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ABSTRACT

Introduction: Diabetic retinopathy is one of the
chronic complications in patients with diabetes
mellitus caused by progressive
microangiopathy. Various types of risk factors
can affect the occurrence of diabetic
retinopathy, one of which is mitochondrial DNA
mutations in the tRNA"™ A3243G gene that is
common in T2DM. This study was conducted
with the aim to identify whether the mutation of
the tRNA"® A3243G gene acts as a risk factor
for diabetic retinopathy in T2DM patients in
Bali.

Material and Methods: This study used a case
control design with 35 T2DM patients with
diabetic retinopathy and 35 T2DM patients
without diabetic retinopathy. The techniques
used to identify these mutations are PCR and
DNA sequencing.

Results: Based on the results obtained, no
mutations were found in the tRNA'™ A3243G
gene in the entire sample. Therefore, the
relationship analysis of the two variables cannot
be identified.

Conclusions: Mutations of the tRNA'® A3243G
gene that were not successfully identified in this
study can be concluded not play a role as a risk
factor for diabetic retinopathy.

Keywords: Diabetic Retinopathy, Diabetes
Mellitus, tRNA'"® Gene Mutation, Mitochondrial
DNA

INTRODUCTION

The health problem that occurs in
Indonesia today is the increasing prevalence
of non-communicable diseases compared to
infectious  diseases. Non-communicable
diseases have become the top ten causes of
death nationally and globally. One of them
is Diabetes Mellitus (DM) which is a
metabolic disease that lasts progressively,
chronic, and related to the function of
insulin  hormone. People with diabetes
reached 415 million in 2015 and increased
to 425 million people in 2017. Indonesia is
in the sixth position with the highest number
of diabetic population in the world and
becomes the third highest cause of death
after stroke and coronary heart disease.l?
There are two classifications of DM, Type
1 Diabetes Mellitus (T1DM) and Type 2
Diabetes Mellitus (T2DM). But T2DM has
a higher prevalence with a 95% incidence
proportion of the world's population.®
Complications of diabetes that can occur are
macrovascular and microvascular
complications. One of the microvascular
complications is diabetic retinopathy.
Research states that T2DM patients have a
25 times greater risk of developing
complications such as diabetic retinopathy.*
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Diabetic retinopathy is a progressive
state of microangiopathy and microvascular
damage to the retina. This complication
often occurs in patients aged 20-64 years
and becomes the most common cause of
blindness in diabetics.® Diabetic retinopathy
is in the fourth position as a cause of
blindness after cataracts, glaucoma, and
macular degeneration. Risk factors that can
affect the occurrence of diabetic retinopathy
are hypertension, lipid profile, HbAlc
levels, age, duration of diabetes, and genetic
factors.®

The occurrence of T2DM caused by
impaired insulin secretion is related to
inhibition of adenosine triphosphate (ATP)
production that associated with mutations in
the tRNAY A3243G gene. Study on
patients who experience mitochondrial
disease due to mutations in the A3243G
gene has been conducted in various
countries including Indonesia. Research in
Taiwan found the presence of A3243G
mutation that causes diabetes is 0.15%, in
Poland successfully identified diabetic
mellitus patients with mutation A3243G, in
Japan there were 2.9% of DM patients who
also had A3243G mutations, in China
studies were conducted on MELAS patients
and found A3243G mutations in all patients,
in UK found 2 out of 268 diabetic patients
have A3243G mutation, in Korea found the
presence of mutation A3243G in 22.3% of
patients who experience mitochondrial
disease, in Croatia 10% of patients with
T2DM had A3243G mutations, and in Spain
18% of children had three heteroplasmy
mutations including A3243G. Studies
related to the mutation of the tRNA'"
A3243G gene were also conducted in
Indonesia. Some studies have not been
successful in identifying the occurrence of
A3243G mutations in T2DM patients. But a
study conducted by Maksum et al, 2010 was
able to identify the presence of A3243G
mutations in 2 out of 101 samples that
experienced T2DM.’

Therefore, the study of mtDNA
mutations related to T2DM needs to be
developed, because it is related to the

maternal relationship of T2DM patients
with families who are still at risk of
experiencing similar things. If the diagnosis
can be established early, the development of
complications in T2DM, especially diabetic
retinopathy, can be prevented and able to
handle the early stages to prevent
blindness.®

MATERIAL AND METHODS
Study Design

This study was a case control study
with 70 samples and consisted of 35 T2DM
samples with diabetic retinopathy as the
case group and 35 T2DM samples without
diabetic retinopathy as the control group.

DNA Amplification

The amplification of the tRNA'
mtDNA gene was carried out by PCR
technique using forward primer 5-AGG
ACA AGA GAA ATA AGG CCT-3
(nt3130-3149) and reverse primer 5-AAC
GTT GGG GCC TTT GCG T-3' (nt3423-
3404), amplify fragments up to 293bp. The
PCR process was carried out in an
Automatic Thermo Cycler PCR machine for
35 cycles. The initial stage of PCR is initial
denaturation at 94°C for 5 minutes, then
enters the PCR cycle program with each
cycle consisting of three stages, starting
with denaturation at 94°C for 1 minute,
annealing at 55.9°C for 1 minute, and
primary extension at 72°C for 1 minute. At
the end of all cycles, an additional extension
process was carried out at 72°C for 5
minutes. PCR was performed using the
GoTag® Green Master Mix PCR Kit from
Promega.

Electrophoresis and Gene Sequencing
Amplification products was
analyzed by performing an electrophoresis
procedure with 1% agarose gel which aims
to visualize DNA fragments. To detect
mutations in the tRNA"™ A3243G gene, all
PCR products were prepared for sequencing
at Genetic Science Indonesia, Jakarta and
the sequencing results were interpreted
through NCBI BLAST Tools and Chromas.
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STATISTICAL METHODS

The sequencing results obtained will
be analyzed bivariately to prove the
relationship between the diabetic
retinopathy variable and the mutation of the
tRNA® A3243G gene by performing chi
square test if it meets the requirements.

RESULTS

This study was conducted from July
to November 2021 at the Integrated
Biomedical  Laboratory, Faculty of
Medicine, Udayana University. Ethical
eligibility permission has been obtained
from the ethics committee of the Udayana
Faculty of Medicine with  number
The total

490/UN14.2.2.VI11.14/LT/2021.

samples used were 70 samples consisting of
35 T2DM samples with diabetic retinopathy
and 35 T2DM samples without diabetic
retinopathy. This sample is a stored
biological material (BBT), so the
characteristics data of the sample have been
obtained in previous studies.

Polymerase Chain Reaction (PCR)
procedure was carried out to amplify the
amount of DNA encoding the tRNA" gene
in the DNA isolate samples of type 2
diabetes mellitus patients used in this study.
After that, an electrophoresis procedure was
carried out to see the results of gene
amplification from the previous PCR
procedure.

B TS R R SRR SR R R R R SR

Based on the results of the gene
sequencing which conducted on the case
and control group samples, it was found that
there was no mutation of the tRNA'™
A3243G gene in all samples. So that the

Image 1. Overview of PCR Results through Electrophoresis Gel

because there were no mutations in the
entire sample.

Table 1. Results of Analysis of the Relationship between
Mutations of the tRNA"™ A3243G Gene T2DM Samples With
and Without Diabetic Retinopathy

analysis of the relationship between ;Ru’\'t:t'mn A3243G  gene | DR NDR P e
mutations in the tRNA'® A3243G gene and  ["wutation 5 5
diabetic retinopathy could not be identified _ %) | (0%)
No Mutation 35 35
(50,0%) | (50,0%)
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Homo sapiens mitochondrion, complete genome
Sequence ID: MN692242.1 Length: 16567 Number of Matches: 1

Range 1: 3174 to 3421 GenBank Graphics

Score
451 bits(244)

Strand
Plus/Plus

Identities
247/248(99%)

Expect
le-122

Gaps
1/248(0%)

Query 23 AATG-TATCATCTCAACTTAGTATTATACCCACACCCACCCAAGAACAGGGTTTGTTAAG 81
eyt mitiitfimngngmmnihiinges
Query 82 ATGGCAGAGCCCGGTAATCGCATAAAACTTAAAACTTTACAGTCAGAGGTTCAATTCCTC 141
coor v MR DL e
Query 142 TTCTTAACAACAT%CCCAT§GC§AACCTCCTACTCCTC%TTGTAgtCATTCTAATCGCAA 201
aetitnmiimitiiitimhiinie
wery 202 TSRS TR g 20
Sbjct 3354 TGGCATTCCTAATGCTTACCGAACGAAAAATTCTAGGCTATATACAACTACGCAAAGGCC 3413
Query 262 CCAACGTT 269

Sbjct 3414 éékAéé%# 3421
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Image 2. Sequencing Results of T2DM Patients With and Wlthout Dlabetlc Retlnopathy )

DISCUSSION

Diabetes mellitus is a metabolic
disease caused by pancreatic beta cells
damage and due to mutations in
mitochondrial DNA in genes associated
with T2DM, where these mutations affect
insulin sensitivity and secretion. Based on
the research conducted by the authors
related to mitochondrial DNA mutations in
the tRNA'® A3243G gene that occurred in
diabetic retinopathy patients in Bali, from
70 samples consisting of 35 samples of
T2DM patients without diabetic retinopathy
as a control group and 35 samples of T2DM
patients with diabetic retinopathy as the case
group did not find any mutations in the
entire sample. So that the analysis of the
relationship between tRNA'® A3243G gene
mutation and diabetic retinopathy can not be
done.

This study is in line with several
studies conducted on T2DM patients to

identify A3243G mutations. Research by
Khan et al, 2020 stated that among the point
mutations that occur and associated with a
base change from A to G at position 3243 in
the tRNA®(UUR) gene, become the most
common causative mutation of T2DM. This
study was conducted on five samples with
T2DM in Pakistan, where the results
obtained were that there was no A3243G
mutation found in the tRNA®Y(UUR) gene.®
This study is also in line with research by
Ameh et al, 2011 which was conducted on
112 samples of T2DM patients and had a
family history of diabetes mellitus.
Amplification of the tRNA'"(UUR) gene
was carried out to see the presence of
A3243G mutations using the PCR-RFLP
method. Of the 112 samples studied, there
was no mutation found in the A3243G
tRNA®(UUR) gene in the form of
homoplasmy or heteroplasmy.*®
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Several studies related to the
A3243G mutation with T2DM have also
been carried out in Indonesia and have
results that are in line with this study.
Research conducted by Pranoto, 2007 in
Surabaya on 451 T2DM patients with a
family history of diabetes mellitus and five
people from the entire population
experiencing sensory deafness based on
audiological examination. DNA samples
were obtained from leukocytes in small
sizes and were amplified by PCR using two
pairs of specific primers to narrow the
amplification area. Based on this study,
there were no mutations found in all
samples with T2DM with a positive family
history and T2DM with sensory deafness.!!
Another study was also conducted on the
Gorontalo and Javanese tribes by Ishak et al,
2014 which consisted of 20 T2DM patients
with an age range of 35 to 60 years and used
PCR and sequencing methods. Based on the
sequencing results obtained, the A3243G
mutation was not found in 20 patients with
T2DM and 20 normal controls.*

There is study that inversely
proportional to this study, which was
conducted by Sriwidodo et al, 2008
succeeded in identifying the occurrence of
mitochondrial DNA mutations in the
tRNA'®' A3243G gene in T2DM patients
using the PASA method with PCR
technique. This study used two tubes
containing universal primers D1 and normal
primers Dn and the second tube containing
universal primers D1 and mutant primers
Dmt, characterization of the fragments
formed in PASA will result in differences in
normal alleles, homoplasmy mutations, and
heteroplasmic mutations. The mutation was
declared positive if a band measuring 200
bp was seen in the tube containing the
mutant primer or Dmt primer. In this study
found that 10 T2DM patients had the
A3243G mtDNA mutation.!® This study has
similar results to the study by Maksum et al,
2010 which consisted of 101 T2DM patients
in Bandung. The sample used was blood
cells because the sampling is relatively easy
and has been used in previous studies that

succeeded in identifying the A3243G
mutation. The results obtained were the
discovery of two samples with A3243G
mutations based on RFLP characterization
with the Apal restriction enzyme.’

The absence of mutations in the
tRNA®  A3243G gene in diabetic
retinopathy patients in this study could
occur due to several factors such as the
number of samples that were too little or the
sample size used was too small. Based on a
study conducted in Japan on 240 T2DM
patients, it was found that only 2.9% had the
A3243G mutation, in addition, a study
conducted in China on 207 T2DM patients
found that only 0.5% had mutations, and in
a worldwide study involving 100,000
T2DM patients, only 5.71% had the
A3243G mutation.}**> Several studies have
stated that DNA samples taken from
leukocytes have the lowest incidence of
A3243G mutations when compared to DNA
samples taken from skeletal muscle, urine
sediment, fibroblast tissue in the skin, hair
roots, and the cheek mucosa.'®'"® The
absence of the A3243G mutation can be
influenced by various factors, so further
research needs to be done to determine the
relationship between the A3243G mutation
and using a larger sample population and
adjust better sampling techniques, so that
the genetically inherited A3243G mutation
can be detected earlier to prevent one of the
microvascular ~ complications,  diabetic
retinopathy.

CONCLUSIONS
Based on the results of the study, it
can be concluded that:

1. No mitochondrial DNA mutation was
found in the tRNA"®" A3243G gene in 70
samples consisting of 35 T2DM with
diabetic retinopathy as a case group and
35 T2DM without diabetic retinopathy
as a control group.

2. The relationship between the two
variables could not be analyzed so that
mutations in the tRNA"®" A3243G gene
were not a risk factor for diabetic
retinopathy.
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