
Summary. Background/Aim: Autophagy has dual roles
in tumorigenesis: tumor-promoting or tumor-
suppressing. The aim of the present study was to
examine autophagy-related markers by immunohisto-
chemistry in gastric carcinoids and adenocarcinomas in
rodent models and patients.

Methods: Gastric carcinoids in Mastomys were
induced by loxtidine treatment. Spontaneously
developed gastric adenocarcinomas in Japanese cotton
rats and INS-GAS transgenic mice were included.
Patient tissue samples of gastric carcinoids or
adenocarcinomas were collected. Immunohistochemistry
was performed against autophagy-related gene protein-6
(ATG-6, also called beclin-1), ATG-5 and ATG-16.

Results: In tumor-free Mastomys, ATG-5, ATG-16
and beclin-1 were immunepositive in the gastric mucosa.
In tumor-bearing Mastomys, ATG-5 and ATG-16 were
negative in the tumors, whereas beclin-1 was positive in
four of five animals. In carcinoid patients, ATG-5 was
negative in six of ten, ATG-16 negative in nine of ten,
and beclin-1 negative in three of ten patients. In cotton
rats, ATG-5 and ATG-16 were negative in all tumors.
Beclin-1 was negative in three of five rats. In INS-GAS
mice, ATG-5 and beclin-1 were positive in the tumor
area, but the numbers of immunopositive cells per gland
were reduced by about 50% in comparison with wild-
type mice. In adenocarcinoma patients, ATG-5 and
ATG-16 were negative in eight of ten, and beclin-1
positive in all ten patients. 

Conclusions: An impaired autophagy took place at

the stage of formation of ATG-5-ATG-12-ATG-16
complex in both gastric carcinoids and adenocarcinoma
of both rodent models and patients. ATG-5 and ATG-16
might be better markers than beclin-1 in assessing
autophagy in these lesions.
Key words: Cotton rats, Mastomys, INS-GAS mice,
patients

Introduction

Programmed cell death plays important roles in the
preservation of tissue homeostasis and elimination of
damaged and harmful cells. Dysfunction of programmed
cell death leads to various diseases, including cancers.
There are three major cell death mechanisms: apoptosis,
autophagic cell death, and necrosis (Clarke, 2002;
Gozuacik and Kimchi, 2007). The role of apoptosis in
tumorigenesis has been much focused, but the role of
autophagy in tumorigenesis as well as its potential in
anti-cancer targeted therapy has gained more attention
during the last few years. 

It has been shown that autophagy plays a dual role in
tumorigenesis, i.e. either having tumor-promoting or
tumor-suppressing properties, leading to different
phenotypes of the tumor cells, which are dependent on
genetic composition of the tumor cells, tumor types and
stages, and tumor microenvironment (Apel et al., 2009;
Eisenberg-Lerner and Kimchi, 2009; Wilkinson and
Ryan, 2010). Very recently, we reported an
ultrastructural study of Mastomys model of gastric
carcinoid (ECL cell tumor, or ECLoma), and suggested
that a combination of genetic predisposition and long-
term hypergastrinemia leads to the initiation of gastric
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carcinoids and then impaired formation of vacuoles and
lipofuscin bodies (markers of the autophagic pathway),
and loss of gastrin control advances the tumorigenesis of
these lesions (Vigen et al., 2012). In the present study,
we further tested this hypothesis by means of
immunohistochemistry using well-recognized
biomarkers of autophagy to examine the tumorigenesis
of the carcinoids in the Mastomys model and patients
with gastric carcinoids and chronic atrophic gastritis.
Autophagy-related gene protein-6 (ATG-6, also called
beclin-1) was chosen as it is a widely referred to initiator
of autophagy, and ATG-5 and ATG-16 were included as
later downstream regulatory proteins.

Another hypergastrinemia-related model of gastric
tumorigenesis is Japanese cotton rats, which display an
adenocarcinoma phenotype (Martinsen et al., 2003;
Fossmark et al., 2004a,b, 2005). Previously, we reported
that ECL cells in cotton rats progressively underwent
transformation with loss of secretory organelles, and
dedifferentiation (Fossmark et al., 2005). In the present
study, we further tested the hypothesis of impaired
autophagy in these cotton rats as well as in patients
diagnosed with gastric adenocarcinomas. In addition, we
also included the “INS-GAS” mouse model of gastric
adenocarcinoma in the present study. This is a transgenic
mouse with a human gastrin minigene slicing onto the
insulin promoter, and the gastric tumor can occur
spontaneously (Wang et al., 2000).
Materials and methods

Mastomys

Twelve Mastomys (female, 15 months of age) were
included; 6 animals receiving loxtidine (an irreversible
histamine H2 blocker) at a dose of 1mg/kg/day in
drinking water for 27 weeks, and 6 animals receiving tap
water as controls (for details, see (Vigen et al., 2012)

(Table 1). After the animals were euthanized, tissue
specimens were obtained from the oxyntic gland area
and subjected to a routine histological sample
preparation procedure. 
Cotton rats

Twenty cotton rats (female, 4-10 months of age)
with 5 animals in each group were included: animals
with hypergastrinemia for 2 months and age-matched
normogastrinemic controls; and animals with
hypergastrinemia lasting for 8 months and age-matched
normogastrinemic controls (for details, see (Fossmark et
al., 2005) (Table 2). The same tissue samples were
further subjected to analysis by immunohistochemistry
(see below).
INS-GAS mice

Six INS-GAS and three wild-type (WT) mice (male,
12 months of age) were included. The animal housing
condition was SPF (specific-pathogen-free) and
maintained according to the standard recommended by
FELASA (Federation of European Laboratory Animal
Science Association). Tap water was used throughout,
and standard mouse/rat pellet food was supplied by
Scanbur BK AS (Sweden). The animals received no
treatment.

The study was approved by the Norwegian National
Animal Research Authority (Forsøksdyrutvalget, FDU).
Patients

Twenty gastric tumors were included; ten gastric
carcinoids type 1 (in patients with chronic atrophic
gastritis) and 10 gastric adenocarcinomas of intestinal
type (Table 3). Tissue sections were obtained from the
Department of Pathology and Medical Genetics at St.
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Table 1. Results of immunostaining for ATG-5, ATG-16 and beclin-1 in Mastomys that were treated with loxtidine for 27 weeks.

Mastomys Age(month) Sex Diagnosis ATG-5 ATG-16 Beclin-1

1 15 F Normal Positive Positive Positive
2 15 F Normal Positive Positive Positive
3 15 F Normal Positive Positive Positive
4 15 F Normal Positive Positive Positive
5 15 F Normal Positive Positive Positive
6 15 F Normal Positive Positive Positive
7 15 F Carcinoid Positive in normal tissue Positive in normal tissue Positive in normal tissue

Negative in tumor Negative in tumor Negative in tumor
8 15 F Carcinoid Negative in tumor Negative in tumor Positive in small area of tumor
9 15 F Carcinoid Negative in tumor Negative in tumor Positive in small area of tumor

10 15 F Carcinoid Negative in tumor Negative in tumor Positive in small area of tumor
11 15 F Carcinoid Positive in normal tissue Negative in tumor Positive in tumor

Negative in tumor
12 15 F Carcinoid Negative in tumor Negative in tumor Positive in small area of tumor



Olavs’ University Hospital (Trondheim, Norway) and
subjected to analysis by immunohistochemistry (see
below). Approval for the use of human samples and
obtaining data from patient journals was given by the
Regional Ethical Committee.
Immunohistochemistry

The tissue samples were collected, fixed in 4%
formaldehyde and embedded in paraffin. The 4 µm thick
sections for immunohistochemistry were deparaffinised,
rehydrated with water and treated with 3% H2O2 toquench endogenous peroxidase, washed several times
with buffer, and then incubated with primary antisera for
24 h at 4°C after antigen retrival, i.e., ATG-5 (at working

dilution of 1:200) (code AP1812a, Nordic BioSite,
Norway), ATG-16 (1:75) (code AP1817b, Nordic
BioSite), and beclin-1 (0.5 µg/ml) (code APS-3613,
Nordic BioSite). Afterwards, the sections were incubated
in biotinylated anti-rabbit IgG for 1 h (Envision Kit
K4007, Dako, Denmark). Following several washes in
Tris-buffered saline, sections were incubated in 0.05%
diaminobenzidine/0.001% H2O2 solution and washed atleast 2 times with Tris-buffered saline. Sections were
counterstained, dehydrated with absolute alcohol
followed by xylene, cover-slipped with Dako Mounting
Medium, and examined under a microscope (Nikon
Eclipse E600). Evaluation was performed together with
a consultant pathologist (TV) who was blinded to the
samples. Positive staining was defined as most cells
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Table 2. Results of immunostaining for ATG-5, ATG-16 and beclin-1 in cotton rats with or without hypergastrinemia which was defined as the serum
gastrin concentration being more than 400 pg/ml in freely fed cotton rats.

Cotton Age Sex Hyper- Diagnosis ATG-5 ATG-16 Beclin-1
rats gastrinemia

1 2M F No Normal Positive Positive Positive
2 2M F No Normal Positive Positive Positive
3 2M F No Normal Positive Positive Positive
4 2M F No Normal Positive Positive Positive
5 2M F No Normal Positive Positive Positive
6 2M F Yes Hyperplasia Positive Positive Positive 
7 2M F Yes Hyperplasia Positive Positive Positive

Dysplasia Negative Negative Negative
8 2M F Yes Hyperplasia Positive Positive Positive
9 2M F Yes Hyperplasia Positive Positive Positive

10 2M F Yes Hyperplasia Positive Positive Positive
11 8M F No Normal Positive Positive Positive
12 8M F No Normal Positive Positive Positive
13 8M F No Normal Positive Positive Positive
14 8M F No Normal Positive Positive Positive
15 8M F No Normal Positive Positive Positive
16 8M F Yes Adenocarcinoma Positive in normal tissue Positive in normal tissue Positive in normal tissue

Negative in tumor Negative in tumor Negative in tumor
17 8M F Yes Adenocarcinoma Positive in normal tissue Positive in normal tissue Positive in normal tissue

Negative in tumor Negative in tumor Negative in tumor
18 8M F Yes Adenocarcinoma Positive in normal tissue Positive in normal tissue Positive in normal tissue and small area of tumor

Negative in tumor Negative in tumor Negative in most area of tumor tissue
19 8M F Yes Adenocarcinoma Positive in normal tissue Positive in normal tissue Positive in normal tissue and weak

positive in small area of tumor
Negative in tumor Negative in tumor Negative in most areas of tumor

20 8M F Yes Adenocarcinoma Negative in tumor Positive in normal tissue Positive in normal tissue
Positive in small area of tumor Negative in tumor Negative in tumor

Table 3. Results of immunostaining for ATG-5 and beclin-1 in wild-type and INS-GAS mice.

ATG-5 (number/gland) Beclin-1 (number/gland)

Wild-type mice (3 mice, 8-12 gland/mouse) 22.1±1.0 21.8±0.9
INS-GAS mice (6 mice, 8-17 gland/mouse) 11.2±1.3** 13.7±1.6**

Means±SEM. ** p<0.01 (Student’s t test, two tailed)



being immunoreactive, whereas negative staining was
defined as no immunoreactive cells, and was evaluated
both in the tumor area and normal tissue. In INS-GAS

and wild-type (WT) mice, 8-17 glands/mouse and 8-12
glands/mouse were randomly selected, respectively, for
counting the numbers of immunoreactive cells per gland. 
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Fig. 1. Representative pathological micrographs showing gastric
carcinoids in Mastomys (A) and patient (B), and gastric adenocarcinomas
in cotton rat (C), INS-GAS mouse (D) and patient (E). H&E, x 4
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Fig. 2. Representative immunohistochemical photomicrographs showing ATG-5 (A, B), ATG-16 (C, D) and beclin-1 (E, F) in Mastomys stomachs.
Note: positive in normal tissue from controls (A, C, E), and negative in tumor from carcinoid-bearing Mastomys (B, D) with an exception (F). x 10



Statistical analysis

The values are expressed as Means ± SEM.
Student’s t test was performed in SPSS version 15.0 and
p-value of <0.05 (two-tailed) was considered statistically
significant. 
Results

Pathology of carcinoids and adenocarcinomas 

General histological appearances were similar with
respect to carcinoids between the Mastomys and patients
and with respect to adenocarcinoma between the cotton
rats, INS-GAS mice and patients (Fig. 1). 
Autophagy of carcinoids

Immunohistochemistry showed positive ATG-5,
ATG-16 and beclin-1 in all tumor-free Mastomys
(control group), but negative ATG-5 and ATG-16 in all
tumor-bearing Mastomys. Beclin-1 immunostaining was
positive in 4 of 5 tumor-bearing animals (Fig. 2) (Table
1). The locations of the immunoreactivity for ATG-5,
ATG-19 and beclin-1 appeared to be the epithelial cells
in the normal fundic gland (Fig. 2A,C,E). 

In the patients, ATG-5 immunostaining was negative
in 6 of 10, and ATG-16 negative in nine of ten. Beclin-1
immunostaining was negative in 3 of 10 patients (Fig. 3)
(Table 3). 
Autophagy of adenocarcinomas

Immunostainings of ATG-5, ATG-16 and beclin-1
were all positive in normogastrinemic cotton rats in both
age groups, as well as in cotton rats with 2-month-
hypergastrinemia (data not shown), except one with
dysplasia of the mucosa, where all the three
immunostainings were positive in normal mucosa but
negative in the area displaying dysplasia (Fig. 4) (Table
2). 

The cotton rats with 8-month-hypergastrinemia
showed negative ATG-5 and ATG-16 in the tumor area
and adjacent tissue in all samples, but positive in the
normal area of the same stomach. Beclin-1
immunostaining was negative in 3 of 5 and positive in
small area of tumor in 2 of 5 rats (Fig. 5) (Table 2). 

The INS-GAS mice showed positive immuno-
staining of ATG-5 and beclin-1 in the tumor area, but the
numbers of immunoreactive cells per gland were
reduced by about 50% (p<0.01) in comparison with
wild-type mice (Fig. 6) (Table 3). ATG-16 antibody,
which worked in rats and humans, failed to work in
mice. 

In the patients, both ATG-5 and ATG-16
immunostainings were negative in the tumor area in 8 of
10 patients. Beclin-1 immunostaining was sometimes
negative in the tumor area but occasionally positive in
adjacent area in the 10 patients (Fig. 7) (Table 4). It was
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Fig. 3. Representative immunohistochemical photomicrographs showing
ATG-5 (A), ATG-16 (B) and beclin-1 (C) in a carcinoid patient stomach.
Note: negative in A, B, but positive in C. x 10
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Fig. 4. Representative immunohistochemical photomicrographs showing ATG-5 (A, B), ATG-16 (C, D) and beclin-1 (E, F) in a cotton rat stomach with
2-month-hypergastrinemia. Note: positive in normal area (A, C, E), but negative in area displaying dysplasia (B, D, F). x 10
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Fig. 5. Representative immunohistochemical photomicrographs showing ATG-5 (A, B), ATG-16 (C, D) and beclin-1 (E, F) in cotton rat stomachs with
normogastrinemia (A, C, E), or with 8-months-hypergastrinemia and adenocarcinoma (B, D, F). Note: positive in the normal area (A, C, E), but negative
in the tumor area (B, D, F). x 10



Fig. 6. Representative immunohistochemical photomicrographs showing ATG-5 (A, B), and beclin-1 (C, D) in the stomachs of wild-type (A, C) and INS-
GAS (B, D) mice. Note: more positive wild-type than INS-GAS mice. x 10

Table 4. Clinical data and results of immunostaining for ATG-5. ATG-16 and beclin-1. MI-1 (MIB-1 % or degree of differentiation).

Patient no. Age Sex CgA (nM) Gastrin (pM) Size (cm) TNM MIB-1 ATG-5 ATG-16 Beclin-1

Carcinoid (type 1)
1 67 M 8,5 365 0,3 T1N0M0 <5% Positive Negative Positive
2 87 F nd 752 0,4 T1N0M0 5% Positive Negative Positive
3 56 F 7,0 1376 1,5 T3N1M0 <2% Negative Positive Negative
4 64 M 7,3 528 0,4 T1N0M0 nd Positive Negative Negative
5 73 F 14,8 925 0,4 T1N0M0 <2% Positive Negative Negative
6 54 M 3,3 nd 1,5 T1N0M0 10% Negative Negative Positive
7 41 M 18,5 400 0,4 T1N0M0 <2% Negative Negative Positive
8 57 F 6,5 481 0,3 T1N0M0 <1% Negative Negative Positive
9 68 M nd nd 0,3 T1N0M0 nd Negative Negative Positive

10 69 M nd nd 0,3 T1N0M0 nd Negative Negative Positive
Adenocarcinoma (intestinal type)

11 82 F nd nd 8,5 T3N0M0 Moderate Positive Negative Positive
12 51 M nd nd 2 T3N0M0 Poor Negative Negative Positive
13 82 M nd nd 4 T3N0M0 Moderate Negative Negative Positive
14 82 M nd nd 6 T3N3M1 Moderate Negative Positive Positive
15 49 M nd nd 10 T3N1M0 Moderate Positive Negative Positive
16 66 F nd nd 2 T3N1M0 Moderate Negative Negative Positive
17 62 M nd nd 1,5 T3N1M0 Well Negative Positive Positive
18 77 F nd nd 9,5 T3N1M0 Poor Negative Negative Positive
19 39 M nd nd 4 T3N1M0 Poor Negative Negative Positive
20 58 F nd nd 2 T1N0M0 Moderate Negative Negative Positive

* nd: not determined



noticed that normal tissue away from the tumor was
positive (data not known).
Discussion

The cell death pathways of gastric carcinoids and/or
gastric adenocarcinomas have not been fully defined.
Recently, and for the first time, a report of
immunohistochemical analysis of cell death pathways in
gastric vs. colorectal adenocarcinoma showed that there
was no correlation between the expression of any
markers, i.e., apoptotic markers cleaved caspase-8, -9, or
autophagic marker microtubule-associated protein 1
light chain 3 (LC3), and any of the clinicopathological
parameters, including age, gender, differentiation,
location, depth of tumor invasion, lymph node
metastasis, lymphatic invation, vascular invasion and
pathological stage (Shintani et al., 2011). Unfortunately,
no comparison was made between the normal vs. tumor
tissues either of gastric or colorectal adenocarcinomas in
that report. In the present study, we have attempted to
compare the normal/control vs. tumor tissues of gastric
carcinoids and adenocarcinomas in three rodent models
and patients with respect to the autophagic markers. 

Autophagy is orchestrated by a subset of genes that
are called autophagy-related genes (ATG). The ATG
signaling pathway consists of activation of a
serine/threonine kinase complex to initiate autophagy,
formations of ULK-ATG13-FIP200 and beclin-1-
hVps34-p150 complexes to mediate early nucleation
events, and then formation of ATG-5-ATG-12-ATG-16
complex and cleavage of LC3-I to form LC3-II (ATG-6),
leading to the formation of autophagosome and the
fusion between the autophagosome and the lysozyme
(Rosenfeldt and Ryan, 2009). The role of autophagy has
been described as a "double-edged sword" as it functions
as a suppressor of neoplasia, but also helps cancer cells
to survive (Marx, 2006; White and DiPaola, 2009; Chen
and Debnath, 2010; Pavlides et al., 2010; Rosenfeldt and
Ryan, 2011). Recently, it was reported that gastric
carginogenesis could be inhibited by IFN-γ, probably
through induction of autophagy and apoptosis in mice
(Tu et al., 2011). We also reported that the formation of
vacuoles and lipofuscin bodies was impaired in the
carcinoids of these Mastomys, suggesting an impaired
autophagic pathway (Fossmark et al., 2005; Vigen et al.,
2012). The results of the present study confirmed that an
impaired autophagy took place mainly at the later stage
of the tumorigenesis (i.e. formation of ATG-5-ATG-12-
ATG-16 complex), rather than at the initiating stage
(formation of beclin-1-hVps34-p150 complex) in gastric
carcinoids of animals and humans, and further showed
that there was a similar impaired autophagy in gastric
adenocarcinomas of rodent models and patients. 

There have been few reports on ATG-5 and ATG-16
with regard to their roles in tumorigenesis (Kang et al.,
2009), but relatively many reports on beclin-1, which are
diverse. For example, mice lacking one copy of beclin-1
suffered from a high incidence of spontaneous tumors,
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Fig. 7. Representative immunohistochemical photomicrographs showing
ATG-5 (A), ATG-16 (B) and beclin-1 (C) in an adenocarcinoma patient
stomach. Note: negative in A, B, and positive in C, with an exception of
occasionally positive in adjacent area (B). x 10



including B cell lymphoma, hepatocellular carcinoma
and lung adenocarcinoma (Qu et al., 2003; Yue et al.,
2003). In humans, the beclin-1 gene is monoallelically
deleted in 40-75% of cases of sporadic breast, ovarian,
and prostate cancer (Qu et al., 2003). The expression of
beclin-1 and LC13 was associated with FIGO stage and
histological grade and the decrease of autophagic
capacity might be related to tumorigenesis and
development of epithelial ovarian cancer (Shen et al.,
2008). However, it was reported that beclin-1 was
positively expressed in most gastric carcinomas, and had
no significant association with invasion, metastasis or
stage (Ahn et al., 2007). Overexpression of beclin-1 was
also found in MKN28 human gastric cancer cells
(Furuya et al., 2005). These results might indicate that
there is difference in expression between different cancer
forms. In the present study, beclin-1 was expressed in all
patients with adenocarcinomas of intestinal type but
inconsistent in patients with carcinoids. A larger
sampling study will be worthwhile in the future. 

The results of the present study provided further
evidence for an impairment of autophagy, particularly in
the later stage of the pathway, in the tumorigenesis of
gastric carcinoids as well as adenocarcinomas in rodents
and patients. We may also suggest that ATG-5 and ATG-
16 are better markers than beclin-1 for autophagy, at
least in gastric carcinoids and adenocarcinomas, and that
stimulation of ATG-5-ATG-12-ATG-16 complex
formation might be a novel target strategy for gastric
anticancer therapy.
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