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ANALYSIS OF THE RS10750097 AND RS3741298 POLYMORPHISMS
OF THE APOAS GENES IN RELATION TO DYSLIPIDEMIA

ABSTRACT

Dyslipidemia is characterized by a disorder in lipid metabolism and arises from external
causes or predisposing genetic disorders. This observational, cross-sectional study aimed
to analyze the correlation between the genetic polymorphisms RS10750097 and
RS3741298 associated with the lipoprotein ApoA5-ZNF259 and the development of
dyslipidemia. A sample of 200 Military Police officers from the state of Goiés was used,
and genotyping of the polymorphisms was performed. Regarding the participating
individuals, 93% were male and 7% were female. The polymorphisms observed in the
groups with and without dyslipidemia showed a significant difference between the two
groups for all variables analyzed (p<0.05) The present study found that the RS10750097
and RS3741298 polymorphisms did not increase the odds ratio of the dyslipidemia group
actually having dyslipidemia (OR and 95% CI <1), which corroborates with previously
described studies in different populations. Therefore, the RS10750097 and RS3741298
polymorphisms did not influence the development of dyslipidemia within the variables
involved in this study and in this population, despite being part of the SNP spectrum of
the APOA5 ZNF 259 region. Thus, the influence of each population's epigenetics on the
results is observed, and the need for similar research in other target groups is highlighted.

Keywords: Dyslipidemia; APOAS5, ZNF, polymorphism, military, genes

INTRODUCTION

Dyslipidemia is characterized as a disorder in lipid metabolism that usually arises
from external causes such as a lifestyle associated with poor habits. However, it can also
be caused by genetic disorders that predispose. According to the Brazilian Society of
Cardiology, dyslipidemias are classified as phenotypic or biochemical (isolated
hypercholesterolemia, isolated hypertriglyceridemia, mixed hyperlipidemia, and low
HDL-C) and genotypic (monogenic and polygenic). In this context, the lipids involved in
the genesis of dyslipidemias primarily include cholesterol and triglycerides, which

require the action of specialized carriers to promote their body distribution.t: % 3 #
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Lipid metabolite carriers, better known as lipoproteins, are chemical components
formed by lipids and protein structures known as apolipoproteins. Therefore,
apolipoproteins can be subdivided into two groups. The first, APOB, is the protein
responsible for the formation of VLDL (very low-density lipoprotein), IDL (intermediate-
density lipoprotein), and LDL (low-density lipoprotein) particles, and is the main
apoprotein of these atherogenic structures. The second is composed of APOALI, the main

apoprotein of HDL (high-density lipoprotein), popularly known as "good cholesterol.”. *
56,7

Apolipoprotein APOA5-ZNF259, the fourth member of the gene cluster on
chromosome 11, was identified near the APOA1/C3/A4 gene cluster, located at locus
11g23. APOA5-ZNF259 encodes a 369-amino acid protein expressed in the liver and
secreted into plasma. HDL lipoprotein, as well as VLDL particles and chylomicrons,
cluster APOA5-ZNF259, which was not identified in LDL. Furthermore, increased
triglycerides and total cholesterol may be directly related to APOA5-ZNF259, which has
sparked interest in further studies on the relationship of this apolipoprotein with body

lipid alterations. 2689

In this context, apolipoprotein APOA5-ZNF259 is associated with a series of
single nucleotide polymorphisms (SNPs) that study genes and their regions associated
with the possible genesis of dyslipidemias. Polymorphisms are genetic changes that can
occur in non-coding or coding sequences and lead to variations in the proteins analyzed,

which can result in favorable or unfavorable outcomes. Therefore, the polymorphisms

highlighted in this study—RS10750097 and RS3741298—of the APOAS genes in the

ZNF259 region are among those reported in a North American clinical trial that
investigated a greater propensity for dyslipidemia, which primarily involves increased
triglycerides and cholesterol fractions, as well as a greater risk of developing coronary
artery disease. However, these events may not be related to all single nucleotide
polymorphisms in different populations, since the influence of the environment is not the

same in each of them, requiring detailed studies in different environments, 2 ° 1011, 12
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One of the main consequences of dyslipidemia is the formation of atherosclerotic
plaques, which are formed by chronic inflammatory processes. In this sense, a
determining factor in the onset of atherogenesis is the deposition of plasma lipoproteins
in the subendothelial space, creating plaques capable of obstructing blood flow and

impairing cardiopulmonary and, consequently, systemic function >4

Polymorphisms occur randomly and can be analyzed alongside the risk of
dyslipidemia in any environment and population. Therefore, Military Police officers are
a valuable target group, given that police work is highly demanding, due to the long
workload, risky situations inherent to the job, and the discipline required in the military
environment. Furthermore, they have associated risk factors such as physical inactivity

that facilitate the development of chronic metabolic disorders.*31415

Thus, the objective of the present research was to relate the RS10750097 and
RS3741298 polymorphisms with the presence of dyslipidemia in Military Police Officers

in the State of Goiés, characterizing a new study group with different variables.

METHODOLOGY

This study analyzes the association between gene polymorphisms in the
RS10750097 and RS3741298 regions of the ApoA5 lipoprotein (ZNF259) and the
development of dyslipidemia in Military Police officers in the state of Goiés through a
cross-sectional observational study. A sample of 200 active-duty military police officers
with operational duties was used. Professionals who worked solely in administrative roles
were excluded from the total sample of 861 individuals. The military were stationed in
Goias, but were not necessarily born solely in the state. Participants who reported taking
medications related to dyslipidemia were not included in the study.

The study groups were categorized into the group with dyslipidemia: isolated
hypercholesterolemia (LDL-C > 160 mg/dL); isolated hypertriglyceridemia (triglycerides
> 150 mg/dL); mixed hyperlipidemia (LDL-C > 160 mg/dL and triglycerides > 150
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mg/dL, if Tg > 400 mg/dL, non-HDL-cholesterol > 190 mg/dL is considered, instead of
LDLC); and HDL <40 mg/dL in men and <50 mg/dL in women; and the group without
dyslipidemia: LDL cholesterol <130 mg/dL, triglycerides <150 mg/dL and HDL >60
mg/dL. 3 The overall mean age of the two groups was 41.6 years and the overall mean
height was 1.74 m. Laboratory tests performed on the police officers were already

available in a database and no more than 12 months prior to the analysis.

Blood samples were collected from the study participants for later genotyping of
the APOA5-ZNF259 RS10750097 and RS3741298 SNPs. Descriptive statistics were
performed, and the absolute and relative frequencies of the studied variables were
determined, which involved the presence or absence of genetic polymorphisms, with
changes in total cholesterol, triglycerides, LDL cholesterol, and HDL cholesterol levels.
Frequency distribution and prevalence calculations were performed using GraphPad
Prism version 9 software, using the Mann-Whitney test, with a 5% significance level. The

odds ratio was calculated using the chi-square test.

The study was carried out in accordance with resolution 466/2012 and after being
registered on the Plataforma Brasil with CAAE: 23551514.9.0000.5083, it was approved
by the Research Ethics Committee of Hospital Dona Iris with opinion no. 608.207.

RESULTS

In this cross-sectional study, a sample of 200 participants was evaluated, with a
predominance of male individuals, totaling 186 individuals, or 93% of the total evaluated.
The majority of participants in the dyslipidemia group were over 40 years of age,
corresponding to 68% of the total group. In the group without dyslipidemia, 50% of the
population was under 40 years of age, while the remaining 50% was over 40 years of age.
Total cholesterol levels differed significantly between the groups, with 68.1% of those
with dyslipidemia having total cholesterol above 190 mg/dL, while only 23% of those
without dyslipidemia had total cholesterol above 190 mg/dL. The other two discrepant
variables between the groups were triglycerides and LDL, with the dyslipidemia group
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having higher fractions in both biochemical parameters. Regarding the base contingent in
the polymorphismRS10750097,. the two groups presented A/A and A/G majorities and
in the RS3741298 polymorphism a T/T and C/T majority. All data are presented in tables
1and 2.

Table 1. Absolute and relative percentage frequencies of the established variables

Variables With dyslipidemia No dyslipidemia Total

(N =116) (N =84)

(N = 200)

Age (years) n f (%) n f (%) n f (%)
Up to 40 36 311 42 50 78 39
Over 40 80 68.9 42 50 122 61
Sex
Male 109 93.9 77 91.7 186 93
Female 7 6.1 7 8.3 14 7
Total cholesterol (mg/dL)
<190 37 31.9 61 72.6 98
> 190 79 68.1 23 27.4 102
Triglycerides (mg/dL)
<150 21 18.1 84 100 105 52.5
> 150 95 81.9 0 0 95 475
HDL (mg/dL)
< 40 (H) <50 (M) 51 43.9 2 2.4 53 26.5
> 40 (H) > 50 (M) 65 56.1 82 97.6 147 73.5
N-HDL (mg/dL)
<190 69 59.5 84 100 153 76.5
> 190 47 40.5 0 0 47 235
LDL
<160 26 225 84 100 110 55
> 160 86 74.1 0 0 86 43
Indeterminate 4 3.4 0 0 4 2

Legend: HDL: high-density lipoprotein; LDL: low-density lipoprotein; n-LDL: non-low-density lipoprotein

fractions
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Table 2: Absolute and relative percentage frequencies of polymorphism alleles

Variables With dyslipidemia No dyslipidemia Total

(N =116) (N =84)

(N =200)

RS10750097
A/A 55 47.4 40 47.7 95 47.5
AlG 44 38 37 44 81 40.5
G/G 17 14.6 6 7.1 23 115
No information 0 0 1 1.2 1 0.5
RS3741298
CiC 12 10.3 6 7.1 18 9
TIT 58 50 47 56 105 52.5
CIT 46 39.7 30 35.7 76 38
No information 0 0 1 1.2 1 0.5

Legend: A: alanine; C: cytosine; G: guanine; T: thymine.

The variables total cholesterol, triglycerides, HDL, n-HDL, LDL, and weight showed statistical
significance (p<0.05) (Table 3).

Table 3. Mean, standard deviation, range, and p-value of the established variables.

With
dyslipidemia No dyslipidemia
(n=116) (n=84)

Variables Average DP Min-Max Average DP Min-Max P value
Total Cholesterol

(mg/dL) 214.6 44.6 118-337 169.2 274 107-227  <0,0001
Tryglicerides (mg/dL) 270.2 192.2 63-1242 85.3 32.3 25-149 <0,0001
HDL (mg/dL) 42.3 8.2 25-66 51.3 9.3 40-102  <0,0001
N-HDL (mg/dL) 172.2 40.7 79-281 117.9 27.6 59-183  <0,0001
LDL 123.4 43.8 38,2-235,4 100.8 26.5 40,4-157,6  0.0002
Weight 87.6 13.2 60-155 77.9 10.2 51-101  <0,0001

Legend: n- number; HDL: high-density lipoprotein; N-HDL: non-high-density lipoprotein fractions; LDL: low-density
lipoprotein; SD: standard deviation; Min: minimum; Max: maximum; P value < 0.05: p value considering a significance
level of 5%.

Regarding the Body Mass Index (BMI), it was observed that both the group with
dyslipidemia and the group without dyslipidemia had a majority of participants in the
overweight range, with 52% and 53% respectively. The average BMI of military

personnel with dyslipidemia is higher in all categories (Graph 1).
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Graph 1: BMI in the group with and without dyslipidemia

Table 4. Absolute and relative percentage frequencies of the RS10750097 polymorphism

With No
Variables dyslipidemia dyslipidemia
AlG A/A GIG AlG 95% IC
(n=44) (n=55) (n=17) (n=37) A/A (n=40) G/G (n=6) Inf Sup
n % n % n % n % n % n % OR
Total
cholesterol
<190 18 48.7 11 29.7 8 216 25 417 30 50 5 8.3
>190 26 329 44 557 9 114 12 522 10 435 1 43 017 0.08 0.31
Tryglicerides
<150 4 19 14 66.7 3 143 37 446 40 482 6 7.2
>150 40 421 41 432 14 147 0 0 0 0.0015 0.0001 0.02
HDL
<40 (M) <50
(F) 22 431 20 392 9 177 0 0 0 0 2 100
>40 (M) >50
(F) 22 35 8 37 457 40 494 4 49 0.01 0.0007 0.19
N-HDL
<190 29 414 29 414 12 17.2 37 446 40 482 6 7.2
>190 15 326 26 56.5 5 109 0 0 0 0.009 0.0005 0.15
LDL
<160 38 442 34 395 14 163 37 446 40 482 6 7.2
>160 5 192 19 73 2 7.7 0 0 0 0 0 0 0.02 0.001 0.32

Legend: n: number A: Alanine; G: Guanine; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; Non-HDL: Non-

high-density lipoprotein fractions; 95% CI: Confidence interval with 5% margin of error; OR: Odds Ratio; P < 0.05: P-value

considering a 5% significance level; Sup: upper limit. The values of the dominant gene A/G + AJ/A with recessive G/G were

considered for comparison and statistical calculation purposes
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The RS10750097 polymorphism observed in the group with and without
dyslipidemia reveals a significant difference between the two groups for all variables
analyzed: Total cholesterol (p<0.001), Triglycerides (p<0.0001), HDL (p 0.002), non-
HDL (p 0.001), and LDL (p 0.006). The same effect can also be observed when analyzing
the RS 3741298 polymorphism for the same variables, corresponding to the same p values
(Tables 3 and 4). However, when analyzing the 95% Confidence Interval and the Odds
Ratio, it was shown that the odds ratio of dyslipidemia presenting alterations in the
variables total cholesterol, triglycerides, HDL, non-HDL, and LDL due to the presence
of the RS10750097 and RS3741298 polymorphisms does not exist, since both statistical
parameters are below the calculated upper levels. The p-value highlighted a significant
alternation since its calculation does not only evaluate the polymorphism, but also
analyzes the comparison between what is normal and what is altered. The information

will be presented in tables 4 and 5.

. Table 5. Absolute and relative percentage frequencies of the RS3741298 polymorphism

With No
Variables dyslipidemia dyslipidemia
95%
CIT TIT C/C CIT TIT c/iC OR ICInf  Sup
(n=46) (n=58) (n=12) (n=30) (n=47) (n=6)
n f% n f% n f% n f% n f% n %
Total
Cholesterol
<190 13 352 17 459 7 189 24 40 32 533 4 6.7
>190 33 418 41 51.9 5 63 6 26.1 15 65.2 2 87 015 0.08 0.29
Tryglicerides
<150 7 334 14 66.6 0 30 36.2 47 56.6 6 7.2
>150 39 41 44 46.3 12 127 0 0 0 0.0017 0.0001 0.03
HDL
<40 (M) <50
F) 18 36 25 50 7 14 1 50 1 50 0
>40 (M) >50
(F) 28 424 33 50 5 76 29 358 46 56.8 6 74 0.04 0.009 0.16
N- HDL
<190 25 31.3 46 575 9 112 30 36.2 47 56.6 6 7.2
>190 21 457 22 478 3 65 0 0 0 0.01 0.0006 0.18
LDL
<160 36 418 40 46.5 10 116 30 36.1 47 56.6 6 7.2
>160 9 34.6 16 615 1 38 0 0 0 0 0 0 002 0.001 0.32

Legend: n: number; C: cytosine; G: guanine; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; Non-

HDL: Non-high-density lipoprotein fractions; 95% CI: Confidence interval with 5% margin of error; OR: Odds Ratio;

P < 0.05: p-value considering a 5% significance level; Sup: upper limit. For comparison and statistical

purposes, the values of the dominant gene C/T + T/T with the recessive C/C were considered.
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DISCUSSION

Over the years, some studies have demonstrated the association of high
triglyceride and LDL levels with an increased risk of atherosclerotic and cardiovascular
disease in the affected population. In the present study, LDL above 160 mg/dL was
observed in 74.1% of the group with dyslipidemia, while hypertriglyceridemia was
observed in 81.9% of the same group, totaling more than 50% of samples in the group
with dyslipidemia altered and prone to developing atherosclerotic processes. Yan Shi et
al. (2016), in a clinical trial conducted with 353 patients in China, found an association
between hypertriglyceridemia and a higher chance of ischemic infarction related to small-
vessel atherosclerotic processes (OR =2.519, 95% CI = 1.174-5.405, p = 0.018). 14,15,16

A Spanish study demonstrated that overweight and obesity have practically
doubled in prevalence since the 1980s, representing a major public health problem.
Furthermore, a direct and significant association between overweight and obesity and
dyslipidemia and metabolic syndrome was found. In the present study, 52% of the group
with dyslipidemia and 53% of the group without dyslipidemia were overweight,
corroborating the risk factors inherent to the military group, such as high workload and

associated stress. 17

The influence of genetic mechanisms on cholesterol metabolism is constantly
being elucidated. APOAGS is a lipoprotein that plays a fundamental role in triglyceride and
cholesterol metabolism. A deficiency of this lipoprotein or any alteration in its
conformation leads to hypertriglyceridemia and increased LDL cholesterol. Brautbar A.
etal. (2011); Forte TM & Ryan RO. (2015) showed that single nucleotide polymorphisms
correlate with metabolic alterations that interfere with APOADS secretion and cholesterol
metabolism, triglycerides and LDL. Do R. et al. (2015), in a study involving 9,600
participants, showed that APOA5 SNPs are correlated with early acute myocardial
infarction.9, 18, 19

The RS10750097 and RS3741298 polymorphisms are involved in the APOA5S
SNP cluster in the ZNF-259 region. These genetic variants are considered common in the
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APOADS5 gene but are not associated with increased frequency in the population with
elevated triglycerides. An American study conducted in Texas found that only 26% of the
population of 2,228 participants had these polymorphisms and elevated triglycerides.9

The present study determined that the RS10750097 and RS3741298
polymorphisms did not increase the odds ratio of cases presenting dyslipidemia (OR and
95% CI < 1). According to Brautbar A. et al. (2011), these two polymorphisms were only
associated with improved HDL-C levels after implementation of dyslipidemia treatment
with fenofibric acid and statins. However, no significant association of HDL levels related
to the previously mentioned SNPs was observed. Only RS 3741298 was associated with
elevated baseline triglyceride levels. Despite this, other APOAS polymorphisms, such as
rs964184, have already been shown to be associated with increased triglycerides and other
dyslipidemic parameters. Xu C. et al. in 2013 already demonstrated the influence of some
APOADS polymorphisms on the development of metabolic syndrome with an OD of 1.33
in the general population, with no evidence for RS10750097 and RS3741298. 2, 9, 20, 21

SNP genotypes can also influence dyslipidemic parameters. Mirhafez SR. et. al.
(2016) demonstrated that the presence of the C/G and G/G genotypes in the APOA5-
ZNF259 polymorphisms or the simple presence of the G allele in any genotype increases
the patient's risk of developing metabolic syndrome in the future by 2.5%. Parra EJ. et.
al. (2017) demonstrated that the presence of the G allele in the RS964184 polymorphism
is associated with high triglyceride concentrations, and in the American study population,
a 50% frequency of the G allele in the described SNP was observed. However, the same

association was not observed in other polymorphisms. 22,23

In the present study, the predominance of the G allele was not observed in any of
the polymorphisms analyzed, with a G/G frequency of 14.6% in the case group and 7.1%
in the control group for the RS10750097 SNP, since RS3741298 did not present the G
allele in any of its genotypes, which corroborates the lack of association between the
propensity for dyslipidemia and the RS10750097 and RS3741298 polymorphisms. 22 23
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Although no differences were found between the groups in some analyses in this
study, it is important to explore understudied topics in specific populations that are
distinct in genetic and environmental terms, filling gaps in the literature and expanding
the understanding of genetic variations in different population contexts. It also
consolidates previous knowledge and provides a basis for new hypotheses for future

studies of other complex diseases.

CONCLUSION

Therefore, the RS10750097 and RS3741298 polymorphisms did not influence the
development of dyslipidemia within the variables involved in this study and in this
population, despite being part of the SNP spectrum of the APOA5 ZNF 259 region.
Therefore, the influence of the epigenetics of each population on the results is observed,
since in the group of Military Police Officers of the State of Goias this association was
not found, but it may be observed in another group with different characteristics in the

future.

Furthermore, the high BMI found in the vast majority of the study population calls
for a strong awareness-raising approach to changing habits and managing stress to contain

the damage that leads to health problems among these police officers.

Finally, further research should be encouraged to study other populations that may
have a genetic profile of the APOA5 RS10750097 and RS3741298 polymorphisms
associated with dyslipidemia, which may lead to new therapeutic methodologies and

medical approaches in the future.
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