MalaysianJ Pathol 1998; 20(1): 19 - 23

C-erbB-2 oncoproteinamplification in infiltrating ductal carcinoma
of breast relates to high histological grade and loss of oestrogen
receptor protein
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Abstract

Eighty-six infiltrating ductal carcinomaof breast were studied by the standard avidin-biotin complex
imrnunoperoxidasemethod on formalin-fixed, paraffin-embeddedtissue sections, for oestrogen re-
ceptor (ER) protein and c-erbB-2 oncoprotein expression. They were categorized according to the
modified Bloom and Richardson criteriainto three histological grades. 21% tumourswere ER posi-
tivewhile44% werec-erbB-2 positive.Of ER positivetumours, 33.3% werec-erbB-2 positivewhereas
the c-erbB-2 positivity rate was much higher (47.1%) in ER negativetumours. Only 16% of c-erbB-2
positivetumours were ER positive while 25% of c-erbB-2 negative tumourswere ER positive. This
negative relationship between ER and c-erbB-2 expression was statistically significant (Mc Nemar's
test, p<0.005). TheER positivity ratedid not vary significantly with histological grade. However,c-
erbB-2 overexpression was significantly more prevalent in grade 11 tumours compared with grade |

and II tumours (Chi-squaretest, p<0.005).

Since the c-erbB-2 oncogene has extensive structural homology to the epidermal growth factor
receptor (EGFR) gene, we expect that c-erbB-2 oncoprotein would share functional similaritieswith
EGFR leading to bothlossof oestrogenreceptorand poor prognosisin breast cancer. |tsoverexpression
can beexpected to relateto more aggressivetumour proliferationand may explain its correlation with
high histological grade, a known indicator of aggressive cancer behaviour. Asthereisnoindication
that ER proteinactivity contributesto advancementin histological grade, it would appear that cellular
dedifferentiation precedes ER |oss during malignant transformation.

It has been mooted that ER positive breast cancers which also show c-erbB-2 oncoprotein
overexpression have a poorer responseto hormonal therapy. Theuseof this parameter in the routine
assessment of breast cancer patients may identify subsetsof patientsfor more aggressive therapy.
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INTRODUCTION

In most communities, breast carcinoma has

shown that both oestrogen receptor protein and
c-erbB-2 oncogene product can be detected

emerged as one of the most common malignan-
ciesin females. Hence, assessment for tumour
parametersthat may relate to prognosisand se-
lection of breast cancer patientsfor variousthera-
peutic options has become an important activity
in diagnostic pathology laboratories. Determi-
nation of oestrogen receptor (ER) expressionis
now a routine assessment that aids in selection
. of patients who may benefit from hormonal
therapy.' ,Ontheother hand, amplificationof the
c-erbB-2 oncoprotein is a parameter being
mooted as an indicator of poor survival.?
Overexpressionof thec-erbB-2 oncoproteinhas
been reported in 15% to 40% of invasive breast

and may medify the responsive-
ness of oestrogen receptor positive breast can-
cers to antioestrogen therapy, while requiring
more aggressive chemotherapy.>’ Studies have

irnmunohistochemicallyon formalin-fixed, par-
affin-embedded tumom Previous stud-
ies from this centre have also validated that
immunoperoxidasestaining for oestrogenrecep-
tor protein correlates well with ER status as de-
termined by cytosolic biochemical assay? Also,
immunoperoxidase staining for c-erbB-2
oncogene product has been shown to correlate
well with c-erbB-2 gene amplification.’ We have
endeavoured to investigate the association be-
tween oestrogen receptor protein status and c-
erbB-2 oncoproteinoverexpressionin an attempt
to better understand the interaction of these two
parametersin breast cancer pathobiology.

MATERIALS AND METHODS
Eighty-six (86) cases of infiltrating ductal carci-
nomaof breast diagnosed histologically at the
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were retrieved from the Department files. Histo-
logical sections from these cases, whether from
biopsies or mastectomies, were reviewed and
reconfirmed as showing infiltrating ductal
carcinomaof no special type, while patient data
was analysed to eliminate duplication of cases
due to repeated biopsies and subsequent
mastectomies. Histological sections were
reviewed and the tumours scored and graded
into three categories namely Grade | (well-
differentiated), Grade Il (moderately-differenti-
ated) and Grade 1 (poorly-differentiated),
accordingto themodified Bloom and Richardson
criteria™

Further histological sections,cut at 4ptm, were
made from the most representative paraffin-
embedded tumour block. Consecutive sections
were mounted on silane-coated glass slides and
stained, using the standard avidin-biotin com-
plex immunoperoxidase (1P) method, for tumour
immunoreactivity against oestrogen receptor (ER)
protein and c-erbB-2 oncoprotein according to
thefollowing specifications. for ER protein, the
primary antibody was a monoclonal antibody
(DAKO-ER 1D5) used at 1:80 dilution with mi-
crowave antigen retrieval; for c-erbB-2 protein,
the primary antibody wasamonoclonal antibody
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toc-erbB-2 protein (1:30dilution) obtained com-
mercially from Triton Biosciences Inc., stain-
ing with overnight incubation. The staining
methods for these parameters have been previ-
oudly described.®*

Inaccordance with thecriterion used in other
studies,*® a amour was considered ER positive
by IP when more than 10% of tumour nuclei
showed positivestaining for ER (Fig. 1). Cyto-
plasmicpositivity wasnot regarded asatrue posi-
tiveexpression of ER. Tumourswith at |east 5%
of neoplastic cells exhibiting membrane immu-
noreactivity for c-erbB-2 were regarded as posi-
tivefor c-erbB-2 expression (Fig. 2). Cytoplas-
mic or nuclear positivity were not accepted as
positive expressions.

RESULTS

Table 1 summarises the correlation between ER
and c-erbB-2 expression in the 86 infiltrating
ductal carcinomatested. 21% of cases were ER
positive while 44% were c-erbB-2 positive. Of
ER positivetumours, 33.3% werec-erbB-2 posi-
tive whereas the c-erbB-2 positivity rate was
much higher (47.1%) in ER negative tumours.
Conversely, only 16% of c-erbB-2 positive
tumours were ER positive while 25% of c-erbB-

H G 1: Photomicrograph of infiltrating ductal carcinoma of breast showing strong nuclear postive
staining for oestrogen receptor protein. Avidin-biotin-complex immunoperoxidase staining using
monoclond antibody againgt human ER protein X 150.
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FIG. 2: Infiltrating ductal carcinoma o breast showing strong cytoplasmic membrane positivity for
c-erbB-2 oncoprotein. Avidin-biotin-complex immunoperoxidase staining X 150.

2 negativetumourswere ER positive. Thisnega-
tive relationship between ER and c-erbB-2 ex-
pression wasgtatistically significant (Mc Nemar's
test, p<0.005).

The correlation between ER and c-erbB-2 ex-
pression and histological grade are presented in
Tables2 and 3. The ER positivity rate did not
vary significantly with histological grade. How-
ever, c-erbB-2 overexpression was significantly
more prevalent in grade III tumours compared
with grade | and II tumours (Chi-square test,
p<0.005).

DISCUSSION

Therelatively high proportion (44%) of infiltrat-
ing ductal carcinoma of the breast expressing
c-erbB-2 positivity in this study compared to
findingsfrom Western popul ationshas been noted

in a previous study.® This may be related to the
larger proportion of histological high grade
tumours encountered in the Malaysian popula-
tion. Since the c-erbB-2 (heu or HER-2)
oncogene has extensive structural homology to
the epidermal growth factor receptor gene," its
overexpression can beexpected to relateto more
aggressive tumour proliferation. Our observa-
tion that high histological grade tumours express
the c-erbB-2 oncoprotein more frequently than
lower gradetumoursistherefore not unexpected.
Theoestrogenreceptor protein, however, doesnot
directly contributeto cellular proliferationor dif-
ferentiation but affects the behaviour of cancer
cells through modulation by steroid hormones.
Hence, it is also not surprising that there is no
clear relationship between ER status and histo-
logical grade.

Table 1. Comparison of ER and c-erbB-2 expression by infiltrating

ductal carcinomaof breast

c-erbB-2 positive | c-erbB-2 negative Tota
No. (%) No. (%) No. (%)
ER podtive 6(33.3) 12 (66.7) 18 (100)
ER negative 32 (47.1) 36 (52.9) 68 (100)
Tota 38 (44.2) 48 (55.8) 86 (100)

Mc Nemar's test: p<0.005
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Table2 Corredation between histological gradeand ER expression in
infiltrating ductal carcinomacof breast

ER podtive ER negative Totd

No. (%) No. No.

Gradel 1(33.3) 2 3
GradeI 6 (21.4) 22 28
GradeIll 11 (20.0) 44 55
Totd 18(20.9) 68 86

Chi-squaretest: p>0.05

Table 3: Correlation between histological grade and ¢-erbB-2

overexpressonininfiltrating ductal carcinomacf breast

c-erbB-2 pogtive | c-erbB-2 negative Totd

No. (%) No. No.

Gradel 0 3 3
Gradell 6(21.4) 22 2
Grade 1 32(58.2 23 55
Totd 33(44.2) 68 86
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Chi-squaretest: p=0.003

Although severd studies have indicated that
c-erbB-2 amplication in breast cancer patients
relatesto poorer survival,>!? itsrelationshipwith
ER protein expression has been unclear. Many
studieshavefailed to demonstrateacorrelation'?
and regard c-erbB-2 oncoproteinoverexpression
as an independent poor prognostic indicator in
breast cancer.>*'*" Qur study has, however,
suggested a negative rel ationship between these
two parameters. This raises several interesting
guestions on the pathobiology of breast carci-
noma. Since benignbreast epitheliuminitsnor-
mal physiological stateisoestrogensensitive, the
lossaf oestrogen receptor proteinin some breast
carcinomascan be regarded as aregressive phe-
nomenon occurringduringcel lular dedifferentia-
tion and malignant transformation. Recent stud-
ies have shown that epidermal growth factor re-
ceptor (EGFR) overexpression correlates with
both loss of oestrogenreceptor and poor progno-
sisin breast cancer.’® Recognising that the c-
erbB-2 oncogenehasextensivestructural homol-
ogy with the EGFR gene, we expect that the c-
erbB-2 oncoproteinwould havefunctional inter-
actionswith EGFR and lead to similar effectson
breast cancer cells. That c-erbB-2 may play a
rolein cellular dedifferentiationis supported by
cell culture studies which show that antibodies
to c-erbB-2 can mediate an inhibitory effect on
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cdll growth andinducecellul ar differentiation.'”-1¢
The mechanism whereby c-erbB-2 mediatesER
loss, however, remainsunclear. Sincethereisno
evidence that ER protein activity contributes to
advancement in histological grade, it would ap-
pear that histological dedifferentiation precedes
ERlossduring malignant transformation. We note
that the ER positivity rate of low grade tumours
wasgreater than high gradetumoursin our study,
athough the difference did not reach statistica
significance. This observation agrees with the
notion that with greater cellular dedifferentiation,
thereisan increased likelihood of ER loss, sup-
porting the postulation that histological grade
contributesto ER lossrather than ER | osstowors-
ening of histological grade. Hence, it may be
specul ated that thec-erbB-2 oncogeneplaysarole
in ER loss throughitseffect on cellular dediffer-
entiation.

Recent studies suggest that ER positive
breast cancers which also show c-erbB-2
oncoprotein overexpression have a poorer
response to hormonal therapy.'*?*:2! Since
adjuvant tarnoxifen may be insufficient in the
presence of c-erbB-2 overexpression,? the use
of this parameter in the routine assessment of
breast cancer patients can have important
clinical utility in identifying subsets of patients
for more aggressivetherapy.
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