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Abstract

Maturity-Onset Diabetes of the Young (MODY) is a monogenic form of diabetes caused by genetic
mutations, including those in the HNF1A gene, and is often misdiagnosed as type 1 or type 2
diabetes. This study aims to detect HNF1A gene mutations in patients suspected of having MODY
using Sanger sequencing to support a more specific diagnosis. The research methods include DNA
isolation from two patient samples, followed by amplification of ten exons of the HNF1A gene
using conventional PCR, analysis of amplification results using agarose gel electrophoresis, and
and sequence analysis of Sanger sequencing results. Sequencing results were analyzed using
BioEdit and ClustalW software to identify mutations relative to the HNF1A gene reference
sequence (NM_001306179.2). Six point mutations were identified in the HNF1A gene, distributed
across exons 7, 9, and 10, consisting of one silent mutation (p.Leu459Leu), four missense
mutations (p. Gln460His, p.Ser486Asn, p.Ser581Gly, and p.Val705Leu). The identified mutations
have the potential to affect the structure and function of the HNF1A protein, including the
transcription activation domain, which is crucial in regulating the expression of target genes. This
study demonstrates that the detection of genetic mutations, especially in HNF1A, is important in
accurately diagnosing MODY as well as determining appropriate theraphy approaches, such as the
use of sulfonylureas as an alternative to insulin.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic disease that occurs when blood sugar
levels are too high. According to the International Diabetes Federation (IDF), in
2021 there were approximately 536.6 million cases of diabetes in the world, with
Indonesia ranking fifth (19.5 million cases) and expected to increase to 28.6
million by 2045. In addition to type 1 and 2 DM, there are monogenic diabetes
such as Neonatal Diabetes Mellitus (NDM) and Maturity-onset Diabetes of the
Young (MODY) caused by genetic mutations (IDF, 2021; Li et al., 2022).

MODY typically presents before the age of 25, is inherited in an autosomal

dominant manner, and accounts for approximately 1-5% of diabetes mellitus (DM)
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cases. MODY is characterized by impaired pancreatic B-cell function and insulin
secretion (Kant et al., 2022). MODY is often misdiagnosed as type 1 or 2 DM, so an
accurate diagnosis is necessary. Biomarkers such as C-peptide, hs-CRP, ApoM, and
autoantibodies, as well as lipid profiles, can aid in differentiation. However,
genetic testing is highly recommended for confirming the diagnosis and improving

the prognosis (Satman, 2023).

To date, 14 MODY-causing genes have been identified. The most common
type is MODY3, which is caused by a mutation in the HNF1A gene (Jang, 2022).
The HNF1A gene consists of ten exons, and mutations are most commonly found
in exons two and four. Mutations in exons 8-10 are associated with a later onset
than mutations in exons 1-6 (Pollack-Schreiber et al., 2023). Reported mutations
include c.872C>G (p.Pro291Arg) (lafusco et al., 2021) and c.758G>A (p.G253E)
(Mohammadi et al., 2019). Specific detection of the HNF1A gene is essential for
proper diagnosis and therapy. Sanger sequencing is the gold standard for
identifying mutations because it can detect various DNA base changes, including
missense, nonsense, silent mutations, insertions, deletions, and splicing (Ellard et
al., 2013; Gomes & Korf, 2017).

This study was conducted to detect HNF1A gene mutations related to MODY
in patients with diabetes mellitus using sequencing methods to provide an early

indication for more accurate diagnosis and appropriate treatment.

MATERIALS AND METHODS

This study is an exploratory descriptive study with the aim of detecting
HNF1A gene mutations in DM patients suspected of having MODY. Analysis was
carried out on the target gene in exons 1-10 through a series of stages, including
DNA isolation, amplification of the target gene, agarose gel electrophoresis,

sequencing, and analysis of sequencing results to identify mutations.

The study sample was whole blood from one DM patient suspected of MODY.

Given the limitations of the study, only one sample with ten treatments
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representing each exon of the HNF1A gene was used. DNA isolation was carried
out using the Promega Wizard® Genomic DNA Purification Kit, then the target
gene in 10 exons was prepared using the Promega GoTaq® Green Master Mix kit
protocol with forward and reverse primers for each exon and continued
amplification using Conventional PCR. Amplification products were then
examined using 1.5% agarose gel electrophoresis to confirm the presence of the
target band. PCR products that were successfully amplified were then sent to PT
Genetika Science Indonesia for analysis using Sanger sequencing. Sequencing
data in the form of FASTA files were visualized using BioEdit for chromatogram
analysis, while identification of the location and type of mutation was carried

out with ClustalW through comparison to the HNF1A gene reference sequence.

RESULT

The visualization results of agarose gel electrophoresis performed using UV

transilluminator are shown in Figure 1.

FEEEN

Figure 1. Sample electrophoresis results for exons 1-10

Figure 1 shows clear DNA bands in lanes 1 to 9 measuring 536 bp, 395 bp,
387 bp, 464 bp, 391 bp, 400 bp, 397 bp, 389 bp, and 375 bp, respectively. All
bands appear single and clear, indicating successful amplification. However, no
DNA bands were detected in lane 10, so the process was repeated using primers

from a different brand to ensure accuracy.
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Figure 2. Repetition results of sample electrophoresis for exon 10

The results of the repetition are shown in Figure 2, where the exon 10 DNA
bands are clearly visible at about 800 bp. The presence of these bands
corresponds to the target size of each fragment, indicating successful and
specific amplification.

Further analysis was conducted using ClustalW software to compare the
nucleotide sequence of the sample to the reference sequence (NM_001306179.2)

from NCBI to identify possible mutations.

NM_0@1306179.2_1536-1727 CCGGTCATCAACAGCATGGGCAGCAGCCTGACcAcddTGeAGkccaTCCA
5374432_A7_7F CCGGTCATCAACAGCATGGGCAGCAGCCTGACCACATITGCATICCGTCCA

EXEXXXXXEIXRFEXXEXELXXEIEXXREIEXIRERERXERXRRE XXX XXX EFXRE

Figure 3. Exon 7 alignment results (1)
NM_OOlBgSlZQ .2_1536-1727 TGCAGAGCCATGTGACCCAGAGCCCCTTCATGGCCACCATGGCTCAGCTG
5374432_A7_7F TGCAGAGCCATGTGACCCAGHAC CCCTTCATGGCCACCATGGCTCAGCTG

FEXZEXXFXXXTXFXEIIXTXENTESF FEEXTXXTEXTXNXEIXXIXFTRIXETRZRNRR X

Figure 4. Exon 7 alignment results (2)

NIM_2e1386179.2_1850-2015 CCCCAGCCAGGACCCTGCAAGCATCCAGCACCTGCAGCCGGCCCACCGGE
5374436_A9_O9F CCCCAGCCAGGACCCTGCAGIGCATCCAGCACCTGCAGCCGGCCCACCGGE

FEEZIXFXXXXFXXETXFEES FEETEXI XXX XXX AREXTRNFER

Figure 5. Exon 9 alignment result

NIM_001306179.2_20@16-3463 CCMCCCGTGGAGGCTGCTCG GCACAGGAGGGGGTCGTGGAGAGCT
5426859_A10_10_F CCMCCCGTGGAGGCTGCTCGG@ GCACAGGAGGGGGTCGTGGAGAGCT

XXX FXXXEFTLETELXILETELEEIS XX XXX ETLXRET LT LR ERRE

Figure 6. Exon 10 alignment result
DNA sequencing analysis of the target gene revealed five mutations spread
across three different exons (7, 9, and 10), as shown in Figures 3, 4, 5, and 6.

The mutations consist of five substitution mutations.
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Table 1. Nucleotide base mapping results

Reference Sample Base . o
No Exon  Nucleotide  Nucleotide  Point Type of Mutation Description
L7 c T 1375 Substitution (Transition) Similar base
changes
2 7 G T 1380 Substitution (Transversion) Different base
changes
3. 7 G A 1460 Substitution (Transversion) Similar base
changes
4. 9 A G 1741 Substitution (Transition) Similar base
changes
5. 10 G T 2114 Substitution (Transversion) Different base
changes

Based on Table 1, three substitution mutations were identified in exon 7. A
transitional substitution mutation occurred at position 1375 (C>T) indicating a
change of pyrimidine base (cytosine) to pyrimidine (thymine). A transversion
substitution mutation occurred at position 1380 (G>T) indicating a change of
purine base (guanine) to pyrimidine (thymine). A transitional mutation occurred
again at position 1460 (G>A) indicating a change in purine (guanine) base to
purine (adenine). In exon 9, one substitution mutation was identified at position
1741 (A>G) which is a transitional mutation of purine (adenine) base change with
purine (guanine). In exon 10, one substitution mutation was identified at position
2114 (G>T) which is a transversion mutation of purine (guanine) base change with
pyrimidine (thymine).

Table 2. DNA and protein level base change mapping results

No Exon Dg:al;l;\;el Codon Pr(é;l:nlgfvel I\Iﬁ)aeti‘:)fn Description

1. 7 c.1375C>T CTG>TTG  p.Leu459Leu Silent No amino acid changes
2. 7 ¢.1380G>T CAG>CAT  p.GIn460His Missense Amino acid changes
3. 7 c.1460G>A  AGC>AAC  p.Ser486Asn Missense Amino acid changes
4, 9 c.1741A>G  AGC>GGC  p.Ser581Gly Missense Amino acid changes
5.

10 c.2114G>T GTG>TTG  p.Val705Leu Missense Amino acid changes

Analysis of the sequencing results showed the presence of five protein
changes spread across several exons, namely exons 7, 9 and 10 shown in Table
2. Of the five changes, four of them are missense mutations, which are mutations
that cause changes in amino acids, and one mutation is classified as a silent

mutation, which is a base change that does not cause changes in amino acids.
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The mutation was found in exon 7 with a change in c.1375C>T, which causes
a change in the CTG codon to TTG, but the two codons both code for leucine
(Leu), so there is no change in amino acids (p.Leu459Leu) so it is classified as a
silent mutation. The other four mutations in sample A showed amino acid
changes and were categorized as missense mutations. Mutation in exon 7
(c.1380G>T) causes a change from glutamine (Gln) to histidine (His) at position
460 (p.Gln460His). Mutation in exon 7 (c.1460G>A) changes serine (Ser) to
asparagine (Asn) at position 486 (p.Ser486Asn). Mutation in exon 9 (c.1714A>G)
causes a change from serine (Ser) to glycine (Gly) at position 581 (p.Ser581Gly).
Mutation in exon 10, c.2114G>T, leading to substitution of valine (Val) to leucine
(Leu) at position 705 (p.Val705Leu).

DISCUSSION

All samples that had gone through the isolation process and produced pure
DNA were then amplified using specific primers from the ten exons of the HNF1A
gene. The amplification results in the form of template DNA amplicons were
then analyzed using agarose gel electrophoresis to ensure the success of the
amplification process and estimate the fragment size. Several important factors
influence the process of DNA migration in agarose gel electrophoresis: the
electric current used, the size of the DNA molecule, the concentration of the
agarose gel, DNA conformation, the presence of dyes in the gel or buffer
solution, the type of agarose used, and the type and concentration of the buffer
solution (Green & Sambrook, 2019). In this study, a 1.5% agarose gel was used
because this concentration is ideal for separating DNA fragments with sizes
ranging from 80 bp to 4,000 bp (Green & Sambrook, 2019). This is in accordance
with the size of the target fragments in the study, which is around 300 to 800
bp. Therefore, the selection of the right agarose gel concentration is an
important factor to obtain optimal gel resolution tailored to the size of the DNA
fragments to be analyzed (Jyoti Chutia & Kumara, 2019).

In this study, BioEdit software was used as a tool in the sequencing data
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analysis stage to review the quality of the sequencing chromatogram. In
addition, this software is also used to obtain files in FASTA format that will be
aligned with the HNF1A gene reference sequence (RefSeq: NM_001306179.2).
The Sanger sequencing process produced neat and sharp peaks. A successful
sequencing reaction is characterized by a clear and regular signal reading
pattern on the chromatogram. Characteristics of a good chromatogram include
well-defined, clear peaks and a strong signal-to-noise ratio (Al-Shuhaib &
Hashim, 2023).

Next, an analysis was conducted using ClustalW as a bioinformatics tool to
perform multiple sequence alignment (MSA) between the DNA sequences of the
HNF1A gene sequencing results from patient samples and reference sequences
obtained from the GenBank database. This alignment aims to identify any
nucleotide variations, such as point mutations, deletions or insertions, that may
affect the structure and function of the protein encoded by the gene. DNA
molecules are double-stranded. If a mutation occurs and one base is replaced
by another, the DNA molecule will temporarily contain mismatched bases. When
DNA undergoes replication, complementary base pairs will be synthesized
opposite to the mismatched base pairs. As a result, one wild-type (normal) DNA
molecule and one DNA molecule containing the mutation will be formed (Clark
et al., 2019).

The six mutations identified consisted of one silent mutation and four
missense mutations. One mutation found in exon 7 is a silent mutation, which
is a nucleotide change c.1375C>T that produces a new codon TTG from the
initial codon CTG, but both still encode the amino acid leucine (Leu).
Therefore, this mutation does not change the amino acid sequence at position
459 (p.Leud59Leu). Silent mutations generally have no impact on protein
structure or function because they do not alter the polypeptide chain (Dickson
& Hyman, 2013). In addition, four mutations were found that fall into the
missense category, which is a mutation that occurs when a base sequence
change alters a codon so that one amino acid in the protein is replaced by

another amino acid. The severity of missense mutations depends on the location
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of the change and the nature of the replaced amino acid (Clark et al., 2019).
Two missense mutations were found in exon 7, namely mutations
c.1380G>T;p.Gln460His, and c.1460G>A;p.Ser486Asn. In exon 9, one missense
mutation c.1741A>G;p.Ser581Gly was found and in exon 10 a missense mutation
€.2114G>T;p.Val705Leu was also found. Among the various mutations found in
diabetes-related genes, the HNF1A gene is the most promising candidate. In the
patient studied, four nonsynonymous mutations were clustered, namely
Ile27Leu (rs1169288), Ser487Asn (rs2464196), Leu551Ser (rs1169304), and
Ser581Gly (rs587778398). Based on previous reports, mutations occurring in
exons 8-10, which are only present in the longest isoform of the HNF1A gene,
are associated with a slower onset of MODY. Therefore, the Leu551Ser and
Ser581Gly mutations are thought to play an important role in the manifestation
of the observed clinical phenotypes (Sekiya et al., 2020).

MODY3 is caused by mutations in the HNF1A gene, which is a gene that
produces proteins expressed in the liver, kidney, intestine, and pancreatic beta
cells. The HNF1A protein functions in regulating insulin gene expression and
plays a role in controlling the expression of glucose transport genes, such a
GLUT2 (Younis et al., 2022). One of the compensatory mechanisms regulated
by HNF1A is an increase in the transcription and expression of the Sodium-
Glucose Cotransporter 2 (SGLT2) gene. This mechanism helps to keep blood
glucose levels relatively normal (euglycemia) for a period of time, especially in
the early phase of metabolic disorders. However, in individuals with mutations
in HNF1A, the expression of SGLT2 is drastically decreased, which results in a
reduced ability of glucose reabsorption in the proximal tubules of the kidney.
This leads to a decrease in the recovery efficiency of glucose filtered by the
kidney, and eventually contributes to an increase in blood glucose levels
(Sanyoura et al., 2018). The mutations found in this study, such as silent,
missense, and nonsense have the potential to cause disruption in the structure
and function of HNF1A. These mutations can inhibit the amino-terminal domain
that plays a role in dimerization and DNA binding and can inhibit the

transactivation domain, thereby disrupting the transcription of various target
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genes, including genes important in glucose uptake by cells, hepatic glucose
metabolism, and insulin secretion by pancreatic B-cells (Miyachi et al., 2022).
Thus, the mutations found in exons 7, 9 and 10 in this study not only alter
the structure of the HNF1A protein, but may also affect its function in regulating
glucose metabolism. Impaired function in the HNF1A gene can lead to disruption
in the expression of important genes that play a role in the process of glucose
uptake by cells and insulin production. As a result, there is a decrease in insulin
secretion and the body's response to glucose becomes suboptimal. This
condition may explain the appearance of diabetic symptoms in patients
suspected of having MODY. One of the most important and distinctive features
of MODY3 patients is sensitivity to sulfonylurea drugs, which are the first-line
therapy for MODY3 cases. This has significant clinical implications, especially
for patients previously misdiagnosed as type 1 diabetes (T1DM), as patients can
discontinue insulin therapy and switch to sulfonylurea treatment, even after a
long period of insulin therapy. Children who were previously on oral
hypoglycemic drugs or low doses of insulin may also discontinue insulin therapy
and switch directly to low-dose sulfonylureas. The dose can be titrated
gradually to achieve optimal glycemic control. Meanwhile, for patients who are
on full-dose insulin therapy (replacement dose), it is recommended to reduce

basal insulin by at least 50% and stop bolus insulin when starting sulfonylurea

therapy (Sanyoura et al., 2018).

CONCLUSIONS

Based on the results of the research and analysis that has been carried out,
it can be concluded that in the HNF1A gene, mutations were found in exons 7, 9,
and 10 in the samples of diabetic patients suspected of MODY. Overall, five
substitution mutations were identified, consisting of two transversion mutations
(c.1380G>T and c.2114G>T) and three transition mutations (c.1375C>T,
c.1460G>A, and c.1741A>G). These mutations were characterized as silent and

missense. One silent mutation was identified in exon 7 (p.Leu459Leu), while the
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other four mutations were missense, namely p.Gln460His and p.Ser486Asn in exon
7, p.Ser581Gly in exon 9, and p.Val705Leu in exon 10. These findings confirm the
existence of genetic variations in HNF1A that could potentially play a role in the

pathogenesis of MODY in the patients studied.
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