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Maturity-onset diabetes of the young (MODY) is rare monogenic diabetes. However, MODY is often undiagnosed or misdiagnosed. In this study, we aimed to investigate the pathogenic gene for diabetes and provide precise treatment for diabetes patients in three families. Three families with suspected MODY were enrolled and screened for germline mutations using Whole exome sequencing (WES). Candidate pathogenic variants were validated in other family members and non-related healthy controls. Three heterozygous missense mutations in the ABCC8 gene (NM_001287174), c.1555 C>T (p.R519C), c.3706 A>G (p.I1236V), and c.2885 C>T (p.S962L) were found in families A, B, and C, respectively. All mutation sites cosegregated with diabetes, were predicted to be harmful by bioinformatics and were not found in non-related healthy controls. Two probands (onset ages, 8 and 12 years) were sensitive to glimepiride. However, an insufficient dose (2 mg/day) led to ketoacidosis. When the dosage of glimepiride was increased to 4 mg/day, blood sugar remained under control. A dose of 4 mg glimepiride daily also effectively controlled blood sugar in an adult patient 25-year-old. In addition, all patients were sensitive to liraglutide, which could control blood sugar better. These data suggest that ABCC8 was the pathogenic gene in three families with diabetes. Glimepiride (2 mg/day) was not effective in controlling blood sugar in children with ABCC8 mutations, however, 4 mg/daily glimepiride was effective in both adults and children. Moreover, liraglutide was effective in controlling blood sugar in both adults and children with ABCC8 mutations.
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Introduction

Maturity-onset diabetes of the young (MODY) is an autosomal dominant mode of inheritance and a monogenic form of diabetes, characterized by an early age at onset (usually at ≤25 years of age) and impaired insulin secretion with minimal or no defects in insulin action (in the absence of coexisting obesity) (1, 2). To date, 14 genes have been identified to be responsible for MODY: HNF4A (MODY1), GCK(MODY2), HNF1A (MODY3), PDX1 (MODY4), HNF1B(MODY5), NEUROD1 (MODY6), KLF11 (MODY7), CEL(MODY8), PAX4(MODY9), INS (MODY10), BLK(MODY11), ABCC8 (MODY12), KCNJ11 (MODY13), and APPL1(MODY14) (2–4). MODY3 and MODY2 accounted for 80 – 90% of MODY in Caucasians (5, 6). MODY3 accounted for 30– 50% of the MODY cases, MODY1 and MODY5, respectively, accounted for 5% of the cases, and only a small proportion (< 1%) of the MODY cases were caused by other MODY subtypes (7–9). However, MODY was detected in only 9% of the patients in China with diabetes, therefore, most of the MODY genes in the Chinese population are still unknown (5).

The pathogenesis of MODY is highly genetically heterogeneous; thus, available treatment options are very different. For instance, GCK-MODY patients do not require treatment, whereas HNF1A- and HNF4A-MODY patients can be treated with low dose sulfonylurea and HNF1B-MODY patients require insulin treatment (10–13). Therefore, personalized medicine in MODY subtypes is essential. However, diagnosing MODY poses a challenge for physicians, with most cases remaining unidentified. This makes rapid diagnosis of MODY subtype of vital importance to patients and their families, because it provides a basis for individualized treatment and prognosis.

In this study, we report three heterozygous missense mutations, c.3706 A>G (p.I1236V) in family A, c.1555 C>T (p.R519C) in family B, and c.2885 C>T (p.S962L) in family C in the ABCC8 gene (NM_001287174). Blood sugar levels were better controlled in these families after adjusting the drug treatment plan according to the patient’s genetic test results.



Materials and methods


Participants

This study was approved by the Ethics Committee of the Central Hospital of Wuhan (2016–2). Informed consent was obtained from the patients and their families. Researchers had access to clinical information and medical records of the participants. Patients with a clinical diagnosis of MODY were included in the study and the criteria were age at diagnosis of ≤25 years, negative islet autoantibodies, and a family history of diabetes.



Whole-exome sequencing (WES)

Genomic DNA was extracted from the participants’ peripheral blood samples (TIANGEN DNA extraction kit, Beijing, China). We used the Agilent SureSelect Human All Exon V6 kit for capture, followed by sequencing on the Illumina hiSeq2500 system, reaching an average depth of approximately 50×. The reference genome for aligning WES was human GRCh37/hg19. SNPs and indels were called by SAMtools, correcting for overestimated mapping quality from Burrows-Wheeler Alignment tool (14).



Genetic analysis

Variants were filtered to retain protein-altering variants (including non-synonymous, frame shift and splicing, and excluding non-exonic and synonymous variants), and to exclude those with minor allele frequency (<0.001) according to certain public databases (1000genomes, ExAc, dbSNP, ESP and gnomAD). The effects of the identified variants were evaluated using silico prediction tools, namely SIFT, PolyPhen2_HDIV, PolyPhen2_HVAR, LRT, Mutation Taster, Mutation Assessor and FATHMM (15). We selected genes previously implicated in monogenic diabetes, genes with important roles in the beta cell, and genes associated with type 2 diabetes or fasting glucose (16). Variants of uncertain significance (VUS), defined as functional significance, are not recorded in the public database and there are no relevant reports in the literature, such as novel missense variants, variants with conflicting evidence, or variants with insufficient evidence (17).



Sanger sequencing

Candidate variants in the proband and his family were confirmed by direct Sanger sequencing of the PCR products. Afterwards, the candidate variants that cosegregated with diabetes were selected for further analysis. The ABCC8 gene was amplified by PCR using forward primer (proband A) 5′-TCAAGGCCTCCTGCTTCTGT-3′ and reverse primer 5′-TGTCCAGGCCTCAGCTTCTT-3′, forward primer (proband B) 5′- AGCAGGAAGGCTTGGTGT-3′andreverse primer 5′- TTGGAGGAGGTGGGGATT-3′, forward primer (proband C) 5′- ACACCCAGAACCCCAAACCT-3′and reverse primer 5′- GTGTCTGTCTGCCCCTCCCT-3′. The PCR conditions were as follows: 95 C for 5 min; 35 cycles of 95 °C for 1 min, 60 °C for 30 sec, and 72 °Cfor 1 min; and then 72 °C for 10 min. The PCR products were directly sequenced (Beijing Genomics Institute, Wuhan, China) (18).



Medication plan adjustments and follow-up

The patients’ treatment plans were adjusted based on genetic test results and previous literature reports. For example, patients with ABCC8 gene mutations are more sensitive to sulfonylurea drugs. Therefore, according to the results of the gene test, patients with ABCC8 mutations can use sulfonylureas for hypoglycemic treatment. Blood glucose levels were regularly monitored (every day), and the HbA1C levels were controlled for two months.




Results


Medical history

Proband A was an eight-year-old female, who was admitted to the hospital for a stuffed nose and sleep snoring and was diagnosed with type 1 diabetes at the age of eight. Her body mass index (BMI) was14.0 kg/m2. The proband’s parents (III-1 and III-2) were 38 years old and non-diabetics, their BMIs were 26.1 kg/m2and 22.0kg/m2. The proband’s grandmother (II-1) was diagnosed with diabetes at the age of 51, and her BMI was 20.0kg/m2.The father of the proband’s grandmother (I-1) died from diabetes-related causes.

The proband B was a 12-year-old male, who was admitted to the hospital for the following symptoms: dry mouth, polydipsia, polyuria, and fatigue. The physical examination revealed fasting blood glucose of 14.28mmol/Land a BMI of 26.9 kg/m2. The proband’s father (III-1), mother (III-2), grandfather (II-1), maternal grandfather (II-4), and maternal grandfather’s sister (II-5) and brother (II-6) were diagnosed with diabetes at the ages of 43, 41, 59, 69, 59, and 61, respectively, and their BMIs were less than 28.0 kg/m2.

Proband C was a 25-year-old male, who was admitted to the hospital for dry mouth, polydipsia, polyuria, and fatigue, and was diagnosed with diabetes and ketoacidosis. His BMI was 27.8 kg/m2. He was prescribed insulin, which resulted in well-controlled blood sugar levels. The proband’s mother (II-4) and maternal grandfather (I-4) were diagnosed with diabetes at the ages of 41 and 60, respectively, and the proband’s mother (II-4) had a BMI of 22.8kg/m2.

The BMI of all family members of the diabetes patients was in the normal range or had not reached the obese range (> 28.0kg/m2). The pedigree of the three families is presented in Figure 1.




Figure 1 | Pedigree of the three families. Squares represent males, while circles represent females. The red border represents diabetes, the blackened box represents the proband. (A) proband A’s family pedigree; (B) proband B’s family pedigree; (C) proband C’s family pedigree. The genotypes of each variation of c.1555 C>T, c.3706 A>G, and c.2885 C>T in the ABCC8 gene are shown in families (A–C), respectively.





Clinical characteristics

The clinical characteristics of the three probands are shown in Table 1. Proband A’s laboratory analysis revealed that her HbA1C level was 12.8%, her fasting plasma glucose (FPG) level was 18.81 mmol/L, and her fasting c-peptide was 2.35 ng/ml. She tested positive for urine glucose (2+) and urine ketones (1+), and her triglyceride levels were high (50.21 mmol/L), whereas she tested negative for all diabetes autoantibodies. Ultrasound examination of the liver, kidney, pancreas, bladder, ureter, spleen, and gall showed that organ morphology was normal. Although she was prescribed high-dose insulin and oral hypoglycemic agents (insulin glulisine, 20 units, three times a day; degludec, 30 units/night; metformin tablets, 850 mg twice a day; pioglitazone hydrochloride and metformin hydrochloride tablets, 15 mg/500mg, twice a day, and notified her guardian) for two days, her FPG levels did not drop. However, her triglyceride levels decreased to 12.6 mmol/L. The test results of proband A’s grandmother (II-1) were as follows: HbA1C, 7.1%; FPG, 11.7 mmol/L; fasting c-peptide, 1.60 ng/ml, and positive (1+) urine glucose, whereas ketones in the urine and diabetes autoantibodies were all negative. She (II-1) had diabetic retinopathy and diabetic neuropathy and was previously prescribed acarbose and insulin. However, her (II-1) blood sugar was not well controlled.


Table 1 | Physical and laboratory examination.



Physical examination revealed that proband B presented with hyperlipidemia, hyperuricemia (707 μmol/L), and mild fatty liver. Additionally, HbA1C was 12.1%, urine glucose was positive (4+), and fasting c-peptide was 1.8 ng/ml, while ketones in the urine and diabetic autoantibodies were all negative. There were no obvious abnormalities in other assessments. Although proband B’s islet function was normal, his fasting and two-hour postprandial blood glucose were high for a child. Hence, the doctor had been administering insulin, which led to the patient’s blood glucose being under control. Proband B’s father (III-1) was prescribed metformin and gliclazide sustained-release tablets, his HbA1C levels were 7.4%, FPG was 9.87 mmol/L, and he additionally presented with diabetic nephropathy and neuropathy. Proband B’s mother (III-2) and maternal grandfather (II-4) were prescribed insulin, metformin, and linagliptin. However, they (III-2 and III-4) did not achieve optimal outcomes since their HbA1C and FPG levels were approximately 10% and11 mmol/L, respectively. The maternal grandfather’s sister (II-5) and brother (II-6) of proband B were prescribed insulin and acarbose, respectively, their FPG levels reached 23 mmol/L at times, and both had diabetic retinopathy and neuropathy.

Proband C’s laboratory analysis revealed that his HbA1C level was 11.2%, FPG level was 13.52 mmol/L, fasting c-peptide was 1.30 ng/ml, urine glucose tested positive (4+), as well as ketones in urine (3+), and triglyceride levels were high (16.78 mmol/L). However, diabetic autoantibodies were all negative. Ultrasound examination indicated that all organs were normal and he exhibited no diabetes-related complications. Proband C was prescribed liraglutide for three days (0.6 mg/daily). Nonetheless, FPG and triglyceride levels decreased to 9.64 mmol/L and 6.11 mmol/L, respectively. The results of proband C’s mother (II-4) were as follows: HbA1C was 8.6%, the FPG level was 9.65 mmol/L, and she presented with complicated diabetic neuropathy. Although she (II-4) had been using metformin and acarbose, her blood sugar level was not under control.



Genetic and bioinformatic analyses

WES details are shown in Table 2. WES showed that the variants of each subject ranged from 110,000 to 130,000, including SNPs and InDels in probands A, B, and C. Variants were filtered as previously described and the defined panel of MODY genes (HNF4A, GCK, HNF1A, PDX1, HNF1B, NEUROD1, KLF11, CEL, PAX4, INS, BLK, ABCC8, KCNJ11, and APPL1) were firstly evaluated (15). ABCC8 was found to be a candidate pathogenic gene in all three families, and no other known MODY pathogenic variants were identified. The details are as follows. A known mutation was found in proband A: chromosome 11, position 17464342, c.C1555T, NM_001287174, p. R519C, namely, rs1057467571. This mutation has a very low frequency (25/251142, GnomAD_exome; 11/121224, ExAC; 1/31398, GnomAD) in the public database, but has not been reported in Chinese populations, and its clinical significance is not reported in ClinVar. Despite being a known mutation, its function remains unclear. In proband B, we found a novel mutation, chromosome 11, position 17419936, c.A3706G, NM_001287174, p. I1236V. In proband C, we discovered a known mutation, chromosome 11, position 17428939, c.C2885T, NM_001287174, p. S962L, namely, rs748931549.There is no reported frequency for this mutation in the public database. Its clinical significance is not reported in ClinVar. Despite being a known mutation, its function remains unclear. The three mutation sites were then sequenced and validated in other members of their respective families (Figure 2). Although we did not find them in non-related healthy controls (n=200), among the members of family A, the proband A’s father (currently 38 years old) also carried this mutation site (c.C1555T) but did not have diabetes. In family B, the mutation site (c.A3706G) was inherited from the mother (III-2), and the other patients (II-4, II-5, and II-6) all carried this mutation. Although proband B’s father may also have a genetic history of diabetes, no suspicious pathogenic site has been found so far; therefore, the pathogenic site of diabetes should come from probands B’s mother. In family C, the mutation site (c.C2885T) co-segregated with diabetes (Supplementary Table 1). However, all three mutation sites were predicted to be harmful mutations by multiple bioinformatics software, and the mutation sites were highly conserved in several species (Supplementary Tables 2, 3). Consequently, we speculated that these three mutation sites are pathogenic mutations in these families, and that they all belong to the ABCC8-MODY12 type.


Table 2 | Whole exome sequencing detail.






Figure 2 | The sequencing chromatogram. Arrows indicate the changed position of the mutation in ABCC8 gene. Family A: (A) (wild type) and (B) (mutant type); Family B: (C) (wild type) and (D) (mutant type); Family C: (E) (wild type) and (F) (mutant type).





Precise treatment based on the patient’s genotype

Genetic testing confirmed that the above mentioned families belong to the MODY12 subtype. This information, combined with results reported in the literature, led to recommending that these patients replace current medical treatment with sulfonylurea drugs.

The proband A was administered insulin (insulin aspart injection, 12 units, subcutaneous injection before meals, and insulin glargine injection, 12 units, subcutaneous injection before 9 pm) due to high fasting blood sugar and positive urine ketones, as he was a child. However, the proband A’s fasting blood sugar was still high after two days of treatment. Then, the insulin dose was increased to 50 units, but the fasting blood glucose still did not decrease (the fasting blood sugar levels remained between 12 and 18 mmol/L), even when acarbose and metformin enteric-coated tablets were used. The results of the genetic test suggested that proband A was classified as MODY12, and there is no evidence of sulfonylureas being used previously to treat pediatric diabetes in China. Thus, we tried to utilize the relatively safe glimepiride combined with insulin on the child. When glimepiride was added, the child’s fasting blood glucose rapidly decreased. After a week, the child’s fasting blood glucose level was in the normal range (< 6.1 mmol/L).We then slowly reduced the dose of insulin (by 5 units a week), and shortly the insulin administration ceased, and only glimepiride (2 mg/day) was used. Nonetheless, after two weeks, proband A developed diabetic ketosis, necessitating the use of glimepiride (2 mg/day) in combination with a low-dose insulin aspart injection (5 units/day, twice a day) for hypoglycemia. Then, the dosage of glimepiride (4 mg/day) was increased and insulin administration was stopped. The results from follow-up tests in the following two months showed that the child’s fasting blood sugar (< 6.1 mmol/L) and glycation levels (< 6.5%) were within the normal ranges.

Proband B, who is currently 13 years old, presented with type 2 diabetes. Therefore, we replaced the previously prescribed insulin aspart with a new type of hypoglycemic drug, liraglutide injections at 1.2 mg/day, and notified his guardian. This drug’s hypoglycemic properties produced very effective results. After two months of follow-up, the patient’s blood sugar levels were under control and within the normal range (HbA1c < 6.5%). Taking into consideration that this proband B is MODY12 and a pediatric patient, liraglutide injections yielded very positive effects in terms of blood sugar reduction. Liraglutide was then gradually reduced. When glimepiride was added (2 mg/day), until liraglutide administration ceased, the blood glucose levels remained within a controlled range. However, ketosis appeared shortly, and thus, liraglutide use was continued. Then, the dosage of glimepiride was increased (4 mg/day) and liraglutide was stopped. The patient’s blood glucose returned to the normal range (HbA1c < 6.5%).

Proband C was also very sensitive to liraglutide injections (1.2 mg/day). Thus, this hypoglycemic treatment was very effective. Since injections are more problematic, whereas oral medication is relatively simple to administer, we recommended glimepiride 4mg/day as a medication plan based on the patient’s MODY12 type. After two months of follow-up, the patient’s blood glucose returned to a reasonable level (HbA1c < 6.5%).

Currently, other adult MODY12 patients in these three families were mainly using insulin or insulin combined with metformin or acarbose, with deficient results on blood sugar control. However, according to each patient’s genotype, they were slowly switched to glimepiride (4 mg/day), and their blood glucose levels were controlled after 2-3 months and the HbA1Clevels approached normal ranges(< 6.5%). All diabetes patients continued to be treated with glimepiride (4 mg daily).




Discussion

We have identified three heterozygous ABCC8 mutations in three different families. Two of these mutations are known mutations (p. R519C and p. S962L). However, their functional significance has not been reported yet. The remaining mutation was novel (p. I1236V). The three mutations (p. R519C, p. I1236V, and p. S962L) are highly likely to be pathogenic for the following reasons: their mutation sites were predicted to be harmful by bioinformatics software, the residues are highly conserved, and carriers of these mutation sites are very sensitive to glimepiride. The mutation p. R519Cwas located in the domain of ABC transmembrane type-1 1, whereas the mutation p. I1236Vwas located in the domain of ABC transmembrane type-1 2.Yet, functional studies are required to demonstrate that these mutations increase KATP channel activity or may result in loss-of-function and cause diabetes.

The ABCC8gene encodes the sulfonylurea receptor 1 (SUR1) subunit of the ATP-sensitive potassium (KATP) channel in pancreatic beta cells, which regulate insulin secretion. Mutations in the ABCC8 gene cause the overactivity or underactivity of the KATP channel, and thereby, a variety of phenotypes (19).Previous studies suggested an association between adult-onset diabetes and mutations in the ABCC8 gene (20). ABCC8 mutations can cause MODY in patients whose clinical features are similar to those with HNF1A/4AMODY (19), and some patients with ABCC8 mutations were able to change from insulin to oral glibenclamide therapy (21, 22), which means that patients with ABCC8presented with T2DM-like phenotypes. Exome sequencing identified many variants, most of which lacked the corresponding functional annotations and had no functional significance. However, a few variants were functionally significant. ABCC8 variants are associated with T2DM. Therefore, exome sequencing studies identified rare variants with functional significance in ABCC8, which were enriched in patients with T2DM.

At present, very limited types of drugs exist for the treatment of childhood diabetes. Metformin is the only oral therapy for youth with type 2 diabetes, even though up to 50% require additional agents within two years of diagnosis (23). Therefore, the current status of available treatments for children with type 2 diabetes is not optimistic. Insulin is generally indicated, despite being inconvenient to use and prone to causing hypoglycemia. Sulfonylurea sensitivity is a main feature of ABCC8 MODY (24). However, no studies have reported whether sulfonylureas are safe as a treatment for pediatric diabetes patients in China, especially in children with the MODY12 subtype. In this study, we found that the patients belonged to the MODY12 subtype, and consequently we tried to recommend oral sulfonylureas as medication, although there is no relevant experience or evidence of the use of sulfonylureas in children. Proband A, an eight-year-old female, exhibited high levels of both fasting blood glucose and glycosylated hemoglobin, and was, therefore, prescribed high-dose insulin and oral hypoglycemic agents (insulin glulisine, 20 units, three times daily; degludec, 30 units/night; metformin tablets, 850 mg, twice daily; and pioglitazone hydrochloride and metformin hydrochloride tablets, 15 mg/500mg twice daily) for two days. Nonetheless, her FPG levels did not decrease and we added a small dose of glimepiride, which caused her blood sugar to drop promptly. Thus, the insulin dose was gradually reduced, while the dose of glimepiride was increased to the point where insulin administration was completely ceased and only glimepiride (2 mg/day) was administered. However, proband A developed ketosis, a phenomenon that also occurred in proband B, moreover, the dosage of glimepiride was increased to 4 mg/day in both patients, and the patients’ blood glucose levels returned to the normal range. In summary, individuals with ABCC8 mutations are sensitive to sulfonylureas. The dosage of sulfonylureas is very important for children with ABCC8 mutations, and 4mg/day glimepiride was effective in both adults and children. In the cases where fasting blood sugar levels are abnormally high and the use of insulin cannot control blood sugar, it is recommended to add a low dose of sulfonylurea such as glimepiride, which has mild hypoglycemic effect. In addition, sulfonylureas are not currently recommended for juvenile diabetes patients in China. Therefore, China’s guidelines should recommend using sulfonylureas to prevent and treat childhood diabetes in patients with MODY12.

Glucagon-like peptide 1 (GLP-1) is a proglucagon cleavage product produced in intestinal L cells, which is secreted primarily after ingestion of glucose or a mixed meal. It increases glucose-stimulated insulin secretion at physiological plasma concentrations (25). GLP-1 receptor agonists provide the possibility to improve glycemic control and reduce body weight in type 2 diabetes without the risk of hypoglycemia, and its blood sugar reduction effect is significantly better than that of currently used drugs (25, 26).Although GLP-1 receptor agonists are currently used only for the treatment of type 2 diabetes (27), GLP-1 receptor agonists are also used to treat MODY patients, especially MODY4 (28) since this subtype is mainly characterized by type 2 diabetes. Although there is no relevant experience or evidence of usingGLP-1 receptor agonists in children in China, expert guidance on the clinical application of GLP-1 receptor agonists does not recommend using GLP-1 receptor agonists to treat adolescents with diabetes. In the present study, the patients presented with type 2 diabetes as well and were very sensitive to GLP-1 receptor agonists. Therefore, we postulate that GLP-1 receptor agonists are effective hypoglycemic drugs for treating children with type 2 diabetes, consistent with reports abroad (29). Current GLP-1 receptor agonists are mainly administered by subcutaneous injections. However, semaglutide is the first orally administered GLP-1 receptor agonist, which was approved by the U.S. Food and Drug Administration in September 2019 for adults with type 2 diabetes, and has been approved by the European Medicines Agency (30). Oral GLP-1 receptor agonists may exhibit greater tolerability than their subcutaneous counterparts.

In family A, although proband A’s father (currently 38 years old) carried this mutation site (c.C1555T), he did not have diabetes (FPG, 5.12 mmol/L; HbA1C, 5.4%; urine glucose, negative). According to reports in the literature (31, 32), we speculate that, first, individuals with ABCC8 mutations are diagnosed with diabetes across a wide age range (33); second, the onset of diabetes may be modified by certain genes (32, 34), delaying the age of onset in individuals with ABCC8 mutations or even suppressing diabetes symptoms. In addition, proband A did not respond to 50 units of insulin/day, and her triglyceride levels were 50.21 mmol/L, so she might be in a state of insulin resistance. In family B, proband B’s father may also have a genetic history of diabetes, or the child could possibly be a compound heterozygote with an unidentified mutation in the other chromosome from his mother, which would aggravate the diabetic phenotype. This could also be a coincidence, and the ABCC8 mutation might play a leading role in the occurrence of diabetes. In addition, patients with MODY12 subtype presented with diabetic retinopathy or neuropathy, which reinforces the need for precise treatment for these patients. This would contribute to controlling blood sugar in a targeted manner, to prevent complications and to improve the quality of life of patients. However, the functional significance of the above three variants in the ABCC8 gene was unclear (VUS). Although we found that these variants may be pathogenic mutations, their function needs to be further verified and should not be used to guide clinical management. In this study, three mutations (p. R519C, p. I1236V, and p. S962L) were rare according to the public database. However, patients with these mutations are sensitive to sulfonylureas or liraglutide. Therefore, patients with an age of onset of younger than 25 years old, a significant family history of diabetes, and negative test results for diabetes autoantibodies, should undergo diabetes-related genetic screening, and appropriate drugs and dosages should be selected according to the patient’s genotype.

To date, 14 different genes have been reported to cause diabetes with MODY-like phenotypes, and each MODY subtype has different patterns, such as the age at onset, clinical features, and therapeutic strategies (35). MODY accounts for 1-5% of all cases of diabetes (8).With improved knowledge and awareness of monogenic diabetes and the development of more accurate and inexpensive molecular diagnostic techniques, the diagnosis rate of MODY will increase, and the results of genetic diagnosis will provide the most precise treatment plans for the different types of MODY patients.

In conclusion, ABCC8 gene mutations c.1555 C>T (p.R519C), c.3705 A>G (p.I1236V), and c.2885 C>T (p.S962L) were the respective pathogenic mutations in three ABCC8-MODY pedigrees. Glimepiride (2 mg/day) was not effective in controlling blood sugar in children with ABCC8 mutations. However, 4 mg/day glimepiride was effective in both adults and children. Moreover, liraglutide was effective in controlling blood sugar in patients with ABCC8 mutations in both adults and children. Precise treatment based on individual genotype not only improves treatment effects and reduces adverse reactions, but also saves limited medical resources.
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