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Summary. The c-erbB-2 (HER-2/neu) protein is a mem-
brane glycoprotein growth factor receptor showing mo-
lecular homology with the epidermal growth factor re-
ceptor (EGFR). We examined the immunohistochemical
reactivity of monoclonal antibodies against both of these
proteins in normal surface epithelium, surface inclusion
cysts, and common epithelial tumours of the ovary. The
ovarian tumours were classified as benign (16), border-
line malignant (2), and malignant (19). Normal surface
ovarian epithelium was weakly positve for both c-erbB-2
protein and EGFR. In surface inclusion cysts, however,
the epithelial cells lining the lumen exhibited stronger
staining for c-erbB-2 protein, but no staining for EGFR.
All 16 benign ovarian tumours and the 2 borderline
malignant ovarian tumours were positive for c-erbB-2
protein and negative for EGFR. Of the ovarian carcino-
mas, 13 of the 19 (68.4%) were positive for c-erbB-2
protein and negative for EGFR, while 4 showed positi-
vity for both c-erbB-2 protein and EGFR. Two cases
were negative for both proteins. Expression of both c-
erbB-2 protein and EGFR was found in endometrioid
carcinoma with squamous differentiation and in clini-
cally advanced poorly differentiated serous carcinomas.
Expression of c-erbB-2 protein appears to be increased
and that of EGFR is reduced in the early stage of epithe-
lial ovarian oncogenesis. The expression of EGFR with
c-erbB-2 protein in ovarian carcinoma is related both
to histological differentiation and/or advanced clinical
stage.
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Introduction

The human c-erbB-2 or HER-2/neu proto-oncogene en-
codes a 185 kDa transmembrane glycoprotein, c-erbB-2
protein, which has molecular homology with epidermal
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growth factor receptor (EGFR) (Coussens et al. 1985;
Yamamoto et al. 1986). The inner domain of c-erbB-2
protein has tyrosine kinase activity which is also demon-
strated in EGFR and the c-erbB-2 protein is considered
to be a growth factor receptor. The ligand for c-erbB-2
protein has recently been identified as a 30 kDa factor
(gp30) (Lupu et al. 1990). In breast carcinomas, amplifi-
cation of c-erbB-2 gene and/or over-expression of this
gene product in tumour tissues have been reported to
correlate with poor prognosis (Slamon et al. 1987). The
physiological function of c-erbB-2 protein in normal hu-
man tissues remains uncertain, although immunohisto-
chemical expression of this protein has been demon-
strated both in fetal tissues (Mori et al. 1989) and in
adult tissues including the epidermis, oral mucosa, kid-
ney, and female genital tract (Press et al. 1990; Wang
et al. 1992). An inverse relationship between the expres-
sion of c-erbB-2 protein and EGFR has been reported
in the differentiation of keratinocytes in normal adult
skin (Maguire et al. 1989) and in the differentiation and
function of cells in the mullerian-derived female genital
tract and placenta (Wang et al. 1992), and in oncogenesis
in the kidney (Weidner et al. 1990). These findings sug-
gest that the switching of expression of the two receptor
proteins, c-erbB-2 protein and EGFR, is associated with
differentiation or transformation of cells.

The common epithelial tumours of the ovary are be-
lieved to arise in the ovarian surface epithelium via the
formation of surface inclusion cysts, in which the surface
epithelial cells differentiate into cells resembling the epi-
thelium of mullerian-derived genital tract (Parmley
1987). Although amplification of the c-erbB-2 gene and/
or over-expression of c-erbB-2 protein have been re-
ported in ovarian carcinoma (Slamon et al. 1987; Ber-
chuck et al. 1990), the relationship between the expres-
sion of c-erbB-2 protein and EGFR in the early stage
of oncogenesis is unknown. To elucidate this relation-
ship, we investigated the immunohistochemical localiza-
tion of the two proteins, c-erbB-2 protein and EGFR,
in normal surface epithelium, surface inclusion cysts,
and common epithelial tumours of the ovary.
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Materials and methods

Fresh surgical specimens of ovarian tumours were obtained from
37 women who underwent bilateral salpingo-oophorectomy, with
or without hysterectomy. Of the 37 tumours, 16 were histologically
benign, 2 were of borderline malignancy and 19 were malignant.
Eight cases of endometrial (endometriotic) ovarian cysts were in-
cluded in the benign tumour group. Using the classification of
the International Federation of Gynecology and Obstetrics
(FIGO), of the 19 cases of ovarian carcinoma, 10 were stage I,
2 were stage 11, 4 were stage I1I, and 3 were stage IV. Histological
type and grade of differentiation were determined using the WHO
classification (Serov and Scully 1973). The contralateral ovaries
of 20 of the ovarian tumour patients were free of tumour and
were also used for the study. In addition, we obtained samples
of normal ovaries from 7 patients undergoing bilateral salpingo-
oophorectomy and hysterectomy for uterine myoma. Examination
of apparently normal ovaries disclosed the presence of surface in-
clusion cysts in 18 of the 27 specimens. The materials were obtained
immediately after the surgical procedure, and were snap-frozen
in OCT compound (Ames, Elkhart, Ind., USA) and stored at
—70° C. Serial cryostat sections were stained with haematoxylin
and eosin of light microscopy.

Immunostaining for c-erbB-2 protein and EGFR was per-
formed on cryostat sections by the avidin-biotin-peroxidase com-
plex method, using a Histscan Monoclonal Detector Kit (Biomeda,
Foster, Calif., USA). In brief, 4 um cryostat sections were fixed
in cold acetone for 5 min, treated with 0.3% hydrogen peroxide,
and incubated with normal goat serum to block non-specific bind-
ing. Serial sections were then incubated with mouse monoclonal
antibody for the external domain of c-erbB-2 protein (diluted 1:25,
Triton Diagnostics, Alameda, Calif., USA) or with mouse mono-
clonal antibody for the external domain of EGFR (Ab-1) (diluted
1:80, Oncogene Science, Uniondale, N.Y., USA), or with control
normal mouse serum at 4° C overnight. The sections were then
treated with biotinylated goat anti-mouse IgG, followed by treat-
ment with avidin-biotin-peroxidase complex. They were then
stained with 3-amino-9-ethylcarbazole solution containing 0.15%
hydrogen peroxide. Counterstaining was performed with haema-
toxylin. For positive controls, we used cryostat sections of breast
carcinomas for c-erbB-2 protein, and sections of squamous cell
carcinoma of the cervix for EGFR.

The antibody for the external domain of c-erbB-2 protein used
in this study stains the gene product not only in a manner that
correlates with gene amplification but also in the absence of gene
amplification in both breast carcinoma and in normal tissues (Igle-
hart et al. 1990). The intensity of staining was graded as (—) for
no immunostaining, (+) for weak staining, (+ +) for moderate
staining, and (+ + +) for very intense staining, by the evaluation
of two observers.

Results

Specific staining with anti-c-erbB-2 protein antibody and
anti-EGFR antibody was observed mainly on the cell

Table 1. Immunohistochemical expression of c-erbB-2 protein and
epidermal growth factor receptor (EGFR) in normal surface epi-
thelium, surface inclusion cysts, and common epithelial ovarian
tumours

c-erbB-2 protein EGFR
Normal surface epithelium + +
Surface inclusion cysts ++ —
Commeon epithelial ovarian tumours
Benign 4+ _
Borderline malignant 4+ + —
Malignant + 4/ ++ —~/++

i C

Fig. 1. Immunohistochemical localization of c-erbB-2 protein (A)
and epidermal growth factor receptor (EGFR) (B) in normal sur-
face epithelium of the ovary. Surface epithelial cells are weakly

positive for both c-erbB-2 protein and EGFR. C Negative control.
x 800

membrane. The immunohistochemical localization of
the proteins in the lesions examined is summarized in
Table 1. FIGO stage, histological type, histological dif-
ferentiation, and immunohistochemical expression of c-
erbB-2 protein and EGFR in ovarian cancer cases are
listed in Table 2.
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Table 2. FIGO stage, histological type,

histological differentiation, and immuno- Case Age FIGO Histological H‘istolog.ica} c-erbB-Z EGFR
histochemical expression of c-erbB-2 pro- stage type differentiation protein
tein and EGFR in epithelial ovarian carci- .
nomas 1 62 Ia Serous Well diff. + -+ —
2 62 Ia Serous Well diff. +++ —
3 35 Ia Mucinous Mod. diff. + + —
4 17 Ia Mucinous Well diff. + 4+ + —
5 52 Ia Endometrioid Mod. diff. +++ ++*
6 59 Ic Endometrioid Well diff. +++ -
7 48 Ic Endometrioid Well diff. ++ —
8 39 Ic Clear cell Mod. diff. + 4+ + —
9 51 Ic Clear cell Mod. diff. — -
10 47 Ic Transitional Mod. diff. — —
11 87 IIb Mucinous Well diff. + 4+ + —
12 68 IIc Endometrioid Mod. diff. +++ —
13 39 ¢ Serous Mod. diff. + + —
14 68 IlIc Serous Poorly diff. +++ -
15 58 IIic Serous Poorly diff. +++ + +
16 59 IIc Clear cell Mod. diff. ++ -
17 46 v Serous Poorly diff. +++ ++
18 75 v Serous Poorly diff. +++ ++
19 49 v Serous Mod. diff. +++ —

2 A case of endometrioid carcinoma with squamous differentiation

Fig. 2. Immunohistochemical lo-
calization of c-erbB-2 protein (A,
C) and EGFR (B, D) in surface
inclusion cysts of the ovary. Cub-
oidal epithelial cells, including ci-
liated cells, are positive for c-
erbB-2 protein, but negative for
EGFR. A, B x400; C, D x800
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Fig. 3. Immunohistochemical localization of c-erbB-2 protein (A)
and EGFR (B) in serous cystadenoma of the ovary. The tumour

cells are positive for c-erbB-2 protein and negative for EGFR.
x 800

In histologically normal ovaries, surface epithelial
cells were weakly stained for both c-erbB-2 protein and
EGFR (Fig. 1). In the surface inclusion cysts of the ov-
ary, however, both ciliated cuboidal cells, resembling
tubal epithelial cells, and columnar cells, resembling en-
dometrial glandular cells, exhibited positive staining for
c-erbB-2 protein, but no reaction for EGFR (Fig. 2).
The staining intensity for c-erbB-2 protein in the cells
of surface inclusion cysts was stronger than that in the
cells of normal surface epithelium.

Of the 16 benign tumours, 3 were serous cystadeno-
mas, 5 were mucinous cystadenomas, and 8 were endo-
metrial (endometriotic) cysts. The epithelial cells of all
tumours were positive for c-erbB-2 protein and negative
for EGFR (Figs. 3, 4). There were no apparent differ-
ences in the staining intensity for c-erbB-2 protein
among the different histological types of ovarian tu-
mour. Both of the serous and mucinous tumours of bor-
derline malignancy showed positive staining for c-erbB-2
protein, but were negative for EGFR.

In the ovarian carcinomas, c-erbB-2 protein positivity
was observed in 17 of the 19 cases (89.5%), while EGFR

- e . e - - .
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Fig. 4. Immunohistochemical localization of c-erbB-2 protein (A)
and EGFR (B) in mucinous cystadenoma of the ovary. The tumour
cells are positive for c-erbB-2 protein and negative for EGFR.
x 400

positivity was observed in 4 of the 19 (21.5%). With
respect to the clinical stage, c-erbB-2 protein positivity
was observed in 10 of 12 stage I or II cases, and in
all 7 stage III or IV cases. In contrast, EGFR positivity
was found in only 1 of 12 (8.3%) stage I or stage II
cases, but in 3 of 7 (42.9%) stage III or stage IV cases.
The 19 carcinomas were histologically classified as
serous (8), mucinous (3), endometrioid (4), clear cell (3),
and transitional cell (1) carcinoma. Five of the 8 serous
tumours showed moderate to intense staining for c-erbB-
2 protein and no staining for EGFR (Fig. 5); however,
the remaining 3 were positive for both c-erbB-2 protein
and EGFR (Fig. 6). All of the 3 EGFR-positive cases
were poorly differentiated, whereas 4 of the 5 cases with
no reaction for EGFR were well to moderately differen-
tiated. All 3 cases of mucinous carcinoma were histologi-
cally well to moderately differentiated, and were strongly
positive for c-erbB-2 protein and negative for EGFR.
The 4 endometrioid carcinomas were well to moderately
differentiated ; of these, 3 were c-erbB-2 protein positive
and EGFR negative. In the remaining endometrioid car-
cinoma, most tumour cells were c-erbB-2 protein positive
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Fig. 6. Immunohistochemical localization of c-erbB-2 protein (A) and EGFR (B) in poorly differentiated serous carcinoma of the ovary,
showing positivity for both c-erbB-2 protein and EGFR. x 400
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Fig. 7. Immunohistochemical localization of c-erbB-2 protein (A) and EGFR (B) in an endometrioid carcinoma of the ovary. Well
to moderately differentiated tumour cells with lumen formation are positive only for c-erbB-2 protein, but tumour cells with squamous

differentiation are positive for both c-erbB-2 protein and EGFR. x 400

and EGFR negative, but tumour cells with squamous
differentiation showed positivity for both c-erbB-2 pro-
tein and EGFR (Fig. 7). Two of the 3 clear cell carcino-
mas were c-erbB-2 protein positive and EGFR negative.
The remaining case of clear cell carcinoma and the tran-
sitional cell carcinoma were negative for both c-erbB-2
protein and EGFR.

Collectively, 13 of the 19 ovarian carcinomas (68.4%)
were c-erbB-2 protein positive and EGFR negative. Four
of the 19 (21.1%) were positive for both c-erbB-2 protein
and EGFR; EGFR was expressed in 3 cases of stage
IIT or IV poorly differentiated serous carcinoma, and
1 case of stage I endometrioid carcinoma with squamous
differentiation.

Discussion

Our study showed that normal ovarian surface epitheli-
um was weakly positive for both c-erbB-2 protein and
EGFR. This is consistent with previous immunohisto-
chemical studies of c-erbB-2 protein expression (Ber-
chuck et al. 1990; Press et al. 1990), and with the pres-
ence of specific binding capacity for epidermal growth
factor (Rodriguez et al. 1991). However, we have demon-
strated that the epithelial cells lining the surface inclu-
sion cysts were positive for c-erbB-2 protein, but nega-
tive for EGFR. Moreover, the c-erbB-2 protein staining

intensity of these cells was stronger than that of normal
ovarian surface epithelium. In addition, all 16 benign
epithelial tumours and 2 borderline malignant lesions
of the ovary were positive for c-erbB-2 protein and nega-
tive for EGFR, irrespective of histological type. It is
generally believed that surface inclusion cysts arise from
cortical invaginations of the ovarian surface epithelium
that have lost their connection with the surface, and
that these inclusion cysts give rise to the majority of
common epithelial tumours of the ovary (Clement 1987).
Our immunohistochemical results suggest that the ex-
pression of c-erbB-2 protein is increased and the expres-
sion of EGFR is reduced in the surface epithelial cells
during the early stage of ovarian oncogenesis.

Although the ovary is not of mullerian origin, the
surface epithelium is derived from the coelomic epitheli-
um, which gives rise to the mullerian ducts in the em-
bryo. The latter form the fallopian tubes, uterine body,
and cervix, with their large variety of epithelia. Epithelial
ovarian tumours that were classified as serous (tubal-
related), endometrioid (endometrial-related), and mucin-
ous (endocervical-related) are generally considered to re-
flect various directions of mullerian differentiation of
the ovarian surface epithelium (Parmley 1987). Our pre-
vious immunohistochemical study has revealed that mul-
lerian-derived epithelial cells in the fallopian tube, endo-
metrium, and endocervix are positive for c-erbB-2 pro-
tein and usually negative for EGFR, whereas the sur-



rounding stromal cells express EGFR, but not c-erbB-2
protein. In addition, the endometrial glandular cells in
the proliferative phase express both c-erbB-2 protein and
EGFR, but those in the secretory phase show increased
expression of c-erbB-2 protein, associated with reduced
expression of EGFR (Wang et al. 1992). In the ovarian
surface epithelium, we have found analogous changes
of expression of these receptor proteins in the cells dur-
ing the formation of surface inclusion cysts. Thus, the
changes of the expression of c-erbB-2 protein and EGFR
may be related to the differentiation of ovarian surface
epithelium into the mullerian-type epithelium.

Most epithelial ovarian carcinomas showed a pattern
of expression for both proteins that was similar to the
pattern observed in benign and borderline malignant
ovarian tumours, However, the staining intensity of c-
erbB-2 protein in most ovarian carcinomas was stronger
than that in surface inclusion cysts and in benign ovarian
tumours. Over-expression of c-erbB-2 protein in ovarian
carcinomas may be associated with amplification of the
c-erbB-2 proto-oncogene; this has been reported to cor-
relate with poor survival in ovarian cancer patients (Sla-
mon et al. 1987; Berchuck et al. 1990), although some
studies have not supported an adverse prognostic effect
of c-erbB-2 protein in ovarian cancer (Haldane et al.
1990; Wilkinson et al. 1991).

Expression of both c-erbB-2 protein and EGFR was
found in 4 of the 19 (21.1%) ovarian carcinomas. Pre-
vious immunohistochemical studies using different
monoclonal antibodies have found EGFR positivity in
ovarian cancer, ranging from 20% (Gullick et al. 1986)
to 77% (Berchuck et al. 1991). EGFR positivity deter-
mined by measuring the binding of radiolabelled epider-
mal growth factor to epithelial ovarian cancer tissue ho-
mogenates has been reported to be 35.7% by Bauknecht
et al. (1988) and 39.7% by Owens et al. (1991). In our
cases, the immunohistochemical expression of EGFR
was observed in the poorly differentiated serous carcino-
mas and in endometrioid carcinoma with squamous dif-
ferentiation. Since EGFR is usually expressed in the bas-
al cells of normal squamous epithelium (Wang et al.
1992) and is strongly expressed in squamous carcinomas
(Gullick et al. 1986), it is likely that ovarian endome-
trioid carcinoma with squamous differentiation does ex-
press EGFR. Other EGFR-positive tumours were poor-
ly differentiated serous carcinomas, all of which were
clinically advanced (stage I1I or IV). EGFR expression
was not observed in well to moderately differentiated
carcinomas or in stage I and II, except in a case of
endometrioid carcinoma. These findings suggest that
EGFR expression in ovarian carcinomas is related to
the differentiation state of the tumour and/or advanced
clinical stage. In addition, these EGFR-positive cases
were also strongly positive for c-erbB-2 protein. Several
lines of evidence have recently indicated synergic interac-
tion between c-erbB-2 protein and EGFR in the develop-
ment and maintenance of malignant cell phenotype
(Qian et al. 1992). A possible association between EGFR
expression in ovarian cancer and poor patient survival
has also been reported (Berchuck et al. 1991). Therefore,
the expression of EGFR, in addition to c-erbB-2 protein,
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seems to be a late event that is linked with the progres-
sion of ovarian carcinomas, rather than with the early
stage of carcinogenesis.

In summary, we have found changes of expression
of c-erbB-2 protein and EGFR in epithelial ovarian on-
cogenesis; increased expression of c-erbB-2 protein and
reduced expression of EGFR is observed in the cells
of inclusion cysts and in benign and borderline malig-
nant tumours, which is presumably related to mullerian
differentiation of ovarian surface epithelium. Most ovar-
ian carcinomas express c-erbB-2 protein strongly, but
not EGFR. The expression of EGFR, in addition to
that of c-erbB-2 protein, is related to histological differ-
entiation and/or advanced clinical stage. Peptide growth
factors have recently been suggested to play an impor-
tant role in the neoplastic transformation, growth, and
metastasis of ovarian cancers (Malik and Balkwill 1991).
The changes in the expression of both these receptor
proteins, c-erbB-2 protein and EGFR, may represent
one of the many steps in ovarian oncogenesis.
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