study because it has been used in a previous immunohistochemical
study of paraffin-embedded breast cancers (25). Our findings with this
antibody support the recommendations of the distributor that it is not
very sensitive for identifying paraffin-embedded breast cancers with
HER-2/neu overexpression. Since three of the twenty tumors showing
membrane immunostaining with this antibody were breast cancers
known to have low expression, this antibody has the potential for
significant false-positive misclassification of cases.

The proportion of false-positive breast cancers included as having
membrane staining was relatively small for nearly all of the antibodies
and probably has had only a very limited impact on errors made in
classification of breast cancers by immunostaining. However, the
nonspecific cytoplasmic staining observed with some of the anti
bodies could be an important compounding factor if this staining was
assessed as â€œpositiveâ€•staining in some studies. In this study, we

Table 2 Comparison of inununostaining obtained with various HER-2/neu antibodies

Breast cancer
Antibody Immunostained (%) Sensitivity (%) Specificity (%)

â€œIdealâ€•resulta 37 100 100
9C2 30 82 100
R60â€• 29 80 100
A8010â€• 28 75 100
llG5c 38 80 92
A485@' 26 70 99

TAB25Opret.â€• 26 70 100
p@u,1#@e 24 65 100
3H4 22 59 99
4D5 21 57 100
36B7 24 54 96
135C6 20 53 100
7F3 19 51 100
CR11 19 51 100
3B5 20 50 98
906 18 47 100
2iNb 17 47 100
R347 17 47 100
H6G38 16 42 100
TAB25Oâ€• 16 36 97
6E9 12 31 99
A8010 (lyophil.)L@f I 1 30 100
145WW Il 30 100
2Hll 10 28 100
3E8 9 24 100
TA-l 9 22 98
5B8 7 18 100
7C2 5 14 100
2C4 3 8 100
7D3 3 7 100
p@@ob.g 2 6 99

a@ â€˜Ideal'resultâ€•is based on analysis of the breast cancer cohort as frozen specimens
by Southern hybridization, Northern hybridization, Western immunoblot, and immuno
histochemistry.Overexpressionwasobservedin 18,9, and 10%of breastcancerswith,
respectively, >5-fold amplification, 2- to 5-fold amplification, and no amplification of
HER-2/neu gene, yielding a total overexpression rate of 37% (5).

b Indicates polyclonal antibodies. All others are monoclonal antibodies.

C Optimal specificity and sensitivity for 1 1G5 was obtained by scoring moderate (+ +)

or @reaterimmunostaining as overexpression.
TAB25O pret. and TAB25O summarize results obtained with TAB25O antibody,

respectively, with and without protease pretreatment. TAB251 as well as other monoclo
nal antibodies (TAB26O series) not provided â€œbecausethe immunoreactivities of these
antibodies are similar to or less than those that were providedâ€•(personal communication;
Berlex Biosciences, Inc.).

C Berlex Biosciences, Inc.

1A8010 and A8010 (lyophil.) summarize findings using, respectively, fresh and
lyophilized antiserum.

g Oncogene Science, Inc.

stained, as were luminal surfaces of benign breast ducts (data not
illustrated).

DISCUSSION

In a previous study using frozen tissue from this same cohort of
breast cancers, immunohistochemical staining was compared with
Northern blot and Western immunoblot analyses as measures of
gene expression. A high level of concordance (91%) was observed
among these three assays (5). Immunohistochemistry, using one of
the polyclonal antibodies assessed in this study (R60), provided the
highest level of concordance with the other assays of gene expres
sion (99%). The level of concordance obtained with Northern blot
analysis was similar to that obtained with immunohistochemistry

(98%). Although Western immunoblot usually agreed with the
other two assays of gene expression (94%), it provided discordant
results more often than either Northern blot analysis or immuno
histochemistry. In addition, when immunostaining in frozen tissue
sections was compared with immunostaining in formalin-fixed,
paraffin-embedded tissue sections from the same breast cancers,
the number of positive cases was reduced for both the R60 poly
clonal antibody (5, 16) and the 3B5 monoclonal antibody (16).
Because of this, demonstrable change in sensitivity which occurs 3 Personal communication, Oncogenetics Partners, Inc.
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Table 3 Projected (or â€œcorrectedâ€•)breast cancer overexpression rates forvariousstudy
cohorts based on reported percentages and observed antibodysensitivitiesReported

Observedâ€œCorrectedâ€•overexpression
antibodyoverexpressionAntibody

Rate (%) sensitivities (%) rate (%)ReferencesR60

25 79 3315,16TAB25O(pret)
23 70 3310pAbl#
16 65 2640CB11
20 51 39393B5
14 50 28 17,41906
14 47 3017,412iN
18 47 38 7,9,12â€”14,21,22TA-i
15 22 68 25
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once again confirm that only membrane staining is associated with
HER-2/neu overexpression.

The lack of antibody characterization for immunohistochemistry in
the literature has undoubtedly contributed to confusion regarding
potential prognostic utility of HER-2/neu overexpression in breast
cancers. Previously, only one other group (17) besides ourselves
(5, 16) has characterized antibodies for immunostaining in paul
finized breast cancers using breast cancers with known HER-2/neu
gene amplification from Southern blots (32). However, the previously
reported complete sensitivity of 3B5 and 9G6 for breast cancers with
gene amplification (17) is at odds with our own findings reported here.
In the previous study (17), thirty-eight breast cancer specimens were
used as calibration standards, 10 with and 28 without amplification.
Although the 10 breast cancers with amplification were all reported to
show 2- to 5-fold amplification, they actually appear to have much
higher levels of gene amplification (see Fig. IA in Ref. 32). Each of
the breast cancers with amplification had a HER-2/neu signal on
Southern blot that was as great as or greater than the amplification
signal of the positive control cell line, SK-BR-3, which is known to
show 6- to 8-fold amplification (33). Therefore, it appears that the
overexpressing cases which were used to characterize the 3B5 and

Fig. 3. Bar graph comparing the percentage of breast cancers immunostained in each of 4 HER-2lneu expression categories by 28 different antibodies. One of the antibodies,
TAB25O, was used with (FAB25Op) and without (TAB25O)protease pretreatment of tissue sections@Another antibody, A80i0, was used either as fresh antiserum (A8010) or as
lyophilized antiserum that was reconstituted (A80i0[l]). The four expression categories were based on HER-2/neu gene amplification and expression results obtained by analysis of
DNAwithSouthernhybridization,RNAbyNorthernhybidization,totalproteinbyWesternimmunoblot,andimmunohistochemistryusingfrozentissuesfromthesamebreastcancers
analyzed in this report as paraffin-embedded tissues. The figure legend identifies three groups of breast cancers with overexpression, separtely categorized by gene amplification levels
(>5-fold,2- to 5-fold,andiH), anda groupofbreastcancerswithneitheramplificationnoroverexpressionof HER-2lneu(1Low).Immunostainedcasesarepresentedas a percentage
of the breast cancers identified in each breast cancer expression group (ordinate).

906 immunostaining in paraffin-embedded tissue were limited to 10
highly amplified, overexpression breast cancers (32).

Quality control is as important an issue for immunohistochem
istry as it is for other procedures of potential diagnostic clinical
utility. However, careful characterization and quality control of
reagents by either the distributors of anti-HER-2/neu antibodies for
diagnostic purposes or the investigators using these antibodies in
immunohistochemical studies of paraffinized tissue has been very
limited (34, 35). The Biological Stain Commission convened a
workshop in 1988 to formulate recommendations for quality con
trol and standardization of immunoreagents in immunohistochem
istry (35). One of the recommendations, that each antibody should
pass a â€œperformancetestâ€•for example with a multitissue â€œsausage
type blockâ€•,has, to our knowledge, not been performed previously
with any of the HER-2/neu antibodies used for immunohisto
chemistry in paraffin-embedded tissues.

Differences in antibody sensitivity, while clearly existing, are not
the sole reason for variability in immunohistochemical results ob
tamed with paraffin-embedded tissues. Published studies support our
impression that tissue processing also accounts for at least some of the
observed variability in the literature. Gusterson reports that methacarn
fixation provides better immunostaining for HER-2/neu than does
formol saline fixation (36). In addition, the same antibody, 21N, has
been used in several reports from different institutions for immuno
staining paraffin sections. The percentage of breast cancers scored as
positive in these reports varies from 9 to 24% (7â€”9,12â€”14,21, 22).
Since the breast cancers originate from different institutions, tissue
processing, especially tissue fixation, may be different and could
account for some of the variability in the percentage of positively
immunostained cases.

The sensitivity and specificity of antibodies used for immunohis
tochemical assays can also have an impact on the sample size needed
to demonstrate a statistically significant difference in prognostic sub
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groups. For example, antibodies of progressively diminishing sensi
tivity would be expected to have an increasing fraction of misclassi
fication of the study population and therefore require a progressively
larger cohort to show significant differences between HER-2/neu
immunostaining groups.

Finally, although the sensitivities of various antibodies has been
characterized under the described routine conditions permitting more
rational selection of immunostaining reagents, it is anticipated that
there will be further improvements in HER-2/neu sensitivity in par
affin-embedded tissues as more antibodies become available for test
ing and as techniques for immunostaining improve. For example, the
sensitivity of several of these antibodies is enhanced by â€œantigen
retrievalâ€• with microwave pretreatment of the tissue sections. In
addition, the use of more than one antibody in antibody â€œcocktailsâ€•
may also improve immunostaining.

In conclusion, the importance of characterizing antibody sensitivity
for HER-2/neu in immunohistochemistry of archival tissues has been
demonstrated. The use of multitumor tissue blocks proved to be a very
efficient and effective means of demonstrating differences in the
immunostaining rate of antibodies. Since the conditions of tissue

processing may vary from institution to institution and the signifi
cance of this effect has not been characterized, caution should be
exercised in generalizing these findings to breast cancers processed at
other institutions.
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