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Abstract
Purpose Anion exchanger 1 (AE1) is a transmembrane
glycoprotein which is abundantly expressed in erythrocyte
plasma membrane and mediates the electroneutral
exchange of Cl¡ and HCO3

¡. We previously reported that
the AE1 protein was unexpectedly expressed in the gastric
and colonic cancer and take part in the carcinogenesis of
the cancer cells. The aim of the present study is to deter-
mine the potential clinical implications of AE1 expression
in gastric carcinoma.
Methods Immunohistochemistry assay was used to deter-
mine the expression of AE1 protein. The expression of AE1
in normal and malignant tissues from 286 patients with early
and advanced gastric carcinoma was examined. The correla-
tions of AE1 expression with clinicopathological parame-
ters, including age, tumor size, location and subtypes,
expression frequency, survival period and lymph metastasis
were assessed by Chi-squared test and t test analysis.
Results AE1 immunoreactivity was negative in normal
gastric tissue. Positive immunostaining of AE1 was
detected in gastric carcinoma regardless of the location.

AE1 was most frequently expressed in the gastric antrum
carcinoma compared with gastric body cancer (P = 0.034).
Expression of AE1 was signiWcantly associated with bigger
tumor size, deeper invasion, shorter survival period, and
non-lymph metastasis. In para-cancer tissues of intestinal-
type gastric cancer, the expression frequency of AE1 was
higher than that in diVuse-type (P = 0.011).
Conclusion The results showed a strong association of
AE1 expression with the onset and progression of the gas-
tric cancer and that may be helpful for improving the tumor
classiWcation and the treatment of cancer.
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Introduction

Human AE1, also named Band 3, is the most abundant inte-
gral membrane protein of the erythrocyte plasma mem-
brane (Tanner 1997). It comprises approximately 25% of
the membrane protein of the erythrocyte and mediates the
electroneutral exchange of Cl¡ for HCO3

¡ across the
plasma membrane. AE1 is composed of 911 amino acids
and has three functional domains. The N-terminal 403 resi-
dues constitute the cytoplasmic domain that interacts with a
number of proteins, including ankyrin, protein 4.2, glyco-
lytic enzymes, and deoxyhemoglobin and hereby aVecting
cell shape and stability, apoptosis, and glycolysis regula-
tion. Residues 404–883 composed of a multispanning
membrane domain that are responsible for the anion
exchange. The acidic short C-terminal cytoplasmic domain
contains the binding sites for carbonic anhydrase II and
tumor supressor p16 (Kopito et al. 1989; Salhany et al.
1993; Shen et al. 2007).
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AE family consists of multiple members including AE1,
AE2, and AE3 (Kopito 1990; Alper et al. 2002, 2006). The
three members are expressed in diVerent normal tissues.
AE1 is found in the erythrocytes, and an N-terminal trun-
cated form is expressed in the kidney (kAE1) (Pang et al.
2008). Immunohistochemical microscopy demonstrated
that the kAE1 is located in the basolateral plasma mem-
branes of all type A intercalated cells in the connecting
tubule. In addition, AE1 participates in the adhesion of
malaria-infected erythrocytes to endothelial cells. AE1-
related diseases has been widely described and they remain
a major concern in much of hematic and kidney disease
(Jennings and Gosselink 1995; Ito et al. 2006; Akel et al.
2007; Bruce 2008) including the southeast asian ovalocyto-
sis, erythroid spherocytosis, hemolytic anemia, and renal
tubular acidosis (RTA); AE2 is found in a variety of tissues
and regulates intracellular pH (pHi) by exchanging cyto-
solic bicarbonate for extracellular chloride, but it is most
abundantly expressed in the stomach and regulates the acid
secretion. Disorders of AE2 expression and functional
activity are involved in carcinogenesis (Yang et al. 2008;
Stewart et al. 2007); AE3 is found in brain, retina, and heart
(Meier et al. 2007).

We recently reported that the full-length AE1 was unex-
pectedly expressed in human gastric and colonic carcinoma
and take part in the gastric carcinogenesis in two ways.
First, the AE1 interacts with tumor suppressor p16 and
sequestrates the protein in cytoplasm that resulted in the
disturbance of cell cycle regulation (Fu et al. 2005; Shen
et al. 2007). Second, the expression of AE1 in gastric can-
cer cells with concomitance of alkalization of the cells. In
this paper, we focus on the correlation between AE1
expression and clinicopathological parameters of gastric
cancer to determine the potential clinical implications of
AE1 expressions in gastric carcinoma.

Materials and methods

Subjects

ParaYn-embedded early (n = 104) and advanced (n = 182)
gastric cancer samples were collected from surgical resec-
tion and endoscopic biopsy in Shanghai Jiao Tong Univer-
sity, Renji hospital from 2001 to 2007. Among the early
gastric carcinoma patients, 14 cases have tumors accompa-
nied with lymph node metastasis. The patients with
advanced gastric carcinoma were ranged from 32 to
87 years (mean = 74 years). Among advanced gastric carci-
noma, 118 cases have tumors accompanied with lymph
node metastasis. None of the patients underwent chemo-
therapy or radiotherapy before surgery. They all agreed to
the use of the tumor tissues for clinical research, and the

Ethical Committee of Shanghai Jiao Tong University
approved the research protocol. We followed up 94 patients
in 1–80 months by consulting their case documents through
telephone.

Pathology

All tissues were Wxed in 4% neutralized formaldehyde,
embedded in paraYn, and incised into 4-�m sections.
These sections were stained by hematoxylin and eosin (HE)
to conWrm their histologic diagnosis and other microscopic
characteristics. The staging for each gastric carcinoma was
evaluated according to TNM staging guidelines. Histologic
architecture of gastric carcinoma was expressed in terms of
the Lauren’s classiWcation. Furthermore, tumor size and
depth of invasion were determined.

Immunohistochemistry

Consecutive slices were dewaxed and rehydrated with xylene
or ethanol, and subjected to antigen retrieval by citric acid
(pH 6.0). To block endogenous peroxidase activity, the slices
were incubated in 0.3% H2O2 for 10 min. Then the samples
were incubated overnight at 4°C with anti-AE1 monoclonal
antibodies diluted in 10 mM PBS (pH 7.4). After that, the
horseradish peroxidase-labeled polymer conjugated with sec-
ondary antibody was applied for 15 min and incubated with
diaminobenzidine solution (MaxVision™ Kits), followed by
light counterstaining with Mayer’s hematoxylin.

Antibody

Antibody employed was monoclonal anti-AE1 (BIII-136,
1:300, Sigma).

Controls

Sections of gastric carcinoma with known positivity for
AE1 were used as external positive controls. For negative
controls, the primary antibodies were omitted.

Assessment of staining

All sections were evaluated by two independent observers
(Wei-Qing Xu and Ling-Jun Song) unaware of the disease
outcome. Distinct cytoplasm staining was considered to be
positive, regardless of the staining intensity. For AE1
expression, <10% expression was considered as negative.

Statistical analysis

Statistical evaluation was performed using the Chi-squared
test and t test to analyze the data. P value less than 0.05 was
123
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considered as statistically signiWcant. The SPSS 11.0 soft-
ware (Chicago, IL) was used to analyze all data.

Results

DiVerent expression patterns of AE1 in gastric carcinoma

The human AE1 protein was not expressed in normal stom-
ach that has been extensively identiWed (Kudrycki et al.
1990). In this study, we detected the expression of AE1
protein by immunohistochemistry in gastric non-cancer tis-
sues (seven cases) obtained from patients postsurgical oper-
ation. Our results supported the previous report and
conWrmed that the AE1 protein expression was absent in
normal human gastric tissues (data not shown).

To determine the potential clinical implications of AE1
expressions in gastric carcinomas or para-cancer tissues
(non-cancer cells close to cancer cells), total 286 cases of
early and advanced primary carcinomas were analyzed. The
diVerent patterns of AE1 expression were detected. In para-
cancer tissues of advanced carcinoma, or cancer tissues in
the early stage, the large granule proWle of AE1 was
observed which located in the basolateral side of the glan-
dular epithelium cell. However, the protein was diVusely
expressed in cytoplasm of the cancer cells in advanced gas-
tric cancer (Fig. 1). We observed that 123 (67.6%) of 182
cases of advanced gastric carcinoma including cancer and
para-cancer tissue had detectable expression of AE1 and
that was decreased to 54.4%, while the para-cancer tissue
samples were excluded. The AE1 expression in 40 (38.5%)
of 104 cases is lower in early stage than that in advanced
stage, which means that the latter stage of gastric cancer the
higher expression frequency of AE1.

Anatomically, the stomach can be divided into fundus,
body and antrum. We have previously reported that gastric
cancer located in fundus, body or antrum shown diVerent
molecular characters, suggested that the diVerences in epi-
demiology, histopathology, and molecular pathology of
gastric carcinomas of the three parts (Yang et al. 2008). In
this paper, we contrastively analyzed the AE1 expression in
gastric carcinoma located in fundus, body, or antrum
(Figs. 2, 3a). The results showed that the AE1 was more
frequently expressed in antrum carcinoma compared with
that in body carcinoma in advanced stage (P = 0.034)
(Fig. 3b). In addition, intensity of AE1 expression in
antrum carcinoma is stronger than that in fundus or body
carcinoma. No diVerence could be seen in their para-cancer
tissues of the gastric cancer in the three parts.

Fig. 1 Expression patterns of AE1 in gastric cancer. a Negative
expression of AE1 in gastric cancer tissue. b Granule expression of
AE1 is located in the basolateral side but not the apical side of the glan-
dular epithelium cell. c DiVused expression of AE1 in cytoplasm of the
gastric cancer cells (£40)
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Expression of AE1 was correlated with clinicopathological 
features of gastric carcinoma

Analysis of the associations between AE1 expression and
clinicopathological variables was performed by Chi-
squared test or t test. The results did not demonstrate any
signiWcant association between AE1 expression and age,
depth of invasion and TNM staging in advanced gastric
cancer. However, there was a strong association between
AE1 expression and tumor size, lymph metastasis, and

Lauren classiWcation. In the advanced stage, the tumor
shown bigger size with average 4.35 § 0.95 cm3 for AE1
positive carcinoma compared with that (1.67 § 0.35 cm3)
for AE1 negative carcinoma (P = 0.021). As summarized in
Table 1, the expression of AE1 was detected in cancer tis-
sues in 59 (50%) of 118 cases that with lymph metastasis.
But it was detected in 20 (69%) of 29 cases that without
lymph metastasis, suggesting that there was a negative
association between AE1 expression and lymph metastasis
(P = 0.066). This was emphasized by comparing the

Fig. 2 Expression of AE1 in 
early gastric cancer cells in parts 
of gastric fundus, body, or 
antrum and corresponding para-
cancer tissues. Immunohisto-
chemical staining with anti-AE1 
monoclonal antibody of human 
early gastric carcinoma and 
corresponding para-cancer 
tissue. a, b Fundus carcinoma 
and para-cancer tissue. c, d Body 
carcinoma and para-cancer 
tissue. e, f Antrum carcinoma 
and para-cancer tissue (£40)
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expression of AE1 in para-cancer tissue of the patients with
or without lymph metastasis (P = 0.023). There was no sig-
niWcant diVerence in subtypes of cancer tissues between
AE1-positive and -negative cases; however, there was a
relationship between AE1 expression and intestinal sub-
types in para-cancer tissue. The AE1 was detected in 16
(61.5%) of 26 cases of intestinal types and 24 (32.9%) of 73
cases of diVuse types (P = 0.011), suggesting that there was
more association between AE1 expression and intestinal
types than diVuse types of gastric cancer. In addition, the
association of AE1 expression in early cancer tissues and
tumor invasion and lymph metastasis were analyzed. As
shown in Table 2, 26 (49.1%) of 53 cases of early gastric
carcinoma displayed positive expression of AE1 in deeper
invasion of the cancer cells which were observed in submu-
cosum layer. However, only 12 (26.7%) of 45 cases
showed positive expression of AE1 in cancer tissues which
inWltrate till mucous layer (P = 0.023). This indicates that
the AE1 expression is associated with the invasion depth in
the early stage of gastric cancer.

Follow-up information was available on 94 advanced
gastric carcinoma patients after surgical operation for peri-
ods ranging from 1 month to 6.7 years (median =
22.5 months) after surgical operation. As shown in Table 3,
the patients who expressed AE1 in gastric carcinoma had
lower life time when compared with the patients which
have no AE1 expression (<5 years) (P = 0.022).

Discussion

Gastric adenocarcinoma (95–98% of gastric cancer) is the
fourth most common cancer and a leading cause of cancer-
related death worldwide. Despite some advances were
achieved in the treatment of advanced gastric cancer
(Sipponen 2002; Fukase et al. 2008; Lee et al. 2008;
Sugano 2008), these patients still do poorly. Radical surgi-
cal resection is still the best treatment option in clinical
practice (Lynch et al. 2008). Overall survival of patients
with gastric cancer remains disappointing. Our present

Fig. 3 Expression of AE1 in 
advanced gastric cancer cells in 
parts of gastric fundus, body, or 
antrum and corresponding para-
cancer tissues. a Immunohisto-
chemical staining of human 
advanced gastric carcinoma and 
corresponding para-cancer 
tissue. a, b Fundus carcinoma 
and para-cancer tissue. c, d Body 
carcinoma and para-cancer 
tissue. e, f Antrum carcinoma 
and para-cancer tissue (£40). 
b Expression frequency of AE1 
in fundus, body, and antrum 
carcinoma (left) and para-cancer 
tissue (right)
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work showed that the overall 5-year survival rate of people
with stomach cancer is 22% which is consistent with other
reports (Table 3). This survival rate for gastric cancer is
lower than other solid cancers which are considered due to
the lack of early diagnostic strategies, the poor understand-
ing of gastric cancer biology and the inadequate medical
treatments. Successful approaches to the treatment of gas-
tric cancer are in large part depends on the increasing
understanding of their molecular pathway (Vauhkonen
et al. 2006).

Gastric cancer is a biologically heterogeneous disease
with multigene alteration. Biological prognostic factors are
thought to represent a crucial cause for gastric cancer. Sev-
eral gastric cancer-related factors have been identiWed
(Ernst et al. 2008; Merchant 2008; Poplawski et al. 2008).
Stomach is a unique organ and in charge of most of the
digestive process; however, no stomach-speciWc carcino-
genic gene was reported. Gastric acid and enzymes plays a
key role in the digestive procedure. Increasing evidence

indicating that factors inhibiting the acid secretion are
involved in the carcinogenesis of gastric cancer (Louise
et al. 2005; Argani et al. 2007; Vilkin et al. 2008).

In this paper, immunohistochemical detection of AE1
showed that the protein was expressed in the cytoplasm of
gastric cancer or para-cancer cells. The expression was
associated with the tumor size, invasion depth and the sur-
vival period indicating that the AE1 is a wicked marker for
gastric cancer patients. In regard to the mechanism, our pre-
vious work demonstrated that the protein takes part in the
carcinogenesis pathway via interacting with tumor suppres-
sor p16INK4A and sequestrate the protein in cytoplasm in
gastric cancer cell. It is well deWned that AE1 was largely
expressed in erythrocyte membrane and involved in RBC
volume and pHi regulation. In stomach, the regulation of
pHi was completed by several molecules including AE2.
Disruption of AE2 resulted in the cellular alkalization and
achlorhydria (Gawenis et al. 2004). The alkalization of gas-
tric cancer cell and the achlorhydria are the characters of
the gastric cancer. Therefore, it is reasonable to consider
that the AE1 might interrupts the exchange of Cl¡/HCO3

¡

across the plasma membrane in gastric cancer cell and
therefore inXuence the acid secretion of the stomach.
Achlorhydria is associated with gastric cancer-related

Table 1 Relationship between 
AE1 expression and clinicopath-
ological features of advanced 
gastric carcinomas

Clinicopathological features na AE1 expression (cancer) AE1 expression (para-cancer)

Negative Positive P Negative Positive P

Age (year) 0.474 0.267

<75 100 48 (48.0) 52 (52.0) 63 (63.0) 37 (37.0)

¸75 82 35 (42.7) 47 (57.3) 45 (54.9) 37 (45.1)

Depth of invasion 0.865 0.173

T2 47 22 (46.8) 25 (53.2) 25 (53.2) 22 (46.8)

T3–4 51 23 (45.1) 28 (54.9) 34 (66.7) 17 (43.3)

Lymph metastasis 0.066 0.023

Negative 29 9 (31.0) 20 (69.0) 12 (41.4) 17 (58.6)

Positive 118 59 (50.0) 59 (50.0) 76 (64.4) 42 (35.6)

TNM staging 0.562 0.266

I 13 5 (38.5) 8 (61.5) 6 (46.2) 7 (53.8)

II–IV 85 40 (47.1) 45 (52.9) 53 (62.4) 32 (37.6)

Lauren classiWcation 0.181 0.011

Intestinal type 26 15 (57.7) 11 (42.3) 10 (38.5) 16 (61.5)

DiVuse type 73 31 (42.5) 42 (57.5) 49 (67.1) 24 (32.9)

Values in parenthesis are 
percentage
a The data was partially ana-
lyzed due to the unparticular 
information

Table 2 Relationship between AE1 expression and clinicopathologi-
cal features of early gastric carcinomas

Values in parenthesis are percentage
a The data was partially analyzed due to the unparticular information

Clinicopathological features na AE1 AE1 P

Negative Positive

Depth of invasion 0.023

Mucous layer 45 33 (73.3)* 12 (26.7)

Submucosum 53 27 (50.9) 26 (49.1)

Lymph metastasis 0.34

Negative 90 57 (63.3) 33 (36.7)

Positive 14 7 (50.0) 7 (50.0)

Table 3 Relationship between AE1 expression and survival period

Values in parenthesis are percentage

Survival period (years) n AE1 P

Negative Positive

<5 73 19 (26.0) 54 (73.1) 0.022

>5 21 11 (52.4) 10 (47.6)
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bacterial overgrowth and gene expression patterns and
hereby associated with the gastric cancer (Friis-Hansen
2006; Argent et al. 2008; Gravalos and Jimeno 2008). Stud-
ies indicating that chronic achlorhydria and hypergastrin-
emia induced the upregulation of growth factors, progressive
hyperplasia and incomplete intestinal metaplasia.

It is well known that the invasive growth and metastasis
are the hallmarks of malignant cancer. Invasion depth is an
important parameter for judging the gastric cancer stage. It
is interesting to note that AE1 was inconsistently associated
with the invasion and lymph metastasis, suggesting that the
AE1 was involved in diVerent mechanisms and molecular
pathways in gastric carcinogenesis. This can be supported
by some tumor properties in clinical practice. For example,
some gastric cancers in early stage show washy invasion
and rapid metastasis but others in advanced stage show
slower metastasis. It is now considered that the pivotal step
in cancer metastasis is active migration of tumor cells.
Assemble and movement of cellular skeleton protein is an
initiative step for the migration of cancer cell. AE1 inter-
acts with a range of proteins including membrane protein
and skeleton protein in erythrocyte and therefore we can
consider that these interactions might also occur in gastric
cancer cells. Expression of AE1 in the gastric cancer cells
could impact the function of the skeleton proteins and
therefore aVect the movement of the cancer cell.

Laurén method classiWes gastric cancer into intestinal
and diVuse subtypes that was most successful and widely
used. The two types of gastric cancer appear clearly as dis-
similar clinical and epidemiological entities. The diVerenti-
ation of the AE1 expression in para-cancer tissues of the
two histopathological subtypes was also found. The AE1
was more frequently expressed in intestinal types of gastric
cancer. It is interesting to note that the existence of local
precursor lesions such as Helicobacter pylori gastritis,
intestinal metaplasia, and achlorhydria are linked with
intestinal subtypes, but is poor or do not related to diVuse
subtypes of the gastric cancer (Vauhkonen et al. 2005),
which implies that achlorhydria is important for intestinal
subtypes, but are minor in the development of diVused type.
We can speculate that the expression of AE1 is related to
the achlorhydria and the latter is a precursor of the intesti-
nal subtypes of gastric cancer. Moreover, this achlorhydria
is associated with intestinal metaplasia and bacterial over-
growth, which ultimately leads to the development of gas-
tric cancer.

The normal gastric mucosa in antrum or corpus/fundus is
consisted of diVerent epithelial cell types. The distinctness
of the cancer located in diVerent parts of stomach is not
well investigated. AE2, the AE family member with 70%
identity with AE1 was most abundantly expressed in the
body part and almost inexistent in antrum of the stomach.
The protein regulates the acid secretion and vanished in

gastric body cancer tissue, but appeared in diVused pattern
in antrum cancer tissue, and suggests that diVerent path-
ways are involved in the carcinogenesis of gastric cancer.
These results may be helpful for improving the tumor clas-
siWcation and treatment of the gastric cancer.
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