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Expression of c-erbB-2 oncogene product in
Barrett's adenocarcinoma: Pathological and
prognostic correlations
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Abstract
Aims-To establish the prevalence of
c-erbB-2 protein expression in a surgical
series of Barrett's adenocarcinomas; and
to correlate this expression with clinico-
pathological data and prognosis.
Methods-Sixty six surgical specimens of
Barrett's adenocarcinomas were includ-
ed in this retrospective study. Blocks
of the tumour and of non-dysplastic
Barrett's mucosa were stained with a
polyclonal antibody specific for the intra-
cytoplasmic domain of the c-erbB-2 pro-
tein.
Results-Seven of 66 tumours showed
membrane staining for the c-erbB-2
protein. The non-dysplastic Barrett's
mucosa was negative in all cases. There
was no difference between c-erbB-2 posi-
tive and negative tumours with regard to
mean age, sex ratio, percentage of alco-
hol misusers, percentage of smokers,
tumour differentiation, depth of inva-
sion, lymph node response, and prolifer-
ative activity, assessed by the percentage
of tumour cells positive with the MIB-1
antibody directed against the Ki-67 anti-
gen. All c-erb B2 positive tumours were
of Lauren's intestinal type compared
with negative c-erbB-2 tumours. Patients
with c-erbB-2 positive tumours had a
significantly poorer prognosis than
patients with negative tumours.
Conclusions-The prevalence of Barrett's
adenocarcinomas expressing c-erbB-2
found in this study (11%) was similar to
that observed in published series of gas-
tric adenocarcinomas. c-erbB-2 protein
expression could be an important prog-
nostic indicator in Barrett's adenocarci-
noma.

(7 Clin Pathol 1994;47:23-26)

c-erbB-2 is a proto-oncogene that codes for a
185 kilodalton glycoprotein, with high
homology with the epidermal growth factor
receptor.' The c-erbB-2 gene product is
thought to be activated by specific ligand(s),
resulting in the stimulation of cytoplasmic
tyrosine kinase activity and causing signal
transduction in the cell.23 Amplification
of the c-erbB-2 gene occurs in various
tumours, including adenocarcinomas of the
stomach.4 5
The immunohistochemical staining of the

membranes of tumour cells using specific

antibodies directed against c-erbB-2 protein,
is a reliable marker of c-erbB-2 gene amplifi-
cation.6 This staining has been reported as a
prognostic indicator in some tumours-
notably in adenocarcinoma of the breast.7 Its
prognostic importance, however, in gastric
adenocarcinoma is debatable, and no data
are available regarding Barrett's adeno-
carcinoma.8'' The incidence of Barrett's
adenocarcinoma is increasing,'2 and its prog-
nosis is currently based on pathological
features, mainly the degree of infiltration and
lymph node status.'3

Methods
Oesophagogastrectomy specimens from 66
consecutive patients with an adenocarcinoma
which had developed in Barrett's oesophagus
were retrieved from the files of the
Department of Pathology, H6pital Beaujon,
Clichy, France (n = 56), and the Department
of Pathology, McGill University, Montreal,
Canada (n = 10). All patients had a poten-
tially curative resection performed during the
period 1976-91. The follow up period ranged
from 04 to 123 months, with a mean of 26
months. Minimum follow up was at least 12
months for patients operated on in 1991 and
who were still alive at the time of this study
(n = 3), and 24 months for patients operated
on in 1990 (n = 4). The tumour was
regarded as having developed in Barrett's
oesophagus when Barrett's mucosal changes
were observed between the tumour and either
the squamous oesophageal mucosa, or the
gastric mucosa.14

Tissues had been fixed in 100% formol
saline (n = 46) or Bouin's fixative (n = 20)
and embedded in paraffin wax. Blocks of the
main tumour and of non-dysplastic mucosa
from around the tumour were stained in each
case with a polyclonal antibody directed
against the intracytoplasmic domain of the
c-erbB-2 oncoprotein (A485, Dakopatts,
Glostrup, Denmark). In 30 cases areas of
epithelial dysplasia, mostly high grade, were
present adjacent to the carcinoma. Dewaxed
sections were incubated with A485 at a dilu-
tion of 1 in 200 in TRIS-buffered saline for
40 minutes. Endogenous peroxidase was not
inhibited. A standard avidin-biotin-peroxi-
dase visualisation method was used.
Haematoxylin was used to counterstain
nuclei lightly. Negative control slides were
prepared in each case by omitting the primary
antiserum. The inclusion in each run of a
known positive case of intraductal breast
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carcinoma was used as a positive control.
Results of c-erbB-2 immunohistochemical
staining were reported as positive only when
membrane staining was present.
The proliferative activity of tumour cells

was assessed immunohistochemically on
paraffin wax sections of formalin fixed speci-

6 *: . -,, 9;J .

mens (n = 46) using the MIB-1 antibody
(Immunotech, Marseille, France), specific for
the Ki-67 antigen."5 An enhancement method
based on microwave overheating of tissue sec-
tions was used, according to Shi et al.'6
Sections were counted at high power ( x 400)
using an eyepiece graticule, with at least 1000
tumour cell nuclei counted in each case.
The medical history of each patient was

obtained, including alcohol and tobacco con-

sumption. The following tumour variables
were recorded: tumour differentiation, degree
of infiltration, evidence of vascular invasion,
presence of lymph node metastases, TNM
stage according to the International Union
Against Cancer (UICC),"7 and tumour type
in Lauren's classification of gastric adenocar-
cinomas.18 Lauren's classification divides car-
cinoma of the stomach into intestinal and
diffuse types. The intestinal type resembles
cancers of the large intestine and is usually
associated with extensive intestinal metaplasia
of the mucosa. The diffuse type is composed
of single tumour cells or small abortive glands
that diffusely infiltrate the gastric wall.

Statistical analysis of the results was per-
formed using x2 test with Yates's correction
when necessary, Student's t test, the Kaplan
Meier method, and the logrank test. The level
of significance was 0-05.

Figure 1 c-erbB-2 positive Barrett's adenoca
with immunoreactivity localised on basolaterai
of tumour cells.
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Figure 2 Heterogeneity of c-erbB-2protein exi
with contiguous positive and negative areas.

Results
Membrane staining for c-erbB-2 protein was
present in seven (11%) tumours. No cyto-
plasmic staining was observed. The rate of

zrcinoma c-erbB-2 positive tumours was not influenced
Imembranes by the type of fixative, with three positive

cases among 20 tumours fixed in Bouin's
solution and four positive cases among 46
formalin fixed tumours (not significant). The
staining was localised to the basolateral mem-
branes of the tumour cells (fig 1). In all posi-
tive cases the c-erbB-2 staining was limited to
one or several tumour parts, with all malig-
nant cells positive in those areas; the rest of
the tumour was unstained (fig 2). In c-erbB-2
positive cases with a distinct differentiation
pattern the staining was limited to the better
differentiated areas. In 30 cases with dysplas-
tic areas around the edge of the tumour, there
was no staining of dysplastic glands, even in
three cases in which the adjacent adeno-
carcinoma was c-erbB-2 positive. The non-
dysplastic Barrett's mucosa was negative in all
cases.

Clinicopathological characteristics of c-
erbB-2 positive and negative cases are sum-
marised in the table. There was no clinical
difference between the c-erbB-2 positive and
negative cases, regarding mean age, sex ratio,
percentage of alcohol misusers and percent-
age of smokers. Tumour differentiation and
invasion (in the different layers, in lymph
nodes, in vessels, and using the TNM staging
system) were similar in the two groups. All
the c-erbB-2 positive cases were of Lauren's
intestinal type, compared with 61% of the

cpression negative cases. This difference did not reach
significance (p = 0-12). Among the formalin
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fixed tumours, the MIB-1 labelling index was Discussion
similar in the four c-erbB-2 positive cases and In this study we have shown, by immunohis-
in the 42 c-erbB-2 negative cases (table). tochemistry, an increased c-erbB-2 protein
Moreover, when considering only c-erbB-2 expression in 11% (7/66) of Barrett's adeno-
positive cases, the MIB-1 labelling index was carcinomas. In two published studies of
similar in c-erbB-2 positive and negative areas c-erbB-2 protein expression in adenocarcino-
(data not shown). mas of the oesophagus 11 of 15 (73%) and
Tumours with positive c-erbB2 staining had six of 10 (60%) adenocarcinomas overex-

a poorer outcome at one (29%), two (14%), pressed the c-erbB-2 protein, a figure much
and five years (0%), compared, respectively, higher than ours.'920 In the present series
with 63%, 40%, and 33% in the c-erbB-2 dysplastic (n = 30) and non-dysplastic (n =
negative group (p < 0-05) (fig 3). 66) Barrett's mucosa around the tumour were

c-erbB-2 negative. This result compares well
with the features observed in gastric mucosa
around gastric cancers4 9 11 21 22 and in normal
adult tissues,2' but again differs from those

tage of clinicopathologicalfeatures and c-erbB-2 staining in 66 cases of Barrett's observed by Jankowski et al in patients with
arcinoma Barrett's oesophagus.'9 In this latter study

c-erbB-2- c-erbB-2+ Barrett's mucosa and gastric mucosa were
(n = 59) (n = 7) p Value c-erbB-2 positive, in nine (60%) and two

Ifeatures (13%) respectively, of 15 patients with non-
years (mean (SD)) 64-2(123) 58-5(13-7) p = 026 malignant Barrett's oesophagus. This positiv-
hol cons)mption 93 1070 p = 0853 ity, reported as mild or weak, could be
accoconsumption 60 83 p = 0-48 explained by the different material used in

)gicalfeatures the studies-that is, frozen specimens of
erentiation p = 0-67 Jankowski et al19 and Al-Kasspooles et al,20
7lderate 27 43 paraffin wax rather than embedded material
oor 34 14 used in the present series. Such weak positiv-
ucosna 15 0 p = 0-76 ity could not be detected by immunohisto-
ubmucosa 13 14 chemistry applied to paraffin wax embedded
euscularistpropria 55 579 tissues, which may only permit the detection
uperficial* 27 14 p = 078 of abnormal overexpression of c-erbB-2 pro-
ivasive 73 86 24
iph node metastases p = 0-89 tein. Moreover, the exteral domain of
bsent 48 43 c-erbB-2 protein may be more accessible to
resent 5257io = 0-9 staining in paraffin wax embedded tissues
bsent 36 43 than intracellular components, which may
resent 63 57 be another explanation for the low rate of

27 14 c-erbB-2 positive cases that we observed in
B 280 4 our study.

DI 39 14 The prevalence of c-erbB-2 positivity that

ren's type 6 29 p = 0 12 we observed in cases of Barrett's adenocarci-
itestinal 61 100 noma (1 1%) was similar to that found in gas-
liffuse 22 0 tric adenocarcinoma with 11% (10/93) and[ixed or unclassified 17 0
3-1 (Ki-67) labelling indext 72-3 (13)% 78 7 (3)% p = 0 34 9% (8/87) c-erbB-2 positive gastric cancers in
an (SD)) two recent series that used immunohisto-

^ation limited to the mucosa and submucosa. chemistry on paraffin wax embedded mater-
performed in 46 formalin fixed cases. ial.8 10 In these two studies c-erbB-2 positive

adenocarcinomas were all of the intestinal
type. In our study we applied Lauren's classi-
fication'8 of gastric adenocarcinoma to
Barrett's adenocarcinoma, and again we
found that only intestinal type cancers were

b ----- c-erbB-2 positive (n= 7) c-erbB-2 positive. c-erbB-2 positive tumours

c-erbB-2 negative (n= 59) seem to form a subset of intestinal type
tumours, both in the stomach and in Barrett's
oesophagus. However, only a few intestinal

p < 0.05 type tumours overexpress c-erbB-2. In gastric
carcinoma this percentage is greater in high

'1 <risk populations (40% in Japan)25 than in
low risk populations (19% in the United
Kingdom).8 This latter result compares with
the level that we observed in the present
series of Barrett's adenocarcinoma (16%).

-I, These interpopulation variations of c-erbB-2

24 48 60 72 84 96 108 120
overexpression favour the hypothesis that

0I1224364860 72 84 96 108 120 c-erbB-2 positive gastric carcinomas are a sub-0 12 24 36 48 60 72 84 96 108 120 group of intestinal type tumours whose aetiol-
time (months) ogy is environmental.8 It has been suggested

3 Survival ofpatients with c-erbB-2positive=Barrett'sadenocarcinoma (n 7) that Barrett's carcinoma has aetiological and
ents with c-erbB-2pnegativeBarrett's adenocarcinoma (n = 59) pathogenic factors in common with gastric
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cancer-notably with cancer of the cardia.26 It
could therefore be of interest to know
whether c-erbB-2 positive gastric and
oesophageal cancers share common environ-
mental pathogenetic factors, but larger
prospective studies are needed to answer this
question.
The prognostic value of c-erbB-2 protein

overexpression has been diversely appreciated
in gastric adenocarcinoma. Jain et a18 have
suggested that c-erbB-2 overexpression was
associated with better prognosis, while in a
larger study, Yonemura et al found that over-
expression was associated with a worse
prognosis,9 as in breast adenocarcinoma.7
Recently, two groups did not find any prog-
nostic value for c-erbB-2 protein overexpres-
sion" 27; on the other hand, in a study of 220
early gastric cancers Yonemura et al found
that positive c-erbB-2 staining was associated
with lymph node metastasis.28 A complete
confirmation of prognostic value will require
a greater number of gastric cancer cases to be
studied. In this study the overexpression of
c-erbB-2 protein by Barrett's adenocarcinoma
seemed to correlate with lower survival.
c-erbB-2 positivity, moreover, was related
neither to the depth of tumour invasion, nor
to the presence of lymph node metastases,
two prognostic markers of Barrett's adenocar-
cinoma,12 suggesting that it may have an inde-
pendent prognostic value. This independent
prognostic value can only be demonstrated by
multivariate analysis involving a large number
of patients and avoiding confounding vari-
ables, such as later presentation of patients
with c-erbB-2 positive tumours. Tumours
which overexpress c-erbB-2 may be associated
with a higher degree of proliferation than
c-erbB-2 negative tumours.'9 This hypothesis
has been verified in breast adenocarcinoma
using flow cytometry.30 But the results that
we have obtained regarding the Ki-67
labelling index do not support this hypothesis
in Barrett's adenocarcinoma.
This work was supported in part by grants from the Faculte
de Medecine Xavier Bichat, Universite Paris 7, and from the
INSERM (Reseau de Recherche Clinique CAR 491014). F
Paraf was supported by grants from the Ministere des Affaires
Etrangeres of France and from the Association pour la
Recherche contre le Cancer. We thank Manuela Das Neves,
CTR, CAMC (C), from the McGill Tumor Registry for the
follow up of the Montreal patients.

1 Yamamoto T, Ikawa S, Akiyama T, et al. Similarity of
protein encoded by the human c-erbB2 gene to the epi-
dermal growth factor receptor. Nature 1986;319:230-4.

2 Akiyama T, Sudo T, Ogawara H, Toyoshima K,
Yamamoto T. The product of human c-erbB-2 gene: a
185-kilodalton glycoprotein with tyrosine-kinase activ-
ity. Science 1986;232:1644-6.

3 Lupu R, Colomer R, Zugmaier G, et al. Direct interaction
of a ligand for the erbB2 oncogene product with the
EGF receptor and pl85erb2. Science 1990;249:1552-5.

4 Ranzani GN, Pellagata NS, Previdere C, et al. Hetero-
geneous protooncogene amplification correlates with
tumor progression and presence of metastases in gastric
cancer patients. Cancer Res 1990;50:78 11-4.

5 Tsujino T, Yoshida K, Nakayama H, Ito H, Shimosato T,
Tahara E. Alterations of oncogenes in metastatic

tumours of human gastric carcinomas. Br _ Cancer
1990;62:226-30.

6 Venter DJ, Tuzi NL, Kumar S, Gullick WJ.
Overexpression of the c-erbB-2 oncoprotein in human
breast carcinomas: immunohistological assessment cor-
relates with gene amplification. Lancet 1987;ii:69-72.

7 Wright C, Angus B, Nicholson S, et al. Expression of c-
erbB-2 oncoprotein: a prognostic indicator in human
breast cancer. Cancer Res 1989;49:2087-90.

8 Jain S, Filipe MI, Gullick WJ, Linehan J, Morris RW. c-
erbB-2 proto-oncogene expression and its relationship
to survival in gastric carcinoma: an immunohistochemi-
cal study on archival material. Int J Cancer 1991;
48:668-71.

9 Yonemura Y, Ninomiya I, Yamaguchi A, et al. Evaluation
of immunoreactivity for erbB-2 protein as a marker of
poor short term prognosis in gastric cancer. Cancer Res
199 1;51:1034-8.

10 Hilton DA, West KP. c-erbB-2 oncogene product expres-
sion and prognosis in gastric carcinoma. J Clin Pathol
1992;45:454-6.

11 Ohguri T, Sato Y, Koizumi W, Saigenji K, Kameya T. An
immunohistochemical study of c-erbB-2 protein in gas-
tric carcinomas and lymph-node metastases: is the c-
erbB-2 protein really a prognostic indicator? IntJ Cancer
1993;53:75-9.

12 Haggitt RC. Adenocarcinoma in Barrett's esophagus: a
new epidemic. Hum Pathol 1992;23:475-6.

13 Menke-Pluymers MBE, Schoute NW, Mulder AH, Hop
WCJ, Van Blankenstein M, Tilanus HW. Outcome of
surgical treatment of adenocarcinoma in Barrett's
oesophagus. Gut 1992;33:1454-8.

14 Potet F, Flejou J-F, Gervaz E, Paraf F. Adenocarcinomas
of the lower esophagus and the oesophagogastric junc-
tion. Semin Diagn Pathol 199 1;8:126-36.

15 Cattoretti G, Becker MHG, Key G, et al. Monoclonal
antibodies against recombinant parts of the Ki-67 anti-
gen (MIB 1 and MIB 3) detect proliferating cells in
microwave-processed formalin-fixed paraffin sections.
JPathol 1992;168:357-63.

16 Shi SR, Key ME, Kalra KL. Antigen retrieval in formalin-
fixed, paraffin embedded tissues: an enhancement
method for immunohistochemical staining based on
microwave oven heating of tissue sections. Y Histochem
Cytochem 1991;39:741-8.

17 Hermanek P, Sobin LH, eds. TNM classification of malig-
nant tumours. Berlin: Springer-Verlag, 1992.

18 Lauren P. The two main histological types of gastric carci-
noma: diffuse and so-called intestinal-type carcinoma.
An attempt at a histo-clinical classification. Acta Pathol
Microbiol Scand 1965;64:31-49.

19 Jankowski J, Coghill G, Hopwood D, Wormsley KG.
Oncogenes and onco-suppressor gene in adenocarci-
noma of the oesophagus. Gut 1992;33:1033-8.

20 Al-Kasspooles M, Moore JH, Orringer MB, Beer DG.
Amplification and overexpression of the EGFR and
erbB-2 genes in human esophageal adenocarcinomas.
Intl Cancer 1993;54:213-9.

21 Falck VG, Gullick WI. c-erbB-2 oncogene product stain-
ing in gastric adenocarcinoma. An immunohistochemi-
cal study. J Pathol 1989;159:107-11.

22 Lemoine NR, Jain S, Silvestre F, et al. Amplification and
overexpression of the EGF receptor and c-erbB-2 proto-
oncogenes in human stomach cancer. BrJ_ Cancer 1991;
64:79-83.

23 Mori S, Akiyama T, Yamada Y, et al. c-erbB-2 gene prod-
uct, a membrane protein commonly expressed on
human fetal epithelial cells. Lab Inivest 1989;61:93-7.

24 Ninomiya I, Endo Y, Yonemura Y, et al. Specific detec-
tion of c-erbB-2 mRNA expression in gastric cancers by
the polymerase chain reaction following reverse tran-
scription. BrJ Cancer 1992;66:84-7.

25 Yokota J, Yamamoto T, Miyajima N, et al. Genetic alter-
ations of the c-erbB-2 oncogene occur frequently in
tubular adenocarcinoma of the stomach and are often
accompanied by amplification of the v-erbA homologue.
Oncogene 1988;2:283-7.

26 Wang HH, Antonioli DA, Goldman H. Comparative fea-
tures of esophageal and gastric adenocarcinomas: recent
changes in type and frequency. Hum Pathol 1986;17:
482-7.

27 Sasano H, Date F, Imatani A, Asaki S, Nagura H. Double
immunostaining for c-erbB-2 and p53 in human
stomach cancer cells. Hum Pathol 1993;24:584-9.

28 Yonemura Y, Ninomiya I, Ohoyama S, et al. Correlation
of c-erbB-2 protein expression and lymph node status in
early gastric cancer. Oncology 1992;49:363-7.

29 Van De Vijver MJ, Mool WJ, Wisman P, Peterse JH,
Nusse R. Immunohistochemical detection of the neu
protein in the tissue sections of human breast tumors
with amplified neu DNA. Oncogene 1988;2:175-8.

30 Kallioniemi OP, Holli K, Visakorpi T, Koivula T, Helin
HH, Isola JB. Association of c-erbB-2 protein over-
expression with high rate of cell proliferation, increasing
risk of visceral metastasis and poor long-term survival in
breast cancer. Int _Cancer 199 1;49:650-5.

26

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.47.1.23 on 1 January 1994. D
ow

nloaded from
 

http://jcp.bmj.com/

