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Purpose: Limited studies have shown positive and negative associations of serum amylase
Al (SAAI) gene in childhood obesity, previously showed the relation with obesity in
different ethnicity. The current study therefore investigated the impact of single nucleotide
polymorphisms present in the SA47 gene on subjects of Saudi obesity.

Participants and Methods: In this case—control study, we selected 140 subjects of Saudi
population and categorized them into 83 cases of obesity and 57 healthy controls.
Genotyping was performed with quantitative/real time-polymerase chain reaction in the
SAAI gene for rs11603089A/G, rs4638289A/T and rs7131332A/G polymorphisms.
Results: In rs11603089 polymorphism, co-dominant model (AG vs AA+GG; OR-2.23 [95%
CI:1.02-4.86]; p=0.04) and rs4638289 polymorphism, a disparity in significance was
observed between the homozygous variant (TT vs AA; OR-16.8 [95% CI: 2.06-136.8];
p=0.0009), dominant model (AT+TT vs AA; OR-2.57 [95% CI: 1.28-5.19]; p=0.007),
recessive model (TT vs AA+AT; OR-11.36 [95% CI: 1.45-89.06]; p=0.004) and allelic
frequency for (T vs A: OR-2.35 [95% CI: 1.39-3.98]; p=0.001) between the obesity cases
and control subjects. However, statistical correlations did not reveal the rs7131332A/G
polymorphism either (p>0.05).

Conclusion: In conclusion, rs4638289 polymorphism was associated with risk allele and
dominant model with obesity subjects. Further additional studies were warranted.
Keywords: obesity, S441 gene, rs11603089, rs4638289 and rs7131332 polymorphisms

Introduction

Obesity (OMIM: 601,665) is reported as one of the inherited and multiple meta-
bolic disorders in humans."? Calmly, obesity represents a major health problem
globally with 0.4 billion people affected.® Visceral adipose tissue in human is more
closely associated with metabolic disease than subcutaneous adipose tissue.* The
rate of obesity has almost tripled globally in the last decades, with an estimated
1.9 billion adults overweight.” Although obesity has become a pandemic and
a major burden in one of the high-income countries in Kingdom of Saudi
Arabia.® Body Mass Index (BMI) is widely used for diagnosing obesity. While
BMI has an association with body fat mass that may be overestimated in people
with high muscle mass. Similarly, BMI was revealed since not all obese people
experience metabolic disorders commonly associated with obesity.” With an enor-
mous chronic metabolic disorder, involves insulin resistance, dyslipidemia, type 2
diabetes, obesity will progress and manifests the diseases associated with obesity
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and will increase cardiovascular morbidity and mortality,
which further leads towards heart failure, arrhythmia and
sudden cardiac death.®

The relationship between observational, case-control,
genetic linkage, candidate gene, and genome-wide asso-
ciation (GWAS) studies between candidate obesity genes
and body weight-related obesity has been documented
with nearly 600 genes, and chromosomal regions have
been confirmed to participate in the regulation of BMI
and energy metabolism. There are numerous genes asso-
ciated with human obesity including serum amylase Al
(SAA1) with the role of obesity.g Zhang et al'® reported
the relationship between obesity and SAA4/ gene.
Obsession also affects systemic inflammatory responses,
including moderately elevated serum levels of the acute
phase protein Amyloid A (SAA), which are suggested to
contribute to the development of type 2 diabetes and
tolerance to insulin. SAA has been studied in several
ways, but its function is still quite unclear. SAA is an
apolipoprotein and is mainly associated with circulating
HDL particles. SAA is proposed to include processes
such as cholesterol, lipolytic and opsonic transport and
the production of pro-inflammatory cytokines.'' In addi-
tion to being a plasma sensitive phase protein, SAA is
an apolipoprotein that can replace the main apolipopro-
tein HDL-C, apolipoprotein Al, especially in the acute
phase reaction.'® For highly inducible acute phase SAA
proteins in the acute phase response, SAAl code.
Human SAAI1 is best recognized among all known
SAA proteins for its physiologically sound and gene-
polymorphic functions. SAA1 encodes 122 pre-protein
amino acids, including the 18-amino acid peptide signal.
With just a few amino acids, the genetic materials of
these coding alleles vary at positions 52, 57, 60 and
72."2

The r1s11603089, rs4638289 and rs7131332 poly-
morphisms or single nucleotide polymorphisms (SNPs)
have a functional role without any protein effect. S44/
gene is acute-phase encoding in SAAs. Earlier reports in
the effect of a S441 gene polymorphism on SAA plasma
concentration and another GWAS revealed that the S441
gene polymorphism is substantially linked to an increase
in SAA plasma.'’ Limited genes were screened in the
Saudi population with the obesity subjects. There were
no studies have been implemented in the SA4/ gene in
the obesity subjects in the Saudi population. So, therefore
present study was aimed to investigate the relationship

between SAAI gene polymorphisms in the Saudi obese
subjects.

Participants and Methods

Sample Selection

This is a case—control study performed in the College of
Applied Medical Sciences after obtaining the ethical grant
within the college premises (CAMS054-3839). This study
was conducted in accordance with the Declaration of
Helsinki. In this study, we have recruited 83 obesity
cases and 57 matching controls. The inclusion criteria of
the obese subjects were based on body mass index (BMI
>30kg/m?) without other medical complications and for
controls it will be Saudi subjects without obesity or non-
BMI (<25kg/m?). The exclusion criteria of the obesity
cases were low BMI, non-Saudi subjects and with other
disease complications and in controls will be the non-
Saudi subjects and obese patients with BMI >30kg/m’.
All the participants signed the informed consent form
before participation in this study. Age, gender and BMI
details as well as other medical complications were
recorded in this study.

Molecular Analysis

Genomic DNA was extracted from EDTA blood using
Genomic purification kit and NanoDrop™ spectrophot-
ometer was performed to quantify the concentration of
genomic DNA prior to performing the quantitative poly-
merase chain reaction (QPCR). Genotyping methodology
was performed as per the Alharbi et al'* studies for
rs11603089 [A/G], rs4638289 [A/T] and rs7131332 [A/
G] using VIC and FAM probes as described.

Statistical Analysis

Statistical analysis was performed as per Khan et al'’
studies using the data analysis. Continuous variables
were expressed as meantstandard deviation (m+SD) and
categorical variables were expressed as percentages. A p
value <0.05 was considered as statistically significant.
Linkage Disequilibrium (LD) was performed with
R software using three SNPs involved in this study.

Results

Non-Genotypic Data Analysis

In this case—control study, a total of 140 Saudi subjects
were enrolled. Among them, 83 obesity cases and 57
control subjects were confirmed. Among 140 Saudi
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Table | Clinical Characteristics Between Obesity Cases and Healthy Controls

S. No. Baseline Characteristics Obesity Cases (n=83) Controls (n=57) P-value

| Age (Years) 30.4+6.4 24.4%4.6 0.001

2 Gender (Male: Female) 47 (56.6%): 36 (43.4%) 32 (56.1%): 25 (43.9%) 0.91

3 Weight (kgs) 80.4%18.1 55.07+7.28 <0.001

4 Height (cms) 160.7£8.51 162.1£7.1 0.30

5 BMI (kg/m?) 30.9£5.61 20.89+1.86 <0.001

6 Family History of Metabolic diseases 0(0%) 0(0%) 1.0

7 Family History of Cardiac diseases 0(0%) 0(0%) 1.0

subjects, 44% were females and 56% were males. Table 1
describes the anthropometric characteristics and related
family histories of the involved Saudi subjects. All the
involved participants’ mean age was found to be 30.4
+6.4 in obesity cases and 24.4+4.6 in the control subjects,
which was found to statistically significant (p=0.001).
Gender (p=0.91) and height (p=0.30) was found to be non-
significant association (p>0.05). Both the weight and BMI
were found to be statistically significant (p<0.001).
However, all the participants were free of family histories
for both the metabolic and cardiac diseases (p=1.0).

HWE Analysis

The HWE was calculated and confirmed the genotype distri-
bution with control subjects only in rs7131332 (;°=0.35;
p=0.55); whereas in both rs11603089 (x*=4.22; p=0.03) and
15463829 (°=3.03; p=0.08). The details were shown in
Table 2.

Genotype Analysis

Table 3 describes genotype and allele frequencies between
obesity cases and controls. Genotyping was performed for
rs11603089, rs4638289 and rs7131332 SNPs between the
obesity cases and controls. The rs7131332 SNPs did not
show any significant associations between genotypes,
dominant model and allele frequencies between cases
and controls (rs7131332; AG+GG- [OR: 1.08 (0.55-2.13);
p=0.80], AG vs AA- [OR-0.84 (0.41-1.70); p=0.63] and
G vs A- [OR-0.75 (0.45-1.25); p=0.27].
rs11603089 polymorphism showed association only with

However,

Table 2 Hardy Weinberg Equilibrium Analysis

co-dominant model ie, AG vs AG+GG- [OR: 2.23 (1.02—
4.86); p=0.04], and for rs4638289 SNP was found to be
statistically significant in dominant mode [OR-2.57
(1.28-5.19); p=0.007], recessive model [OR-11.36 (1.45—
89.06); p=0.004], TT vs AA [OR-16.8 (2.06-136.8);
p=0.0009] and allele mode of frequencies (T vs A- [OR-
2.35 (1.39-3.98); p=0.001]).

Linkage Disequilibrium Analysis

Delta Coefficient (D') specified LD analysis was calcu-
lated in the SAA47 gene both for patients and controls for
the three SNPs (rs11603089, rs4638289, and rs7131332).
No similarity between the three SNPs was found (Figure
1; Table 4).

Discussion

The aim of the present study was to assess the relationship
between S441 gene polymorphisms in the Saudi obese
subjects. No significant association was found with the
SNPs (rs11603089, 1rs4638289
rs7131332) used in this study with obesity, however

studies three and
rs4638289 polymorphism in the SA4/ gene was corre-
lated with the possibility of obese but not with the pro-
spect of overweight in the dominant mode of inheritance
(p=0.007) as well as allelic frequencies (p=0.001). Our
study is in agreement with the findings of other global
studies on obesity.'® The results of our study are almost in
accordance with the Zhang et al® studies with polymorph-
isms rs11603089 and rs4638289, but not with the poly-

morphism rs7131332. The genotype frequencies for AA,

S.No Gene rs Number X P-value HWE Criteria
| SAAI rs1 1603089 4.22 0.03 Non-HWE criteria
2 SAAI rs4638289 3.03 0.08 Non- HWE criteria
SAAI rs7131332 0.35 0.55 HWE criteria
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 submit your manuscript 897
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Table 3 Genotype and Allele Frequencies in rs| 1603089, rs4638289 and rs7131332 Polymorphisms in SAAl Gene in Obesity Cases

and Control Subjects

SNPs Genotypes/ Cases (n=83) Controls (n=57) Odds Ratio 95% ClI P-value
Alleles
rs11603089 AA 49 (59.0) 41 (71.9) Reference Reference Reference
AG 31 (37.3) 12 21.1) 2.16 0.98-4.73 0.05
GG 3 (3.6) 4 (7.0 0.62 0.13-2.96 0.66
AG+GG vs AA 34 (40.9) 16 (28.1) 1.77 0.86-3.67 0.11
AG vs AA+GG 31 (37.3) 12 21.1) 223 1.02-4.86 0.04
GG vs AA+AG 3 (3.6) 4 (7.0 0.49 0.10-2.31 0.36
A 129 (77.7) 94 (82.5) Reference Reference Reference
G 37 (22.3) 20 (17.5) 1.34 0.73-2.47 0.33
rs4638289 AA 25 (30.1) 30 (52.6) Reference Reference Reference
AT 44 (53.0) 26 (45.6) 2.03 0.98-4.16 0.05
TT 14 (16.9) I (1.8) 16.8 2.06—-136.8 0.0009
AT+TT vs AA 58 (69.9) 27 (47.4) 2.57 1.28-5.19 0.007
AT vs AA+TT 44 (53.0) 26 (45.6) 1.34 0.68-2.64 0.38
TT vs AA+AT 14 (16.9) I (1.8) 11.36 1.45-89.06 0.004
A 94 (56.6) 86 (75.4) Reference Reference Reference
T 72 (43.4) 28 (24.6) 235 1.39-3.97 0.001
rs7131332 AA 39 (47.0) 23 (40.4) Reference Reference Reference
AG 40 (48.2) 28 (49.1) 0.84 0.41-1.70 0.63
GG 4 (4.8) 6 (10.5) 0.39 0.10-1.54 0.17
AG+GG vs AA 44 (53.0) 29 (50.9) 1.08 0.55-2.13 0.80
AG vs AA+GG 40 (48.2) 28 (49.1) 0.96 0.49-1.89 091
GG vs AA+AG 4 (4.8) 6 (10.5) 0.43 0.11-1.60 0.19
A 118 (71.1) 74 (64.9) Reference Reference Reference
G 48 (28.9) 40 (35.1) 0.75 0.45-1.25 0.27

AG and GG were found to be 68%, 28% and 4% in
rs11603089 SNP and were reported to be 59%, 37.3%
and 3.6% respectively in our study. With 33% in AA,
44% in AT and 23% in TT genotypes, the 2nd SNP
(rs4638289) was reported; whereas in our study, it was
reported to be 30.1%, 53% and 16.9% respectively. The
AA, AG and GG genotypes were found to be 24%, 58%
and 18% with the rs7131332 polymorphism, and our
findings were stated to be 47%, 48.2% and 4.8%,
respectively.

The polymorphisms rs11603089, rs4638289 and
rs7131332 in the SAA4! gene were studied in Kawasaki
disease subjects with limited ethnicity.'®'® The Ying et al'?
studies were conducted with rs4638289 and rs7131332
polymorphisms in Kawasaki disease. With our current
study findings, the genotype frequencies in the case sub-
jects were almost identical. The disease differs, however,
from the studies of Ying et al'* In addition to obesity, the
additional SNPs in S441 gene were used in other diseases
in global populations.'”'® In Chinese women diagnosed

with Osteoporosis in rs12218 polymorphism, Feng et al'*

studies were conducted and this polymorphism was not
performed to compare genotype findings in our current
research. Yashiro et al'® studies were conducted in adult
onset still disease with rs1136743 and rs1136747 poly-
morphisms with S441 gene and these related polymorph-
isms were not conducted in this current study. None of the
meta-analysis studies of obesity and S44/ gene poly-
morphism were conducted in the global population. This
may be due to the limited case—control studies performed
in the different ethnicities. However, Zhao et al'® per-
formed a meta-analysis study focused only on BMI and
SAA levels with various global studies but not with the
genotyping analysis.

Obesity is considered to be an inherited disorder that is
related to both genetic and non-genetic ie, environmental
factors may play an important role. Genetic factors play an
important role in obesity, particularly when regulating
weights.?® Obesity is strongly associated with Saudi
Arabia because of various factors. The prevalence of
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Figure | Linkage disequilibrium continuum of the genomic region in chromosome
Il position between 3 SNPs (rs11603089, rs4638289, and rs7131332) in SAA/
gene.

obesity was confirmed at 52.9% in 2017 and 59.5% was
expected to rise in 2022.° The genetic influence on obesity
may be due to the involvement of multiple SNPs linked to
obesity and its associated phenotypes. There are multiple
gene polymorphisms, observational, and numerous studies
of obesity in the different regions of the Saudi Arabia have
been carried out. SAA1 was originally described as an
antisera-recognized serum component against amyloid
fibrils, known as AA. Subsequently, it was found that
SAA1 acts as a major precursor of AA and is an HDL
apolipoprotein in the acute-phase serum. The human

Table 4 Linkage Disequilibrium Analysis with SNPs Involved in
This Study

rs11603089 rs4638289 rs7131332
rs1 1603089 | 0.132 0.16
rs4638289 0.132 | 0.154
rs7131332 0.16 0.154 |

SAAL1 is best characterized by its physiological roles and
gene polymorphisms between all known SAA proteins.
Human SAAL1 is located in the chromosome 11 short arm
and comprises 4 exons with exon 2—4 coding sequences,
respectively.'? The current studies’ strength was to opti-
mize Saudi subjects, opt for three SNPs and performed
gPCR. One of the study’s major limitations was the limited
sample size. Missing the enrolled biochemical data was
one of the limitations of this study.

Conclusion

The present study concludes that SA4/ gene was asso-
ciated with rs11603089, rs4638289 polymorphisms in the
Saudi obese population. Future research to carry out the
meta-analysis studies should be carried out in other
ethnicities.

Abbreviations

SAAI, serum amyloid Al; BMI, body mass index; qPCR,
quantitative polymerase chain reaction; GWAS, genome-
wide association studies, HDL, high-density lipoprotein.
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