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Abstract: Gastric Cancer is a disease associated with environmental and genetic changes, becoming
one of the most prevalent cancers around the world and with a high incidence in Brazil. However,
despite being a highly studied neoplastic type, few efforts are aimed at populations with a unique
background and genetic profile, such as the indigenous peoples of the Brazilian Amazon. Our study
characterized the molecular profile of five genes associated with the risk of developing gastric cancer
by sequencing the complete exome of 64 indigenous individuals belonging to 12 different indigenous
populations in the Amazon. The analysis of the five genes found a total of 207 variants, of which
15 are new in our indigenous population, and among these are two with predicted high impact,
present in the TTN and CDH1 genes. In addition, at least 20 variants showed a significant difference
in the indigenous population in comparison with other world populations, and three are already
associatively related to some type of cancer. Our study reaffirms the unique genetic profile of the
indigenous population of the Brazilian Amazon and allows us to contribute to the conception of early
diagnosis of complex diseases such as cancer, improving the quality of life of individuals potentially
suffering from the disease.
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1. Introduction

Gastric Cancer is a multifactorial disease associated with genetic alterations or en-
vironmental questions. It is the fifth most common cancer and fourth in cause of death
worldwide, with a high incidence in East Asia and Latin America [1]. In the northern region
of Brazil, Gastric Cancer is the second most frequent cancer in men and fifth in women,
according to data released by the National Institute of Cancer (2023) [2].

This scenario may have influenced the ancestral genetic profile of this population.
Studies demonstrate that genomic ancestry has a great influence on the clinical presentation
and the incidence of Gastric Cancer in different populations according to their historical for-
mation [3,4]. The Brazilian population is one of the most mixed around the world, with the
important contribution of three ancestral populations: Europeans, Africans and Indigenous
people. This mixing directly impacts the fluctuation of genetic variants’ frequency that
may act on predisposition to diseases with clinical manifestations, such as cancer [5]. It is
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known that the mixed Brazilian population presents approximately 30% of the indigenous
genomic contribution; therefore, studies in this ancestral population potentially assist in
the reduction of problematic Gastric Cancer in the country [6,7].

Despite being a highly type of neoplastic study, only rare studies have been conducted
in populations genetically heterogeneous or in original people, and an even smaller portion
of the Brazilian indigenous population [8]. In this way, it is extremely valid to analyze
the genetic profile of this original population of the Brazilian Amazon, in order to inves-
tigate genetic variants already elucidated in the world literature, as well as unknown or
unscreened variants that may be associated with the development of Gastric Cancer.

Many studies demonstrate that the single nucleotide variants (SNVs) in target genes
can assist in the carcinogenesis process [9,10]. Especially for Gastric Cancer, the important
role of genes related to metabolic pathways, accession, proliferation, and cellular survival
could be highlighted by intense participation in tumor development [11,12]. Thus, the
objective of this study was to investigate the exome of genes TP53, CDH1, PSCA, PRKAA1
and TTN in the indigenous population of the Brazilian Amazon and characterize the
variants that may be associated with the risk of Gastric Cancer in this population.

2. Materials and Methods
2.1. Population Analysis for the Sutdy

The study is composed of 64 indigenous people from the Amazon in the northern re-
gion of Brazil, represented by 12 different indigenous peoples: Asurini located in Xingu and
Tocantins, Arara, Araweté, Awa-Guajá, Juruna, Kayapó/Xikrin, Karipuna, Munduruku,
Phurere, Wajãpi and Zo’é. All participating individuals were grouped into a single group
called Indigenous (INDG) for statistical analyses. Genetic ancestry data were obtained
from a panel with 64 informative ancestry markers (IAM), as described by Ramos et al. All
participants or their community leaders were instructed about the research to be carried out
and signed an Informed Consent Form (TCLE). The study was approved by the National
Research Ethics Committee (CONEP) and by the Research Ethics Committee of the Tropical
Medicine Center of the Federal University of Pará (CAE: 20654313.6.0000.5172).

The population frequencies of indigenous people were compared with other con-
tinental populations: Europe (EUR), Africa (AFR), East Asia (EAS), South Asia (SAS)
and Americas (AMR), present in the 1000 Genomes Database, version 3 (available at:
http://www.1000genomes.org; accessed on 15 May 2023). The study included 503 subjects
from Europe, 661 from Africa, 504 from East Asia, 489 from South Asia and 347 from
the Americas.

2.2. DNA Extraction and Exome Analysis

DNA extraction was performed according to the PhenolChloroform method [13] with
modifications. The quantification of the extraction product was performed by Nanodrop-
8000 spectrophotometer (Thermo Fisher Scientific Inc., Wilmington, DE, USA) and the
prospective analysis of the quality of the extracted material was performed using 2%
agarose gel electrophoresis.

The variant library (exome) was prepared using Nextera Rapid Capture Exome
(Illumina®, San Diego, CA, USA) and SureSelect Human All Exon V6 (Agilent Technolo-
gies, Santa Clara, CA, USA), following the kit protocol provided by the manufacturer.
The sequencing reaction was performed by NextSeq 500® platform (Illumina®, San Diego,
CA, USA) using the NextSeq 500 High-output v2 Kit 300 cycle kit (Illumina®, San Diego,
CA, USA).

2.3. Selection of Genes

The selection of genes was carried out by consulting the Pubmed database (pubmed.ncbi.
nlm.nih.gov; accessed on 21 May 2023). The five selected genes (TP53, CDH1, PSCA,
PRKAA1 and TTN) are among the most commonly cited in the literature related to suscepti-
bility to Gastric Cancer.

http://www.1000genomes.org
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2.4. Selection of Variants

The selection was the result of using two evaluation criteria. First, a minimum of
10 coverage readings was carried out for each variant presented in subjects. Second, the
impact of variants was studied, considering only those with high risk, moderate or modi-
fier effect, according to the classification by SNPeff (https://pcingola.github.io/SnpEff/;
accessed on 25 May 2023). As a result of the exome analysis, 307 variants were found, as
shown in Supplementary Table S1. After the selection based on the criteria mentioned
above, a total of 237 variants remained to be followed in the investigation process.

2.5. Statiscal and Bioinformatics Analysis

The study population had its allele frequency obtained by calculating genes and
comparing with other large populations already investigated (EUR, AMR, EAS, SAS and
AFR). For the evaluation of statistical significance in the differentiation of frequencies
between populations, Fisher’s exact test was used. Population variability of polymorphisms
was observed using Wright’s fixation index (FST). A p-value of ≤0.05 was considered as
significant data. All investigation was performed in RStudio v.3.5.1.

Bioinformatics analyses were performed as previously described by Cohen-Paes et al.,
2022 [14].

3. Results

Of 237 variants evaluated after the selection process, 207 belong to the TTN gene,
one to the PRKAA1 gene, 13 to the PSCA gene, seven to the CDH1 gene and nine to
the TP53 gene. Of these, it was possible to verify that the three variants were predicted
with high impact, 126 modifiers and 108 moderates. From these analyses, the graphic of
relative frequency (Figure 1) demonstrates the variance of the impact between the five genes
studied, in which the significance of the TTN gene was visibly higher when compared to
the other genes.

J. Pers. Med. 2023, 13, x FOR PEER REVIEW 4 of 11 
 

 

 
Figure 1. The relative contribution of variants discriminates according to the high, modifier and 
moderate impact in the TTN, PSCA, PRKAA1, CDH1 and TP53 genes. 

Table 1 describes the characteristics of the variants predicted by the software SNPeff 
with high and modifier impact, including the affected gene, the Id reference, chromosomic 
region, clinical impact and the frequency of alleles referent to the Indigenous population 
and the five great populations described by the 1000 genomes database (AFR, AMR, EAS, 
EUR and SAS). The variants with moderate impact are described in Supplementary Table 
S1. 

Table 1. Descriptions of the variants in the TTN, PSCA, PRKAA1, CDH1 and TP53 genes according 
to high impact and modifier, in addition to continental populations (African (AFR), American 
population (AMR), East Asian (EAS), European (EUR), and South Asian (SAS)) described in the 
1000 genomes database. 

Gene Chromossome Position Reference Variant SNP Id Impact Var Type INDG * AFR * AMR * EAS * EUR * SAS * 
TTN Chr2 178704146 C T rs556408709 High Snv 0.000 - 0.001 - - - 
TTN Chr2 178634311 A G rs7590037 Modifier Snv 0.392 0.157 0.156 0.024 0.033 0.180 
TTN Chr2 178745892 C G rs16866489 Modifier Snv 0.019 0.020 0.003 - - - 
TTN Chr2 178685342 T C rs16866434 Modifier Snv 0.000 0.033 0.017 0.012 0.013 0.017 
TTN Chr2 178722960 T C rs2742327 Modifier Snv 0.568 0.612 0.399 0.659 0.225 0.474 
TTN Chr2 178536584 C CA rs397517782 Modifier Indel 0.100 0.004 0.006 - 0.008 0.005 
TTN Chr2 178717878 A G rs6750145 Modifier Snv 0.028 0.298 0.196 0.436 0.160 0.274 
TTN Chr2 178669342 G A rs181914612 Modifier Snv 0.000 0.003 0.003 - - - 
TTN Chr2 178730861 TA T rs376726021 Modifier Indel 0.083 - 0.026 0.002 0.019 0.004 
TTN Chr2 178678713 A C rs184108456 Modifier Snv 0.000 - 0.012 - - - 
TTN Chr2 178783080 AAAT A rs752207098 Modifier Indel 0.000 - - - - - 
TTN Chr2 178748420 G C rs75785339 Modifier Snv 0.017 0.141 0.010 - - - 
TTN Chr2 178592719 A G rs72646841 Modifier Snv 0.000 0.135 0.050 0.180 0.045 0.063 
TTN Chr2 178546938 A G rs2288327 Modifier Snv 0.014 0.289 0.199 0.630 0.172 0.319 
‘TTN Chr2 178730850 GT GTT rs35147775 Modifier Indel 0.000 - - - - - 
TTN Chr2 142682339 T G rs10580462 Modifier Indel 0.000 - - - - - 
TTN Chr2 178730850 GT G rs35147775 Modifier Indel 0.000 - - - - - 
TTN Chr2 178730390 C G rs17076 Modifier Snv 0.065 0.286 0.339 0.669 0.189 0.277 
TTN Chr2 178746176 A G rs529571649 Modifier Snv 0.000 - - - 0.001 - 
TTN Chr2 178681069 A G rs72650039 Modifier Snv 0.083 0.003 0.003 - - - 
TTN Chr2 178766637 AC A rs140501763 Modifier Indel 0.426 - - - - - 
TTN Chr2 178702075 T TA rs397517532 Modifier Indel 0.000 0.222 0.159 0.028 0.038 0.186 
TTN Chr2 178728858 T C rs16866476 Modifier Snv 0.000 0.020 0.003 - - - 
TTN Chr2 178748531 A C rs72648906 Modifier Snv 0.000 0.076 0.004 - - - 
TTN Chr2 178783097 G A rs72647864 Modifier Snv 0.025 - 0.053 - 0.032 0.022 

TTN Chr2 178689003 
ATTT 
TTTT 

A rs1242467782 Modifier Indel 0.250 0.284 0.029 - 0.038 0.122 

TTN Chr2 178653350 A G rs13420457 Modifier Snv 0.083 - - - - - 

Figure 1. The relative contribution of variants discriminates according to the high, modifier and
moderate impact in the TTN, PSCA, PRKAA1, CDH1 and TP53 genes.

Quantitatively, 100% of the three variants with high impact are present in the TTN
gene, two being new in the indigenous population. Furthermore, 80% presented modifier
impact corresponding to 101 variants and 95% with moderate impact, equal to 103 variants.
The PSCA, PRKAA1 and TP53 genes have the same 0.9% frequency with moderate impact,
equal to 1 variant each; the CDH1 gene has two variants with a frequency of 1.8% of the
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same moderate impact. With modifier impact, the PSCA gene has 9.5% corresponding to
12 variants, the CDH1 gene t3.8% with 5 variants, and the TP53 gene 6.3% with 8 variants.
In the PRKAA1 gene, no modifier variant was identified.

Table 1 describes the characteristics of the variants predicted by the software SNPeff
with high and modifier impact, including the affected gene, the Id reference, chromosomic
region, clinical impact and the frequency of alleles referent to the Indigenous population and
the five great populations described by the 1000 genomes database (AFR, AMR, EAS, EUR
and SAS). The variants with moderate impact are described in Supplementary Table S1.

Table 1. Descriptions of the variants in the TTN, PSCA, PRKAA1, CDH1 and TP53 genes according
to high impact and modifier, in addition to continental populations (African (AFR), American
population (AMR), East Asian (EAS), European (EUR), and South Asian (SAS)) described in the 1000
genomes database.

Gene Chromossome Position Reference Variant SNP Id Impact Var Type INDG * AFR * AMR * EAS * EUR * SAS *

TTN Chr2 178704146 C T rs556408709 High Snv 0.000 - 0.001 - - -
TTN Chr2 178634311 A G rs7590037 Modifier Snv 0.392 0.157 0.156 0.024 0.033 0.180
TTN Chr2 178745892 C G rs16866489 Modifier Snv 0.019 0.020 0.003 - - -
TTN Chr2 178685342 T C rs16866434 Modifier Snv 0.000 0.033 0.017 0.012 0.013 0.017
TTN Chr2 178722960 T C rs2742327 Modifier Snv 0.568 0.612 0.399 0.659 0.225 0.474
TTN Chr2 178536584 C CA rs397517782 Modifier Indel 0.100 0.004 0.006 - 0.008 0.005
TTN Chr2 178717878 A G rs6750145 Modifier Snv 0.028 0.298 0.196 0.436 0.160 0.274
TTN Chr2 178669342 G A rs181914612 Modifier Snv 0.000 0.003 0.003 - - -
TTN Chr2 178730861 TA T rs376726021 Modifier Indel 0.083 - 0.026 0.002 0.019 0.004
TTN Chr2 178678713 A C rs184108456 Modifier Snv 0.000 - 0.012 - - -
TTN Chr2 178783080 AAAT A rs752207098 Modifier Indel 0.000 - - - - -
TTN Chr2 178748420 G C rs75785339 Modifier Snv 0.017 0.141 0.010 - - -
TTN Chr2 178592719 A G rs72646841 Modifier Snv 0.000 0.135 0.050 0.180 0.045 0.063
TTN Chr2 178546938 A G rs2288327 Modifier Snv 0.014 0.289 0.199 0.630 0.172 0.319
‘TTN Chr2 178730850 GT GTT rs35147775 Modifier Indel 0.000 - - - - -
TTN Chr2 142682339 T G rs10580462 Modifier Indel 0.000 - - - - -
TTN Chr2 178730850 GT G rs35147775 Modifier Indel 0.000 - - - - -
TTN Chr2 178730390 C G rs17076 Modifier Snv 0.065 0.286 0.339 0.669 0.189 0.277
TTN Chr2 178746176 A G rs529571649 Modifier Snv 0.000 - - - 0.001 -
TTN Chr2 178681069 A G rs72650039 Modifier Snv 0.083 0.003 0.003 - - -
TTN Chr2 178766637 AC A rs140501763 Modifier Indel 0.426 - - - - -
TTN Chr2 178702075 T TA rs397517532 Modifier Indel 0.000 0.222 0.159 0.028 0.038 0.186
TTN Chr2 178728858 T C rs16866476 Modifier Snv 0.000 0.020 0.003 - - -
TTN Chr2 178748531 A C rs72648906 Modifier Snv 0.000 0.076 0.004 - - -
TTN Chr2 178783097 G A rs72647864 Modifier Snv 0.025 - 0.053 - 0.032 0.022
TTN Chr2 178689003 ATTT TTTT A rs1242467782 Modifier Indel 0.250 0.284 0.029 - 0.038 0.122
TTN Chr2 178653350 A G rs13420457 Modifier Snv 0.083 - - - - -
TTN Chr2 178779207 A G rs2291301 Modifier Snv 0.930 0.151 0.050 0.117 0.008 0.041
TTN Chr2 178689190 G A rs2627038 Modifier Snv 0.419 0.509 0.231 0.129 0.076 0.277
TTN Chr2 178688666 C T rs369265969 Modifier Snv 0.000 - - - - -
TTN Chr2 178752043 GAA G rs397517802 Modifier Indel 0.000 - - - - -
TTN Chr2 178769662 TA T rs570467105 Modifier Indel 0.051 0.008 0.001 0.006 - -
TTN Chr2 178804500 CTGGAG C rs3830329 Modifier Indel 0.106 0.090 0.045 0.117 0.009 0.039
TTN Chr2 178647040 GTATA G rs1459735441 Modifier Indel 0.000 - - - - -
TTN Chr2 178535858 GA G rs749872538 Modifier Indel 0.146 0.003 0.002 0.001 0.001 0.002
TTN Chr2 178789586 A G rs13421990 Modifier Snv 0.179 0.012 0.150 0.016 0.035 0.162
TTN Chr2 178779159 A G rs2291302 Modifier Snv 0.930 0.151 0.050 0.117 0.008 0.041
TTN Chr2 178706970 C T rs10203085 Modifier Snv 0.016 0.102 0.147 0.026 0.036 0.177
TTN Chr2 178750225 A G rs10803917 Modifier Snv 0.984 0,093 0,003 - - -
TTN Chr2 178654184 TAGC T rs139167585 Modifier Indel 0.167 0.089 0.131 0.004 0.197 0.14
TTN Chr2 178795375 C T rs3754949 Modifier Snv 0.042 0.206 0.059 0.117 0.013 0.065
TTN Chr2 178759212 T C rs6705594 Modifier Snv 0.000 0.004 - 0.001 - 0.002
TTN Chr2 178629271 C T rs183058083 Modifier Snv 0.083 0.003 - - - -
TTN Chr2 178675886 A G rs954235670 Modifier Snv 0.000 - - - - -
TTN Chr2 178769649 GTA G rs1445142745 Modifier Indel 0.000 - - - - -
TTN Chr2 178702075 T TA rs397517532 Modifier Indel 0.009 0.222 0.159 0.028 0.038 0.186
TTN Chr2 178749332 T C rs16866490 Modifier Snv 0.000 0.02 0.003 - - -
TTN Chr2 178752043 GAA G rs397517802 Modifier Indel 0.480 0.031 0.01 0.001 0.003 0.004
TTN Chr2 178538866 G A rs2303539 Modifier Snv 0.042 0.002 0.143 0.451 0.139 0.235
TTN Chr2 178786227 G A rs6715901 Modifier Snv 0.414 0.148 0.383 0.133 0.512 0.273
TTN Chr2 178751267 T C rs922986 Modifier Snv 0.984 0.093 0.003 - - -
TTN Chr2 178605320 C A rs2303833 Modifier Snv 0.000 0.126 0.023 0.156 0.021 0.057
TTN Chr2 178718671 T C rs62178978 Modifier Snv 0.149 0.268 0.196 0.438 0.16 0.274
TTN Chr2 178783096 C T rs60305852 Modifier Snv 0.066 0.153 0.055 0.117 0.009 0.049
TTN Chr2 178781004 C A rs12464703 Modifier Snv 0.378 0.002 0.171 0.193 0.049 0.014
TTN Chr2 178621439 TTAGA AATAAA T rs762765150 Modifier Indel 0.031 - - - - -
TTN Chr2 178746984 C A rs66677602 Modifier Snv 0.438 0.002 0.17 0.199 0.048 0.017
TTN Chr2 178647040 GTATA GTA rs1459735441 Modifier Indel 0.000 - - - - -
TTN Chr2 178677172 C G rs2742351 Modifier Snv 0.096 0.221 0.343 0.235 0.255 0.113
TTN Chr2 178749235 C T rs72648903 Modifier Snv 0.000 0.07 0.003 - - -
TTN Chr2 178640639 T C rs373511249 Modifier Snv 0.000 0.002 - - - -
TTN Chr2 178802363 C T rs3816849 Modifier Snv 0.977 0.274 0.313 0.143 0.438 0.328
TTN Chr2 178751168 A G rs1226362110 Modifier Snv 0.000 - - - - -
TTN Chr2 178804517 G GA rs200033767 Modifier Indel 0.000 0.002 - 0.001 0.002 0.016
TTN Chr2 178745968 C T rs72648915 Modifier Snv 0.000 0.14 0.01 - - -
TTN Chr2 178766635 A C rs3816782 Modifier Snv 0.519 0.161 0.245 0.195 0.077 0.073
TTN Chr2 178717435 C T rs62178977 Modifier Snv 0.08 0.194 0.184 0.436 0.157 0.246
TTN Chr2 178695441 T C rs73038323 Modifier Snv 0.000 0.135 0.014 - 0.001 -

TTN Chr2 178730850 GT G rs35147775
rs72394294 Modifier Indel 0.000 0.143 0.155 0.024 0.039 0.195

TTN Chr2 178751204 C G rs922985 Modifier Snv 0.984 0.093 0.003 - - -
TTN Chr2 178675176 C A rs2472751 Modifier Snv 0.543 0.571 0.405 0.578 0.234 0.517
TTN Chr2 178745750 A G rs16866488 Modifier Snv 0.000 0.037 0.003 - - -
TTN Chr2 178527353 A T rs16866373 Modifier Snv 0.014 0.067 0.148 0.45 0.139 0.267
TTN Chr2 178715798 C T rs10183361 Modifier Snv 0.017 0.165 0.153 0.026 0.036 0.176
TTN Chr2 178647165 T G rs77497147 Modifier Snv 0.014 0.001 0.036 0.028 - 0.001
TTN Chr2 178701419 T G rs2251987 Modifier Snv 1.00 0.131 0.0012 - - -
TTN Chr2 178746953 G A rs72648911 Modifier Snv 0.000 0.172 0.01 - - -
TTN Chr2 178795303 T C rs3754950 Modifier Snv 0.070 0.206 0.061 0.117 0.013 0.066
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Table 1. Cont.

Gene Chromossome Position Reference Variant SNP Id Impact Var Type INDG * AFR * AMR * EAS * EUR * SAS *

TTN Chr2 178636905 C T rs570189553 Modifier Snv 0.000 0.002 - - - -
TTN Chr2 178611738 G A rs67636125 Modifier Snv 0.083 0.033 0.009 - - -
TTN Chr2 178621452 A T rs760207565 Modifier Snv 0.031 - - - - -
TTN Chr2 178692111 C T rs372575606 Modifier Snv 0.083 - - - - -
TTN Chr2 178769664 TA T rs573000455 Modifier Indel 0.050 0.008 0.001 0.006 - -
TTN Chr2 178615014 G A rs16866416 Modifier Snv 0.185 0.1 0.151 0.023 0.033 0.181
TTN Chr2 178683133 A G rs2303828 Modifier Snv 0.125 0.265 0.202 0.459 0.176 0.304
TTN Chr2 178767983 T C rs2291313 Modifier Snv 0.086 0.408 0.483 0.332 0.776 0.555

TTN Chr2 178577565 TA T rs148238009
rs796112072 Modifier Indel 0.167 0.064 0.063 0.006 0.105 0.102

TTN Chr2 178549906 C A rs890578 Modifier Snv 0.014 0.278 0.199 0.63 0.171 0.314
TTN Chr2 178649196 A T rs7606485 Modifier Snv 0.397 0.098 0.151 0.023 0.033 0.181
TTN Chr2 178769649 GTA G rs769907387 Modifier Indel 0.000 - - - - -
TTN Chr2 178540059 A T rs2288325 Modifier Snv 0.095 0.148 0.157 0.454 0.138 0.269
TTN Chr2 178621451 G GT rs750785162 Modifier Indel 0.031 - - - - -
TTN Chr2 178751160 T C rs922984 Modifier Snv 0.135 0.425 0.359 0.225 0.086 0.218
TTN Chr2 178733592 G A rs67039990 Modifier Snv 0.083 0.054 0.01 - - -
TTN Chr2 178602603 GA G rs778274900 Modifier Indel 0.040 - - - - -
PSCA Chr8 142681549 C T rs3736003 Modifier Snv 0.027 0.179 0.020 0.115 0.014 0.041
PSCA Chr8 142682339 T G rs1045547 Modifier Snv 0.541 0.355 0.507 0.341 0.447 0.407
PSCA Chr8 142682200 C G rs2976393 Modifier Snv 0.813 0.355 0.509 0.341 0.448 0.407
PSCA Chr8 142682583 G A rs2976396 Modifier Snv 0.784 0.354 0.507 0.341 0.447 0.407
PSCA Chr8 142682540 G A rs1045574 Modifier Snv 0.789 0.354 0.507 0.342 0.447 0.407
PSCA Chr8 142682204 C T rs2976394 Modifier Snv 0.813 0.354 0.507 0.340 0.447 0.407
PSCA Chr8 142682683 C G rs1045605 Modifier Snv 0.700 0.354 0.507 0.341 0.447 0.408
PSCA Chr8 142682272 G A rs10216533 Modifier Snv 0.813 0.361 0.507 0.341 0.447 0.407
PSCA Chr8 142681514 G A rs2976392 Modifier Snv 0.265 0.368 0.507 0.341 0.446 0.407
PSCA Chr8 142681306 C A rs2976391 Modifier Snv 0.015 0.421 0.432 0.332 0.472 0.363
PSCA Chr8 142680513 C T rs2294008 Modifier Snv 0.813 0.368 0.504 0.342 0.447 0.407
PSCA Chr8 142682332 G A rs2976395 Modifier Snv 0.543 0.355 0.507 0.341 0.447 0.407
CDH1 Chr16 68737644 G C rs3743675 Modifier Snv 0.500 0.363 0.223 0.23 0.119 0.207
CDH1 Chr16 68819472 G A rs35667437 Modifier Snv 0.060 0.002 0.026 0.042 - 0.001
CDH1 Chr16 68823641 C CA rs1370519975 Modifier Indel 0.000 0.002 0.072 0.07 0.044 0.064

CDH1 Chr16 68737515 C CGC
CCAC rs147838237 Modifier Indel 0.079 - - - - -

TP53 Chr17 7675954 A G rs926582621 Modifier Snv 0.000 - - - - -
TP53 Chr17 7676325 # C rs1376609066 Modifier Indel 1.00 0.482 0.39 0.318 0.378 0.472
TP53 Chr17 7676301 G T rs17883323 Modifier Snv 0.156 0.116 0.053 0.073 0.058 0.069
TP53 Chr17 7676483 G C rs1642785 Modifier Snv 0.563 0.508 0.307 0.418 0.288 0.495
TP53 Chr17 7674797 T C rs1625895 Modifier Snv 0.000 0.315 0.091 0.024 0.143 0.189
TP53 Chr17 7675361 A G rs9895829 Modifier Snv 0.016 0.115 0.053 0.075 0.059 0.084
TP53 Chr17 7675327 C T rs2909430 Modifier Snv 1.00 0.286 0.088 0.024 0.142 0.185
TP53 Chr17 7673642 A C rs966675626 Modifier Snv 0.000 - - - - -

(-) No annotation; (*) Minor allele frequencies; (#) CCCCCAGCCCTCCAGGT; INDG: Indigenous Amazonian
population, AFR: African population, AMR: American population, EAS: East Asian population, EUR: European
population, SAS: South Asian population.

Among the variants described in Table 1, the rs556408709 of the TTN gene has a
high impact, characterized by a nucleotide change from C to T. Among the high impact
variants, two are new variants also located on chromosome 2, the first at position 178597932
characterized by an Insertion/Deletion causing a change in the reading matrix, and the
second at position 178651537, also an Insertion/Deletion changing the splice site acceptor.
In addition, another 15 new variants are exclusive to the Indigenous population, 14 in the
TTN gene and one in the CDH1 gene (Table 2).

The graph of the Multidimensional Scale Analysis (MDS) using the FST values and
the genotypes of the populations for comparison between the 237 variants in the genes,
shows a division into three fields (Figure 2).

Table 2. Description of new variants found in the Indigenous population from the Brazilian Amazon
to genes relevant to increased susceptibility to gastric cancer.

Gene Chromosome * Position Var Type Region Detailed Reference Variant Impact Change
Protein Alteration

TTN Chr2 178614388 Snv Intron A C Modifier c.49049-40T>G -
TTN Chr2 178640679 Snv Intron A G Modifier c.40634-49T>C -
TTN Chr2 178605617 Snv Non-synonymous Coding G C Moderate p.Pro17893Arg Missense
TTN Chr2 178557925 Snv Synonymous coding G A Low p.Gly29143Gly Silent
TTN Chr2 178662246 Snv Intron G T Modifier c.37040-24C>A -
TTN Chr2 178738231 Snv Non-synonymous Coding T C Moderate p.Tyr4741Cys Missense
TTN Chr2 178617063 Snv Intron G C Modifier c.47876-50C>G -
TTN Chr2 178597932 Indel Frame shift CA C High p.Asp19079fs -
TTN Chr2 178735467 Snv Intron C T Modifier c.14935+44G>A -
TTN Chr2 178698916 Indel Splice site region TA T Low c.30683-3delT -
TTN Chr2 178701523 Snv Splice site region C A Low c.30598+5G>T -
TTN Chr2 178701499 Snv Intron A G Modifier c.30598+29T>C -
TTN Chr2 178706876 Snv Non-synonymous Coding A G Moderate p.Ile9707Thr Missense
TTN Chr2 178735471 Snv Intron G T Modifier c.14935+40C>A -
TTN Chr2 178651537 Indel Splice site acceptor CTA C High c.39464-3_39464-2delTA -
TTN Chr2 178718563 Snv Non-synonymous Coding A T Moderate p.Ser8181Arg Missense

CDH1 Chr16 68737646 Indel Intron T TCC Modifier c.48+183_48+184insCC -

(-) No annotation; (*) Reference genome to chromosomal location obtained from the GH38 of the human genome
from the Human Genome Project.

It is possible to observe the genotypic distance of the Indigenous population compared
with the other populations. Considering only the exome of the genes in this study, it can
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be concluded that the indigenous population is genetically closer to Americans and more
distant from Europeans, which shows field isolation.
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4. Discussion

Gastric cancer is one of the leading causes of death in Latin America. Several investi-
gations regarding susceptibility to Gastric Cancer have been developed, with Whole Exome
Sequence Analysis being one of the most promising methods. However, for the more
than 1 million indigenous people living in the Brazilian territory according to the Brazilian
Institute of Geography and Statics (IBGE), little attention has been paid to understanding
the high incidence of cancer cases in this population [15].

The determination of the people originating from the Brazilian Amazon as an object of
sequencing study derives from the manifestation of a unique genetic profile observed in this
group, when compared with other world populations. It is known that this differentiation
was due, in part, to the past colonization process that directly influenced the genetic
variability of these peoples, implying the fluctuation of polymorphisms that influence the
predisposition to different diseases [16], including Gastric Cancer. Thus, this research aimed
to understand the genomic profile of the indigenous population (INDG) by evaluating five
genes associated with gastric cancer applied to 12 different indigenous communities.

Our results described 237 variants never before described in these populations, at least
five of which stood out due to their high clinical impact, at least five variants standing out
for their predicted high clinical impact or statistical significance. The rs556408709 variant
in the TTN gene, although it does not have a great difference in terms of frequencies when
compared to other world populations, has high clinical relevance according to ClinVar
(NCBI) with a prognosis not yet reported. The rs397517782 and rs397517532 variants, also in
the TTN gene, were statistically significant in the INDG population when compared to AFR,
AMR, EUR and SAS. TTN is responsible for encoding a transmembrane protein present in
striated muscle tissues, in addition to being studied in different populations, being corre-
lated with poor prognosis for Gastric Cancer in Chinese, and the most prominently related
to various cancers, found in about 56% of tumors [17–19]. Variants in specific genes, such as
TTN, can influence cell proliferation that leads to cancer, in which studies that investigated
the accumulation of mutations in several genes that lead to gastric adenocarcinoma showed
TTN among the 10 most mutated genes [20].
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Additionally, rs1625895, present in TP53, showed statistical significance compared
with the EUR and SAS populations. This intronic variant is associated with certain types
of cancer such as lung, colorectal and ovarian cancer, in addition to the significant gene–
environment interaction with a predisposition to oral cancer [21,22]. The TP53 gene, which
encodes the p53 tumor suppressor protein responsible for regulating the cell cycle, repair
mechanisms and cell apoptosis from a transcriptional factor, is often described in cases of
cancer as being essential for regulation against the development of neoplasms [23]. The
presence of germline genetic variants in the TP53 gene may influence the clinical presen-
tation of diseases such as the Li–Fraumeni syndrome, characterized by a predisposition
to multiple types of autosomal dominant cancer of early onset [24,25]. Other studies have
sought to describe the genetic variability in the TP53 gene applied to other Brazilian in-
digenous peoples other than our study population, finding possible associations with the
cancer progression process [26].

In addition, an important and expressive result in our analyses was the 17 new variants
found in the indigenous population, and therefore possibly exclusive to this population.
Among these, four are of the INDEL type, two of which are expected to have a high
clinical impact. A significant portion of 16 new variants were found in the TTN gene,
including the two high-impact variants, and the other new variant, the INDEL type, was
found in the CDH1 gene, which is highly associated with the development of Gastric
Cancer. This tumor suppressor gene located on chromosome 16q22.1, which encodes the E-
cadherin glycoprotein, is associated with cell adhesion for the formation of complex tissues
associated with other proteins, in which mutations in the CDH1 gene with loss of function
of its protein can lead to cell–cell adhesion instability and important signaling failure in
the pathways in which they act [11]. More than 100 pathogenic germline variants have
already been described in the CDH1 gene and studies, such as that by Luo and collaborators
(2018) [27], demonstrate the relevance of the molecular mechanisms of carriers of mutations
in the CDH1 gene for diagnosis and treatment. Therefore, since CDH1 is a Gastric Cancer
target gene, we can state that the new variant found in our investigation may have an
extremely important role in terms of cell cycle modulation, making it necessary to carry
out further investigations to understand its biological impact.

The multidimensional scale chart presented in this study has characteristics that differ-
entiate it from other analyses that follow the same standard methodology. This difference
occurs mainly when we analyze the genetic proximity of the INDG population regarding
the AFR population when compared with the other populations analyzed in the study. The
AMR population also has high similarity, which is expected, due to the genetic contribution
of the INDG population to the historical formation of mixed American peoples.

Finally, with the analysis of the results, the need is understood for studies like these that
seek the genomic understanding of indigenous communities, for a better understanding
of mechanisms of susceptibility and progression of gastric cancer. Thus, our findings
contribute to knowledge of the genetic profile of Indigenous populations and may help in
the development of new case-control studies that assess the clinical impact of scientifically
elucidated variants and variants exclusive to Indigenous populations of the Amazon and,
in addition, to corroborate studies carried out in mixed races of the Brazilian population.

5. Conclusions

This study evaluated the presence of genetic variants in five genes associated with
Gastric Cancer susceptibility in different indigenous groups in the Brazilian Amazon. Our
results demonstrate the presence of genetic variants in well elucidated genes and the iden-
tification of a large number of variants, including the discovery of new ones in other genes,
such as TTN, showing the importance of studies applied to the indigenous population.

The findings in our study allow us to reaffirm the unique genetic profile of the in-
digenous population of the Amazon and mixed races in northern Brazil. Our data can
contribute to the design of markers that help in the early diagnosis of complex diseases
such as cancer, improving the quality of life of individuals potentially susceptible to the
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disease. In addition, our study can be a starting point for a better understanding of the
particularities of this population.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jpm13091364/s1. Table S1. Descriptions of the variants in the
TTN, PSCA, PRKAA1, CDH1 and TP53 genes according to the impact high, modifier and moderate,
in addition to continental populations (African (AFR), American population (AMR), East Asian
(EAS), European (EUR), and South Asian (SAS)) described in the 1000 genomes database. Table S2.
Pairwise comparison (p-value) to significative results of allelic frequencies in Indigenous Amazonian
population (INDG) and continental population (African (AFR), American population (AMR), East
Asian (EAS), European (EUR), and South Asian (SAS)) described in the 1000 genomes database. Table
S3. List of abreviations and acronyms.
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