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Abstract: It is known that abnormal expression of miRNAs in the gastric cancer (GC) contributes to its carcinogene-
sis. Therefore, ingestion of commercial (usual) water on a daily basis may be a contributing factor for the occurrence
of alterations in the gastric mucosal. In this study, it was evaluated the expression of the miRNAs miR-29¢, miR-7,
miR-155, and miR-135b in the gastric tissue of patients with gastritis before and after the consumption of alkaline
water (pH range from 8.0 to 10.0), as well as the clinic pathological characteristics. Methods: 50 subjects from the
Amazon region, diagnosed with gastritis that routinely used commercial (usual) water with a pH lower than 5.0, were
enrolled to change the consume water to a pH of 8.5 to 10.0 for 5 months. Results: Endoscopic findings of gastritis
were such different (less severe disease), P = 0.024; in 43% diagnosed with moderate gastritis upfront esopha-
gogastroduodenoscopy (EGD) presented mild gastritis after the consumption of alkaline water, according to study
methods; there were no worsening gastritis and there were a significant increase in the expression of miR-135b (P
= 0.039) and miR-29c¢ (P = 0.039). Conclusion: Modified pH range water (from 8.0 to 10.0) ingested for 5 months
was able lead to a less severe gastritis according to the Sidney classification system, suggesting that this lifestyle
change represented a clinical benefit in patients with gastritis on the Amazon region. In addition, higher expression
of miR-135b and miR-29¢ was observed after the consumption of alkaline water for 5 months.
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Introduction

Gastric cancer (GC) is the fifth most common
malignant neoplasm worldwide and accounts
for 8.2% of all cancer deaths [1, 2]. In northern
Brazil, it is the second most common cancer in
men and fifth in women and is a public health
problem in the state of Para [3].

Gastric carcinoma is the most common cancer
type in the stomach, and the intestinal subty-
pe is the most frequent [4]. It develops in mul-
tiple stages: normal mucosa, chronic gastritis,
gastric atrophy, intestinal metaplasia, dyspla-
sia and malignant neoplasia [4]. These condi-
tions are usually sequential and occur over a
period of many years as a result of the interac-
tion between a variety of endogenous and exo-
genous factors [4].

The association between GC and diet is well
established in the literature [5]. The character-
istic diet of Para, e.g., high intake of salty foods
(jerky, fish, and shrimp), low intake of greens
and vegetables and high consumption of glu-
cose (flour), has contributed to the high inci-
dence of GC in the region [6].

The cellular transformation characteristics of
gastric carcinogenesis may take time to pres-
ent; however, epigenetic transformations, su-
ch as DNA methylation, histone changes and
mMiRNA expression changes [7], can be identi-
fied early and are more likely to be influenced by
environmental factors (smoking, sun exposure,
inflammation and pollutants, and diet) [8].

Previous studies have shown that the abnormal
expression of several miRNAs contribute to the
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Table 1. Composition and chemical char-
acteristics of the alkaline water used in the
study

Parameters Results
Electric Conductivity 243.40 uS/cm
pH 10.01

Total Alkalinity 34.19 mg/L CaCO,
Alkalinity to Hydroxides < 0.5 mg/L CaCO,
Alkalinity to Carbonates 25.87 mg/L CaCO,
Alkalinity to Bicarbonates 8.32 mg/L CaCQ,

Ammoniac Nitrogen 0.14 mg/L NH,
Nitrate 7.38 mg/L N
Nitrite <0.10 mg/LN
Calcium 2.57 mg/L Ca?*
Magnesium 13.92 mg/L Mg?*
Sodium 21.80 mg/L Na?*
Potassium 4.70 mg/L K*
Iron < 0.05 mg/L Fe®*
Carbonate 15.52 mg/L CO,>

Bicarbonate 10.15 mg/L HCO,
Sulfate 4.68 mg/L SO,>
Chloride 33.76 mg/L CI

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

carcinogenesis and progression of neoplasms,
including GC, and may also be useful as pre-
dictors of drug resistance and as prognostic
factors [8-10]. The epigenetic targets chosen
in the present study (miR-29¢, miR-7, miR-155,
miR-135b) are dysregulated in GC and altered
in tissues with inflammation, as occurs in gas-
tritis, and are thus potential biomarkers for the
carcinogenesis of GC [10-13].

In the North region of Brazil, the waters sold
have a low pH, ranging from 3.0 to 5.0, and are
therefore outside the standards required by
the World Health Organization and the Brazi-
lian Ministry of Health [14, 15]. In addition, in
this region, there is also a high incidence of
gastritis and GC, above the national average
[3]. Thus, water pH may be a contributing fac-
tor for the occurrence of these gastric issues,
and therefore, its evaluation is extremely im-
portant for understanding the high incidence
rates of this cancer in the region. Mousa [16].
Furthermore, it was observed that electrolyzed
alkaline water has anti-inflammatory properties
because of its ability to reduce the expressi-
on of TNF-« in the gastric mucosa Naito [17].
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In addition, a study showed the ability of water
with a pH of 8.8 to inactivate pepsin. This irre-
versible inactivation of pepsin in this alkaline
medium can generate a possible benefit of an
alkalizing diet for the treatment of acid reflux
because this enzyme is related to protein lysis
and is activated when pepsinogen is in acidic
medium [18].

Thus, the objective of this study was to evalu-
ate the expression of the miRNAs miR-29c,
miR-7, miR-155, and miR-135b in the gastric
tissue of patients with gastritis before and af-
ter the consumption of alkaline water to under-
stand how changes in consumption may affect
the modulation of the expression of these
microRNAs as well as the clinicopathological
characteristics of the patients.

Materials and methods

A total of 50 individuals, positive and negative
for Helicobacter pylori, were recruited by non-
probabilistic and convenience sampling. This
study was approved by a research ethics com-
mittee under protocol 2.033.180.

Individuals older than 35 years, diagnosed with
gastritis by anatomopathological examination,
were included. The patients excluded were th-
ose with a prior or familial history of GC, those
who were using alkaline water and/or antacids,
those who had endoscopic criteria for immedi-
ate eradication of H. pylori (past and present
gastric and/or duodenal ulcers with or without
complications), or those who had gastric MALT
lymphoma or atrophic gastritis.

The individuals recruited routinely used water
with a pH lower than 5.0 and began to consume
water with a pH of 8.5 to 10.0 voluntarily for a
median of 5 months. These filters provided pre-
treated, filtered, purified, ionized and alkaline
water with negative potential renal acid load
(PRAL), obtained using a water ionizer. Table 1
shows the composition of the alkaline water
provided to the participants.

After this period, all the individuals underwent
a new esophagogastroduodenoscopy (EGD) du-
ring which the anatomopathological parame-
ters and the proposed outcomes were again
evaluated.

For all participants, miR-155, miR-7, miR-29¢
and miR-135b expression was evaluated before
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Table 2. Descriptive analysis of the qualita-
tive variables for patients with gastritis before
the consumption of alkaline water in Belém
do Para

Variable N %
Sex

Male 5 17.86

Female 23 8214
H. pylori 1st test

Negative 14 50.00

Positive 14  50.00
Sydney classification 1st test

Mild 2 714

Moderate 26 92.86
Amount of liquid ingested per day

1 liter or less 7 25.00

1 liter-1.5 liters 10 35.71

2 liters or more 8 2857

Did not answer 3 10.72
Type of water ingested per day

Filtered public water 6 21.43

Carbonated mineral water 1 3.57

Noncarbonated mineral water 14 50.00

Filtered water from artesian well 4 14.28

Did not answer 3 10.72
Alcohol consumption

No 11 39.28

Yes 14 50.00

Did not answer 3 10.72
Frequency of alcohol consumption

Once a week 1 3.57

Weekend 13 46.43

Did not answer 14 50.00
Volume of alcohol (weekly)

Up to 500 milliliters 11  39.29

Up to 2 liters 2 714

Did not answer 15 53.57
Type of alcohol

Beer 8 2857

Wine and spirits 6 2143

Did not answer 14 50.00
Physical activity

No 7 25.01

Yes, sometimes 9 3214

Yes, regularly 8 2857

Did not answer 4  14.28
Smoking

No 28 100.00

Did not answer 0 0.00
4045

Use of controlled medication

No 16 57.14

Yes 9 3214

Did not answer 3 10.72
Prior treatment for gastritis

Never received 11 39.29

Received 13 46.43

Did not answer 4  14.28

and after the study period (median of 5 mon-
ths). Total RNA extraction was performed us-
ing an mirVana miRNA isolation kit (Ambion,
Texas, USA) according to the manufacturer’s
instructions. RNA concentrations were deter-
mined using a SpectraMax i3 spectrophoto-
meter (Molecular Devices, Sunnyvale, Califor-
nia, USA) with a concentration of 10 ng/uL as
the standard, and RNA integrity was visualized
in an agarose gel.

To detect miRNA expression, reverse transcrip-
tion was performed using total RNA samples
(TagMan MicroRNA Reverse Transcription Kit,
Life Technologies, Foster City, CA), followed by
real-time PCR with commercially available prim-
ers and probes (TagMan MicroRNA Assays, Life
Technologies, Foster City, CA). The endogenous
miRNAs used for standardization were RNUGB,
miR-1403p and miR-101, which were select-
ed after analysis of data available in the litera-
ture [19-21]. After analyzing the results in
NormFinder software [22], RNU6GB and miR-
1403p were the endogens selected to calcu-
late differential expression.

All assays followed the manufacturer’'s recom-
mendations and were performed in quadrupli-
cate, according to the following thermocycling
program (95°C for 10" and 40 cycles of 95°C
for 15” and 60°C for 1'). Gene expression was
evaluated using the comparative CT method
(_2AACT).

Identification of H. pylori bacteria was per-
formed both by histological analysis and by
real-time PCR through amplification of the bac-
terial 16SRNA region [23, 24]. The sample was
considered infected when positive in any of the
methodologies.

For the statistical analysis, clinical-epidemio-
logical qualitative variables are presented as
absolute and relative frequencies. The quanti-
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Table 3. Descriptive analysis of the qualitative vari-
ables of patients with gastritis after the consumption

of alkaline water in Belém do Para

Variable N %
Sydney classification 2nd test (return)
Mild 12 42.30
Moderate 16 57.70
H. Pylori 2nd test (return)
Negative 11 39.28
Positive 17 60.71

Table 4. Evaluation of the Sidney classification be-
tween endoscopies in patients with gastritis in Belém

do Para

Sydney classification
2" EGD (return)

Sydney classification 1%t EGD - p*
Mild Moderate
N (%) N (%)
Mild 2 (7T%) 0 0.024
Moderate 12 (43%) 14 (50%)

*Fisher’s exact test.

tative variable “age” (Shapiro-Wilks < 0.05) is
presented as the median and 25%-75% percen-
tiles. Fisher’s exact test was used to assess the
correlation between categorical variables.

The difference in microRNA expression between
the 2 groups (before and after alkaline water
intake) was determined by the paired t-test for
all samples (Stata 11.0 and R-studio). Two-
tailed P < 0.05 was considered statistically
significant.

Results

A total of 50 individuals, positive and negative
for H. pylori, were recruited between May 2017
and February 2018 after confirmation of gastri-
tis by EGD to evaluate the effects of changing
the type of water consumed from water with an
acidic pH (pH less than 5) to water with an alka-
line pH (pH between 8.5 and 10). Of these, 28
completed all steps of the study with the use of
alkaline water for the period established and
then performed a new EGD.

The absolute and relative frequencies of quali-
tative variables for the data collected before
and after the consumption of alkaline water are
shown in Tables 2 and 3, respectively.
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The median age was 44.5 years (IQR
38.75-52.25). The results showed endo-
scopic improvement of gastritiS (P
0.024) because 12 patients (43%) diag-
nosed with moderate gastritis in the first
EGD presented mild gastritis (Table 4) af-
ter the consumption of alkaline water. In
addition, there were no patients with wors-
ening gastritis.

Figure 1 shows a box plot comparing the
expression levels of miR-135b (P = 0.039)
and miR-29¢ (P = 0.039) before and after
the median period of 5 months of alkaline
water consumption. The expression levels
were higher after the consumption of alka-
line water. There was no significant in-
crease in MiR-155 and miR-7 expression
(Figure 1).

The FoldChange analysis of the differenc-

es between 222°T pefore and after the con-

sumption of alkaline water for a median of

5 months, of the target microRNAs show-
ed values greater than 1 for every miRNA
(Figure 2).

Discussion

Currently, there is a wide discussion about the
effects of the pH of drinking water and its con-
sequences on human health, such as its rela-
tionship with inflammation and cancer [25].
However, there is little scientific evidence sup-
porting this association.

In the present study, we found a significant
increase in the expression of 2 microRNAs,
miR-29¢ and miR-135b, after the consumption
of alkaline water for 5 consecutive months, as
well as an improvement in gastritis as evaluat-
ed by a second EGD; i.e., 42% of the patients
who had moderate gastritis in the first EGD
had mild gastritis in the second EGD, accord-
ing to the Sydney classification system. It is
also worth noting that the patients did not
undergo pharmacological treatment for gastri-
tis during the intervention period and were not
instructed to change their diet during the pe-
riod.

Gastritis is considered a preneoplastic condi-
tion, as it participates in gastric carcinogenesis
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Figure 1. Expression of miRNAs miR-155, miR135, miR29c and miR7 be-
fore and after the consumption of alkaline water for a median of 5 months

(first and second EGD).
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Figure 2. Fold change of the differences between the 222" for the target mi-
cro-RNAs before and after the consumption of alkaline water for 5 months.

in the early stages of the process, followed by
gastric atrophy, ulcerations, intestinal metapla-
sia, dysplasia and, finally, malignant neoplasia
[4, 26, 27]. Thus, the improvement in gastritis
observed in the present study with the use of
alkaline water may represent a protective fac-
tor of inflammation in the gastric mucosa. Thus,
this simple lifestyle change may act positively
in the early stages of the carcinogenesis cas-
cade of GC.

Proton pump inhibitors (PPIs) are among the
most commonly prescribed drugs in the world;
however, although they are generally consid-
ered safe, they have several adverse effects
associated with prolonged use [28, 29]. These
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medications are associated
with an increased risk of the
development of premalignant
lesions (fundic gland polyps,
worsening of gastric atrophy
N and metaplasia) and GC, par-
Sandkion ticularly in individuals infected
: :Z::re with H. pylori, especially when
PPIs are used for over one year
[28-30]. The use of alkaline
water does not compare with
the mechanism of action of
PPIs because there is no inhi-
bition of acid secretion but,
rather, a reduction in exposu-
re to acidic substances of a
mucosa that is damaged by
gastritis [30].

miR-29c¢ is commonly describ-
ed as a tumor suppressor be-
cause it inhibits the prolifera-
tion, invasion and migration
of malignant cells. Decreased
expression of this microRNA
has been reported in several
human malignancies, such as
pancreatic cancer [31], brea-
st cancer [32], prostate can-
cer [33], hepatocellular cancer
[34], nasopharyngeal cancer
[35] and GC [10, 36].

The miR-29c¢ expression levels
were significantly decreased (P
< 0.001) in GC tissues com-
pared to normal tissue [37]. In
addition, it has been demon-
strated by in vitro and in vivo
assays that the increased expression of this
mMiRNA suppressed tumor growth through the
downregulation of ITGB1 (B1 integrin, also
known as CD29) [37].

As previously described, miR-29¢c expression
levels gradually decrease as gastric carcino-
genesis progresses at different stages of mu-
cosal aggression, demonstrating a direct cor-
relation between the loss of mir-29¢ expressi-
on and the tumorigenesis of this cancer [10].
Thus, in our study, the increased expression of
this miRNA after the consumption of alkaline
water may suggest that its frequent use may
function as a modifying factor of the epigene-
tic environment of these tissues, providing an
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environment with lower chances of carcinogen-
ic progression. Transfection of the miR-7 pre-
cursor into AZ521 and Kato Il GC cells signifi-
cantly inhibited cell proliferation capacity [13].

miR-135b has been described in the literature
as an oncomiR in most tumor tissues, such as
colon cancer [38], lung cancer [39], oral can-
cer [40] and breast cancer [41], but few studi-
es have evaluated its role in gastric tissue.
Vidal, et al. [10] observed that miR-135b ex-
pression was increased in gastric lesions when
compared with normal gastric mucosa but was
decreased when gastritis tissue was compar-
ed with cancer tissue; thus, its role in the vari-
ous stages of gastric carcinogenesis remains
uncertain.

miR-135b has been described as a tumor sup-
pressor in osteosarcoma, and the MYC gene,
which is related to the progression of several
tumors, is its direct target [42]. That role is si-
milar to that observed for prostate cancer, for
which Wang, et al. [43] observed a decrease
in miR-135b expression in prostate cancer tis-
sues compared to normal tissues, acting as a
tumor suppressor by inactivating the STAT6
pathway, known as oncogenic in several tu-
mors. Thus, as the signaling pathways and
activity of this miRNA are not yet certain, we
cannot affirm or suggest protective or delete-
rious effects generated by increased miR-135b
expression after alkaline water consumption.

Conclusion

The present study evaluated the effect of a
patient lifestyle intervention on the first abnor-
mal stage of the gastric carcinogenesis cas-
cade, gastritis, and it was observed that the
pH change in the water ingested for 5 months
was able to improve gastritis according to the
Sidney classification system, suggesting that
this lifestyle change represented a clinical ben-
efit in patients with gastritis. In addition, higher
expression of miR-135b (P = 0.039) and miR-
29c¢ (P = 0.039) was observed after the con-
sumption of alkaline water for 5 months.

Thus, the present study generates preliminary
hypotheses and provides initial information
about the ideal pH for regularly consumed bev-
erages, such as water, and can serve as a bas-
is for larger, randomized studies.
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