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ABSTRACT: In the carcinogenesis of gastric cancer, the stages usually manifest clinically as 

gastritis, gastric atrophy, ulcerations, intestinal metaplasia, dysplasia and finally, as malignant 

neoplasia. The association between gastric cancer and diet is already widely described in the 

literature and several studies have demonstrated the influence of food intake with 

preservatives and with high concentration of nitrates and salt, with the development of this 

neoplasia. Regarding water consumption, there are no relevant evidences. The pH of most of 

the water sold in the metropolitan area of Belem does not match the standards recommended 

by the government Health department, being more acidic. Thus, the benefits of both healthy 

eating and alkaline water consumption are object of several discussions. Nowadays the other 

types of markers that can aid the detection of pre-neoplastic and neoplastic lesions will be 

hosted. Among them, find themselves as epigenetic proteins. Environmental factors such as 

diet, inflammation and infection have been excluded as contributors to epigenetic changes. 

Hence, the present work intends to provide evidence that only the water pH modification is 

able to lead the variations the expression pattern of miRNAs, associated with a first stage of 

gastric carcinogenesis, gastritis. For this it was applied the microRNAs miR-7, mir-155, 

mir-29c and mir-135b, in 28 patients porters of gastritis that were burned to digestive 

endoscopy alkaline PH. After collection, the RNA from the samples was extracted, and the 

complementary tape DNA (cDNA) was obtained. The cDNAs were submitted to qPCR 

amplification analysis for analysis of miRNA expression. The assessment used the Biostat and 



Stata 11.0 programs, being statistically superior to values of p <0.05. Comparing the levels of 

expression and clinical evaluation of gastritis by EDA before and after alkaline water 

consumption, the results demonstrated that there was an increasing of the target microRNAs, 

of miR-7 (p = 0.09), miR-155 (p = 0.13), miR-29c (p =0.21) and miR-135b (p=0.19). On the 

other hand, it was possible to observe a significant endoscopic improvement of the gastritis 

(p=0.024), demonstrating the clinical benefit of alkaline water intake. Keywords: gastritis, 

carcinogenesis, stomach neoplasms, alkaline water, epigenetics. 

INTRODUCTION 

Gastric cancer (GC) is the fifth most common malignant neoplasia in the world and it 

represents 9% of all deaths by cancer 1. In the Northern region of Brazil, it represents the 

second most common tumor in men and the fifth most common in women, being a public 

health problem in the State of Pará 2. 

Gastric carcinoma is the most common type of stomach tumor and the intestinal subtype 

is the most common. It develops in multiple stages: normal mucosa, chronic gastritis, gastric 

atrophy, intestinal metaplasia, dysplasia and malignant neoplasia. These conditions are 

normally sequential and occur within a period of many years as a result of the exposure to a 

variety of endogenous and exogenous factors 3. 

The association between gastric cancer and eating habits has already been consolidated 

in literature 4. Food factors can influence various stages of gastric carcinogenesis 4. The 

characteristic food standard in Pará, with salty foods (jerk, fish, shrimp), low intake of greens 

and vegetables and the high consumption of glycides (flours), have contributed to the high 

rate of gastric cancer in the region 5.   

Gastritis is characterized by the inflammation of the stomach mucosa, caused by an 

imbalance between the mucosal defense (bicarbonate, mucin, prostaglandin, nitric oxide, 

other peptides and growth factors) and aggressive factors (acid and pepsin).  The addition of 

acidic foods in the diet increases the aggression of the gastric epithelium.   

The characteristic cellular transformation of gastric carcinogenesis may take long before 

it is noticed, but epigenetic transformation like DNA methylation, change in histones and 



mRNAs (6), can be identified early and are more susceptible to being influenced by 

environmental factors (age, smoking, solar exposure, inflammation and pollutants (5)), 

including diet.    

Previous studies have shown that the altered expression of various miRNAs contribute 

not only to carcinogenesis and progression of neoplasia, but can also be useful as a predictive 

role of the resistance to drugs and as a prognostic factor 6. It is possible to also find 

differential expressions of these miRNAs in different stages of gastric carcinogenesis, Vidal, 

Cruz 7  and diet-dependent 8.  

In the Northern region of Brazil, the waters sold have a low pH, varying between 3.0 

and 5.0, which is not within the standards required by the World Health Organization and the 

Ministry of Health of Brazil 9, 10. Associated to this, there is a high incidence of gastritis and 

gastric cancer above the national average (2). Therefore, the pH of the water can be a 

contributing factor to the occurrence of these gastric changes.  

To find this association, miRNAs miR-29c, miR-7, miR-155 and miR-135b were 

investigated in the gastric tissue of patients with gastritis before and after the consumption of 

alkaline water in order to understand how the change in this habit can influence the 

modulation of the expression of these microRNAs as well as the clinical-pathological 

characteristics of these patients.    

MATERIAL AND METHOD 

This research was submitted to Plataforma Brazil and it was accepted by the 

institutional review board, with the following opinion number: 2.033.180. 

A total of 50 H. pylori positive and negative individuals were recruited in this research, 

representing non-probabilistic sampling, by convenience, with individuals from the UDE 

[Upper Digestive Endoscopy] center, performed at the Clínica Oncológica Brasil. Out of the 

50 individuals initially recruited, only 28 completed the study with the two high digestive 

endoscopy exams, before and after alkaline water consumption for an approximate period of 4 

months. 



Individuals over the age of 35 years diagnosed with gastritis through 

anatomopathological test were included. And there was the exclusion of patients: I) with prior 

history of cancer; II) positive family history of gastric cancer; III) who normally use alkaline 

water; III) who did not agree to fill out the informed consent form (ICF); IV) who presented 

cardiovascular disease or any other non-transmissible chronic disease that could risk the 

performance of the UDE with less than 6 months; V) immediate endoscopic eradication 

criteria of H. pylori: Gastric ulcer and/or duodenal ulcer past or present or without 

complications; gastric MALT lymphoma; atrophic gastritis or the patient’s desire; or VI) use 

of antacids recently or at the time of the research. 

The individuals recruited routinely used water with pH below 5.0 and were, by free 

demand as from the inclusion in the study, subjected to the intake of water with pH of 8.5 to 

10 for 4 months, being provided with filters by the investigators for the alkalinization of the 

water, who provided a pre-treated, filtered, purified and ionized water with negative pral, 

obtained through ionizing filter elements.   In table 1, it is possible to see in detail the 

composition of alkaline water provided to the participants. 

Table 1: Composition and chemical characteristics of the alkaline water used in the study 

Parameters Results

Electrical Conductivity 243.40 µS/cm

pH 10.01

Total Alkalinity 34.19 mg/L CaCO3

Hydroxide Alkalinity < 0.5 mg/L CaCO3

Carbonate Alkalinity 25.87 mg/L CaCO3

Bicarbonate Alkalinity 8.32 mg/L CaCO3

Ammonia Nitrogen 0.14 mg/L NH3

Nitrate 7.38 mg/L N

Nitrite < 0.10 mg/L N

Calcium 2.57 mg/L Ca+2

Magnesium 13.92 mg/L Mg+2

Sodium 21.80 mg/L Na+2

Potassium 4.70 mg/L K+

Iron < 0.05 mg/L Fe+3



Source: Certificate of analysis No. 0456/2017 provided by the filter manufacturer. 

Regarding the endoscopic technique, all the UDEs were performed by the same 

endoscopist, collecting two samples, one from the prepyloric antrum and the other from the 

gastric body and in sites of zones with suspected focus of H. pylori, and, in case the 

anatomopathological test confirms gastritis, the individual was recruited for the research by 

signing the informed consent form (ICF). In sequence, the participant fills out the study 

inclusion form containing socio-demographic and habit-related questions that can contribute 

to the development of gastritis (smoking, alcoholism, type of water consumed, use of drugs, 

among others).  

The samples collected in the first UDE to enter the study were assessed for the proposed 

outcomes. The participants received the installation of the water alkalinization filter at home 

and were instructed to drink only this water in their domestic routine, by free demand, for 4 

months, without other modifications in the diet and other liquid intake. After this period, all 

the individuals were subjected to a new UDE, where the anatomopathological parameters and 

the proposed outcomes were assessed again, and all the individuals were sent to a 

gastroenterologist after the intervention and end of the research.  

For all the recruited individuals, the assessment of miR-155, miR-7, miR-29ce 

miR-135b expression before and after water intake was performed. The total RNA extraction 

was performed using the miRVana miRNA isolation kit (Ambion, Texas, USA), according to 

the manufacturer’s instructions. The RNA concentrations were determined by the SpectraMax 

i3 spectrophotometer (Molecular Devices, Sunnyvale, California, USA), using the 

concentration of 10 ng/uL as standard and the integrity of the RNA was verified in agarose 

gel.  

To detect the expression of the miRNAs, the reverse transcription was performed using 

the total RNA samples (TaqMan MicroRNA Reverse Transcription Kit, Life Technologies, 

Foster City, CA), followed by real-time PCR reaction with specific commercial primers 

Carbonate 15.52 mg/L CO3-2

Bicarbonate 10.15 mg/L HCO3-

Sulfate 4.68 mg/L SO42-

Chloride 33.76 mg/L Cl-



(TaqMan MicroRNA Assays, Life Technologies, Foster City, CA). The endogenous ones used 

to normalize were RNU6B, miR-1403p and miR-101, which were selected after analysis of 

data available in literature 11-13. After analysis in the NormFinder program 14, only the 

endogenous RNU6B and miR-1403p were used.  

All the tests were strictly according to the manufacturer’s recommendations (95 ºC for ten 

minutes, 40 cycles of 95 ºC for 15 seconds and 60 ºC for one minute), with final volume of 20 

µl and the tests were conducted in quadruplicates. After the normalization of each miRNA 

expression with the endogenous miRNAs, the normalized Ct was compared to the calibrated 

Ct, according to the formula 2-ÄÄCt.  The calibrator consisted of a mixture of five tissue 

samples collected from patients with gastritis. 

For normalization and adjustment of the miRNAS, at the start of the analysis, 4 

individuals were excluded due to getting acute infection from H. pylori during the study 

follow-up period, considering that the infection could affect the miRNA expression of the 

gastric mucosa. The identification of the H. pylori bacteria was performed using both 

histological and real-time PCR analysis, amplifying the 16SRNA region of the bacteria 15, 16. 

The sample was considered with infection when positive in any of the methodologies. 

Regarding the statistical analysis, the clinical-epidemiological qualitative variables 

were described through their absolute and relative frequencies. The quantitative variable 

“age” (Shapiro wilk <0.05) was described by median and percentiles 25%-75%. To assess the 

correlation between the categorical variables, the Fisher’s Exact test was used. 

 To assess the association between the 2-∆CT of the first and second UDEs, the 

distribution of the variables was first assessed using the Shapiro Wilk test (p>0.05). For all 

assessments, the 2-∆CT did not show normal distribution.  Therefore, the Wilcoxcon 

significance correlation test alpha <5% was conducted. The analyses were conducted by two 

investigators in the Stata 11.0 and BioStat softwares. 

RESULTS 

Between May of 2017 and February of 2018, a total of 50 H. pylori positive and 

negative patients were recruited after confirmation of gastritis by UDE, to change the type of 



water consumption from acidic water (pH below 6) to alkaline water (pH between 8 and 10). 

After 4 months of follow-up, 28 patients performed the second UDE and only these were 

included in the analyses. Sampling was non-probabilistic, by convenience, with individuals of 

the UDE center, performed at the Clínica Oncológica Brasil.  

The absolute and relative frequency of the qualitative variables of the individuals of this 

work before and after the consumption of alkaline water, are shown in tables 1 and 2. 



Table 1: The descriptive analysis of the qualitative variables of patients with gastritis after 
alkaline water consumption in Belém do Pará

Variable N %

Sex 

Male 5 17.86

Female 23 82.14

H. pylori 1st test

Negative 14 50.00

Positive 14 50.00

Sydney Classification 1st test

Mild 2 7.14

Moderate 26 92.86

Quantity of liquid consumed per day

500 milliliters 1 3.57

1 liter 6 21.43

1 liter – 1.5 liters 10 35.71

2 liters 6 21.43

Over 2 liters 2 7.14

No answer 3 10.72

Type of water consumed per day

Filtered public supply 6 21.43

Mineral with gas 1 3.57

Mineral without gas 14 50

Filtered artesian well 4 14.28

No answer 3 10.72

Alcohol consumption

No 11 39.28

Yes 14 50

No answer 3 10.72

Alcoholic drink frequency



Once a week 1 3.57

Weekends 13 46.43

No answer 14 50

Alcohol volume

500 milliliters 11 39.29

2 liters 2 7.14

No answer 15 53.57

Type of alcohol

Beer 8 28.57

Wines and other distillates 6 21.43

No answer 14 50

Practice of physical activity

No 7 25.01

Yes, sometimes 9 32.14

Yes, regularly 8 28.57

No answer 4 14.28

Smoke 

No 28 100

No answer 0 0

Use of controlled drugs

No 16 57.14

Yes 9 32.14

No answer 3 10.72

Prior gastritis treatment

Never 11 39.29

Yes 13 46.43

No answer 4 14.28

Table 2: Descriptive analysis of the qualitative variables of patients with gastritis after 
alkaline water consumption in Belém do Pará

Variable N %



Between May of 2017 and February of 2018, a total of 50 patients were recruited after 

confirmation of gastritis by UDE, to change the type of water consumption from acidic water 

(pH below 6) to alkaline water (pH between 8 and 10). After 4 months of follow-up, 28 

patients performed the second UDE and only these were included in the analyses.  

The results showed an endoscopic improvement of the gastritis (p=0.024), since 12 

patients (43%), diagnosed with moderate gastritis in the first UDE showed mild gastritis 

(table 4) in the second UDE. Also, there was no patient with deterioration of the gastritis. 

Table 4: Assessment of the Sydney classification between the endoscopies of patients with 
gastritis in Belém do Pará.    

Fisher Exact Test, p = 0.0024. 

Sydney classification 2nd test (return)

Mild 12 42.3

Moderate 16 57.7

H. Pylori 2nd test (return)

Negative 11 39.28

Positive 17 60.71

 Table 3 shows the median and percentiles 25%-75% of the age of the research 

subjects. 

Table 3: Descriptive analysis of the quantitative variables of patients with gastritis in 
Belém do Pará

Variable Median p25%-75%

Age 44.5 38.75-52.25

Sydney Classification 1st UDE
Sydney Classification 2nd UDE (return)

Mild 
N (%)

Moderate 
N (%)

Mild 2 (7%) 0

Moderate 12 (43%) 14 (50%)



Figure 1 shows the assessment of the association between 2-∆CT of the microRNAs 

target of the study, before and after alkaline water consumption for 4 months (first and second 

UDEs).   

The medians obtained:  for miR155c in the 1st UDE was 12.11 and in the 2nd UDE was 

24.11 (p=0.130), miR135 in the 1st UDE was 7.74 and in the 2nd UDE was 15.70 (p=0.192), 

miR29c in the 1st UDE was  31.14 and in the 2nd UDE was 64.80 (p=0.217) and miR7 in the 

1st UDE was 3.6 and in the 2nd UDE was 10.85 (p=0.098). 

 
Figure 1: Comparison between the miR-155, miR135, miR29c and miR7 expression levels 
before (first UDE) and after (second UDE) alkaline water consumption.  

[Legend: 2-∆CT UDE 1 and UDE2] 

Figure 2 represents the analysis with FoldChange of the 2-∆CT of the microRNAs target 

of the study, before and after alkaline water consumption for 4 months (first and second 

UDEs), for each microRNA target with value above one. 



 
Figure 2: FoldChange of the micro-RNA target of the study, before and after water 
consumption for 4 months. 

DISCUSSION 

The present study compared the expression of four microRNAs before and after before and 

after alkaline water consumption (pH = 8 to 10), with the purpose of assessing the long-term effects 

in people who previously consumed water with acidic pH (below 5). The epigenetic targets chosen 

are often deregulated in gastric cancer and changed in tissues with inflammation, as it occurs in 

gastritis, thus being potential biomarkers for carcinogenesis of gastric neoplasia 7, 17-19.  

Based on the analysis of the results of this study, it was possible to observe an improvement 

in the gastritis assessed by the second UDE after the intervention, where 42% of the patients that 

had moderate gastritis in the first UDE became mild in the second, according to Sydney criteria. It 

is worth emphasizing that the patients did not receive drug treatment for gastritis during the period 

of the intervention, with the only change being alkaline water consumption during the period. 

It is known that gastritis is characterized as a pre-neoplastic condition, because it takes part 

in gastric carcinogenesis, in the initial phases of the process, followed by gastric atrophy, 

ulcerations, intestinal metaplasia, dysplasia and lastly malignant neoplasia 3, 20, 21. 



Therefore, the improvement in the gastritis observed in this study can represent a protection 

factor of the inflammation of the gastric mucosa. It is a simple modification measure in the life 

habit, which can be acting positively in the first stage of the carcinogenesis cascade of gastric 

neoplasia.  

The proton pump inhibitors (PPI) are among the most commonly prescribed drugs in the 

world, but although they are generally considered to be safe, they present various adverse effects 

associated to the prolonged use of PPI 22, 23, they are associated to the increased risk of developing 

pre-malignant lesions (fundic gland polyps, worsening of gastric atrophy and metaplasia) and 

gastric cancer, particularly in individuals affected by Helicobacter pylori (HP) and especially with 

the prolonged use (over a year) 22-24. The indiscriminate use should be avoided. The use of alkaline 

water cannot be compared to the action mechanism of the PPIs since there is no inhibition of acid 

secretion, only minor exposure of a mucosa damaged by gastritis to acidic substances.   

Furthermore, there was also an insignificant increase in the expression of the four 

microRNAs selected, namely miR-7, miR-29c e miR155 and miR-135b, after the intervention for 

four months.  

MiR-29c is commonly described as a tumor suppressor for inhibiting the proliferation, 

invasion and migration of malignant cells. The reduced expression of this microRNA has been 

reported in various human malignancies, such as pancreatic cancer 25, breast cancer 26, prostate 

cancer 27, hepatocellular cancer 28, nasopharyngeal cancer 29 and gastric cancer 7, 30. 

Han, Hur 31 reported that the miR-29c expression levels were significantly reduced (p < 

0.001) in gastric cancer tissues when compared to normal tissue. In vitro and in vivo tests also 

showed that the increased expression of this miRNA suppressed the tumor growth through the 

negative regulation of  ITGB1 (integrin β1, also known as CD29).  

 As previously mentioned, the expression levels of miR-29c were gradually smaller as the 

gastric carcinogenesis evolved, in the different stages of the mucosal aggression, showing a direct 

correlation between the loss of miR-29c expression and the tumorigenesis of this neoplasia 7.   

 It was reported that the transfection of the miR-7 precursor in gastric cancer cell lines 

AZ521 and Kato III significantly inhibited the proliferation capacity of the cells 19. 

 The COX-2/PGE2 pathway of is known for playing a crucial role in inflammation-

induced gastric tumorigenesis. COX-2 is one of the enzymes responsible for the conversion of the 



arachidonic acid in prostaglandin 32 and it is related for mediating inflammatory response 33. Its 

expression is stimulated by various natural factors, including various inflammatory cytokines (IL-1, 

TNF-α), growth factors (EGF, TGF-p, PDGF), hormones (LH, FSH) and carcinogens 32. Various 

neoplasias showed high levels of COX-2 and prostaglandins, thus suggesting that COX-2 plays a 

role in some malignant transformation processes 34.  

 Cao, Jiang 35 studied the COX-2 pathway in CG induced in mice and observed that miR-7 

negatively regulated the transcription of the COX-2 gene, suggesting its role in the persistent 

inflammatory response that generates the development of the GC.  

 In a review carried out on the role of miR-7 in the digestive system, its role can be 

observed in the gastrointestinal tract in various organs, showing different targets according to the 

primary tumor site. In GC, it suppresses two pathways related to invasion and metastases, the 

IGFR1R and EGFR pathways. While in colon neoplasia, it can act in various genes and oncogenic 

pathways, thus acting in many cellular processes like differentiation, proliferation and apoptosis. 

Low levels of miR-7 in this neoplasia are correlated to worst prognosis 36.  

 MiR-155 is described as oncomiR in various tumors, but the expression of the 

microRNAs is tissue specific and varies in the same tissue according to the differentiation and cell 

proliferation 37.  

 It is a microRNA that plays an important role in the regulation of the immune system 38, 39. 

Since the immune cell is a fundamental component of the tumor microenvironment, it can also 

develop the tumor suppressor role in solid tumors 40-42. 

 The reduced expression of miR-155 contributes to the accelerated tumor growth in vivo 

and in vitro, by increasing the recruitment of MDSCs (myeloid derived suppressor cells) in the 

tumor environment 43. It is known that the neoplastic progression is sustained by chronic 

inflammatory microenvironment and it is characterized by the continuous secretion of inflammatory 

factors and infiltration of a variety of cells, among which the MDSCs represent an important agent 
44. 

 Xie, Chen 45 reported a reduction in miR-155 expression in cell lines and in gastric cancer 

tissues and observed a correlation with the worst pathological staging  (Bormannn) in the group 

with low miR-155 expression, suggesting its tumor suppressor role in this neoplasia.  



 Similarly, Liu, Chen 46 suggested that miR-155 prevents the progression of the cancer and 

metastasis, acting in the CTHRC1 (collagen triple helix repeat containing 1) pathway in colon 

cancer. In melanoma, Levati, Pagani 47 showed its capacity in inhibiting proliferation in melanoma 

cell lines, negatively regulating the pathway of know oncogene of the melanoma, the SKI.  

The miR135b is described in literature as oncomiR in most tumor tissues like in colon 

cancer 48, lung cancer 49, oral cancer 50 and breast cancer 51.  However, few studies assessed its role 

in gastric tissue; Vidal, Cruz 7 observed that the miR135b expression was increased in gastric 

lesions when compared to normal gastric mucosa.   

Nevertheless, it was also described as a tumor suppressor in osteosarcoma, where the MYC 

gene was identified as its direct target and this is related to the progression of various tumors 52. 

Similarly, in prostate cancer, Wang, Tao 53 observed reduced miR135b expression in tissues with 

prostate cancer when compared to normal tissues, acting as tumor suppressor by deactivating the 

STAT6 pathway, known as oncogenic in various tumors. 

In this study, an insignificant increase was identified in the expression of mi7, miR-29c and 

mir-155, which have a tumor suppressor role in various tumors, including in GC 36, suggesting a 

possible favorable effect from the consumption of non-acidic water (alkaline). 

Similarly, there was an increase in miR135b described as oncomiR in majority of the 

tumors, but also described as tsmiR in osteosarcoma and prostate neoplasia, unable to establish that 

this increase is dangerous to the patient's health, since its role in carcinogenesis is controversial and 

there is few data on its role in the gastric tissue.   

For the expression assessments, although differences were detected between the UDEs, the 

lack of statistical significance observed can be justified by the low number of participants that 

completed the investigation.  

CONCLUSION 

This study assessed an intervention in the life habit of patients with the earlier change of the 

gastric carcinogenesis cascade, gastritis, and it can be observed that the change of the pH of the 

water consumed for 4 months was able to clinically improve the gastritis and seems to have the 

tendency to increase the expression of microRNAs considered beneficial in the carcinogenesis 

process of gastric neoplasia.  



Therefore, the current study serves as a generator of hypotheses and as a question regarding 

the ideal pH of drinks consumed regularly, such as water, able to serve3 as basis for bigger and 

randomized studies. 
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