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Abstract Gastric cancer is a major leading cause of cancer-
related death in both sexes in Europe. The role of autophagy
process in carcinogenesis remains unclear and there is increasing
evidence that Helicobacter pylori is a key player in modulating
autophagy in gastric carcinogenesis. The aim of this studywas to
assess the potential association of ATG16L1 T300A polymor-
phismwith susceptibility of gastric cancer, and further to analyze
the expression profile of ATG16L1 gene in paired tumoral and
peritumoral gastric tissue. A total of 108 patients diagnosed with
gastric cancer and 242 healthy controls were enrolled. ATG16L1
T300A polymorphism was detected using TaqMan genotyping
assay containing primers and specific probes for A and G allele,
respectively. ATG16L1 mRNA level was evaluated in 34 paired
tumoral and peritumoral tissues using qRT-PCR. We found a
significant association for both carriers of AG (OR 0.52, 95 %
CI: 0.30–0.91, p = 0.02) and GG genotype (OR 0.53, 95 % CI:
0.28–0.98, p = 0.043), these were at a lower risk for gastric
cancer when compared with the wild-type AA genotype. The
strongest association was observed in a dominant model, the
carriers of G allele were protected against gastric cancer (OR
0.52, 95 % CI: 0.13–0.88, p = 0.013). In a stratified analyse, the

association was limited to non-cardia type and intestinal type.
ATG16L1 gene expression was detected in both tumor and
peritumoral tissues, with the mRNA-ATG16L1 levels signifi-
cantly higher in tumor sample. Our results suggest that
ATG16L1 T300A polymorphismmay be associatedwith gastric
carcinogenesis.
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Introduction

Gastric cancer is a major health problem worldwide despite
advances in diagnosis and treatment, the prognosis being often
poor, mainly because a large proportion of gastric cancer pa-
tients are detected at a late stage. Although decreases in stom-
ach cancer incidence were seen in many European countries
[1], gastric cancer still is one of the most commonly diagnosed
cancers in Europe, occupying the sixth position. Furthermore,
it is the fourth leading cause of cancer-related death in both
sexes after lung, colorectal and breast cancers, accounting for
6.1 % of total deaths from cancer, with an estimated 107.000
deaths in 2012 [2]. The genetic and environment factors are
major players in the multifactorial etiology of gastric cancer.
Helicobacter pylori (H. pylori) represents the strongest known
risk factor for development of gastric cancer, being classified
as a class I carcinogen [3, 4]. Infection with H. pylori can
induce innate and adaptive immune responses in the host, with
the autophagy process as modulator for both of them [5, 6].

Autophagy is an evolutionarily cytoplasmic process that ini-
tially uses a double membrane, known as an autophagosome, to
engulf cellular components (e.g. long-lived proteins, damaged
organelles), as well as pathogens [7]. Subsequently, an
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autolysosome is generated by the autophagosome fusion with
the lysosome, the autophagic being then degraded through the
activity of acid hydrolases [8]. Autophagy process is controlled
by a complex genetic network involving multiple autophagy-
related genes (ATGs). ATG16L1 is a key regulatory autophagy
gene, involved in the elongation and closure steps of
autophagosomes as a member of ATG5–ATG12–ATG16L1
complex [9]. The ATG16L1 presence is required for the initia-
tion of the autophagosomes formation via the conjugation of
microtubule-associated protein 1-light chain (LC3) to the lipid
phosphatidylethanolamine, bringing LC3 to the site of lipidation
[10]. As a consequence, the absence of ATG16L1 severely af-
fects autophagosome formation, degradation of long-lived pro-
teins and the clearance of bacteria within both immune and
epithelial cells [11]. ATG16L1 gene was mapped to chromo-
some 2q37.1 [12], and the single-nucleotide polymorphism
(SNP) in the ATG16L1 c.898A > G (rs2241880) gene results
to a change in polarity of amino acids by substitution of threo-
nine to alanine (T300A/Thr300Ala). This abovementioned SNP
has been shown to affect the autophagy process [13], and the G
allele has been identified as a risk allele in Crohn’s disease, a
common form of chronic inflammatory bowel disease [14–16].

The role of autophagy process in carcinogenesis is unclear
with a polymorphic tissue-type dependent pattern. The au-
tophagy process seems to have two opposite functions: pro-
oncogenic as well as tumor-suppressant. Autophagy promotes
achievement of nutrients critical for tumor growth, inhibits
cellular death and increases drug resistance. On the contrary,
autophagy limits inflammation, tissue damage, genetic insta-
bility, and discards damaged organelles and pathogen [7, 17].

There is increasing evidence that H. pylori plays a critical
role inmodulating autophagy in gastric carcinogenesis [6, 18].
Initially, infection with H. pylori promotes autophagy as a self
defense mechanism against pathogen in gastric epithelial
cells, but long-time exposure to vacuolating cytotoxin A
(VacA) impairs autophagy [19]. The presence of ATG16L1
T300A polymorphism is reported to increase the risk of
H.pylori infection in Caucasian individuals from Scotland
and Germany [20].

We aimed to assess the association of ATG16L1 T300A
(c.898A > G, rs2241880) polymorphismwith susceptibility of
gastric cancer, and further to analyze the expression profile of
ATG16L1 gene in paired tumoral and peritumoral gastric sam-
ples obtained by upper endoscopy.

Material and Methods

Subjects

In this hospital-based case-control study, we included a total
of 350 Romanian subjects (108 patients with gastric adeno-
carcinoma and 242 healthy controls). The upper endoscopy

was used to diagnose gastric cancer and all cases were histo-
logically confirmed by biopsy specimens, at the Emergency
Clinical County Hospital of Craiova, Romania. All included
patients were H. pylori positive by histological examination or
rapid urease test. Age and gender matched controls with no
positive history of a tumor, autoimmune, inflammatory or in-
fectious chronic disease were recruited among unrelated vol-
unteers admitted to the same hospital. Blood samples were
obtained from both groups and demographic characteristics,
age, sex, and family history of cancer or other diseases were
recorded for each participant. The Ethics Committee of
University of Medicine and Pharmacy of Craiova, Romania
approved this study and a written informed consent was pro-
vided by the included participants.

ATG16L1 T300A (rs2241880) Genotyping

The human genomic DNA was isolated from the peripheral
blood leukocytes using Wizard Genomic DNA Purification
Kit (Promega, Madison, WI, USA), according to manufac-
turer’s protocol. The variants of ATG16L1 T300A were de-
tected using predesigned TaqMan genotyping assay
(C___9095577_20; Applied Biosystems, Foster City, CA,
USA), containing primers and specific probes for A allele
and G allele, respectively. Real Time PCR cycling conditions
(7300; Applied Biosystems, Foster City, CA, USA) were
95 °C for 10 min, followed by 50 cycles of 95 °C for 15 s
and 60 °C for 1 min annealing temperature, and ATG16L1
rs2241880 genotyping was carried out in a 8 μl reaction vol-
ume. All samples were randomly distributed and blindly ge-
notyped for quality control. All samples that did not yield a
reliable result in the first round were resubmitted for an addi-
tional round of genotyping. We included in each run a nega-
tive control sample and three positive controls (homozygous
for the wild-type allele, and heterozygous and homozygous
for the mutant allele).

Table 1 Subject characteristic

Gastric adenocarcinoma Control

n 108 242

Male/Female 68/40 152/90

Age (years), mean ± SD 64,22 ± 5,65 60,69 ± 4,94

H.Pylori + 108

Location

cardia 29

noncardia 79

Histologic type

intestinal 63

diffuse 44

mixed 1
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ATG16L1 mRNA Evaluation

ATG16L1 mRNA level was evaluated in tumoral and
peritumoral tissue biopsy specimens obtained during endos-
copy from 34 gastric adenocarcinoma patients. The samples
were collected in RNA later solution (Ambion, Austin, USA)
and stored at −80 °C, until RNA isolation. On histopatholog-
ical examination none of the peritumoral tissues microscopi-
cally showed invasion with malignant cells. SV Total RNA
Isolation System (Promega, Madison, USA) was used for the
isolation and purification of total RNA from tumor and
peritumor mucosa samples; the RNA concentration and purity
were measured spectrophotometrically using a Biophotometer
(Eppendorf, Hamburg, Germany) and the quality of RNAwas
assessed using the Agilent 2010 Bioanalyzer (Agilent
Technologies, Santa Clara, USA). The reverse-transcription
was performed using High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Foster City, USA).
ATG16L1 mRNA was evaluated using quantitative reverse
transcription polymerase chain reaction (qRT-PCR) with spe-
cific TaqMan qene expression assay (Hs01003142_m1,
Applied Biosystems, Foster City, USA). The reactions were
performed on a ViiA™ 7 Real Time PCR System (Life
Techno l og i e s , Ca r l s b ad , USA) u s i ng GAPDH
(Hs99999905_m, Applied Biosystems, Foster City, USA) as
the selected house-keeping gene.

Statistical Data Analysis

Hardy-Weinberg equilibrium was tested by comparing the ob-
served genotype frequencies with those expected using chi–
squared test. Associations between genotypes and gastric can-
cer were calculated as odds ratios (OR) with 95 % confidence
intervals (CIs) by logistic regression. The homozygous

genotype for the wild type allele in Caucasians has been used
as the reference category (codominant and dominant models).
A p value <0.05 was considered as significant. Expression of
ATG16L1 was normalized to GAPDH mRNA and variations
in paired samples were expressed as fold changes, being con-
sidered significant when the mRNA levels varied more than
1.8 fold (>1.8 greater expression in tumor; <0.55 greater ex-
pression in peritumor tissue; 0.55–1.8 = irrelevant difference
between tumorand peritumor tissue). 2-ΔΔCt method was used
for calculating fold changes between paired samples. The
SPSS statistical software package version 17 (SPSS Inc.,
Chicago, IL, USA) and GraphPad Prism 5 software
(GraphPad, San Diego, USA) were used for statistical
analyses.

Results

The characteristics of participants are shown in Table 1, and
there were no significant differences in the distribution of age
and gender between gastric cancer and control groups. Based
on the origin site of cancer, the gastric cancer group was clas-
sified into two subgroups: cardia (29) and non-cardia (79).
According to the Lauren classification, 63 (58 %) were
intestinal-type, 44 (41 %) were diffuse-type and 1 (1 %) was
mixed type.

The genotype frequencies of ATG16L1 T300A SNP in
controls were distributed in accordance with Hardy–
Weinberg equilibrium. In a codominat model, we observed a
significant association for both carriers of AG (OR 0.52, 95 %
CI: 0.30–0.91, p = 0.02) and GG genotype (OR 0.53, 95%CI:
0.28–0.98, p = 0.043), these were at a lower risk for gastric
cancer when compared with the wild type AA genotype
(Table 2). Furthermore, the strongest association was found

Table 3 Risk of cardia and non-cardia adenocarcinoma by genotype

ATG16L1 T300A Cardia n(%) OR (95%CI); p Non-cardia n (%) OR (95%CI); p

AA 9 (31.03 %) Ref 25 (31.65 %) Ref

AG 13 (44.83 %) 0.56 (0.22–1.39); 0.2 33 (41.77 %) 0.51 (0.27–0.94); 0.03

GG 7 (24.14 %) 0.50 (0.18–1.44); 0.19 21 (26.58 %) 0.54 (0.27–1.07); 0.07

G carriers 20 (68.97 %) 0.54 (0.23–1.25); 0.14 54 (68.35 %) 0.52 (0.29–0.92); 0.023

Table 2 Risk of gastric cancer by genotype

Polymorphism
ATG16L1 T300A

Gastric cancer (n = 108) Control (n = 242) OR (95%CI) p value

AA 34 (31.48 %) 47 (19.42 %) Ref -

AG 46 (42.59 %) 122 (50.41 %) 0,52 (0.30–0.91) 0.02

GG 28 (25.93 %) 73 (30.17 %) 0.53 (0.28–0.98) 0.043

G carriers 74 (68.52 %) 195 (80.58) 0.52 (0.13–0.88) 0.013
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in a dominant model, the carriers of G allele were protected
against gastric cancer (OR 0.52, 95 % CI: 0.13–0.88,
p = 0.013). Association of ATG16L1 T300A SNP with tumor
site and histologic subtype was examined separately. In a
stratified analyse, the association between gastric cancer and
polymorphism was limited to non-cardia type (OR 0.52, 95 %
CI: 0.29–0.92, p = 0.023) (Table 3) and intestinal type (OR
0.52, 95 % CI: 0.28–0.96, p = 0.035) (Table 4) in a dominant
model.

The expression of total ATG16L1 was assessed in 34
paired samples. qRT-PCR analysis revealed that ATG16L1
was detected in both tumor and peritumoral tissues, with the
mRNA-ATG16L1 levels significantly higher in tumor sample
(p = 0.0001) (Fig. 1). ATG16L1 expression was greater in
tumor tissues when compared with the non-invaded peritumor
paired samples in 12 cases (35.29 %). For the remaining 22
cases (64.71 %) the difference between paired samples was
biological insignificant. No association between ATG16L1
dysregulation and tumor site, histologic type or genotype
was depicted.

Discussion

To our knowledge, this is the first report showing that
ATG16L1 T300A polymorphism might influence susceptibil-
ity to gastric cancer, the carriers of the G allele seem to be
more protected against gastric cancer development, mainly for
intestinal and non-cardia types. We found that ATG16L1 gene
expressionwas significantly upregulated in gastric tumor sam-
ples compared to paired normal samples, but not significant
differences between ATG16L1 expression induced by allelic
variants in both tumor and peritumoral samples was found.
ATG16L1 is a key gene, not only for autophagosome forma-
tion and induction of autophagy, but also in modulation of
inflammation [21], a well known risk factor for gastric adeno-
carcinoma. Published findings on the ATG16L1 T300A SNP
produced inconsistent results. ATG16L1 deficient macro-
phages showed an abnormal inflammatory reaction with an
increased levels of the IL-1β and IL-18 cytokines following
lipopolysaccharide stimulation [21]. ATG16L1 T300A stimu-
lated production of IL-1β in mononuclear cells of subjects
carrying homozygous GG genotype compared with AA geno-
type [22]. Moreover, a higher level of the pro-inflammatory

cytokine IL-1β and a decreased antibacterial autophagy was
found in mice bearing ATG16L1 T300A variant [23]. A
higher susceptibility to H. pylori infection was observed for
ATG16L1 T300A carriers, and peripheral blood monocytes
from individuals with the ATG16L1 risk variant showed im-
paired autophagic responses to VacA exposure [20].

Furthermore, it has been suggested that both alleles seem to
have an equal contribution of mediating bulk autophagy
levels. The presence of risk G allele did not significantly affect
canonical autophagy against Salmonella, with no impaired
basal autophagy in human intestinal cells, suggesting that a
non-autophagic function of T300A may underlie its associa-
tion with Crohn’s disease, as well as other human diseases
[24].

Similar to our findings, the presence of ATG16L1 G allele
has been associated with a protective effect against epithelial
thyroid carcinoma. Both heterozygous AG and homozygous
GG patients have been associated with a better prognosis than
homozygous AA patients [22]. In a recent study, ATG16L1
T300A was associated with increased overall survival and
reduced metastasis in colorectal cancer patients, showing an
improved survival for GG genotype carriers [25]. In the same
study, ATG16L1 T300A variant does not affect canonical au-
tophagy, but stimulates type I interferon production, suggest-
ing that disruption of cytokine balance can modify the disease
outcome.

Fig. 1 Comparative expression of ATG16L1 mRNA in paired tumoral
and peritumoral mucosa. Data are presented as relative mRNA expression
of target gene to GAPDH. Wilcoxon matched-pairs signed rank test

Table 4 Risk of intestinal and diffuse adenocarcinoma by genotype

ATG16L1 T300A Intestinal n(%) OR (95%CI); p Diffuse n(%) OR (95%CI); p

AA 20 (31.75 %) Ref 13 (29.55 %) Ref

AG 28 (44.44 %) 0.54 (0.28–1.05); 0.07 18 (40.90 %) 0.53 (0.24–1.17); 0.11

GG 15 (23.81 %) 0.48 (0.22–1.04); 0.058 13 (29.55 %) 0.64 (0.27–1.51); 0.31

G carriers 43 (68.25 %) 0.52 (0.28–0.96); 0.035 31 (70.45 %) 0.58 (0.28–1.18); 0.13
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We propose several hypotheses to explain our results. On
one hand, the ATG16L1 gene-related epistasis exists due to
the fact that autophagy is a complex mechanism involving
various genes that regulate different processes (e.g., inflam-
mation, immunity). On the other hand, ATG6L1 T300A influ-
ences IL-1β production and it may affect cancer susceptibility
through modulation of the cytokine response in a context-
dependent manner. Autophagy tumor promoting roles could
be disrupted by ATG16L1 genetic changes with a protective
effect in a specific tissue-types. Other possible explanation
might be that the autophagy process is further modulated by
the interactions between various SNPs within haplotypes. The
haplotype context influenced by ethnicity background and
past selective pressures unique to different populations may
explain the controversial published results on populations of
different geographic origins. To attenuate the small size of
subgroups we used both codominat and dominant models.

In conclusion, we found that ATG16L1 T300A SNP can
influence susceptibility to gastric cancer, the presence of G
allele is associated with a protective effect against gastric can-
cer development. ATG16L1 gene tends to be upregulated in
tumor compared to normal gastric tissue. Further investiga-
tions are required to confirm our results, and furthermore to
unravel the underlying autophagy mechanisms in gastric
carcinogenesis.
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