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INTRODUCTION

The current concept of 
sporadic gastric carcinogenesis 
admits the Correa cascade model 
as a multistep multifactorial 
process with Helicobacter pylori 
(H. pylori) infection playing a 
crucial role [1, 2], modulated by 
individual and environmental 
factors [3]. Chronic inflammatory 
changes in gastric mucosa, gastric 
atrophy and intestinal metaplasia 
are acknowledged steps in the 
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ABSTRACT

Background & Aims: The increased oxidative stress plays an important role in gastro-duodenal ulcers and 
gastric cancer occurrence. We investigated the association between the genetic polymorphisms of genes 
encoding the antioxidative enzymes CAT, GPX and SOD and the occurrence of  gastric lesions, considering also 
the environmental risk factors such as H. pylori infection, drug exposure, smoking and alcohol consumption.
Methods: We included 373 patients who underwent endoscopy for symptoms, anemia or bleeding investigation. 
A complete set of demographical, clinical and pathological data was recorded. All patients were successfully 
genotyped. 
Results: In the multivariate logistic regression model, the patients having Pro/Pro genotype of GPX1 gene 
polymorphism had more severe gastric lesions as compared with patients with the Leu/Pro or Leu/Leu genotype 
(OR= 1.89, 95%CI: 0.99-3.57, p=0.051).  The GPX1 Pro198Leu and the MnSOD Ala16Val gene polymorphism 
could be independent risk factors for reactive gastropathy changes, as shown by their association very close to 
statistical significance (p=0.059 and p=0.054, respectively). Consumption of anticoagulants was a significant 
independent predictor (p=0.023, OR:0.43 95%CI:0.21-0.89) for the absence of active gastritis, while low-dose 
aspirin consumption was a risk factor for active gastritis in biopsy samples (p=0.025, OR:1.71, 95%CI:1.07-2.74). 
Conclusion:  The variant genotype of GPX1Pro198Leu was associated with an increased risk for reactive 
gastropathy changes in gastric biopsies and with less severe endoscopic lesions, while MnSODAla16Val variant 
genotype (Val/Val or Val/Ala) seems to be related to the reactive gastropathy. However, none of them were 
associated with inflammatory or premalignant gastric lesions.  
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Abbreviations ACO: anticoagulant; CAT: catalase; gDNA: genomic DNA; GPX1: Glutathione peroxidase 1; 
GSH: glutathione; H. pylori: Helicobacter pylori; LWMH: low-weight molecular heparin; MnSOD: manganese 
superoxide dismutase; NSAIDs: non-steroidal anti-inflammatory drugs; PCR-RFLP: polymerase chain 
reaction and restriction fragment length polymorphism; ROS: reactive oxygen species; SNPs: single nucleotide 
polymorphisms. 
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process of gastric carcinogenesis [1]. Oxidative stress is 
caused by an imbalance between the production of reactive 
oxygen species (ROS) and the ability to detoxify the reactive 
intermediates or to repair the resulting damage [4]. The 
acute and chronic inflammation induced by H. pylori causes 
an increased production of cytokines, the ROS and reactive 
nitrogen species that are mutagenic and carcinogenic to the 
gastric mucosa [5]. The increased oxidative stress may lead 
to cell damage and alterations in the mechanisms that control 
cell proliferation and apoptosis, which may eventually lead to 
gastro-duodenal ulcers and gastric cancer. It is also accepted that 
ROS are also produced in response to cigarette smoking, alcohol 
consumption, ingestion of non-steroidal anti-inflammatory 
drugs (NSAIDs) and many other exogenous agents [5].
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Catalase (CAT) is a heme enzyme that plays important 
roles in regulating the level of ROS in humans by converting 
H2O2 into H2O and O2. Single nucleotide polymorphisms 
(SNPs) have been identified in the promoter regions of the CAT 
(-262C>T), which alter the expression levels of these genes and 
thus increase the levels of ROS [6, 7].

Reactive oxygen species can act by modifying the redox 
regulation of glutathione (GSH), an important antioxidant. 
Reduced GSH levels are higher in the mucosa of the stomach 
in comparison with other regions of the digestive tract, 
providing additional protection against gastric acid [5, 8]. 
Glutathione peroxidase 1 (GPX1) enzyme plays a critical role 
in the detoxification system, and a SNP of the GPX1 gene, 
namely Pro198Leu, has been shown to be associated with 
gastrointestinal cancer in relationship with exposure at various 
environmental factors [9, 10].

The manganese superoxide dismutase (MnSOD) is essential 
for life as a major antioxidant functioning against ROS or free 
radicals in the human mitochondria [11]. The MnSOD gene 
is a nuclear gene encoding this mitochondrial protein and its 
polymorphism (Val16Ala) was studied in relation with various 
types of cancers [12]. Some studies revealed that the Ala form 
of MnSOD was 30% to 40% more efficiently localized to the 
mitochondria than the Val form, while the Val form is likely 
to be associated with higher levels of ROS [13], increasing 
the risk for cancer, including gastric cancer, but results were 
discordant [12, 14]. 

The aim of our study was to investigate the association 
between genetic polymorphisms of genes encoding the 
antioxidative enzymes CAT, GPX and SOD and the presence 
of endoscopic and histologic gastric lesions, considering also 
the environmental risk factors such as H. pylori infection, drug 
exposure, smoking, alcohol consumption.

MATERIAL  AND METHOD

Patients
Patients referred for upper digestive endoscopy 

between 2014-2015 for dyspeptic symptoms, anemia or 
for gastrointestinal bleeding risk evaluation were included. 
Clinical and demographical data were collected using 
interviews, clinical examinations and medical records. We 
considered patients consuming at least 10 units (10 ml) of 
pure alcohol weekly as drinkers and non-exposure as any 
amount of alcohol consumption below this level. Patients 
smoking more than 5 cigarettes/day, including quitters during 
the past 5 years were considered as smokers. We considered 
gastrotoxic drug exposure, NSAIDs consumption on regular 
daily basis in patients with arthritis or other inflammatory 
disorders who required chronic therapy (more than six 
weeks). Long-term antiplatelet therapy (low-dose aspirin 75-
325 mg/day, clopidogrelum 75mg/day more than 6 months) 
was also considered as gastrotoxic medication. Patients 
on acenocumarolum and low-weight molecular heparin 
(LWMH) therapy as daily administration of a regular dose 
for at least two weeks prior to endoscopy were considered on 
anticoagulant (ACO) therapy. We excluded the patients with 
acute bleeding episodes, previous therapy for eradication 
of H. pylori infection, gastric surgery, gastric or esophageal 

cancer, esophageal varices, severe medical conditions (cancer, 
cirrhosis, severe heart or renal failure, etc.) and patients with 
insufficient data (social habits, drug exposure). We had less 
than 2% missing histological results, so that our final results 
could not be influenced.  

The Ethical Committee of the University of Medicine 
and Pharmacy of Tirgu Mures, Romania approved the study 
(83/22.09.2014) and a written informed consent was obtained 
from all subjects included.

Endoscopy
Endoscopy was performed in all patients by an endoscopist 

blinded to drug exposure. Mucosal lesions were described as 
erythema, petechiae, erosions, or ulcers. Petechiae were defined 
as hemorrhagic areas with no mucosal defect and erosions as 
mucosal defects smaller than 5 mm. Defects larger than 5 mm 
in diameter, extended into the deeper layers of the gastric or 
duodenal wall were defined as ulcers. We used a modified Lanza 
score [15] to assess gastro-duodenal lesions. For no mucosal 
lesions a 0 score was given, while for one erosion or petechia a 
score of 1 was attributed. We considered a score 2 when 2–10 
erosions or submucosal hemorrhages were counted, score 3 
for more than 10 erosions or submucosal hemorrhages and 
score 4 when an ulcer was present (defect larger than 5 mm). 

Two biopsy specimens from the antrum and two from 
the corpus (from the lesser and the greater curvature) were 
obtained for routine histology in every patient and examined 
by two pathologists also blinded to patient drug exposure and 
symptoms.  

Histology
The biopsies were examined for routine investigation. 

Biopsy specimens were fixed in 10% buffered formalin, routinely 
processed, embedded in paraffin and stained with hematoxylin-
eosin, PAS-alcian blue and Giemsa. H. pylori infection was 
considered negative if it was absent from all biopsy sites, and 
positive if at least one histology test was positive. The degree 
of mucosal chronic inflammation, activity, H. pylori infection, 
glandular atrophy and intestinal metaplasia were classified into 
4 grades according to the Updated Sydney System. Patients 
without important inflammation, but with prominent mucin 
depletion, foveolar hyperplasia, fibro-muscular replacement 
of the lamina propria, and congestion of the superficial 
mucosal capillaries were diagnosed as reactive gastropathy 
[16]. Dominant epithelial changes, but not vascular pathology 
were the main reactive gastropathy changes in our series; the 
etiological factors were not investigated in the present research.

Genotyping
Genomic DNA (gDNA) isolated from fresh blood samples 

obtained from consecutive patients which underwent upper 
digestive endoscopies was used for genotyping of CAT -262 
C>T, GPX1 Pro198Leu and MnSOD Ala16Val polymorphisms 
by using polymerase chain reaction and restriction fragment 
length polymorphism (PCR-RFLP) assays with minor changes 
as previously reported [17-20]. We performed an internal 
quality control to avoid errors of genotyping methods used, 
and randomly DNA samples were re-genotyped and the results 
were similar to those originally obtained.
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Statistical analysis
The quantitative characteristics of the patients were 

described as mean ± standard deviation (SD), while the 
qualitative nominal or ordinal characteristics were summarized 
using absolute and relative frequencies. The significant 
differences regarding age and gender distributions in the 
patients’ groups were tested by the Student-t and Chi-square 
tests.

The possible relationships between studied gene 
polymorphisms and dependent dichotomous variables 
(endoscopic lesions, premalignant gastric lesions, reactive 
gastropathy, active gastritis, inactive chronic gastritis) were 
modeled by logistic regression analysis.  The univariate logistic 
regression highlighted the influence of the studied independent 
factor on the criterion variable, while multivariate logistic 
regression identified independent predictors of different type 
of gastric lesions. 

In order to quantify the strength of association, both 
crude and adjusted odds ratios (OR) were estimated in order 
to demonstrate the patients’ susceptibility of endoscopic and 
histological gastric lesions. Adjusted ORs from a multivariable 
model were estimated accounting for demographic variables 
(such as age and gender) and for known environmental factors 
such as alcohol and smoking. All models tested in logistic 
regression were additive models (we also tested the significance 
of the interaction term between each genetic and environmental 
factor but interaction terms were not significant). 

We did not use the Bonferroni correction in our research 
due to particularities of the studied variables: three types of 
histologic gastric changes, considered to be three distinct 
events of interest, and three independent SNPs were analyzed 
[21, 22].

For all inferential statistical tests, we used the two-sided 
approach, statistical significance being achieved if estimated 
significance level was lower than the significance threshold 
(α=0.05). 

The statistical analysis was released with the advanced 
environment for statistical computing and graphics R (v.3.4.0, 
Vienna, Austria).

RESULTS

Patient characteristics 
A number of 373 patients who met the inclusion criteria 

were enrolled. The mean age ± SD was 62±12.7 years. We 
analyzed the potential effect of exposures to the variables of 
interest (genetic and environmental factors), the endoscopic 
gastro-duodenal lesions occurrence and gastric histological 
changes. This study comprises, as outcome nominal variables, 
endoscopic lesions (severe lesions-Lanza score 3 and 4, and 
mild lesion-Lanza score 1 and 2), and histological changes 
(premalignant gastric lesions - gastric atrophy and intestinal 
metaplasia, presence/absence, inactive chronic gastritis - 
presence/absence, active gastritis - presence/absence, reactive 
gastropathy - presence/absence). 

The distribution of the demographic characteristics, 
genotype of investigated SNPs and environmental factors in 
patients grouped according to the presence of endoscopic and 
histological lesions are presented in Tables I and II. 

There was no significant difference in the age distribution 
in patients with severe and mild gastro-duodenal lesions (Table 
I). The mean of age of patients with premalignant lesions or 
chronic inactive gastritis was significantly higher than the 
age in patients without these findings (p<0.00 and p=0.013, 
respectively). There was no significant difference in the age 
distribution of patients with or without reactive gastropathy 
(p=0.587). The same results were obtained for age distribution 
reported to active gastritis (p=0.066). Regarding the severity 
of gastro-duodenal lesions we noticed a higher frequency of 
males, 60.9% vs. 39.1% (p=0.002) in the subgroup with severe 
lesions in comparison with the group with mild lesions (Table 
I). There was no significant difference in repartition by gender 
in the patients grouped according to the histological findings 
(premalignant lesions, reactive gastropathy, inactive chronic 
gastritis and active gastritis) (p=0.277, p=0.130, p=0.526 and 
p=0.716, respectively) (Table II). 

Relationship between the gene polymorphisms, 
environmental factors and severe endoscopic gastro-
duodenal lesions 

On univariate regression analysis, from all studied 
gene polymorphisms, only GPX1 gene polymorphism was 
associated with the severity of gastro-duodenal lesions, the 
presence of a variant genotype showing a protective effect.  
Aspirin consumption remained an independent risk factor 
for the severity of gastric lesions in the presence of other 
covariates (Table III).

Table I. The distribution of demographic, genetic and environmental 
factors according to the endoscopic lesion

Variables independent/outcome Lanza Score

 Severe 
(n=64)

 Mild 
(n=309)

Age (years)* 63.9±10.9 61.6±13.0

Gender† Males 39 (60.9) 124 (40.1) 

Females 25 (39.1) 185 (59.9)

CAT -262 C>T† CT+TT 34 (53.1) 154 (49.8) 

CC 30 (46.9) 155 (50.2) 

GPX1 Pro198Leu† Pro/Leu+Leu/Leu 43 (67.2) 247 (79.9) 

Pro/Pro 21 (32.8) 62 (20.1) 

MnSOD Ala16Val† Val/Val+Val/Ala 55 (85.9) 275 (89.0)

Ala/Ala 9 (14.1) 34 (11.0)

Alcohol †, ‡ Yes 20 (31.2) 73 (23.7)

No 44 (68.8) 235 (76.3)

Smoking †, § Yes 12 (18.8) 46 (15.0)

No 52 (81.2) 261 (85.0)

Aspirin† Yes 37 (57.8) 125 (40.5)

No 27 (42.2) 184 (59.5)

NSAIDs† Yes 8 (12.5) 38 (12.3)

No 56 (87.5) 271 (87.7)

ACO† Yes 14 (21.9) 45 (14.6)

No 50 (78.1) 264 (85.4)

* mean ±SD; † number (%), ‡consumption of >10 units/week, §>5 cigarettes/
day including quitters during the past 5 years;NSAIDs: non-steroidal 
anti-inflammatory drugs, regular daily dose; ACO: anticoagulant therapy 
(acenocumarolum and low-molecular weight heparin).
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Relationship between CAT -262 C>T, GPX1 Pro198Leu 
and MnSOD Ala16Val gene polymorphisms and the 
premalignant gastric lesions 

The studied gene polymorphisms were not predictors for 
the presence of premalignant lesions (intestinal metaplasia 
and gastric atrophy) in our study by regression analysis 
(p>0.05). Univariate regression analyses showed a borderline 
association between smoking and the presence of premalignant 
gastric lesions (p=0.05, ORcrude=1.78, CI 95%: 1.001-3.15), 

while multivariate regression analysis revealed no association 
between the mentioned parameters.

 Relationship between CAT -262 C>T, GPX1 Pro198Leu 
and MnSOD Ala16Val gene polymorphisms and gastric 
inflammatory and reactive gastropathy changes

Our multivariate regression results showed that the 
patients with the variant genotype GPX1 Pro198Leu 
polymorphism had an estimated increased risk to develop 

Table II. The distribution of demographic, genetic and environmental factors according to the histological changes in biopsy samples

Variables independent/outcome Gastric premalignant 
lesions

Reactive gastropathy Inactive chronic 
gastritis

Active gastritis

Present 
(n=139)

 Absent 
(n=227)

Present 
(n=130)

Absent 
(n=236)

Present 
(n=85)

Absent 
(n=281)

Present 
(n=133)

Absent 
(n=233)

Age (years)* 65.2±11.4 60.4±13.1 62.5±12.1 61.7±12.9 65.2±11.8 60.9±12.8 59.8±13.1 63.3±12.3

Gender† Males 65 (46.8) 93 (41.0) 50 (38.5) 108 (45.8) 37 (43.5) 121 (43.1) 60 (45.1) 98 (42.1)

Females 74 (53.2) 134 (59.0) 80 (61.5) 128 (54.2) 48 (56.5) 160 (56.9) 73 (54.9) 135 (57.9)

CAT-262 CT+TT 69 (49.6) 114 (50.4) 66 (51.2) 117 (49.6) 40 (47.1) 143 (51.1) 65 (49.2) 118 (50.6)

C>T† CC 70 (50.4) 112 (49.6) 63 (48.8) 119 (50.4) 45 (52.9) 137 (48.9) 67 (50.8) 115 (49.4)

GPX1 Pro/Leu++Leu/Leu 109 (78.4) 177 (78.0) 109 (83.85) 177 (75.0) 67 (78.8) 219 (77.9) 98 (73.7) 188 (80.7)

Pro198Leu† Pro/Pro 30 (21.6) 50 (22.0) 21 (16.2) 59 (25.0) 18 (21.2) 62 (22.1) 35 (26.3) 45 (19.3)

MnSOD Val/Val+Val/Ala 120 (86.3) 204 (89.9) 121 (93.1) 203 (86.0) 75 (88.2) 249 (88.6) 114 (85.7) 210 (90.1)

Ala16Val† Ala/ala 19 (13.7) 23 (10.1) 9 (6.9) 33 (14.0) 10 (11.8) 32 (11.4) 19 (14.3) 23 (9.9)

Alcohol†, ‡ Yes 39 (28.1) 50 (22.1) 28 (21.5) 61 (26.0) 18 (21.2) 71 (25.4) 37 (28.0) 52 (22.3)

No 100 (71.9) 176 (77.9) 102 (78.5) 174 (74.0) 67 (78.8) 209 (74.6) 95 (72.0) 181 (77.7)

Smoking †, § Yes 28 (20.1) 28 (12.4) 15 (11.6) 41 (17.4) 13 (15.3) 43 (15.4) 25 (1893) 31 (13.4)

No 111 (79.9) 197 (87.6) 1114 (88.4) 194 (82.6) 72 (84.7) 236 (84.6) 107 (81.1) 201 (86.6)

Aspirin† Yes 66 (47.5) 94 (41.4) 59 (45.4) 101 (42.8) 32 (37.6) 128 (45.6) 66 (49.6) 94 (40.3)

No 73 (52.5) 133 (58.6) 71 (54.6) 135 (57.2) 53 (62.4) 153 (54.4) 67 (50.4) 139 (59.7)

NSAIDs† Yes 17 (12.2) 28 (12.3) 15 (11.5) 30 (12.7) 12 (14.1) 33 (11.7) 18 (13.5) 27 (11.6)

No 122 (87.8) 199 (87.7) 115 (88.5) 206 (87.3) 73 (85.9) 248 (88.3) 115 (86.5) 206 (88.4)

ACO† Yes 27 (19.4) 31 (13.7) 25 (19.2) 33 (14.0) 19 (22.4) 39 (13.9) 12 (9.0) 46 (19.7)

No 112 (80.6) 196 (86.3) 105 (80.8) 203 (86.0) 66 (77.6) 242 (86.1) 121 (91.0) 187 (80.3)

*arithmetic mean ±SD, ** number (%), ‡ consumption of >10 units/week; §>5 cigarettes/day including quitters during the past 5 years; NSAIDs: 
non-steroidal anti-inflammatory drugs, regular daily dose; ACO: anticoagulant therapy (acenocumarolum and low-molecular weight heparin).

Table III. Logistic regression models: results for endoscopic gastric lesions

Dependent variables Lanza Score (Severe vs. Mild)

Univariate regression analysis Multivariate regression analysis

Independent factors p-value* ORcrude  (95%CI) p-value* ORadjusted (95%CI%)

CAT -262 C>T (CT+TT vs. CC) 0.632 1.14 (0.67-1.96) 0.322 1.34 (0.75-2.40)

GPX1 Pro198Leu (Pro/Leu+Leu/Leu vs. Pro/Pro) 0.027 0.51 (0.29-0.93) 0.051 0.53 (0.28-1.01)

MnSOD Ala16Val (Val/Val+Val/Ala vs. Ala/Ala) 0.487 0.76 (0.34-1.66) 0.531 0.76 (0.33-1.79)

H.pylori (positive vs. negative) 0.221 1.42 (0.81-2.48) 0.277 1.40 (0.76-2.57)

Alcohol† (yes vs. no) 0.259 1.34 (0.74-2.42) 0.658 0.84 (0.39-1.82)

Smoking‡ (yes vs. no) 0.451 1.48 (0.75-2.95) 0.640 1.23 (0.52-2.86)

Aspirin (yes vs. no) 0.005 2.18 (1.26-3.77) 0.034 1.90  (1.05-3.44)

NSAIDs (yes vs. no) 0.906 1.05 (0.46-2.38) 0.582 1.28 (0.53-3.08)

ACO (yes vs. no) 0.148 1.64 (0.84-3.22) 0.338 1.45 (0.68-3.07)

*Obtained from Wald’s test, 95% CI: confidence interval; bold estimated values for p-value denoted statistical significance 
while italic values denoted a tendency toward statistical signification (p<0.10), OR from multivariable model were also 
adjusted for age and gender.  †consumption of >10 units/week; ‡>5 cigarettes/day including quitters during the past 5 years; 
NSAIDs: non-steroidal anti-inflammatory drugs, regular daily dose; ACO: anticoagulant therapy (acenocumarolum and 
low-molecular weight heparin)
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reactive gastropathy, but   no statistical significance was found 
(Table IV).

The MnSOD Ala16Val gene polymorphism was a univariate 
predictor for the presence of reactive gastropathy, with an 
increased adjusted risk for reactive gastropathy in patients 
carrying the variant MnSOD Ala16Val genotype, without 
reaching a statistical significance (Table IV).

The consumption of anticoagulants was statistically 
associated with active gastritis (p=0.008) and it was a significant 
independent predictor (p=0.023) with a negative effect on the 
susceptibility of active gastritis (OR=0.43, CI 95%: 0.21-0.89).

DISCUSSION 

It is widely accepted today that gastro-duodenal ulcers and 
gastric malignancies arise in part from oxidative stress [5]. 
The increased oxidative stress as a consequence of H. pylori 
infection generates a harmful microenvironment for the host 
rather than an effective means to eliminate the pathogen, 
that further may lead to cell damage and a poor control in 
cell proliferation and apoptosis [23]. Reactive oxygen species 
were also proved to be produced in response to cigarette 
smoking, alcohol consumption, ingestion of various drugs 
as NSAIDs, and many other exogenous agents [6]. There are 

very few published studies investigating the possible influence 
of genetic polymorphisms related to the oxidative stress on 
gastro-duodenal diseases. On the other hand, our previous 
works showed different influence of various genetic factors on 
gastroduodenal diseases in comparison with those reported 
in other populations [24, 25]. For studying the CAT-262C>T, 
GPX1 Pro198Leu, MnSOD Ala16Val polymorphism in relation 
to  endoscopic and histologic gastric lesions occurrence [26-28] 
we investigated the impact of variants of the mentioned SNPs 
and environmental factors (drug consumptions, alcohol and 
smoking habits) on endoscopic gastro-duodenal lesions and 
gastric histological changes in one single multivariable model. 

Although the antioxidant enzymes activities such as GPX, 
SOD and CAT were found to be related with the malignant 
phenotype in gastrointestinal cancers [29, 30], none of them 
were associated with premalignant gastric lesions in our study. 
The GPX1 Pro198Leu polymorphism appeared to be associated 
with an increased risk for endoscopic and histologic changes in 
gastric mucosa. For the GPX1 Pro198Leu SNP, the aminoacid 
substitution has been showed to decrease the enzymatic activity 
of glutathione peroxidase in the cells expressing the mutant 
protein, which further can increase the oxidative damage [7, 
31]. The presence of the variant Leu allele showed a protective 
effect on gastric mucosal lesions in our population, at the same 

Table IV. Logistic regression models: results for reactive gastropathy and gastric inflammation

Dependent 
variables

Reactive gastropathy Inactive chronic gastritis Active gastritis

Univariate 
regression analysis

Multivariate 
regression analysis

Univariate 
regression analysis

Multivariate 
regression analysis

Univariate 
regression analysis

Multivariate 
regression analysis

Independent 
factors

p- 
value*

ORcrude 
(95%CI)

p- 
value*

ORadjusted 
(95%CI)

p- 
value*

ORcrude 
(95%CI)

p- 
value*

ORadjusted 
(95%CI)

p- 
value*

ORcrude 
(CI 95%)

p- 
value*

ORadjusted 
95%CI)

CAT-262C>T 
(CT+TT vs. CC)

0.772 1.07 
(0.69-
1.64)

0.928 0.98 
(0.63-
1.53)

0.517 0.85 
(0.52-
1.39)

0.671 0.90 
(0.54-1.49)

0.797 0.95 
(0.62-1.45)

0.882 0.97 
(0.62-
1.52)

GPX1 Pro198Leu 
(Pro/Leu+Leu/Leu 
vs. Pro/Pro) 

0.052 1.73 
(1.00-
3.01)

0.059 1.73 
(0.98-
3.04)

0.862 1.05 
(0.58-
1.90)

0.734 1.11 
(0.60-2.06)

0.120 0.67 
(0.41-1.11)

0.092 0.63 
(0.37-
1.08)

MnSODAla16Val 
(Val/ Val+Val/ Ala 
vs. Ala/Ala)

0.047 2.19 
(1.01-
4.72)

0.054 2.17 
(0.99-
4.77)

0.924 0.96 
(0.45-
2.05)

0.821 1.10 
(0.50-2.40)

0.205 0.66 
(0.34-1.26)

0.134 0.59 
(0.30-
1.17)

Alcohol† 
(Yes vs. No)

0.347 0.78 
(0.47-
1.30)

0.916 1.04 
(0.54-
1.98)

0.432 0.79 
(0.44-
1.42)

0.448 0.75 
(0.35-1.59)

0.223 1.36 
(0.83-2.21)

0.618 1.18 
(0.62-
2.21)

Smoking‡ 
(Yes vs. No)

0.144 0.62 
(0.33-
1.18)

0.385 0.72 
(0.34-
1.52)

0.979 0.99 
(0.51-
1.95)

0.752 1.14 
(0.50-2.60)

0.158 1.52 
(0.85-2.70)

0.414 1.34 
(0.66-
2.71)

Aspirin  
(Yes vs. No)

0.663 1.11 
(0.72-
1.71)

0.599 1.13  
(0.72-
1.79)

0.199 0.72 
(0.44-
1.19)

0.068 0.61 (0.36-
1.04)

0.086 1.46 (0.95-
2.24)

0.025 1.71 
(1.07-
2.74)

NSAIDs 
(Yes vs. No)

0.744 0.90 
(0.46-
1.73)

0.929 1.03 (0.52-
2.06)

0.560 1.24 
(0.61-
2.51)

0.407 1.37 (0.65-
2.88)

0.586 1.19 (0.63-
2.26)

0.984 1.01 
(0.51-
1.99)

ACO (Yes vs. No) 0.190 1.47 
(0.83-
2.59)

0.288 1.39 (0.76-
2.54)

0.063 1.79 
(0.97-
3.30)

0.236 1.48 (0.78-
2.82)

0.008 0.40 (0.21-
0.79)

0.023 0.43 
(0.21-
0.89)

*Obtained from Wald’s test, bold estimated values for p-value denoted  statistical significance while italic values denoted a tendency toward statistical 
signification (p<0.10);  OR from multivariable model were also adjusted for age and gender. †consumption of >10 units/week ‡>5 cigarettes/day including 
quitters during the past 5 years; NSAIDs: non-steroidal anti-inflammatory drugs, regular daily dose; ACO: anticoagulant therapy (acenocumarolum and 
low-molecular weight heparin)
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time increasing the risk for occurrence of reactive gastropathy 
changes. The borderline negative correlation with active 
gastritis and the lack of relation with premalignant lesions 
suggest a possible beneficial effect of the variant genotype to 
sustain the innate and adaptive host immune response against 
the most important aggressor of gastric mucosa, H. pylori 
infection, which can lead to ulcer and cancer occurrence. 

The GPX1 Pro198Leu polymorphism seemed in our 
study group to decrease the inflammatory response and limit 
the progress toward mucosal injury, but to increase the risk 
for reactive gastropathy as a mucosa response to chemical 
aggressors (bile reflux, drugs, ethanol). The GPX1 Pro198Leu 
polymorphism might modulate the chronic oxidative stress 
produced by gastric cells as a response to both, chemical 
aggressor and H. pylori infection, in a different way. The GPX1 
Pro198Leu polymorphism plays a different role in gastric 
endoscopic and histological changes among different ethnic 
populations, as gastric diseases are complex, while different 
genetic background may contribute, in combination with 
environmental factors, to their development [7, 11, 14].

It was reported that reduced SOD activity causes gastric 
ulcers, and increased SOD activity is associated with ulcer 
healing [32], while gastric adenocarcinoma tissues exhibit 
increased expression of MnSOD compared to the normal 
mucosa [33]. Our study proved an association between reactive 
gastropathy and MnSOD Ala16Val gene polymorphism. In 
addition, it seemed to be an independent risk factor for reactive 
gastropathy in gastric biopsies after adjusting for other clinical 
and environmental factors, the patients with the Val/Val or 
Ala/Val genotype having more than a twofold increase in 
odds of reactive gastropathy in gastric biopsies. The complex 
gene-environment and gene-gene interplay could explain 
our findings, as Tu et al. [28]  sustained that carriers of the 
Ala allele have an increased risk for dysplasia modulated by 
H. pylori infection in gastric mucosa, which may be due to 
a higher activity form of enzyme. In our population, with a 
high prevalence of H. pylori infection, the results sustain the 
possible role of MnSOD Ala16Val polymorphism in increasing 
the risk for reactive gastropathy changes as a response against 
chemical aggressors, maybe as an effect of imbalance between 
ROS generation and oxidative defense. It has been shown that 
the MnSOD Ala16Val polymorphism could modulate the effect 
of exogenous antioxidants against cancer [28, 34].

The CAT -262C>T gene polymorphism seems not to 
modulate the gastric lesions  occurrence in our study, despite 
the previous observations which have shown that less catalase 
activity is correlated with gastric adenocarcinoma, and H. 
pylori-gastritis [35]. Our findings are similar to those reported 
by Steenport et al. [26], which indicated that the CAT -262C>T 
SNP was not associated with an individual‘s susceptibility to 
developing precancerous lesions such as gastric atrophy or 
intestinal metaplasia.

We investigated also the influence of CAT -262C>T, GPX1 
Pro198Leu, MnSOD Ala16Val gene polymorphisms, and of 
some clinical and environmental factors (H. pylori, alcohol, 
smoking, aspirin, NSAIDs, ACO) on premalignant gastric 
lesion occurrence. From all environmental factors investigated, 
only smoking was associated with premalignant gastric lesions, 
sustaining the role of smoking as an independent risk factor 

for premalignant lesions and gastric cancer [36, 37], as well 
as for mucosal defects as shown in our previous study [38].

Another surprising result of our study was the protective 
effect of the ACO therapy for active inflammatory changes 
in gastric mucosa obtained after adjustment with other 
concomitant possible factors. Although a “test and treat 
H. pylori infection” strategy before starting ACOs was 
not applied in our population, a selection bias or possible 
pathological mechanism could explain the findings. This 
unexpected result should be further investigated in larger 
studies and settings.  At the same time, aspirin consumption 
was borderline negatively associated with inactive chronic 
gastritis and increased the risk for active gastritis.  These 
observations support the synergistic polymorphonuclear-
mediated mechanism of gastric mucosal injury by aspirin 
and H. pylori infection [39] in populations with a high 
prevalence of infection with specific clinical, environmental 
and genetic risk factors influencing the gastric lesions in the 
presence of both aggressors [40, 41]. The different findings 
observed in our study may be explained by the diversity of 
genetic, ethnic, lifestyle and environmental background of the 
population investigated. The importance of our investigation 
is sustained by recent researches supporting that genetic and 
environmental factors, as well as alterations in gastric cell 
adaptive mechanisms to oxidative stress, are the crucial factors 
involved in gastric diseases [42].

The limitations of our study were the lack of randomization 
of the sample and the absence of external validation of the 
logistic models due to the relatively small sample size with 
patients coming from a single geographic area. Our study 
might not have sufficient power to identify an association 
between CAT -262C>T, GPX1 Pro198Leu, MnSOD Ala16Val 
gene polymorphisms and premalignant gastric lesions, because 
many SNPs or environmental factors interaction are involved 
in the progression of gastric cancer. It revealed, surprisingly, 
the association between GPX1 Pro198Leu, MnSOD Ala16Val 
gene polymorphism and reactive and inflammatory histologic 
changes.  

The strength of our study is the concomitant evaluation 
of the endoscopic and histologic features and the three gene 
polymorphisms involved in the defense against oxidative stress 
in gastric mucosa. To the best of our knowledge, this is the first 
study that investigated the multiple genetic potential predictors 
implicated in oxidative stress and gastric inflammation, reactive 
gastropathy, premalignant lesions and mucosal defects. In 
addition, this is the first study performed on a European 
population which investigates the association of CAT -262C>T 
gene polymorphism with gastric lesions.

CONCLUSIONS

Among the three gene polymorphisms investigated, namely 
CAT -262C>T, GPX1 Pro198Leu, MnSOD Ala16Val, the 
variant genotype of GPX1 Pro198Leu (Pro/Leu or Leu/Leu) 
was associated with reactive gastropathy changes in gastric 
biopsies and less severe endoscopic lesions, while MnSOD 
Ala16Val variant genotype (Val/Val or Val/Ala) seems to be 
associated with reactive gastropathy changes in gastric biopsies 
in the studied population.
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