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Abstract

Background : Stroke is the leading cause of death and disability in the world. The
incidence of ischemic stroke is influenced by genetic factors, environmental factors and
their interactions. Genetic variation of the Angiotensinogen (AGT) M235T gene is
associated with hypertension and diabetes mellitus, which are risk factors for stroke. The
objectives of this study was to examine the genetic variation of the Angiotensinogen
M235T gene in patients with Ischemic Stroke treated at Dr. Kariadi General hospital,
Semarang.

Methods : The subjects of the study were 72 ischemic stroke patients who were treated
at the outpatient clinic of the Neurology Department Dr. Kariadi Semarang in January —
December 2013. DNA extraction of research subjects was performed at the CEBIOR
laboratory, Diponegoro National Hospital from January to March 2020. Amplification was
performed with Polymerase Chain Reaction (PCR). Digestion of PCR products was using
Restriction Fragment Length Polymorphism (RFLP) method.

Results : Out of 72 samples, the AGT M235T CT were found in 37 samples (51.4%), the
AGT M235T TT gene was found in 35 samples (48.6%) and no samples showed the AGT
M235T CC.

Conclusion : There are 3 types of genetic variants of the AGT M235T gene, including the
AGT M235T CT, the AGT M235T TT and the AGT M235T CC. Among the three types of
variants, the variant of the AGT M235T CT gene is the most common variant found in
ischemic stroke patients treated at the Dr. Kariadi General Hospital Semarang.
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INTRODUCTION

Stroke is the main cause of morbidity and mortality in the
world.'? There was around 25,7 juta million stroke cases
in the world in 2013, which approximately 80% of stroke
cases are ischemic strokes. Ischemic stroke is a
multifactorial disease with a strong genetic component.>?
Ischemic stroke is influenced by genetic factors,
environmental factors and the interaction of both factors.!

Data from various studies conducted mostly on
Caucasian ethnicity showed that there were 23 variants of
the AGT gene that had been cloned and sequenced,
genetic variations were found in the promoter (g.-217G>
A, g-20A> C, g-6G> A) and in exon 2 (p.T174M and
M235T) which are reported to be associated with essential
hypertension and cardiovascular disease and stroke.
Polymerase chain reaction restriction fragment length
polymorphism (PCR-RFLP) is a technique for analyzing
DNA fragments using restriction enzymes with
endonucleases.**

The lack of data regarding the genetic contribution
of patients with cardiovascular disease such as ischemic
stroke in Asian populations, especially Indonesia, has
encouraged researchers to identify the genetic variant of
angiotensinogen in post-ischemic stroke patients.
Angiotensinogen was chosen because in various studies
it was stated that angiotensinogen is associated with
hypertension and diabetes mellitus which are risk factors
for stroke.

MATERIALS AND METHODS

The sample in this study was DNA storage from
72 subjects of a study entitled “Pengaruh Faktor Risiko
terhadap Progresivitas Aterosklerosis Penderita Pasca
Stroke Non Hemoragik” (main researcher: Dr. dr. Dodik
Tugasworo, Sp.S(K)) at the outpatient clinic of the
Neurology Department of Dr. Kariadi General Hospital
Semarang in January - December 2013". The study
subjects had inclusion criteria including acute ischemic
stroke patients for the first time, 48 hours of stroke onset
which had been proven by head CT scan without contrast
and willing to participate in the study. Exclusion criteria
for the subjects of this study included patients with
haemorrhagic stroke, as evidenced by a non-contrast CT
scan of the head; patients with severe systemic diseases,
including: Chronic Kidney Disease, as evidenced by
measuring the Glomerular Filtration Rate (GFR) and
examination of serum urea and creatinine, chronic liver
disease, proven by laboratory tests of liver function (such
as: SGOT, SGPT, Gamma GT, and Alkali Phosphatase),
malignancy, proven by a complete history of malignancy
in the patient and family and physical examination,
Congestive Heart Failure, proven by physical
examination and examination electrocardiography; acute
ischemic stroke patients who died or were discharged

before the 7th day of onset; acute ischemic stroke patients
who died before the 14th day of onset; patients died; and
patients withdrew.

Analysis of genetic variation

Analysis of genetic variation of the AGT M235T gene by
PCR-RFLP was carried out from January to March 2020 at
the CEBIOR Laboratory, Diponegoro National Hospital.
Amplification with Polymerase Chain Reaction was
carried out using a Forward primer with a DNA sequence
of 5-CAGGGTGCTGTCCACACTGGACCCC-3' and
Reverse with a DNA sequence of 5'-
CCGTTTGTGCAGGGCCTGGCTCTCT-3". The total
volume of each PCR reaction was 24 ul containing 400 ng
of genomic DNA, 1.0 pl of primer F (Sigma, city, country),
1.0 pl of primer R (Sigma), 1.0 ul of deoxynucleotide
triphosphates (ANTP), 2.5 ul of MgCl2 and 0.25 pl of Taq
DNA polymerase (MRC Holland lot.D56). The PCR
reaction was carried out using a thermocycler with the
program: initial duplex DNA denaturation 10 minutes at
95°C, followed by 35 cycles consisting of: 1 minute
denaturation at 94°C, 1 minute primers annealing at 59°C
and 1 minute 30 seconds primers extension at 72°C. Final
elongation for 10 minutes at 72°C.

AGT M235T gene variant was detected by
Restriction Fragment Length Polymorphism (RFLP)
technique using restriction endonuclease Tth111I
enzyme. Product PCR was carried out in a 100 pl reaction
mixture and contained: 85 pl H20, 10 ul buffer and 5U
Tth111l. The restriction mixture was ingested for >3
hours at 55°C (37°C overnight). DNA fragments were
visualized in 3% Agarose gel stained with 8pl
10mg/mlethidium bromide. For normal (wild type)
genotype (CC) is a PCR product at 165bp, with no
truncation site for Tth111I1. M235T homozygous subject
(TT genotype) after enzymatic destruction with Tth111I
on two fragments of 141 bp and 24 bp. Heterozygous
subjects (CT genotype) at 165 bp, 141 bp and 24 bp.

RESULTS

In this study, the number of samples analyzed was
72 samples from 72 subjects who had completed all
research procedures in the preliminary study. The mean
age of the subjects was 61.64 + 7.995 years, most of the
subjects were male (61.1%). The average BMI of the study
subjects wasnormal, 22.27 +2.138 kg/m? (Table 1).

The results of the analysis of genetic variation of
the AGT M235T gene by PCR-RFLP showed that the AGT
M235T CT gene variant was the most variant, 37 (51.4%)
samples, while the AGT M235T TT variant was found in
35 (48.6%). In this study, there were no samples showing
AGTM235T CCvariants (Table 2).
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TABLE 1
Subject characteristics

Variable (n=72) F % Mean=SD
Age (year) 1-60 30 41.7 61.64 +7.995
>60 42 58.3
Gender Male 44 61.1
Female 28 38.9
BMI (kg/m?2) 22.27 +2.138
Smoking history  Yes 31 43.1
No 41 56.9
Diabetes Mellitus  Yes 6 8.3
No 66 91.7
Dyslipidemia Yes 62 86.1 24 (33.3%)
No 10 13.9
Obesity Yes 10 13.9
No 62 86.1
Hypertension Yes 24 333
No 48 66.7
TABLE 2
Subject characteristic hased on gene variant AGT M235T
Variable (n=72) Gene variant AGT M235T
CcC CT 1T
Gene variant AGT M235T(%) 0 51.4 48.6
Age (year) 0 60.54+8.27 62.80£7.63
Gender, male (%) 0 26.38 34.72
BMI (kg/m?2) 0 22.25+2.20 22.30+2.09
Smoking history (%) 0 19.44 23.61
Diabetes Mellitus (%) 0 4.16 4.16
Dyslipidemia (%) 0 43.05 43.05
Obesity (%) 0 6.94 6.94
Hypertension (%) 0 20.83 12.5

DISCUSSION

The human AGT gene is a member of the serpin gene
superfamily. The human AGT Complimentary DNA
(cDNA) is 1,455 nucleotides long and codes for 485 amino
acids in proteins. The AGT gene contains five exons and
four introns, spanning 13 kb (Figure 1).78
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The AGT gene provides instructions for making a
protein called angiotensinogen. This protein is part of the
renin-angiotensin system, which regulates blood
pressure and the balance of fluids and salts in the body. In
the first step of the blood pressure regulation process,
angiotensinogen is converted to angiotensin I. Through
an additional step, angiotensin I is converted to



Analysis of Genetic Variation of Angiotensinogen M235T Gene in Ischemic Stroke Patients treated at Dr. Kariadi General Hospital, Semarang
using Polymerase Chain Reaction Restriction Fragment Length Polymorphism (PCR-RFLP) Method

ANGIOTENSINOGEN : GENE, mRNA, PROTEIN

LDy
| ] (HH_+—
Gene (1q42) |
1 n l m v \4
I I 11 G v
[l Il
wory  —— S5
2 mRNA
w0ty ——
% % E% g Glycosylation sites
y 1 i1
PROTEIN (452 AA) el | ] coon
Ang [ (10 aa)

Figure 1. Schematic structure of AGT gene, mRNA, and protein®

angiotensin II. Angiotensin II causes blood vessels to
narrow (constrict), which results in an increase in blood
pressure. Angiotensin Il also stimulates the production of
the hormone aldosterone, which triggers the absorption
of salt and water by the kidneys. Increasing the amount of
fluid in the body also increases blood pressure. Proper
blood pressure during fetal growth delivers oxygen to
developing tissues, necessary for the normal
development of the kidneys, especially for structures
called the proximal tubules, and other tissues. In
addition, angiotensin II may play a more direct role in
kidney development, by influencing growth factors
involved in the development of kidney structures.*!!

The genetic variation of the AGT gene that occurs
in exon 2 involves a transition from thymine to cytosine
which results in the replacement of methionine by
threonine at amino acid position 235 to form the AGT
gene variant M235T.1%! In this study, AGT gene
mutations were found in 100% of the study subjects. AGT
M235T CT gene variant was found in 37 subjects (51.38%),
19 subjects were male, 18 subjects were female. AGT
M235T TT gene variant was found in 35 subjects (48.61%),
25 male subjects and 10 female subjects. This is contrary to
the results of research from Mondry et al. (2005) which
stated that the AGT M235T TT gene variant was found
mostly in female subjects.!®

The pathogenesis of essential hypertension is
influenced by genetic and environmental factors.
Mutations in genes related to hypertension can affect
blood pressure through changes in salt and water
reabsorption by nephrons. Genes of the renin-
angiotensin system (RAS) have been studied extensively
for their role in blood pressure control. Angiotensinogen
(AGT) gene variants may be associated with an increased

risk of essential hypertension. Case Control Study by
Kooffreh et al. (2012) in a population involving 1308
subjects (612 hypertensive patients and 696 controls),
ethnic Calabar and Uyo, Nigeria showed that the
prevalence of homozygous AGT mutations was 88.4% in
subjects with hypertension and 92.2% in subjects without
hypertension, whereas for heterozygous mutations, the
prevalence was 10.9% in subjects with hypertension and
7.5% in controls. In contrast to the results of Raharjo et al.
(2013) who stated that the genetic variation of M235T
angiotensinogen had no association with the incidence of
essential hypertension in ethnic Southeast Sulawesi.!®
Study by Shamaa et al. (2015) who aimed to evaluate the
frequency of the AGT (M235T) variant in relation to
essential hypertension in a group of Egyptian residents
found that there is a positive risk of developing essential
hypertension if you have the T allele in both homozygous
and heterozygous conditions. Out of a total of 24 subjects
with hypertension in this study, 15 (62.5%) subjects had
the AGT M235T CT gene variant, 9 other subjects had the
AGTM235T TT gene variant.!”18

Subjects with wild type were not found in this
study, this is because the prevalence of wild type is
generally 0.3% in subjects with hypertension and 0.7% in
subjects without hypertension (control). In this study the
number of subjects was small, 72 people consisting of 24
subjects with hypertension and 48 subjects with
normotension causing no wild type found."

Angiotensinogen (AGT) is a central component of
the renin-angiotensin system that controls systemic
blood pressure and several other cardiovascular
functions and may play an important role in the
atherosclerotic pathway. In a study conducted by Al
Najai et al in the Saudi population, the role of 8 AGT gene

66



Medica Hospitalia | Vol. 10, No. 1, March 2023

Ll
———
166bp
144bp
100bp

M B 1 2 3 4

t 2 2 2 8 2 =
.

Figure 2. Analysis of gene variant AGT M235T

variants was evaluated in primary hypertension, type 2
diabetes mellitus (T2DM), and obesity. In this study, it
was found that AGT is an independent risk gene for HTN,
obesity and through the potential pleiotropic effect of
AGT on the disease pathway leading to atherosclerosis.'®

This study discusses the Angiotensinogen M235T
gene in ischemic stroke patients in a population in
Indonesia that has never been reported. A wider sample
size and demographic variations of research subjects can
be a development for this research topic.

CONCLUSION

Of the 72 samples analyzed, 3 variants of the
Angiotensinogen M235T gene were found, namely CT,
TT and CC variants. The AGT M235T CT gene variant was
the most common variant, 37 (51.4%) samples.
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