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Abstract
AIM: To compare the clinicopathological characteristics 
of human epidermal growth factor receptor 2 (HER2)-
positive and HER2-negative Barrett’s adenocarcinoma 
in Japan.

METHODS: We performed immunohistochemical anal-
ysis of HER2 in 30 samples taken from patients with 
Barrett’s adenocarcinoma and dual color in situ  hybrid-
ization in cases showing 2+ reactions. We compared 
the clinicopathological characteristics of HER2-positive 
and HER2-negative patients. 

RESULTS: HER2 positivity was identified in 8 (27%) 
carcinoma samples. We found that HER2 expression 
was associated with p53 overexpression (100% vs  
52.6% in pT1 tumor; 100% vs  54.5% in all stage tu-
mor, P  < 0.05) and protruding lesions at the early dis-
ease stage. There was no association between the mu-
cin phenotype of the carcinomas and prognosis. HER2 
expression and low clinical stage were unexpectedly 
different between Barrett’s adenocarcinoma patients 
and gastric cancer patients, but the macroscopic fea-
tures may be associated with earlier diagnosis in these 
patients. 

CONCLUSION: Our results suggest that HER2-posi-
tive Barrett’s adenocarcinomas are associated with p53 
overexpression and lesion protrusion at the early dis-
ease stage.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Recent studies have shown that the incidence of  Barrett’s 
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adenocarcinoma has been increasing in Japan. Although 
human epidermal growth factor receptor 2 (HER2) was 
reported to be amplified and overexpressed in some Bar-
rett’s adenocarcinomas, the relationship between HER2 
expression and patient clinicopathological characteristics 
has not yet been clarified.

The HER2 gene, a proto-oncogene, is located on 
chromosome 17q11.2-12 and encodes the transmem-
brane glycoprotein receptor p185HER2 (or HER2), which 
is targeted by the humanized monoclonal antibody 
trastuzumab (Herceptin®)[1]. HER2 is amplified and over-
expressed in approximately 25% of  breast cancer pa-
tients, and is associated with an aggressive clinical course 
and poor prognosis[2]. Recently, HER2 overexpression 
and amplification was detected in approximately 22% of  
advanced gastric cancers, and targeting of  the extracel-
lular domain of  HER2 in these patients was associated 
with improved clinical benefits compared with chemo-
therapy alone in a phase Ⅲ trial[3]. Several recent studies 
have reported HER2 status in Barrett’s adenocarcinoma; 
they observed a prevalence of  HER2 protein overexpres-
sion or gene amplification in Barrett’s adenocarcinomas 
ranging from 11% to 72%[4-8]. Lack of  agreement among 
these studies may be related to the differing sensitivities 
of  the assay methods used to assess HER2[9-13].

HER2 has been recognized as an important prog-
nostic factor in breast cancer[2]. However, the clinico-
pathological characteristics of  HER-positive Barrett’s 
adenocarcinoma are controversial. In this study, we used 
the criteria of  the trastuzumab for gastric cancer (ToGA) 
trial to evaluate the HER2 status of  Barrett’s adenocar-
cinomas in Japan by clarifying the clinicopathological 
characteristics of  HER2-positive Barrett’s esophageal 
adenocarcinomas and examining their morphological 
immunohistochemical characteristics.

MATERIALS AND METHODS
Patients included in the study
Samples were collected from 30 patients who visited the 
Okayama University Hospital between May 1998 and 
March 2011. Histological sections and immunohisto-
chemical results were reviewed to confirm the diagno-
sis. The definition of  Barrett’s esophagus and Barrett’s  
adenocarcinoma is controversial[14,15]. In this study, the 
criterion for the clinical diagnosis of  Barrett’s adenocar-
cinoma was that the tumor foci were located in Barrett’s  
mucosa, which is also referred to as the columnar-lined 
esophagus. The histological criterion was carcinoma 
that presented or was in contact with Barrett’s mucosa, 
defined as columnar-lined mucosa with or without intes-
tinal-type epithelium. Clinical information was obtained 
from the medical records of  patients at Okayama Uni-
versity Hospital. The patients underwent a standardized 
informed consent procedure. 

Immunohistochemistry 
An automated immunostainer (Ventana Medical Systems, 
Tucson, AZ, United States) was used to perform all im-

munohistochemical analyses. The following monoclonal 
antibodies were used: p53 (DO-7; Dako, Glostrup, Den-
mark), MUC2 (Ccp58; Novocastra Laboratories, New-
castle upon Tyne, United Kingdom), MUC5AC (CLH2, 
Novocastra Laboratories, Newcastle upon Tyne, United 
Kingdom), MUC6 (CLH5; Novocastra Laboratories), 
and CD10 (56C6; Dako). For the evaluation of  p53 
staining, only cells with nuclear immunostaining signifi-
cantly more pronounced than that of  the control cells of  
the normal esophageal mucosa were considered positive. 
MUC5AC and MUC6 are markers of  gastric epithelial 
cells, and MUC2 and CD10 are typical of  the intestinal 
epithelial cell phenotype[16]. Barrett’s adenocarcinoma, in 
which more than 10% of  the section area consisted of  
at least 1 gastric or intestinal epithelial cell phenotype, 
were classified as gastric (G type) or intestinal (I type) 
phenotypic cancers. Those which showed both gastric 
and intestinal phenotypes were classified as gastric and 
intestinal mixed phenotypic (GI type) cancers, whereas 
those showing neither gastric nor intestinal phenotypic 
expression were grouped as unclassified (N type).

HER2 testing methods and criteria
HER2 protein expression was assessed in carcinoma 
cells by immunohistochemistry (IHC) in paraffin-embed-
ded 5-μm tissue sections according to the manufacturer’s 
instructions (Ventana Ⅰ-VIEW pathway HER2/neu kit; 
Ventana Medical Systems). Only cell membrane staining 
was considered positive. Each case was analyzed by a pa-
thologist blinded to the clinical outcome who used crite-
ria specific to upper gastrointestinal cancer that included 
2 parameters: (1) the intensity of  complete, basolateral, 
or lateral membrane staining (0, none; 1, faint; 2, weak to 
moderate; and 3, strong); and (2) the percentage of  can-
cer cells with a given staining intensity. These parameters 
were used to determine the IHC score according to the 
ToGA criteria: high (IHC 3+), strong intensity in 10% 
or more of  the cancer���������������������    ���������  ��������������������   ��������� cells; medium (IHC 2+), weak 
to moderate intensity in 10% or more; low (IHC 1+), 
faint intensity in 10% or more; absent (IHC 0). Dual 
in situ hybridization (DISH) using a Ventana INFORM 
HER2 ISH kit (Ventana Medical Systems) was used to 
assess HER2 gene amplification in all IHC 2+ cases by 
preparing the carcinoma cells in 5 µm tissue sections. 
Briefly, for each case, a parallel hematoxylin and eosin-
stained slide was examined for regions of  carcinoma by 
a pathologist. The complete tissue section was scanned 
by the pathologist to detect any subpopulation of  ampli-
fied cells. A total of  20 representative nuclei from the 
invasive tumor were scored. A specimen with a HER2/
centromeric enumeration probe 17 (CEP17) ratio of  2.0 
or more in tumor cells was classified as HER2 amplified 
according to the ToGA guidelines[17].

Definition of HER2-positive status
A case was considered HER2 positive if  it was (1) IHC 
3+ or (2) IHC 2+ plus after gene amplification. The re-
maining cases (i.e., non-amplified IHC 2+ or IHC 0-1+) 
were considered HER2 negative.
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Statistical analysis
A χ 2 test or Fisher’s exact test, depending on the sample 
size, was used to examine categorical variables to com-
pare the clinical characteristics of  the different groups 
of  patients. The t-test was used to compare mean values. 
SPSS Version 14.0 (SPSS, Chicago, IL, United States) 
was used to analyze the data.

RESULTS
Characteristics of the studied population
The studied population consisted of  20 men and 10 
women (male to female ratio = 2:1). Their ages ranged 
from 42 to 87 years old. Sixteen lesions were identified 
as protruded or superficial elevated types (type 0-Ⅰ or 
type 0-Ⅱa), 1 lesion was identified as flat type (type 0-Ⅱ
b), and 11 lesions were identified as superficial depressed 
type (type 0-Ⅱc). Three lesions were identified as Bor-
rmann type 3. In accordance with the World Health 
Organization’s classification standards, 21 patients (70%) 
had well-differentiated tumors and 9 had moderately dif-
ferentiated tumors (30%). According to the tumor-node-
metastasis classification, 13 patients were pT1a, 13 were 
pT1b, 1 was pT2, 2 were pT3, and 1 was pT4a. All stage 
pT3 and pT4 patients died from the disease, but the 
other patients remained alive without suffering from the 
disease. Taking into account the combination of  expres-
sion of  4 markers, the 30 cancers were divided pheno-
typically into 7 G, 12 GI, 8 I, and 3 N types, independent 
of  the histological classification. Expression of  p53 was 
demonstrated in 20 (67%) of  30 cancers. The available 
data for each patient are summarized in Table 1.

Expression of HER2
Of  the 30 patients diagnosed with Barrett’s adenocarci-
noma, stained sections in 4 cases (13%) were classified 
as IHC 3+ (Figure 1A), 6 cases (20%) were IHC 2+ 
(Figure 1B), 4 cases (13%) were IHC 1+, and 16 cases 
(53%) were IHC 0 (Figure 1C). Criteria developed for 
the evaluation of  upper gastrointestinal tract carcinoma 
were used to score the HER2-stained samples. DISH 
was used to assess HER2 gene amplification in 6 IHC 
2+ cases. A specimen with a HER2/CEP17 ratio of  2.0 

or more in cancer cells was classified as HER2 amplified 
(Figure 1B), consistent with the eligibility criteria for the 
ToGA study. HER2 amplification was detected in 4 of  
IHC 2+ cases.

We defined HER2 positivity as IHC 3+ or IHC 2+ 
with gene amplification, which were the characteristics 
of  the group that derived the greatest benefit from 
trastuzumab in the ToGA study. The positive rate of  
HER2 was 27% (Table 2).

Association of HER2 with clinicopathological features
HER2-positive adenocarcinomas were present in 4 men 
and 4 women. The patients ranged in age from 52 to 80 
years. Six cases were the protruded or superficially ele-
vated types (0-Ⅰ or 0-Ⅱa). Three tumors were located in 

Table 1  Patient and tumor characteristics

Characteristics Values

Male/female 20���/10
Age, yr (mean ± SD) 71.1 ± 9.7
Surgical resection/endoscopic resection 14/16
Location: Siewert Ⅰ/Ⅱ 12���/��18
Tumor size, mm (mean ± SD) 27.1 ± 19.9
Depth of primary tumor: T1a/T1b/T2/T3/T4 13/13/1/2/1
Macroscopic appearance: 0-Ⅰ/0-Ⅱa/0-Ⅱb/0-Ⅱc/3 8/8/1/11/3
Histology: tub1/tub2 21��/9
Histology tub1/tub2: mucin phenotype G/GI/I/N 7/12/8/3
p53: positive/negative 20���/10

G: Gastric phenotype; GI: Gastrointestinal phenotype; I: Intestinal pheno-
type; N: Null type.

Figure 1  Immunohistochemical pattern of Barrett’s adenocarcinoma. A: 
Immunohistochemistry (IHC) 3+ reaction in a well-differentiated tumor with 
papillary growth pattern; B: IHC 2+ reaction in a well-differentiated tumor with 
tubular pattern. Human epidermal growth factor receptor 2 (HER2) dual-color 
in situ hybridization amplification HER2/ centromeric enumeration probe ratio = 
3.18; C: IHC 0 reaction in a well-differentiated tumor.

A

B

C
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pT1 tumor All stage tumor

HER2+ HER2- HER2+ (27%) HER2- (73%)

Male/female 3��/�4 13��/6 4��/�4 16��/6
Age, yr (mean ± SD) 70.6 ± 9.9 71.4 ± 10.8 70.3 ± 9.2 71.4 ± 10.0
Location: Siewert Ⅰ/Ⅱ 3��/�4 11���/��18 3��/�5 9���/��13
Tumor size, mm (mean ± SD) 20.6 ± 17.7 23.9 ± 16.6 23.6 ± 18.5 28.3 ± 20.7
Depth of primary tumor: T1a/T1b 3��/�4 10��/�9 3/4/0/0/1 10/9/1/2/0
Macroscopic appearance: 0-Ⅰ/0-Ⅱa/0-Ⅱb/0-Ⅱc 3/3/0/1 4/4/1/10 3/3/0/1/1 4/5/1/10/2
Histology: tub1/tub2 7��/�1 14��/5 7��/�1 14��/8
Mucin phenotype: G/GI/I/N 4/2/1/0 3/9/6/1 4/2/2/0 3/10/6/3
p53: positive/negative 7/0 10��/�9 8/0 12���/��10

The human epidermal growth factor receptor 2 (HER2)-positive cases were significantly associated with protruding lesions compared with the HER2-
negative cases (P < 0.05), and the p53-positivity rate was more common in the HER2-positive tumors (P < 0.05). G: Gastric phenotype; GI: Gastrointestinal 
phenotype; I: Intestinal phenotype; N: Null type.

Table 2  Comparison of pT1 tumor and all stage tumor characteristics
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the Siewert I region and 5 in the Siewert Ⅱ region. The 
mean tumor size was 23.6 mm (11-60 mm). Of  the pT1 
cases, HER2-positive cases were significantly more as-
sociated with protruding lesions compared with HER2-
negative cases (P < 0.05) (Table 2). Seven cases had 
well-differentiated tumors, and 1 case had a moderately-
differentiated tumor. In the mucin phenotypical analysis, 
4 cases were G type, 2 cases GI type, and 2 cases were I 
type; there were no significant differences in mucin phe-
notypes between the HER2-positive and HER2-negative 
cases. The p53 positivity rate was higher in the HER2-
positive tumors than in the HER2-negative tumors (P 
< 0.05) (Table 2). There were no prognostic differences 
between the HER2-positive and HER2-negative cases.

DISCUSSION
In this study, we confirmed that 27% Barrett’s adeno-
carcinomas in Japanese patients were HER2 positive. 
We also found that early-stage HER2-positive Barrett’s 
adenocarcinomas were significantly associated with pro-
truding lesions and had a high rate of  p53 positivity.

Previous studies that have examined HER2 status 
in Barrett’s adenocarcinoma observed a prevalence of  
HER2 protein overexpression or gene amplification 
ranging from 11% to 72%[4-8]. Except for 1 study, the 
lack of  agreement among these studies may have been 
related to the differing sensitivities of  the assay methods 
used to assess HER2. Various antibodies and probes for 
in situ hybridization were used, and the test conditions 
also were not standardized. In this study, the HER2 tests 
were performed according to the criteria of  the ToGA 
trial, which is the standard test for HER2 status of  gas-
tric cancer. Brien et al[18] used fluorescence in situ hybrid-
ization to evaluate HER2 amplification and reported a 
significant association between amplification and poorer 
survival. However, in the present study, a low threshold 
of  4 or more signals per nucleus was used to determine 
HER2 amplification. On the other hand, according to 
the ToGA criteria, HER2-positive esophageal adenocar-
cinomas with Barrett’s esophagus had favorable prog-

noses[19]. The influence and criteria of  HER2 expression 
may still be controversial. In this study, there were no 
prognostic differences between the HER2-positive and 
HER2-negative cases. Except for the pT3 and pT4 pa-
tients, most patients were early stage and remained alive 
without disease. Thus, the prognostic significance of  
HER2 expression was not clarified in this study.

Barrett’s adenocarcinoma is thought to develop as a 
result of  gastroesophageal reflux that initiates a meta-
plastic change in the lower esophageal epithelium. Bar-
rett’s esophagus is significant because the condition has a 
risk for neoplastic transformation through a metaplasia-
dysplasia-carcinoma sequence. In Western populations, 
there has been an increase in the incidence of  adenocar-
cinoma of  the esophagus and esophagogastric junction 
region. In Japan, esophageal Barrett’s adenocarcinomas 
are less common than in Western countries. However, 
in recent years there has been a gradual increase in the 
detection of  both Barrett’s esophagus and Barrett’s ad-
enocarcinoma[12]. Traditionally, Barrett’s adenocarcinoma 
has been believed to be preceded by the development of  
dysplasia with intestinal characteristics. Recently, Brown 
et al[13] and Park et al[20] validated the existence of  2 main 
types of  dysplasia (i.e., foveolar and adenomatous) which 
were significantly associated with gastric and intestinal 
immunophenotypic markers. Khor et al[21] suggested that 
non-intestinal columnar metaplasia may be an unstable 
intermediate state at risk for neoplastic progression. In 
this study, we evaluated the mucin phenotype of  Barrett’
s adenocarcinoma and found that more than half  of  the 
cases were grouped as gastric and mixed phenotypes. 
This result suggests the presence of  a gastric pathway of  
carcinogenesis in Barrett’s esophagus. Heterogeneity of  
HER2 status was seen in approximately 80% of  samples 
with moderate or strong HER2 IHC reactivity, which 
was higher than that observed in breast cancer. There 
were only 2 diffusely strong positive cases. In our study, 
heterogeneity of  HER2 overexpression and gene ampli-
fication appeared to represent clusters, and the intensity 
of  IHC staining within clusters was relatively uniform. 
The IHC staining patterns and gene amplification ap-
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peared correlated.
Seven (23%) of  the 30 studied cases were the pure 

gastric mucin phenotype, and 12 cases were the mixed 
phenotype. In these cases, the background Barrett’s 
mucosa also showed the foveolar type with or without 
specialized columnar epithelium (intestinal type mucosa). 
Carcinogenesis of  complete gastric type adenocarcino-
mas is derived from foveolar type dysplasia with aneu-
ploidy[22], and intestinal type carcinomas were regarded as 
progressing through the metaplasia-dysplasia-carcinoma 
sequence, with p53 alteration[23]. In this study, HER2-
positive carcinomas showed both gastric and intestinal 
phenotypes. It is believed that p53 has an important role 
in intestinal-type Barrett’s adenocarcinoma; however, p53 
overexpression was observed in all HER2-positive cases 
regardless of  mucin phenotype. These results suggest 
a third pathway involving abnormalities of  both HER2 
and p53. Gastric adenocarcinoma is also significantly 
correlated with HER2 positivity[24-26]. These data suggest 
a possible role of  p53 abnormality in the development 
of  HER2-positive adenocarcinoma of  the upper gastro-
intestinal tract.

The macroscopic appearance of  HER2-positive Bar-
rett’s adenocarcinomas was different from that of  the 
HER2-negative cases in early-stage disease (pT1). The 
frequency of  protruding lesions was significantly higher 
in the HER2-positive cases than in HER2-negative cases. 
Ten cases of  HER2-negative adenocarcinomas were the 
protruded type, 9 cases were mixed or intestinal mucin 
phenotypes, and only 1 case was the gastric phenotype. 
Thus, protruded-type lesions of  the complete gastric 
phenotype can indicate HER2-positive status.
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