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Evaluation of salivary protein patterns
among a rural population exposed and
non-exposed to arsenic-contaminated
drinking water in areas of Tucuman
(Argentina): a pilot study
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Arsenic contamination in the environment and groundwater is a major
global public health problem. Several researchers suggest that the toxicity
of arsenic could be related to oral cancer development, usually resulting
from potentially malignant lesions. During pathological processes, salivary
proteins suffer modifications, which could lead to the discovery of new
biomarkers. Objective: To analyze the protein profile in human saliva samples
from a rural population exposed to high levels of arsenic in drinking water
and its association with potentially malignant lesions. Methodology: This
observational, analytic and cross-sectional design included 121 patients
from the state of Graneros (Tucuman, Argentina). Arsenic concentration
in drinking water was determined and, according to the values obtained,
individuals were divided into 2 groups: exposed group and non-exposed
group. Saliva samples were obtained, and total protein concentration was
measured by Bradford method. Finally, Laemmli SDS-polyacrylamide gel
electrophoresis was conducted to obtain the protein profile. Results: Total
protein concentration in saliva was lower in the exposed group than in the
non-exposed group. Average areas of 20 and 42 KDa bands were significantly
lower in exposed group than non-exposed group. Conclusion: Chronic intake
of high arsenic concentrations in drinking water produces changes in the
salivary protein profile, which is associated with the presence of potentially
malignant lesions.
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Arsenic is a metalloid found ubiquitously in the
environment and its contamination of groundwater is
considered a major global public health problem. It
affects an estimated 140 million people in more than 50
countries, including the United States, Taiwan, Mexico,
Mongolia, Argentina, India, Chile and others. Arsenic
is present throughout the environment in its inorganic
forms, and the level of exposure varies greatly by
geographical location. The current World Health
Organization (WHO) and Environmental Protection
Agency (EPA) recommended limit for arsenic levels in
drinking water is 10 pg/L.%?2

Arsenic is considered as a class 1 human carcinogen
by the International Agency for Research on Cancer
(IARC) and the chronic exposure to arsenic is associated
with chronic endemic regional hydroarsenicism
(HACRE, in Spanish), which is characterized by skin
lesions (leukoderma and/or keratosis), cardiovascular
disease, neurotoxicity, type II diabetes, oral cancer
(0C), and others.3#

OC is a malignant neoplasia that arises on the lip
or oral cavity. It is traditionally defined as a squamous
cell carcinoma (OSCC), because 90% of cancers are
histologically originated in the squamous cells.> The
main risk factors to the development of OC are tobacco,
alcohol and betel nut intake, and human papillomavirus
(HPV) infection. However, they do not explain the high
OC incidence. Several researchers suggest that the
toxicity of heavy metals present in the floor, such as
lead, nickel, arsenic, and others, could be related to
that. Despite the well-documented effect of arsenic
exposure in the development of skin, lung and bladder
cancer, evidence of a relationship with OC is scarce.8

OC presents precursor lesions that are not
considered neoplasms, although they are related to a
higher probability of developing into OSCC, known as
potentially malignant lesions (PML). Those are: oral
submucous fibrosis, erythroplakia, leukoplakia, chronic
candidiasis, congenital dyskeratosis, lichen planus and
actinic cheilitis.* 0

Saliva is a fluid produced and poured into the
oral cavity by the salivary glands. After secretion
into the oral cavity, it mixes with a serum transudate
that emanates from the gingival sulcus. The singular
contribution of gingival fluid allows markers to be
present in the saliva which derive from the circulation.!!
Proteins are another component of saliva that suffers
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modifications during pathological processes. These
changes affect the protein profiles produced, which
could lead to the discovery of new biomarkers and
new approaches for diagnosis and detection of PML.
For certain malignant diseases, there are markers that
can be detected in saliva such as anti-p53 antibodies
in patients with OSCC.*?

This pilot study aimed to analyze the protein
profile present in human saliva samples from a rural
population exposed to high levels of arsenic in drinking
water and its association with PML.

This observational, analytic and cross-sectional
design included 121 patients of both sexes, from state
of Graneros (Tucuman, Argentina), selected between
May 2017 and December 2018.

Inclusion criteria were patients older than 35
years that lived in the residence for more than 10
years. Exclusion criteria were subjects with physical or
mental disabilities, liver, pancreas and kidney diseases,
anemias, muscular dystrophies, acute or chronic
inflammatory processes (rheumatoid arthritis, lupus,
diabetes), recent viral diseases, depression, narcotics
or aspirins consumption and those undergoing
chemotherapy or systemic radiotherapy.

All patients underwent a full clinical evaluation,
including demographic, socioeconomic and personal
data, time of residence in the region, smoking, alcohol
and drug intake (medicines, natural herbs and others),
family history of cancer, previous illnesses and type of
drinking water supply. Also, all individuals underwent a
gingival and periodontal clinical examination. Incisional
biopsies were performed only on patients with any
suspicious lesions to confirm clinical diagnosis. The
biopsies were performed in the areas most prone to
malignant transformation. Moreover, a saliva sample
was obtained from each patient.

Assistance units were installed in the work
areas, where volunteers were received. Participants
brought a sample of water from the home well to
determine the arsenic concentration of the water
they habitually consumed by the quantitative Gutzeit
(silver diethyldithiocarbamate) colorimetric method.!3
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According to the values obtained, individuals were
divided into 2 groups: exposed group (EG) with arsenic
concentration higher than 0.05 mg/L in drinking water;
and non-exposed group (NEG) with levels lower than
0.05 mg/L in drinking water (cutoffs established by the
Argentine Food Code).'*

To standardize the collection according to the
circadian rhythm, unstimulated saliva samples were
obtained after nighttime fasting, between 8 and 10 am,
to prevent food ingestion, which would cause salivary
secretion by increasing neurotransmitter activity due
to taste and mastication stimuli. Before collection,
patients washed their mouths with distilled water to
remove any possible debris or contaminating material.
They had to salivate for five minutes without swallowing
and then expectorate into the sterile plastic container
calibrated in milliliters until the desired amount (5 mL)
was collected.> Saliva samples were placed in the ice
box in order to maintain the temperature between 2°C
to 4°C. Protease Cocktail inhibitor (1 pL/mL of whole
saliva) was added to the saliva immediately after
collection to minimize protein degradation. Then, cold
samples were centrifuged at 3000 rpm for 10 minutes
to remove any unwanted particles; 500 uyL of the
supernatant was separated in Eppendorf and stored
at -70°C until processing.

Determination of protein concentration in saliva
samples by the Bradford method: some 300 L of the
supernatant was collected and an equal sample buffer
volume was added. The mixture was placed in a water
bath at 95°C for 10 minutes and protein concentration
was determined by Bradford Reagent kit B6916
(Sigma-Aldrich, USA) following the manufacturer’s
instructions. In total,10 uL of sample was added to
Bradford’s solution (190 pL) and incubated 30 minutes
at room temperature. The absorbance was measured
in a spectrophotometer (VICTOR™ X - Multilabel Plate
Reader, PerkinElmer, USA) at 595 nm wavelength
and the data was processed with Gen5 Data Analysis
Software (Biotek, USA). The detection range of the kit
was 1-1.400 pg/mL protein.

Determination of protein profile: Unidimensional
SDS-PAGE was performed following the technique
described by Laemmli. The volume of each saliva
sample containing 30 g of total protein was estimated.
The samples were then loaded onto 12.5% bis-tris-
polyacrylamide gels with Tris base buffer (25 mM Tris
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base, 0.20 M glycine and 0.10% w/v SDS). A molecular
weight marker pre-stained SDS-PAGE Standards, broad
range (Bio Rad Life Science Laboratories, Hercules, CA,
1610320) was seeded with the samples from each gel
to estimate the MW of the bands, and the samples
from the NEG group were used as a reference. The
electrophoretic run was performed under the following
conditions: 150 volts constant for approximately 80
min. Finally, the gels were stained with Coomassie
Brilliant Blue R- 250, faded with 30% methanol and
10% acetic acid in distilled water and digital images
of the gels were acquired. The intensity of the protein
profile bands was measured with Image Tool ver. 3.0
software (UTHSCSA, USA), which directly correlated
them with their protein concentration.

Statistical analysis was performed using the
IBM SPSS Statistics ver. 25.0 (IBM Co., Armonk,
NY, USA). Kolmogorov-Smirnov test was used to
determine quantitative variables distribution. All
data were expressed as frequency and percentage
for categorical data and meanzstandard deviation.
Differences in study participants’ characteristics were
compared across subgroups with chi-square test for
categorical variables and Mann-Whitney’s U test for
continuous variables, as appropriate. A p-value <0.05
was considered significant. For the statistical power
estimating, the G*Power software ver. 3.1.9.6 (Franz
Faul, University Kiel, Germany) was used.

This investigation protocol was approved by the
Ethics Committee (RES N° 7/2017) and all participants
signed informed consent approved by institutional
standards. The study was conducted in accordance
with the declaration of Helsinki with good clinical
practice as defined by the International Conference
on Harmonization.

Table 1 shows demographic and social characteristics
of the rural population studied. The mean age of the
participants was 57.3£8.1 years. According to the
education levels, around half were illiterate and the rest
had only basic education. About 62% of participants
reported low monthly income. Low skilled work
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Table 1- Demographic and social characteristics

Characteristcs

Participants (n) 121
Mean age, years (SD) 57.318.1
% 95%ClI
Gender
Male 71.9 63.9-79.9
Female 28.1 20.1-36.1
Alphabetization
Incomplete basic education 44.6 35.7-53.5
Primary school 45.5 36.6-54.4
Secundary school 9.9 4.9-15.2
Current marital status
Married 471 38.2-56.0
Unmarried 43.8 35.0-52.6
Unmarried cuple 9.1 4.0-14.2
Monthly household income (US$)
<150 62.0 53.0-71.0
150-300 38.0 29.4-46.6
Ocupation
Homemaker 28.1 20.1-36.1
Not working 37.2 28.6-45.8
Low skilled work 34.7 26.2-43.2

Homemaker: a person who manages the home. Not working:
unemployer, retired. Low skill: manual labor, farmer, minicipal
employer, etc.

Table 2- Protein profile in saliva samples

concentrates the main economic activity and a large
part of the population does not work. All subjects are
considered vulnerable, since they have no access to the
health system, so care and monitoring of oral-dental
pathologies are infrequent.

Participants of this research were divided into two
groups: EG (n=55) and NEG (n=66). Risk factors analysis
for the development of PML (smoking, hazardous
drinking and harmful drinking alcohol consumption)
showed no significant differences between both groups
(data not shown). Furthermore, patients in EG showed
a lower total protein concentration in saliva than NEG
(6.6+1.9 and 8.7+4.1, respectively). Table 2 shows the
densitometric analysis (percentage and area average)
of electrophoretic run in polyacrylamide gel 6. Average
areas of 20 and 42 KDa bands were significantly lower
in EG than NEG (p<0.01). Figure 1 shows an example
of the different protein bands obtained with the SDS-
PAGE electrophoresis technique.

Oral pathologies in soft and hard tissue present in
EG were chronic periodontitis (common cause of tooth
loss), actinic cheilitis and stained teeth.!® Whereas,
in NEG the pathologies found were biofilm-gingival,
frictional keratosis and chronic periodontitis (Figure
2). Table 3 shows the main pathologies found in soft
and hard tissues of the oral cavity.

Protein fraction 95%CI Area average p b
KDa
EG NEG NEG

6 100 84.8 (72.6-97.0) 0.18+0.12 0.20£0.09 0.161 0.26
20 16.7 (0-33.9) 15.1 (2.9-27.3) 0.09+0,03 0.15+0.07 0.01* 0.99
27 27.5(6.9-481)  21.2(7.3-35.1) 0.13+0.05 0.14+0.9 0.082 0.11
42 32.9(11.6-55.2)  30.3 (14.6-46.0) 0.08+0.02 0.16+0.05 0.012* 1.00
56 100 100 0.22+0.09 0.19+0.10 0.235 0,39
103 27.5(6,9-48.1)  27.3(12.0-42.0) 0.09+0.01 0.095+0.02 0.073 0,39

EG: exposed group (n=55); NEG: non exposed group (n=66). * p<0.05 was considered significant (EG vs NEG)

Table 3- Oral pathologies in soft and hard tissue

Pathologies EG n (%) NEG n (%)
Without pathologies 13 (23.63%) 18 (27.27%)
CP 11 (20.00%) 6 (9.10%)
AC 27 (49.09%) 0
AC + CP 4 (7.27%) 0
Dental biofilm—induced gingivitis 0 34 (51.51%)
FK 0 4 (6.06%)
FK + Dental biofilm—induced gingivitis 0 4 (6.06%)

EG: exposed group (n=55); NEG: non exposed group (n=66). CP: chronic periodontitis; AC: actinic cheilitis; FK: frictional keratosis.
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Table 4 shows the correlation between modified 20 and 42 KDa in the saliva samples analyzed. This
protein bands, chronic periodontitis and actinic cheilitis decrease would not be affected by chronic periodontitis
in EG. These results indicate that actinic cheilitis presence.
correlates strongly with decreased protein bands of

A: Representative SDS-polyacrylamide gel electrophoresis results obtained from saliva samples of EG (1, 2, 3, 4, 7, and 8) and NEG (5, 6)

groups. B: Densitometric analysis of the detected bands. The values were expressed as mean+SD. * p<0.05 was considered significant.
EG: exposed group, NEG: non exposed group, MW: molecular weight.

Figure 1- Effect of arsenic in drinking water on protein profile in saliva

A) stained teeth; B) chronic periodontitis; C) actinic cheilitis.

Figure 2- Photographs of oral pathologies detected in the exposed group
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Table 4- Correlation between 20 kDa and 42 kDa bands between Actinic cheilitis and Chronic periodontitis

Pathologies 20 kDa bands 42 kDa bands
Undiminished Diminished p b Undiminished Diminished p b
Without actinic cheilitis 18 8 0.01* 0.80 20 6 0.01*  0.99
With actinic cheilitis 10 19 7 22
Without chronic periodontitis 24 18 0.10 0.48 23 19 0.13 0.37
With chronic periodontitis 4 9 4 9

EG (n=55). * p<0.05 was considered significant.

Contamination of drinking water with arsenic in
rural areas is a global public health problem, especially
in Latin America. The effect of chronic exposure to
this metalloid has been well studied and is related
to different pathologies.? However, evidence of the
relationship between arsenic and oral pathology is
scarce. In this pilot study, we evaluated the proteins
present in human saliva samples in a Latin American
rural population exposed to high levels of arsenic in
drinking water and investigated the association of
salivary proteins with the presence of PML.

Socio-demographic indicators showed that
approximately 50% of the studied rural population
is poor and the population does not work or has low-
skilled jobs. These results emphasize the vulnerability
of the subjects studied, which would justify their
exposure to oral pathologies. Moreover, no significant
differences were observed in the sociodemographic
characteristics between the groups studied (EG and
NEG). Similar characteristics were reported in other
countries with poor rural populations.?”*® According to
the 2010 national census of population, households
and housing, state of Graneros has the highest number
of unsatisfied basic needs (28%). Additionally, 35.3%
of drinking water samples had arsenic levels exceeding
those allowed by the Argentine Food Code, which is
in accordance with the findings of other authors.%20

Arsenic chronic consumption in drinking water
can affect the salivary glands by modifying the
concentration and expression of proteins that compose
the saliva, which are essential for maintaining the
health of oral tissues.

Some patient habits are recognized as risk factors
to developing PML, of those, tobacco and alcohol
consumption are the most important. Besides, their
simultaneous consumption increases 10 to 20 times
the risk of developing OC.2! In our study, both factors
were found in equal proportion in EG and NEG groups.
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The interesting results of this study were the total
protein concentration decrease and the change in
protein profile in saliva samples. There is no previous
data available in literature about a decrease in saliva
proteins due to chronic intake of arsenic in drinking
water. However, other authors studied changes in saliva
by the action of other agents. Actis, et al.22 (2006)
reported a decrease of total protein content in saliva
among young alcohol consumers. Awasthi?® (2017)
informed significantly higher levels of protein in the
saliva of patients with OSCC compared to individuals
with PML and healthy controls. Likewise, total protein
concentration in saliva from caries patients was
significantly higher.?2#2> These discrepancies could
be explained by the different methodologies used,
impeding a direct comparison.

Saliva proteins have been implicated as possible
markers for diagnosis of different diseases such as
oral, lung and breast cancers, cardiovascular diseases,
and systemic disorders.?%2? Studies have not yet
associated arsenic with PML.

Saliva is a fluid that contains a wide variety of
proteins, and their identification depends on the method
used, which explains the differences between humbers
of proteins reported. Mucins, amylase, proline-rich
proteins and secretory immunoglobulin A are the most
abundant proteins in saliva. Electrophoresis separates
proteins into multiple bands or fractions based on
charge and size, which suggests that changes in the
bands (particularly in cases of reduced banding) could
be due to a modification in protein concentration of
those with higher concentrations.?®2° In this pilot study,
electrophoretic analysis of saliva samples showed
lower concentration of 20 KDa and 42 KDa bands in EG.

Likewise, arsenic in all forms is carcinogenic to
humans and effects of exposure to this metalloid
vary according to the dose, route and duration of
exposure, and individual’s genetics.3® Arsenic is a
genotoxic and clastogenic agent that can cause
damage of different classes and magnitudes in
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chromosomes. WHO defines PML as those tissues
with altered morphology and a high predisposition to
transform into cancer (>5%) compared to equivalent
tissue of normal appearance, independently of their
clinical or histological characteristics. In addition, it
is a reversible state and does not necessarily imply
cancer development. The main PML of the oral cavity
are leukoplakia, erythroplakia, submucous fibrosis,
lichen planus and actinic cheilitis.?* They are a pre-
clinical phase of OC, which is highly prevalent both
in men and in women. This is the reason why the
National Cancer Control Strategy and Plan of Action
have been developed with the objective of providing
a universal service based on quality and timely care,
trying to ensure that this issue is effectively addressed
with evidence-based decision making.3? In the state
of Cordoba (Argentina), a patient resident of rural
arsenical area was documented to have multiple
carcinomatous lesions located in the oral cavity.3? In
the population studied, 50% of patients exposed to
high levels of arsenic in drinking water were diagnosed
with actinic cheilitis. They were reported to both
work and live in rural areas. The synergism between
exposure to As and agrochemicals (pesticides) could
have multiplied the effect along the oral carcinogenesis
process.3*

This study suggests that the chronic intake of high
arsenic concentrations in drinking water decreases
protein saliva levels and changes in their profile. This
is associated with a high percentage of potentially
malignant lesions. Therefore, saliva analysis could be
used as a diagnostic sample in these patients, due to
their advantages compared to other samples, since its
obtention is easy, safe, non-invasive, economic and
better tolerated.

This preliminary study has some limitations; its
cross-sectional design only allows association, but no
causality. Since it is a pilot study, the results cannot
be generalized. The sample size is relatively small,
and some results cannot be applied indiscriminately.
Therefore, further studies are needed to confirm
the results, such as those aimed at establishing the
relationship between protein concentration in saliva
and arsenic levels in water; investigating markers of
chronic exposure in hair and nails; and identifying
altered proteins (20 and 42 kDa bands) by techniques
used for the analysis of saliva as mass spectrometry
or liquid chromatography.

J Appl Oral Sci.

Chronic intake of high arsenic concentrations in
drinking water produces changes in the salivary protein
profile and this is associated with the presence of
potentially malignant lesions.
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