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ABSTRACT

Background and Objective: Endothelial nitric oxide synthase gene polymorphism (eNOS) is one of
three isoforms that synthesize nitric oxide (NO), that participates in several biological processes
have been associated with obesity. This study was undertaken to determine if eNOS gene (T786C)
and 27bp (4b/4a) were associated with susceptibility of obesity.

Materials and Methods: The study was carried out on 200 cases divided into 100 obese patient
and 100 healthy as control. The mean age cases was (27.02 = 10.90) they include 79 female and 21
males. All participants were subjected to an estimation of their body mass index (BMI), weight hip
ratio (WHR), in addition to random blood sugar (RBS), total cholesterol, triglyceride (TG), and
lactate dehydrogenase enzyme (LDH). DNA was amplified using PCR-SSP for detection of relation
between polymorphism and endothelial nitric oxide synthase gene in two parts T786C and 27bp
(4b/4a).

*Corresponding author: E-mail: drahmednageb@gmail.com;
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Results: All cases showed that there were significant difference between cases and controls
regarding to their chemical lab’s analysis (TG, Cholesterol, LDL and HDL).All cases showed
significant frequency of T786C TT, CC, TC vs. controls (p<0.001) these was considered risk factor
for disease. On the other hand there no significant difference between 27bp aa, bb, and ab

(p=0.618) vs. controls.

Conclusion: The polymorphism T786C not the 27bp in eNOS was associated with obesity.

Keywords: Endothelial nitric oxide; gene; polymorphism; obesity.

ABBREVIATIONS

Endothelial nitric oxide (eNOS),

Polymerase chain reaction with sequence
specific primers PCR-SSP.

Nitric oxide NO.

1. INTRODUCTION

Obesity is a medical condition in which surplus
body fat accumulated to the range that it might
had a negative effect on health [1], people are
generally considered obese when their body
mass index (BMI), a measurement obtained by
dividing a person's weight by the square of the
person's height, is over 30 kg/m?, with the range
25-30 kg/m® defined as overweight [1], some
East Asian countries use lower values [2],
obesity increases the incidence of various
diseases and conditions, specially cardiovascular
diseases, type 2 diabetes, obstructive sleep
apnea, definite types of cancer, osteoarthritis and
depression [3,4].

Obesity is most commonly caused by a mixing
of excessive food intake, lack of physical activity,
and genetic susceptibility [1,5], a few cases are
caused firstly by genes, endocrine disorders,
medications, or mental disorder [6], on the other
hand obese people eat little next to gain weight
because of a slow metabolism is not medically
supported [7], on average, obese people have a
greater energy usage than their normal people
because of the energy required to maintain an
increased body mass [7,8].

Obesity might be a cause of death which can be
preventable worldwide, with increasing rates in
adults and children [1]. In 2015, 600 million
adults (12%) and 100 million children were obese
in 195 countries [9] Obesity is more common in
women than men [1]. Several studies viewed that
obesity is one of the most dangerous public
health problems of the 21st century [10]. In
2013, obesity is classified as a disease by
the American Medical Association [11,12].

Impaired nitric oxide production is involved in
the pathogenesis of several diseases such as
hypertension, diabetes mellitus, obesity, erectile
dysfunction, and migraine [13], a large number of
studies showed that polymorphisms in NOS;
gene affect the susceptibility to these diseases
[13], although NOS; is a highly polymorphic
gene, three genetic polymorphisms in this gene
have been widely studied: the single nucleotide
polymorphisms (SNPs) g.-786T>C located in
NOS; promoter and in exon 7, respectively, and
the variable number of tandem repeats 4b/4a
(VNTR) characterized by 27 bp repeat in intron 4
[13]. The C allele for the T786C polymorphism,
which results in reduced eNOS expression and
nitric oxide production was associated with
increased risk for hypertension [14]. The VNTR
in intron 4 affects eNOS expression [15]. And
the susceptibility to hypertension [14]. Obesity
[16].

2. MATERIALS AND METHODS
2.1 Study Group

This study includes 200 cases 100 obese
patients they were recruited from the Department
of Diabetes and Endocrine Unit in Specialized
Medical Hospital Mansoura University, Egypt as
well as Ministry of Health Hospitals of Dakahlia,
Egypt during the period September 2016 to May
2018, and 100 healthy control. The mean age of
cases were 27.02 £ 10.90 years they were in the
form of 21 male and 79 female. According to the
definition of metabolic syndrome given by WHO,
ATP and IDF (75%) of patient were classified as
having metabolic syndrome while the rest, (25%)
were not complicated and were characterized as
just having simple obesity.

2.2 Control Group

For comparison 100 healthy controls were
selected.




2.3 Biochemical Analysis

After 12 h of fasting, a blood was collected from
each case and control in an empty tube blood
sample for biochemical analysis. If the sample
were not analyzed immediately, they will frozen
and stored at -70 C. Total cholesterol, triglyceride
(TG), LDL and HDL were measured by
enzymatic methods on automatic biochemistry
analyzer.

2.4 Capture Column Kit Extraction and
Purification

The generation DNA purification capture column
kit (Gentra System, USA) is based on a
proprietary system that uses two reagents, a
DNA purification solution and a DNA elution
solution, along with a specially formulated
purification matrix. In this kit , a sample
is applied directly to the purification matrix
contained a spin column .the cells contained in
sample lyse upon contact with the
matrix .once the cells were lysed, DNA was
captured by the matrix material which make it
possible to efficiently wash away contaminants
Jleaving the DNA bound to the matrix.
Contaminants, including protein heme and RNA
were removed from the matrix by washing with
DNA purification solution.

Following removal contaminants, the DNA
released from the matrix using DNA elution
solution and heat. Samples of purified DNA were
ready for analysis and not require precipitation.

2.5Pcr Amplifications of Each Enos
Studied

Single nucleotide polymorphism (SNPs) for nitric
oxide synthase gene (eNOS) were genotyped in
this case-control study C786Tand 27bp
polymorphism using polymerase chain reaction
PCR. Amplification were performed in sequence-
specific primer polymerase chain reaction (SSP-
PCR) employing a forward and reverse primer for
each part. The region containing one (Restriction
Fragment Length Polymorphisms) RFLPs within
the eNOS gene was amplified with tag DNA
polymerase, PCR buffer, Mgcl2 and dNTPs.

The entire reaction volume plus 5 u L of
bromophenol blue track dye were loaded into 2%
agarose gel (Bohringer Mannheim) containing
ethidium bromide. And for 30 minutes at 100V
Gels were electrophoresed, then photographed
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under UV light (320 nm) and then detect the
presence or absence of an allele specific bands.

2.6 Primer Sequences and PCR Condition
of eNOS Gene Polymorphism

The T786C genotype was performed using PCR
amplification, the amplified product was digested
with NgoMIV enzyme. Briefly primer sequences
were forward primer: 5-ATG CTC CCA CCA
GGG CAT CA-3’ and reverse primer: 5-GTC
CTT GAG TCT GAC ATT AGG G-3.

The 27 bp (4b/4a) was determined using PCR
amplification, not followed by restriction enzyme
digestion of the amplified product.
Briefly primer sequences were forward primer:
5’AGG CCC TAT GGT AGT GGC CTT T-3’ and
reverse primer: 5TGC TCC TGC TAC TGA CAG
CA-3

2.7 Statistical Analysis

Statistical analysis of data was done using the
software statistical package (SPSS program
version 17). The student t-test was used to
compare the numerical values related to
cholesterol, other chemical parameter and body
mass index whereas CHI square test used to
compare frequencies of different genotypes and
alleles between cases and controls.

3. RESULTS

Cases and controls showed a non-significant
difference regarding to their age (p = 0.74).
However, cases showed a significant levels of
BMI, cholesterol, TG, HDL-C and LDL-C (p
<0.001) (Table 1).

Regarding to descriptive data of studied cases of
obesity, cases showed a significant difference vs.
control (normal, no disease) with p <0.001
(Table 2).

Regarding to distribution of eNOS gene
polymorphism (T786C) (table 3): all genotypes
(TT), (TC), and (CC) were highly significant
(p<0.001) vs. controls. While on alleles analysis
both (T) and (C) were significantly (p <0.001).

Comparing all cases with obesity and healthy
controls regarding their genotype distribution of
eNOS gene polymorphism (27 bp), (Table 4): all
genotypes (aa), (ab), and (bb) were non-
significantly (p=0.618) vs. controls. While on
alleles analysis (a) and (b) did not show
any significant  difference. (p =0.482).
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Table 1. Descriptive data of studied cases of obesity and healthy controls

Patients (N=100) Control (N=100) t P

Hip 122.69 + 12.96 89.26 £ 17.18 15.536 <0.001*
Weight 106.03 + 16.95 68.66 + 17.77 15.216 <0.001*
Height 162.47 + 8.26 166.38 + 7.55 3.495 0.001*
BMI 40.13 £ 6.40 25.02 £+ 7.67 15.132 <0.001*
WHR 0.95+0.14 0.82+0.12 7.268 <0.001*
waist 116.16 + 15.47 74.57 +24.76 14.245 <0.001*
Age 27.02 £ 10.90 27.51+£10.26 0.327 0.744
Cholesterol 246.32 + 60.23 181.16 £ 44.48 8.703 <0.001*
TG 140.76 £ 95.91 101.74 £ 47.85 3.640 <0.001*
HDL-C 49.94 + 15.60 37.54 +13.48 6.014 <0.001*
LDL-C 168.85 + 64.86 124.10 £ 40.89 5.835 <0.001*

N: number of cases, t: Student t-test, TG: Triglyceride, HDL: High-density lipoprotein, LDL: Low-density
lipoprotein, *p =0.001 (significant).

Table 2. Descriptive data of studied cases of obesity

Patients Control 2

N % N % X P
Disease
obesity 53 53.0% 0 0.0%
obesity+D.M 21 21.0% 0 0.0%
obesity+HTN 12 12.0% 0 0.0% 200.000 <0.001*
obesity+D.M+ HTN 14 14.0% 0 0.0%
normal, no disease 0 0.0% 100 100.0%

N: Number of cases, %: percentage of cases, y2: Chi-square test

D.M.: Diabetes Mellitus, HTN. : Hypertension

Table 3. Comparison between all cases with obesity and healthy controls regarding their
genotype distribution of eNOS gene polymorphism in (T786C)

T786C Patients Control 2
N % N % X P
Genotype T 33 330% 84  84.0%
TC 55 55.0% 14 14.0% 53736  <0.001*
cc 12 120% 2 2.0%
Alleles (T 121 605% 182  91% )
() 79 39.5% 18 9% 50.641  <0.001

N= number of cases, % = percentage of cases, TT = thymine thymine, TC =thymine cytosine, CC= cytosine
cytosine, T =thymine, C=cytosine. Significance using y2: Chi-square test:
*p<0.001 (significant)

Table 4. Comparison between all cases with obesity and healthy controls regarding their
genotype distribution of eNOS gene polymorphism in (27 bp) repetition

27bp Patients Control x2 p
N % N %
Genotype aa 15 15.0% 14 14.0% 0.961 0.618
ab 63 63.0% 58 58.0%
bb 22 22.0% 28 28.0%
Alleles (a) 93 46.5% 86 43% 0.495 0.482
(b) 107 53.5% 114 57%

N= number of cases, % = percentage of cases, a=allele a, b= allele b
Significance using y2: Chi-square test.
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of

3.1 Electrophoresis Result of
Showing Enzymatic Digestion
T786C Polymorphism of eNOS Gene

Wild type TT is found which appear at 236bp in
lanes 1, 2, 4 and 5, digestion of PCR product of
T786C polymorphism of eNOS gene using
NgoMIV enzyme. Which digest the 236-bp
fragment into 203 and 33-bp fragments
(heterozygous mutated genotype TC which has
236, 203, 33 bp fragments lanes 6 only) but
(homozygous mutated genotype CC is found
which has 203, 33 bp fragments lanes 3, 7) by
using DNA size marker 50bp.
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3.2 Electrophoresis Result of PCR
Showing PCR Amplification of Intron
4b/a (27bp) Polymorphism of eNOS
Gene

PCR product of intron 4b/a polymorphism have
ban size (220) bp in bb carrier homozygous
lanes 2, 3, 6 and 7 and have ban size (193) in aa
homozygous lanes 4 and ba carrier
heterozygous which has (220,193 bp fragments
lanes 1 and 5) by using DNA marker 50 bp.

Fig. 2. PCR amplification of intron 4b/a polymorphism of eNOS gene
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4. DISCUSSION

Overweight and obesity are major risk factors for
a number of chronic diseases, including
diabetes, cardiovascular diseases and cancer.
Once considered a problem only in high income
countries, overweight and obesity are now
dramatically on the rise in low- and middle-
income countries [1].

Obesity is one of the leading preventable causes
of death worldwide [17,18]. Growing evidence
supports the association of diseases with
NOS; haplotypes (combination of alleles in close
proximity, within a DNA block). This approach
may be more informative than the analysis of
genetic polymorphisms one by one[19].
Haplotypes including the SNPs g.-786T>C and
Glu298Asp, g- G894T and the VNTR in intron 4
affected the susceptibility to hypertension [20].
And there is association between NOS; and the
susceptibility to obesity [16]. And diabetes
mellitus [21].

The present study aims mainly to investigate the
association of the eNOS gene polymorphism
(T786 C, and 27bp) with the possibility of
occurrence obesity, the study results showed
that homozygous mutated TT and homozygous
mutated CC genotypes, mutant T and C allele of
T786C polymorphism had significant frequency
among cases of obesity compared with controls.
On the contrary, homozygous mutated bb and
homozygous mutated aa genotypes, mutant b
and a allele of 27 bp polymorphism had no
significant frequency among cases of obesity
compared with controls.

Souza-Costa DC et al. [16] A Brazilian study
suggested that the eNOS gene polymorphism is
associated with hypertension in obese children
and adolescents. Further studies examining the
possible interactions of eNOS haplotypes with
environmental factors and other genetic markers
might cause the development of obesity and its
complications are warranted.

The present research exhibited a significant
association of T786C with occurrence of obesity
and these results in harmony with results of
Josiane A. Miranda et al. [22] reported a similar
association of the T786C polymorphism
predispose to MetS in both obese children and
adolescents.

Bressler J. et al. [23] in the United States in a
study carried in four communities suggested that
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interaction between incidence of obesity and
NOS;.

In partial agreement with our result Barath A et
al. [24] have reported that no significant
differences were seen in the case of the eNOS
4th intron 27-bp repeat polymorphism and the
eNOS T-786C promoter polymorphism.

On other hand to our result, Roberta Fernanda
da Silva et al.[25] a study on Brazilian patients
did not demonstrate a significant difference in
plasma NO2 concentration blood pressure and
obesity taking into account the haplotype results
(-786T/C, 4b/4a, and 894G/T). In general,
different levels of Training status promote
different results in these variables; however,
these relationships need to be studied further.

On the contrary to the present research Hela Ben
Nasr et al. [26] suggested that among Tunisian
patients, eNOS gene polymorphism 27pb (4b/a)
was significantly associated with obesity.

Our study reported that endothelial nitric oxide
gene polymorphism (T786C) is a risk factor for
development of obesity

5. CONCLUSIONS

The C786T polymorphism of eNOS gene was
found to be significantly associated with
development of obesity .and T, C alleles, (CC
and TT genotypes of C786T) might significantly
considered genetic risk factor for development of
obesity.

CONSENT

As per international standard or university
standard, patient's written consent has been
collected and preserved by the author(s).

ETHICAL APPROVAL

All authors hereby declare that all experiments
have been examined and approved by the
appropriate ethics committee and have therefore
been performed in accordance with the ethical
standards laid down in the 1964 Declaration of
Helsinki.

ACKNOWLEDGEMENTS

We would like to thank the staff members of the
department of diabetes and endocrine unit in



specialized

medical hospital Mansoura

University, Mansoura, Egypt for their sincere help
and cooperation.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

WHO.  World Health  Organization
2015"0Obesity and overweight Fact sheet
N°311. WHO. January 2015. Retrieved 2
February 2016.

Kanazawa M, Yoshike N, Osaka T,
Numba Y, Zimmet P, Inoue S. Criteria and
classification of obesity in Japan and Asia-
Oceania. Nutrition and Fitness: Obesity,
the Metabolic Syndrome, Cardiovascular
Disease, and Cancer. World Review of
Nutrition and  Dietetics. 2005;94:1-12.
DOI:10.1159/000088200. ISBN 978-3-
8055-7944-5. PMID 16145245.

Haslam DW, James WP (October 2005).
“Obesity”. Lancet (Review). 366 (9492):
1197-209.
DOI:10.1016/S0140-6736(05)67483-

1. PMID 16198769.

Luppino FS, de Wit LM, Bouvy PF, Stijnen
T, Cuijpers P, Penninx BW, Zitman FG.
Overweight, obesity, and depression: A
systematic review and meta-analysis of
longitudinal studies. Archives of General
Psychiatry. 2010;67(3):220-9.
DOI:10.1001/archgenpsychiatry.2010.2. P
MID 20194822.

Yazdi FT, Clee SM, Meyre D. Obesity
genetics in mouse and human: Back and
forth, and back again. Peer J.2015;3.
e856.

DOI:10.7717/peerj.856. PMC 4375971. P
MID 25825681

Bleich S, Cutler D, Murray C, Adams A.
Why is the developed world
obese? Annual Review of Public
Health (Research Support). 2008;29:273—
95.
DOI:10.1146/annurev.publhealth.29.02090
7.090954. PMID 18173389.

Oxford Handbook of Medical Sciences (2™
ed.). Oxford: OUP Oxford. 2011.
P. 180. ISBN 9780191652295.

Kushner R. Treatment of the obese
patient (Contemporary Endocrinology).
Totowa, NJ: Humana Press.

10.

1.

12.

13.

14.

15.

16.

17.

18.

Elbaz et al.; IJBCRR, 25(2): 1-8, 2019; Article no.lJBCRR.47557

2007;158. ISBN 978-1-59745-400-1.
Retrieved 5 April 2009.

Afshin A, Forouzanfar MH, Reitsma MB,
Sur P, Estep K, Lee A, et al. Health effects
of overweight and obesity in 195 Countries
over 25 Years. The New England Journal
of Medicine. 2017;377(1): 13-27.
DOI:10.1056/NEJM0a1614362. PMC 5477
817. PMID 28604169.

DiBaise JK, Zhang H, Crowell MD,
Krajmalnik-Brown R, Decker GA, Rittmann
BE. Gut microbiota and its possible
relationship  with obesity. Mayo Clinic
Proceedings (Review). 2008;83 (4):460-9.
DOI:10.4065/83.4.460. PMID 18380992.
Pollack A. A.M.A. Recognizes Obesity as a
Disease. New York Times. Archived
from the original on 23 June 2013.
Weinstock, Matthew (21 June 2013). The
facts about obesity. H&HN. American
Hospital Association. Retrieved 24 June
2013.

Lacchini R, Silva PS, Tanus-Santos JE
(May). A pharmacogenetics-based
approach to reduce cardiovascular
mortality with the prophylactic use of
statins. Basic & Clinical Pharmacology &
Toxicology. 2010 ;106(5):357-61.
DOI:10.1111/j.1742-

7843.2010.00551.x. PMID 20210789.

Niu W, Qi Y. An updated meta-analysis of
endothelial nitric oxide synthase gene:
Three well-characterized polymorphisms
with hypertension. PLOS ONE. 2011;6 (9):
€24266.
DOI:10.1371/journal.pone.0024266.

PMC 3166328. PMID 21912683.

Zhang MX, Zhang C, Shen YH, Wang J, Li
XN, Chen L, Zhang Y, Coselli JS, Wang

XL. Effect of 27nt small RNA on
endothelial nitric-oxide synthase
expression. Molecular Biology of the

Cell. 2008;19(9):3997—-4005.
DOI:10.1091/mbc.E07-11-

1186. PMC 2526692. PMID 18614799.
Souza-Costa DC, Belo VA, Silva PS,
Metzger IF, Lanna CM, Machado MA,
Tanus-Santos JE. International Journal of
Obesity. 2011;35:387-392.

Barness LA, Opitz JM, Gilbert-Barness E.
Obesity: Genetic molecular, and
environmental aspects. Am J Med Genet
A. 2007;143A:3016-3034.

Mokdad AH, Marks JS, Stroup DF,
Gerberding JL. Actual causes of death in
the United States, 2000. JAMA.
2004;291(10):1238-45.



19.

20.

21.

22.

DOI:10.1001/jama.291.10.1238.
15010446.

Crawford DC, Nickerson DA. Definition and
clinical importance of haplotypes. Annual
Review of Medicine. 2005;56:303-20.
DOI:10.1146/annurev.med.56.082103.104
540. PMID 15660514.

Sandrim VC, Coelho EB, Nobre F, Arado
GM, Lanchote VL, Tanus-Santos JE (Jun).
Susceptible  and protective  eNOS
haplotypes in hypertensive black and white
subjects. Atherosclerosis. 2006;186(2):
428-32.
DOI:10.1016/j.atherosclerosis.2005.08.003
PMID 16168996.

Jia Z, Zhang X, Kang S, Wu Y. Association
of endothelial nitric oxide synthase gene
polymorphisms with type 2 diabetes
mellitus: A meta-analysis. Endocrine
Journal. 2013;60(7):893—-901.
DOI:10.1507/endocrj.ej12-

0463. PMID 23563728.

Josiane A. Miranda, Vanessa A. Belo,
De’bora C. Souza-Costa, Carla MM.
Lanna, Jose E. Tanus-Santos., 2012 Mol
Cell Biochem

PMID

Elbaz et al.; IJBCRR, 25(2): 1-8, 2019; Article no.lJBCRR.47557

23.

24.

25.

26.

DOI:10.1007/s11010-012-1456-y.
Andrade VL, Sertorio JTC, Eleuterio NM,
Tanus-Santos JE, Fernandes KS, Sandrim
VC. 8lsevier J., Nitric Oxide. 2013;33:83—
87.

Barath A, Endreffy E, Bereczki C, Gellén
B, Sziics B, Németh I, Turi S., Acta Physiol
Hung. 2007;94(1-2):49-66.

Roberta Fernanda da Silva ID, A’ tila
Alexandre Trape’, Thal's Amanda Reia,
Riccardo Lacchini, Gustavo Henrique
Oliveira-Paula, Lucas Cezar Pinheiro,
Jose 'Eduardo Tanus-Santos, Andre’
Mourdo Jacomini, Carlos Roberto Bueno
Ju” nior, Anderson Saranz Zago., PloS
ONE. 2018;13(10):e0206254.

Hela Ben Nasr, Saloua Dimassi, Refka
M’hadhbi, Haithem Debbabi, Mondher
Kortas, Zouhair Tabka, Karim Chahe.
Functional G894T polymorphism and
intron-4 VNTR variant of nitric oxide
synthase (NOS3) gene are susceptibility
biomarkers of obesity among Tunisians.
2016;10(4):465-75.
DOI:10.1016/j.orcp.2015.04.008.
2015 May 5.

Epub

© 2019 Elbaz et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle3.com/review-history/47557




