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Abstract
Aims-To study the prevalence of overexpression of c-erbB3 growth factor receptor in ovarian carcinomas and to analyse
its relation to histological subtype, stage
and grade of the tumours.
Methods-Ninety eight ovarian carcinomas were evaluated immunohistochemically using the RTJl monoclonal antibody
raised against a synthetic peptide, the
sequence of which was derived from the
cytoplasmic domain of the c-erbB3 protein.
Results-Of the tumours, 16% (16/98)
overexpressed c-erbB3 protein relative to
normal ovarian epithelium, whereas 22%
(22/98) were completely negative. There
was a statistically significant association
between overexpression and well differentiated grade.
Conclusions-These findings suggest that
c-erbB3 protein overexpression occurs in
a significant proportion of ovarian cancers and is correlated with differentiation.
Overexpression may merit further investigation as a potential prognostic indicator
and as a target for new treatment.
(7 Clin Pathol: Mol Pathol 1996;49:M1 99-M202)
Keywords: c-erbB3 protein, overexpression, ovarian
cancer.

Growth factor receptors with tyrosine kinase
activity play an important role in cell growth
and differentiation. These receptors have been
subdivided into several families. The type 1
family includes the epidermal growth factor
receptor (EGFR) and the c-erbB2, c-erbB3
and c-erbB4 receptors. Of these, EGFR and
c-erbB2 have been studied widely, with regard
to both their expression and function in
tumours.' Both were shown to be overex-
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pressed or mutated in some cases and such
changes can induce a transformed phenotype
in experimental systems. By contrast, much
less is known about the expression and
function of the c-erbB3 protein.
The c-erbB3 protein seems to possess
impaired tyrosine kinase activity.23 Recent data
have shown that Neu differentiation factor
(NDF)/heregulin is a ligand for c-erbB3,
although with a 10-fold lower affinity than for
c-erbB4."6 The c-erbB3 protein has also been
shown to heterodimerise with EGFR, c-erbB2
and c-erbB47 8 and to synergise with c-erbB2 in
transforming rodent fibroblasts.9 The c-erbB3
protein is expressed in a variety of normal
tissues'0 and is overexpressed in breast cancer
cell lines'1 12 and primary tumours,13-16 in

pancreatic cancer, 17 18 gastric cancer" 1819and
gastric cancer cell lines,20 colonic cancer,'5 18
endometrial cancer,'5 cervical cancer 21 22 head
and neck cancer'8 and head and neck cancer
cell lines,23 in prostate cancer,'5 24 and lung
cancer.15 Expression has been assessed in various studies at the mRNA and protein level but
gene amplification was not observed in any
case,"1 13 17 20 23 25 indicating that the overexpression seen probably resulted from increased
gene transcription or increased mRNA stability, or both.
Of the gynaecological tumours, ovarian carcinoma has the highest incidence of mortality
in western women. The EGFR and c-erbB2
proteins are expressed at low to moderate concentrations in normal ovarian epithelium.26 27
Overexpression of EGFR has been studied by
immunohistochemistry, northern analysis and
radioreceptor assays,26 28 29 whilst c-erbB2 overexpression has been studied by Southern,
northern and western blotting, and by immunohistochemistry.27 28 30 3' EGFR overexpression has been reported in between 26 and 77%
of cases and is rarely the result of gene amplification. These very variable numbers may
reflect different definitions of "overexpression", which seem to range from any expression to prominent membrane staining. c-erbB2
overexpression was seen in about 20-35% of
cases.27 30 31 Widely varying results have, however, been reported for gene amplification,
ranging from 0 to 26%.32
Some reports have suggested that there is an
association between poor prognosis and overexpression of EGFR and c-erbB2,26 27 29 although others have found no significant
association with survival.3' 3 It is unclear what
underlies these differences as the numbers in
these studies were quite similar. One possible
explanation is the patients sampled, as the
mean survival times differ greatly between
studies.32 34

Two groups have now examined expression
of c-erbB3 in ovarian cancer. Mandai et al35
reported elevated mRNA expression, detected
by RT-PCR, in a proportion of cases and
recently Simpson et ar6 found raised concentrations of receptor protein. In this study we
report the prevalence of c-erbB3 protein overexpression in ovarian cancer, examined by
immunocytochemical staining and analyse its
relation to some previously defined prognostic
markers.
Methods
Ninety eight archival, formalin fixed, paraffin
wax embedded ovarian carcinoma blocks were
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The tumour scores were then analysed for
association with histological subtype. Grade of
tumour was analysed by one of us (GWHS), as
described previously.37 Staging was assessed on
the basis of clinical information supplied on
the specimen request form, or from the clinical
notes. The X2test was used to assess statistical
significance. Survival analysis was not performed as the patients had been treated with
widely varying therapeutic regimens.
Results
The surface epithelium of the normal ovary
was generally negative or weakly positive for
c-erbB3 protein expression,'° but the ciliated
epithelium of the Fallopian tubes was strongly
stained, both on the cell membrane and in the
cytoplasm. The tumours studied generally had
a heterogeneous pattern of expression with
regard to both percentage of positive tumour
cells and staining intensity (figs IA and 1 B).
We therefore devised a scoring system as
described in the Methods section and used this
to determine whether any tumours showed
overexpression relative to normal ovarian
surface epithelium. Overexpression was considered present when the overall score for each
tumour exceeded 6 points.
The tumours were divided into two groups,
based on their score (% 6 and > 7), and
analysed for their association with histological
subtype (table 1), stage (table 2) and grade
(table 3). Of the tumours, 16% (16/98) overexpressed c-erbB3 protein, whereas 22% (22/98)

.C

B

(A) Grade 3 ovarian- carcinoma with weak heterogeneous cytoplasmic staining. (B) Grade 3 ovari'an carcinoma with moderate heterogeneous
Figure 1
cytoplasmic staining and membrane reactivity in a minority of cells. (C) Well and poorly differentiated areas of a serous carcinoma revealing differences in
membrane and cytoplasmic localisation. (D) Grade 1 serous carcinoma showving strong membrane stai'ning i'n all neoplastic cells.
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retrieved from the files at Hammersmith Hospital, London. The cases were a sequential
series and blocks selected on the basis of representative and well presented cytoarchitecture
were sectioned at 5 gm and used for immunohistochemistry. Culture supernatant of RTJ1, a
mouse IgM monoclonal antibody raised
against a synthetic peptide,'8 was used at a
dilution of 1 in 20 in phosphate buffered saline
(PBS) containing 1% non-fat milk powder
(Marvel). Immunohistochemical staining was
performed using the ABC technique, as
described previously.'8 An isotype matched
negative control antibody (TEPC183) (Sigma,
Poole, Dorset, UK) was used as a negative
control on a section known to be strongly
(+++) positive for c-erbB3 protein in each run
and this was also used as a positive control to
adjust for staining intensity. The pattern of
staining was heterogeneous in the tumours and
hence they were scored for the percentage of
positive tumour cells (1 = < 25%; 2 =
25-50%; 3 = 50-75%; 4 = > 75%) and staining intensity (1 = weak (+); 2 = moderate (++);
3 = strong (+++); membrane staining was
given an additional point). The scores were
then added and a value exceeding 6 was
considered indicative of a level of expression
well above that seen in the normal ovarian surface epithelium. The tumours were also analysed in relation to the presence or absence of
membrane staining alone, which has also been
considered to be a sign of overexpression, particularly with regard to c-erbB2.
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Table 1 Histological subtype v c-erbB3 score
c-erbB3 score
n

S 6

> 7

Serous carcinomas
Mucinous carcinomas
Endometroid carcinomas
Clear cell carcinomas
Unclassified adenocarcinomas
Undifferentiated carcinomas
Mixed tumours

37
16
15
1
17
10
2

30
13
13
1
15
9
1

7 (6)
3 (3)
2 (2)
0 (0)
2 (2)
1 (1)
1 (1)

(1)
(0)
(1)
(0)
(1)
(0)
(0)

Numbers within brackets denote number of cases with
membrane staining.

Table 2 Stage v c-erbB3 score
c-erbB3 score

Stage

n

6 6

1
2
3
4

34
16
43
5

27 (0)
14(1)
36 (2)
5 (0)

7

7
2
7
0

(7)
(2)
(6)
(0)

%2test: p = 0.67.
Numbers within brackets denote number of cases with
membrane staining.

Table 3 Grade v c-erbB3 score
c-erbB3 score

Grade

n

6 6

1
2 and 3

23
75

15 (0)
67 (3)

7
8 (8)
8 (7)

X2 test: p = 0.007.

Numbers within brackets denote number of cases with
membrane staining.

Table 4 Scoring system v membrane staining
Membrane staining
Score

Positive

Negative

S6
¢7

3 (3.7%)
15 (93.75%)

79 (96.3%)
1 (6.25%)

completely negative. The histological
subtype did not correlate significantly with
c-erbB3 overexpression. There was, however, a
statistically significant correlation between the
well differentiated tumour grade and c-erbB3
overexpression (p = 0.007) (fig 1C). Tumour
stage did not correlate significantly with
c-erbB3 expression (p = 0.67).
Very similar results were obtained when
membrane staining was used as an indicator of
overexpression in that 18% of the tumours
were positive (fig 1D). There was a strong cor:
relation between the numerical scoring system
and membrane staining (table 4). In addition,
the association with tumour grade remained
statistically significant (p = 0.019). In the three
tumours which were membrane positive but
had a score below 7, one was stained weakly
with 25-50% of the tumour cells being
positive; in the second < 25% of the tumour
cells were positive with a strong staining intensity; the third had a moderate staining intensity
with 25-50% positive tumour cells.
were

Discussion
This study describes the expression of the
c-erbB3 protein in ovarian tumours and
assesses the association of overexpression with
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Histological subtype

some previously defined prognostic markers
such as histological subtype, stage and grade.
Of the ovarian carcinomas, 16% were found to
overexpress c-erbB3 protein, whereas 22%
were completely negative. It has not been
determined in these neoplasms whether this
results from increased transcription or gene
amplification. Mandai et al35 have reported that
c-erbB3 mRNA expression, detected using a
quantitative RT-PCR assay, is raised in a
proportion of ovarian cancers. Simpson et al,36
using the same antibody as used in the present
study, tested 73 samples from 71 patients. Fifteen per cent of their cases were completely
negative, 45% gave weak, 39% moderate and
16% strong staining. These authors, however,
concluded that staining was largely homogeneous, observed occasional membrane staining
and reported the lack of a significant association between overexpression and differentiation. In the present study, the same percentage
of cases (16%) exhibited strong staining but
the well differentiated tumours were associated
with c-erbB3 overexpression more frequently
(p = 0.007) than the moderately or poorly differentiated ones. This association between
c-erbB3 overexpression and well differentiated
carcinomas was seen in both early (FIGO
stages 1 and 2) (p = 0.048) and late stage disease (FIGO stages 3 and 4) (p = 0.04). These
data suggest that c-erbB3 overexpression in
ovarian carcinomas might act as a "good"
prognostic marker. This is in contrast to the
reported poor prognostic significance of EGFR
and c-erbB2/HER2/neu in ovarian carcinomas.26 27 29 Multivariate analysis on a larger
series will be necessary to determine whether
c-erbB3 overexpression provides any clinically
useful independent prognostic information.
Membrane staining has generally been used
as the sole indicator of overexpression of the
c-erbB2 protein. In almost all of these studies
the pattern of staining has been reported to be
homogeneous, unlike the present study where
the staining pattern was generally heterogeneous. In two of the cases in this series which
were membrane positive but had a score < 7,
at least one of the parameters was at the lower
end of the scale, one staining weakly (+) and in
the other < 25% of tumour cells were positive
for c-erbB3 expression. Another case negative
for membrane staining had a score of > 7
(indicative of overexpression), > 75% of the
tumour cells were c-erbB3 positive and stained
strongly (+++). These results emphasise that it
desirable to use a scoring system which
encompasses all of the relevant prognostic
parameters, particularly when the staining pattern is heterogeneous.
The c-erbB3 protein is expressed in the terminally differentiated cells of the normal skin,
gastrointestinal and bladder epithelium, and in
adult, but not in fetal, neurons.'" This is in
contrast to EGFR expression, which is present
in the basal proliferating cells of the same epithelia. The pattern of expression of c-erbB3
protein in normal tissues suggests that this
protein has a potential role in differentiation in
these tissues. NDF/heregulin has been described as a ligand for c-erbB4 as well as
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Recent data have shown that the
c-erbB3 receptor forms heterodimers with
EGFR, c-erbB2 or c-erbB4, suggesting that
c-erbB3 has an additional role in the modulation of the effects of these receptors.59 It is not
clear whether activation of c-erbB3 signalling
mainly promotes cell division or cell differentiation. Its effect will also be conditioned by the
degree of expression of other type 1 receptors
with which it can interact.
In view of the fact that a proportion of cancers arising at several sites overexpress c-erbB3
protein, it may be possible to exploit this as a
target for monoclonal antibodies conjugated to
toxins, drugs or radioisotopes. Another promising approach would be to use antibody
directed enzyme prodrug therapy (ADEPT).
Monoclonal antibodies directed against
growth factor receptors may also exert a synergistic effect in combination with chemotherapeutic agents, such as cisplatinum and doxorubicin.3 3 We are currently exploring some of
these approaches using a monoclonal antibody
raised against the extracellular domain of the
c-erbB3 protein.40
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