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INTRODUCTION

Neonatal diabetes mellitus, also known as congenital diabetes mellitus, is a rare 
genetic disorder with an incidence of approximately 1 in 10,000 live births [1,2]. 
Neonatal diabetes is defined as diabetes diagnosed within the first six months of 
life [3]. Although diabetes generally arises from complex interactions between en-
vironmental and genetic factors, neonatal diabetes arises specifically from genetic 
defects [2]. Neonatal diabetes is primarily associated with abnormalities in the 
development and secretion of insulin-producing cells in the pancreas, or with 
dysfunction of pancreatic β cells. The most frequent genetic causes of neonatal di-
abetes characterized by abnormal β-cell function include abnormalities at the 
6q24 locus and mutations in the ABCC8 or KCNJ11 genes, which code for potas-
sium channels in pancreatic β cells [1,2]. 

Other genetic anomalies have been reported, which are associated with pancre-
atic development, abnormalities in β cell differentiation, and apoptosis [4]. Neo-
natal diabetes is classified based on insulin dependency into the transient (tem-
porary) and permanent [3] forms. In the transient form, treatment can be discon-
tinued at any time from the first few weeks up to age five years, whereas the per-
manent form requires lifelong treatment. The clinical differences between tran-
sient and permanent neonatal diabetes are not always associated with distinct 
molecular mechanisms. Abnormalities at the 6q24 locus are solely associated 
with transient neonatal diabetes, whereas mutations in ABCC8, KCNJ11, and INS 
are linked to both permanent and transient forms [5-7]. Other genetic factors are 
also associated with permanent neonatal diabetes [4]. At birth, 62% of neonates 
have a birth weight below the 10th percentile, underscoring the critical role of in-
sulin secretion in fetal growth [3]. In patients with transient diabetes, the condi-
tion recurs at the onset of puberty in 86% of cases, likely due to insulin resistance 
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associated with puberty [8]. No differences were observed 
among the genetic groups, and neonatal diabetes can be ac-
companied by neurological disorders and developmental de-
fects [9]. Genetic analysis can diagnose monogenic diabetes in 
nearly 83% of patients before six months of age [10]. Genetic 
diagnosis is essential as it influences treatment options and 
can predict potential diabetes-related complications or illness-
es. Genetic analysis should be performed for all children in the 
following cases: those diagnosed with diabetes within six 
months of birth; those aged six months to 1 year who exhibit 
extra-pancreatic features and lack evidence of pancreatic auto-
immunity; and those with multiple autoimmune disorders, 
unusual family history, and associated congenital disabilities. 
Testing should not be delayed until other symptoms or poten-
tial remission [11]. Furthermore, it is crucial to ascertain 
whether sulfonylureas can be successfully introduced [12].

GENETIC ASPECTS (ABNORMAL β CELL 
FUNCTION)

Abnormalities at the 6q24 locus (PLAGL1 and HYMAI)
Neonatal diabetes resulting from abnormalities in the 6q24 

locus (MIM#601410 and 603044) encompasses paternal uni-
parental disomy of 6q24 (pUPD6), partial duplication of pa-
ternal 6q24, and relaxation of the maternal 6q24 imprinted 
locus [13]. This locus contains a CpG island with differential 
methylation depending on parental origin. Methylation down-
regulates the gene transcription of methylated alleles [13]. 
Overexpression of imprinted genes located at 6q24, such as 
PLAGL1 (pleiomorphic adenoma gene-like 1) and HYMAI (hy-
datidiform mole-associated and imprinted) transcript, is be-
lieved to be associated with disease manifestations [14,15] (Ta-
ble 1). PLAGL1 is a transcription factor that encodes a protein 
involved in the regulation of cell cycle arrest and apoptosis, as 
well as in the induction of the receptor one gene for the potent 
insulin secretagogue human pituitary adenylate cyclase-activat-
ing polypeptide (PACAP1). Diabetes resulting from abnormali-

ties at the 6q24 locus typically occurs before one month of age 
in 93% of cases, and before three months in 100% of cases. In-
trauterine growth restriction was observed across all genetic 
groups, with a higher percentage found in patients with 6q24 
abnormalities than in those with ABCC8 or KCNJ11 mutations. 
Reports indicate that 97% of patients with 6q24 locus abnor-
malities experience remission before one year of age [16]. Addi-
tionally, patients with 6q24 locus abnormalities can experience 
developmental defects (such as macroglossia, umbilical hernia, 
cardiac malformations, renal and urinary malformations, non-
autoimmune anemia, and hypothyroidism with glands in situ) 
and neurological disorders [16].

Mutations of the KAPT Channel Genes (ABCC8 and 
KCNJ11)

The ATP-sensitive potassium channel (KAPT channel) (MIM 
*600509 and *600937) is critical in stimulating insulin secre-
tion in response to glucose in pancreatic β cells. Under low 
blood glucose conditions, KAPT channels are activated and re-
main open, maintaining a hyperpolarized resting membrane 
potential. When blood glucose levels rise, glucose is taken up 
into β cells, entering the glycolytic pathway and increasing in-
tracellular ATP concentration. This leads to the closure of KAPT 
channels, resulting in potassium accumulation within the cell, 
ultimately causing membrane depolarization. Depolarization 
activates voltage-dependent calcium channels, allowing Ca2+ 
ions to enter β cells, facilitating the exocytosis of secretory vesi-
cles, and releasing insulin into the bloodstream. ATP channels 
comprise a tetrameric protein structure formed by two sub-
units encoded by KCNJ11 and ABCC8 [17,18]. Even in indi-
viduals with a normally structured pancreas, activation muta-
tions in either of these genes can disrupt the structure or func-
tion of KAPT channels, leading to neonatal diabetes. These mu-
tations cause the KAPT channel to remain permanently open, 
thereby failing to regulate membrane potential in response to 
rising glucose levels, which ultimately results in impaired insu-
lin secretion. Mutations in the ABCC8 and KCNJ11 genes man-

Table 1. Genetic causes of neonatal diabetes mellitus

Abnormality point Gene Gene function Tansmission mode Type of diabetes

6q24 locus methylation PLAGL1, HYMAI Transcription factor regulation of 
cell cycle arrest and apoptosis

Genetic aberrations of the 
imprinted locus at 6q24

Mostly transient, rare permanent

KAPT Channel ABCC8, KCNJ11 KAPT channel/insulin secretion AD Permanent, transient, DEND
Pro-insulin INS Hormone Rare AR Transient, permanent
Glucokinase GCK Glucose metabolism AD, AR Heterozygous: MODY2

Homozygous: permanent

AD, autosomal dominant; AR, autosomal resessive; DEND, Developmental delay Epilepsy and Neonaral diabetes.
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ifest in approximately 30% of cases before one month of age 
and between 1 and 6 months of age in 66% of cases [3]. In pa-
tients with ABCC8 or KCNJ11 mutations, remission may per-
sist until five years of age [3,19]. Approximately 25% of these 
patients experience neurological disorders ranging from severe 
epilepsy to cognitive developmental delays, commonly re-
ferred to as DEND syndrome (developmental delay, Epilepsy, 
and Neonatal Diabetes) [20] (Table 1). Furthermore, when pa-
tients undergo detailed neuro-psychomotor and neuropsycho-
logical assessments, attention deficits or language disorders, 
including dyslexia, are observed in 100% of cases [3].

Mutations of the Insulin Gene (INS)
Mutations in the insulin gene (INS) (MIM *176730) pre-

dominantly involve heterozygous mutations affecting the 
structure of pro-insulin and are inherited in an autosomal 
dominant manner [21,22]. Pro-insulin with structural abnor-
malities is degraded within the cell, leading to severe endoplas-
mic reticulum (ER) stress and eventual β cell death. This pro-
cess has been documented in mouse models and human stud-
ies, and reports suggest that INS mutations may influence β 
cell growth and development through chronic ER stress rather 
than solely leading to cell death [23-26]. Some mutations alter 
protein expression and are primarily inherited in a recessive 
manner within consanguineous families. These mutations 
have been shown to affect the expression of the insulin pro-
moter directly or are influenced by mutations in factors that 
enhance its activity [27] (Table 1). Rare recessive INS mutations 
may lead to remission at a median age of 12 weeks. However, 
most INS mutations are dominant and do not lead to remis-
sion.

Mutations of the Glucokinase Gene (GCK)
Glucokinase plays a pivotal role in the first step of glucose 

metabolism in β cells and acts as a glucose sensor to regulate 
the amount of insulin secreted. Nonsense mutations of the 
GCK gene (MIM *138079) lead to Maturity Onset Diabetes of 
the Young type 2 (MODY 2), which typically presents as mod-
erate hyperglycemia [28]. This genetic disorder is transmitted 
in an autosomal dominant manner; however, homozygous 
states of these nonsense mutations can result in a complete 
deficiency of glucokinase-mediated glycolysis, leading to neo-
natal diabetes [29] (Table 1). Although this is not a frequent 
cause of neonatal diabetes, it is crucial to check fasting blood 
glucose levels in both parents, mainly if there is a history of 
gestational diabetes. If mild glucose intolerance is found in 

both parents, evaluating mutations in the GCK gene is neces-
sary.

THERAPEUTIC ASPECTS

Patients with neonatal diabetes often begin treatment during 
the neonatal period because of early-onset diabetes and intra-
uterine growth retardation. The initial treatment aims to rebal-
ance carbohydrate metabolism and begins immediately upon 
diagnosis. Treatment should establish a balance between calo-
rie and carbohydrate intake necessary to restore average weight 
(15–18 g/kg/day of carbohydrates) while avoiding excessive in-
take that could lead to future insulin resistance. Additionally, 
sufficient insulin-based treatment is required to achieve appro-
priate metabolic equilibrium. The goal is to normalize blood 
glucose levels without inducing hypoglycemia by targeting 
blood glucose levels before (target: 70–120 mg/dL) and after 
meals (target: 100–145 mg/dL). Both hyperglycemia and hypo-
glycemia can adversely affect the neurological development of 
neonates; therefore, it may be beneficial to use diluted insulin 
or an insulin pump to improve insulin management during 
the early weeks of life. Blood glucose measurements should ac-
curately reflect capillary blood glucose levels and continuous 
glucose monitoring sensors may serve as alternatives.

Patients with mutations in the ABCC8 or KCNJ11 genes were 
successfully treated with hypoglycemic sulfonylureas. These 
sulfonylureas bind to the SUR1 subunit, which regulates po-
tassium channels. In patients with these mutations, the KAPT 
channels remain sensitive to sulfonylureas in approximately 
90% of cases, inhibiting the potassium channels in pancreatic 
β cells and restoring insulin secretion in response to meals. 
Sulfonylurea therapy is reportedly safe and effective for con-
trolling blood glucose levels in neonatal patients with diabe-
tes, even before genetic test results are available. Therefore, em-
pirical inpatient trials on sulfonylureas should be considered. 
Current evidence indicates that treatment with sulfonylureas 
normalizes HbA1c and significantly reduces the incidence of 
hypoglycemia while providing better metabolic control than 
insulin in neonatal diabetes associated with ABCC8 or KCNJ11 
mutations. Recent studies have also demonstrated that when 
introduced early in childhood, hypoglycemic sulfonylureas 
can improve neurological, neuropsychological, and visuomo-
tor impairments [33,34]. Moreover, Garcin et al. showed that 
sulfonylureas could successfully replace insulin in neonatal di-
abetes associated with chromosome 6 methylation abnormali-
ties [35]. This underscores the importance of rapid genetic di-
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agnosis following the diagnosis of neonatal diabetes and high-
lights the critical timing for the introduction of sulfonylureas.

CONCLUSION

Neonatal diabetes is a model for rare human genetic disor-
ders and is pivotal for understanding beta cell function abnor-
malities, including issues related to the 6q24 locus and muta-
tions in genes for the KAPT channel, pro-insulin, and glucoki-
nase. Neonatal diabetes is often associated with specific neuro-
psychological or developmental disorders, necessitating all cli-
nicians treating patients with neonatal diabetes to investigate 
the occurrence of these clinical symptoms. The treatment op-
tions for neonatal diabetes include insulin or sulfonylureas; 
the use of sulfonylureas is associated with a lower risk of hypo-
glycemia. Ultimately, it is essential to establish a prompt ge-
netic diagnosis and prioritize the early introduction of sulfo-
nylureas for the management of neonatal diabetes.

CONFLICT OF INTEREST

Not applicable.

REFERENCES

1. Iafusco D, Massa O, Pasquino B, Colombo C, Iughetti L, Bizzarri 
C, et al. Minimal incidence of neonatal/infancy onset diabetes 
in Italy is 1:90,000 live births. Acta Diabetol. 2012;49:405-8. doi: 
10.1007/s00592-011-0331-8.

2. Kanakatti Shankar R, Pihoker C, Dolan LM, Standiford D, Bada-
ru A, Dabelea D, et al. Permanent neonatal diabetes mellitus: 
prevalence and genetic diagnosis in the SEARCH for diabetes in 
Youth Study. Pediatr Diabetes. 2013;14:174-80. doi: 10.1111/pedi. 
12003.

3. Busiah K, Drunat S, Vaivre-Douret L, Bonnefond A, Simon A, 
Flechtner I, et al. Neuropsychological dysfunction and neurode-
velopmental defects associated with genetic changes in infants 
with neonatal diabetes mellitus: a prospective cohort study. Lan-
cet Diabetes Endocrinol. 2013;1:199-207. doi: 10.1016/S2213-
8587(13)70059-7.

4. Beltrand J, Busiah K, Vaivre-Douret L, Fauret AL, Berdugo M, Cavé 
H, et al. Neonatal diabetes mellitus. Front Pediatr. 2020;8:540718. 

5.Babenko AP, Polak M, Cave H, Busiah K, Czernichow P, Scharf-
mann R, et al. Activating mutations in the ABCC8 gene in neo-
natal diabetes mellitus. N Engl J Med. 2006;355:456-66. doi: 
10.1056/NEJMoa055068.

6. Stoy J, Edghill EL, Flanagan SE, Ye H, Paz VP, Pluzhnikov A, et al. 
Insulin gene mutations as a cause of permanent neonatal diabe-
tes. Proc Natl Acad Sci USA. 2007;104:15040-4. doi: 10.1073/

pnas.0707291104.
7. Bonnefond A, Lomberk G, Buttar N, Busiah K, Vaillant E, Lob-

bens S, et al. Disruption of a novel Kruppel-like transcription 
factor p300-regulated pathway for insulin biosynthesis revealed 
by studies of the c.-331 INS mutation found in neonatal diabe-
tes mellitus. J Biol Chem. 2011;286:28414-24. doi: 10.1074/jbc.
M110.215822.

8. Amiel SA, Caprio S, Sherwin RS, Plewe G, Haymond MW, Tam-
borlane WV. Insulin resistance of puberty: a defect restricted to 
peripheral glucose metabolism. J Clin Endocrinol Metab. 1991; 
72:277-82. doi: 10.1210/jcem-72-2-277.

9. Slingerland AS, Hurkx W, Noordam K, Flanagan SE, Jukema JW, 
Meiners LC, et al. Sulphonylurea therapy improves cognition in 
a patient with the V59M KCNJ11 mutation. Diabet Med. 2008; 
25:277-81. doi: 10.1111/j.1464-5491.2007.02373.x.

10. Johnson MB, De Franco E, Greeley SAW, Letourneau LR, Gillespie 
KM; International DS-PNDM Consortium, et al. Trisomy 21 is a 
cause of permanent neonatal diabetes that is autoimmune but 
not HLA associated. Diabetes. 2019;68:1528-35. doi: 10.2337/
db19-0045.

11. Hattersley AT, Greeley SAW, Polak M, Rubio-Cabezas O, Njøls-
tad PR, Mlynarski W, et al. ISPAD clinical practice consensus 
guidelines 2018: the diagnosis and management of monogenic 
diabetes in children and adolescents. Pediatr Diabetes. 2018;19: 
47-63. doi: 10.1111/pedi.12772.

12. Bowman P, Sulen Å, Barbetti F, Beltrand J, Svalastoga P, Codner E, 
et al. Effectiveness and safety of long-term treatment with sulfo-
nylureas in patients with neonatal diabetes due to KCNJ11 mu-
tations: an international cohort study. Lancet Diabetes Endocri-
nol. 2018;6:637-46. doi: 10.1016/S2213-8587(18)30106-2.

13. Temple IK, Gardner RJ, Robinson DO, Kibirige MS, Ferguson 
AW, Baum JD, et al. Further evidence for an imprinted gene for 
neonatal diabetes localized to chromosome 6q22-q23. Hum 
Mol Genet. 1996;5:1117-21. doi: 10.1093/hmg/5.8.1117.

14. Cave H, Polak M, Drunat S, Denamur E, Czernichow P. Refine-
ment of the 6q chromosomal region implicated in transient 
neonatal diabetes. Diabetes. 2000;49:108-13. doi: 10.2337/dia-
betes.49.1.108.

15. Gardner RJ, Mackay DJ, Mungall AJ, Polychronakos C, Siebert R, 
Shield JP, et al. An imprinted locus associated with transient 
neonatal diabetes mellitus. Hum Mol Genet. 2000;9:589-96. 
doi: 10.1093/hmg/9.4.589.

16. Docherty LE, Kabwama S, Lehmann A, Hawke E, Harrison L, 
Flanagan SE, et al. Clinical presentation of 6q24 transient neo-
natal diabetes mellitus (6q24 TNDM) and genotype-phenotype 
correlation in an international cohort of patients. Diabetologia. 
2013;56:758-62. doi: 10.1007/s00125-013-2832-1.

17. Clement JP, Kunjilwar K, Gonzalez G, Schwanstecher M, Panten 
U, Aguilar-Bryan L, et al. Association and stoichiometry of KATP 
channel subunits. Neuron. 1997;18:827-38. doi: 10.1016/S0896-
6273(00)80321-9.

18. Ashcroft FM, Gribble FM. Correlating structure and function in 
ATP-sensitive K+ channels. Trends Neurosci. 1998;21:288-94. 
doi: 10.1016/S0166-2236(98)01225-9.



 Moon JE: Beta Cell Function Abnormalities in Neonatal Diabetes Mellitus  41

Journal of Interdisciplinary Genomics 2024;6(2):37-41 http://isgm.kr

19. Gloyn AL, Reimann F, Girard C, Edghill EL, Proks P, Pearson ER, 
et al. Relapsing diabetes can result from moderately activating 
mutations in KCNJ11. Hum Mol Genet. 2005;14:925-34. doi: 
10.1093/hmg/ddi086.

20. Slingerland AS, Hurkx W, Noordam K, Flanagan SE, Jukema JW, 
Meiners LC, et al. Sulphonylurea therapy improves cognition in 
a patient with the V59M KCNJ11 mutation. Diabet Med. 2008; 
25:277-81. doi: 10.1111/j.1464-5491.2007.02373.x.

21. Stoy J, Edghill EL, Flanagan SE, Ye H, Paz VP, Pluzhnikov A, et al. 
Insulin gene mutations as a cause of permanent neonatal diabe-
tes. Proc Natl Acad Sci USA. 2007;104:15040-4. doi: 10.1073/
pnas.0707291104.

22. Polak M, Dechaume A, Cave H, Nimri R, Crosnier H, Sulmont V, 
et al. Heterozygous missense mutations in the insulin gene are 
linked to permanent diabetes appearing in the neonatal period 
or in early infancy: a report from the French ND study group. 
Diabetes. 2008;57:1115-9. doi: 10.2337/db07-1358.

23. Izumi T, Yokota-Hashimoto H, Zhao S, Wang J, Halban PA, 
Takeuchi T. Dominant negative pathogenesis by mutant proinsu-
lin in the Akita diabetic mouse. Diabetes. 2003;52:409-16. doi: 
10.2337/diabetes.52.2.409.

24. Colombo C, Porzio O, Liu M, Massa O, Vasta M, Salardi S, et al. 
Seven mutations in the human insulin gene linked to perma-
nent neonatal/infancy-onset diabetes mellitus. J Clin Invest. 
2008;118:2148-56. doi: 10.1172/JCI33777.

25. Meur G, Simon A, Harun N, Virally M, Dechaume A, Bonnefond 
A, et al. Insulin gene mutations resulting in early-onset diabetes: 
marked differences in clinical presentation, metabolic status, and 
pathogenic effect through endoplasmic reticulum retention.

26. Balboa D, Saarimäki-Vire J, Borshagovski D, Survila M, Lind-
holm P, Galli E, et al. Insulin mutations impair beta-cell devel-
opment in a patient-derived iPSC model of neonatal diabetes. 
Elife. 2018;7:e38519. doi: 10.7554/eLife.38519.

27. Bonnefond A, Lomberk G, Buttar N, Busiah K, Vaillant E, Lob-
bens S, et al. Disruption of a novel Kruppel-like transcription 
factor p300-regulated pathway for insulin biosynthesis revealed 
by studies of the c.-331 INS mutation found in neonatal diabe-
tes mellitus. J Biol Chem. 2011;286:28414-24. doi: 10.1074/jbc.
M110.215822.

28. Stoffel M, Froguel P, Takeda J, Zouali H, Vionnet N, Nishi S, et 
al. Human glucokinase gene: isolation, characterization, and 
identification of two missense mutations linked to early-onset 
non-insulin-dependent (type 2) diabetes mellitus. Proc Natl 
Acad Sci USA. 1992;89:7698. doi: 10.1073/pnas.89.16.7698.

29. Njolstad PR, Sovik O, Cuesta-Munoz A, Bjorkhaug L, Massa O, 
Barbetti F, et al. Neonatal diabetes mellitus due to complete glu-
cokinase deficiency. N Engl J Med. 2001;344:1588-92. doi: 10. 
1056/NEJM200105243.

30. Rabbone I, Barbetti F, Marigliano M, Bonfanti R, Piccinno E, Or-
tolani F, et al. Successful treatment of young infants presenting 
neonatal diabetes mellitus with continuous subcutaneous insu-
lin infusion before genetic diagnosis. Acta Diabetol. 
2016;53:559-65. doi: 10.1007/s00592-015-0828-7.

31. Pearson ER, Flechtner I, Njolstad PR, Malecki MT, Flanagan SE, 
Larkin B, et al. Switching from insulin to oral sulfonylureas in 
patients with diabetes due to Kir6.2 mutations. N Engl J Med. 
2006;355:467-77. doi: 10.1056/NEJMoa061759.

32. Carmody D, Bell CD, Hwang JL, Dickens JT, Sima DI, Felipe DL, 
et al. Sulfonylurea treatment before genetic testing in neonatal 
diabetes: pros and cons. J Clin Endocrinol Metab. 2014;99:2709-
14. doi: 10.1210/jc.2014-2494.

33. Slingerland AS, Hurkx W, Noordam K, Flanagan SE, Jukema JW, 
Meiners LC, et al. Sulphonylurea therapy improves cognition in 
a patient with the V59M KCNJ11 mutation. Diabet Med. 2008; 
25:277-81. doi: 10.1111/j.1464-5491.2007.02373.x.

34. Slingerland AS, Nuboer R, Hadders-Algra M, Hattersley AT, Bru-
ining GJ. Improved motor development and good long-term 
glycaemic control with sulfonylurea treatment in a patient with 
the syndrome of intermediate developmental delay, early-onset 
generalised epilepsy, and neonatal diabetes associated with the 
V59M mutation in the KCNJ11 gene. Diabetologia. 2006;49: 
2559-63. doi: 10.1007/s00125-006-0407-0.

35. Garcin L, Kariyawasam D, Busiah K, Fauret-Amsellem AL, Le 
Bourgeois F, Vaivre-Douret L, et al. Successful off-label sulfonyl-
urea treatment of neonatal diabetes mellitus due to chromo-
some 6 abnormalities. Pediatr Diabetes. 2018;19:663-9. doi: 10. 
1111/pedi.12635.


