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Abstract 

Neonatal diabetes mellitus (NDM) is a rare kind of diabetes characterized by hyperglycemia and low 

levels of insulin. Clinically, it is categorized into two main types: Transient NDM (TNDM) and 

Permanent NDM (PNDM). These types are diagnosed based on duration of insulin dependence early 

in the disease. In TNDM, diabetes begins in the first few weeks of life with remission in a few 

months. However, infant with PNDM have insulin secretion failure in the late fetal or early post-natal 

period with no remission. Mutation in the KCNJ11 and ABCC8 genes can cause both TNDM and 

PNDM, and infant with this mutation can respond to transition from insulin to sulfonylurea making 

identification of genes involved in the disease important for appropriate treatment. 
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1-Introduction 

Neonatal diabetes mellitus (NDM) is a 

rare kind of diabetes (1:300,000–400,000 

newborns) which diagnosed within the 

first 6 months of life. Clinically it is 

categorized based on the duration and 

progression in two subtypes: Transient 

neonatal diabetes mellitus (TNDM) and 

permanent neonatal diabetes mellitus 

(PNDM). These types of diabetes are 

monogenic diseases and caused by a 

singles gene mutation (1, 2). About 50% to 

60% of cases of neonatal diabetes are 

TNDM.  

NDM also can be existing as a part of a 

syndrome (syndromic NDM) (3). Clinical 

features cannot help the technician to 

identify which kind of NDM will improve 

in a neonate with diabetes. However, 

Molecular genetic tests can differentiate 

between these two types of NDM 

according to the identification of mutations 

in especial genes. The identification of 

underlying mutation is necessary for 

opting of appropriate therapy. For 

instance, sulfonylurea agents can be used 

instead of insulin in patient with mutations 

in KCNJ11 (4). Diabetes in infants usually 

are not related to classical type 1 diabetes 

(5) and studies show auto antibodies are 

rare and Human leukocyte antigen (HLA) 

haplotypes have  a protective role in most 

cases of NDM (2).This article reviews 

susceptible genes inducing different kind    

of NDM.                               

 

 

                                               Fig. 1: Diagram of involved genes in NDM 

Abbreviation; NDM: Neonatal Diabete Mellitus; TNDM: Transient Neonatal Diabete Mellitus; PNDM: 

Permanent Diabete Mellitus; AR: Autosomal recessice; AD: Autosomal Dominant. 
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2- Materials and Methods 

This article as a review study focuses 

on the reported genes and their variations 

in susceptibility to different type of 

neonatal diabetes mellitus. We conducted a 

thorough literature search using Google 

and Google Scholar in Scopus and Pubmed 

databases by considering key words such 

as “NDM”, “TNDM”, “PNDM”, 

“Mutations” and “Genetic variation”. 

Here, after evaluating different kind of 

article including original, review and meta 

analysis, we summarized the last up-to-

dated reported mutations, variations, their 

effects on protein structure, etiology and 

their mode of inheritance leading to 

different type of NDM.  

3-Results 

The mutations that cause NDM can be 

involved in beta-cell apoptosis, pancreas 

development and insulin processing, which 

provide useful tools for the identification 

of fundamental molecular etiology of the 

disease for researcher. Importantly, the 

identification of mutation in susceptibility 

to NDM can also lead to better prognosis, 

therapeutic approach and genetic 

counseling.  

3.1-Transient Neonatal Diabetes Mellitus 

(TNDM) 

TNDM is appeared within days of birth 

and resolves by age 18 months 

characterized by Intrauterine growth 

retardation (IUGR), hyperglycemia, failure 

to thrive and dehydration in some cases 

(6). TNDM is sporadic; however, paternal 

transmission can be seen in about one-third 

of reported patients. There are candidates 

genes contributing to neonatal diabetes 

mellitus type 1 (TNDM1) (OMIM: 

601410) in the imprinted locus 6q24 

region including: transcription factor 

ZAC1 (LOT1, PLAGL1) and HYMAI 

gene (7). ZAC1 (finger gene involved in 

apoptosis and cell-cycle control 1 genes) is 

the regular of Pituitary adenylate cyclase-

activating polypeptide receptor (PACAP 

1), a transcription factor, that has an 

important role in the regulation of insulin 

secretion. Hydatidiform Mole Associated 

And Imprinted (HYMAI) is a non-coding 

RNA with unknown function. Naturally, 

Differentially Methylated Region (DMR) 

methylation suppresses PLAGL1 and 

HYMAI maternal alleles; Consequently 

only paternal alleles can express. But 

paternal uniparental isodisomy of 

chromosome 6, maternal methylation 

defects and paternally inherited duplication 

of 6q24 make the PLAGL1 and HYMAI 

alleles to express more than usual (8). 

Studies indicate that maternal methylation 

defects include hypomethylation of the 

maternal PLAGL1 and HYMAI 

(hypomethylation at imprinted loci (HIL)) 

as a result of mutations in DMR 

(differentially methylated region) or 

ZFP57 gene. ZFP57 is on chromosome 

and 6p22.1 covering 8.6-kb genomic 

region. It has six exons coding the ZFP57 

protein, Kruppel-associated box domain 

(KRAB) zinc finger protein, with 516 

amino acids. Exons 4 and 5 encode KRAB 

A and KRAB B domain. Exon6 encodes 

seven C2H2 Zinc fingers. Studies show 

DNA methyltransferases (DNMTs) are 

recruited by ZFP57 and its cofactor 

(KRAB-associated protein 1), therefore 

intact ZFP57 protein is essential for the 

maintenance of DNA imprints (9, 10). 

Mackay et al. (2008) identified ZFP57 

gene as a good candidate gene in 

susceptibility to TNDM in seven families 

(Table 1). Based on their study, all 

individuals identified with mutations in 

ZFP57 were hypomethylated at the 

Paternally expressed gene 3 (PEG3) and 

Growth factor receptor-bound protein 10 

(GRB10) (11).  

TNDM2 (OMIM: 610374) caused by 

mutations in the ABCC8 [ATP-binding 

cassette, sub-family C (CFTR/MRP), 
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member 8]. KCNJ11 mutations (potassium 

channel, inwardly rectifying subfamily J, 

member 11) gene also making neonate 

susceptible to TNDM3 (OMIM: 610582). 

The KCNJ11gene codes the Kir6.2 

subunits and ABCC8 gene is responsible 

for the producing of sulfonylurea-receptor 

subunits (SUR1) of ATP-sensitive 

potassium K(ATP) channel (12, 13) . The 

K(ATP) channel of pancreatic β cell 

regulates glucose-stimulated insulin 

secretion. The more glucose metabolism 

increase, the more ATP/ADP produce and 

as a result the membrane become 

depolarized and the channel get closed. 

Consequently, Ca2+ level  becomes 

increased and it induces insulin secretion 

from β cells (14, 15). Babenko et al. 

(2006) identified different mutations in 

ABCC8 gene causing TNDM2 (Table.1) 

(13). Yorifuji et al. (2005) identified a 

novel mutation in KCNJ11 in 4 individuals 

in 3-generation Japanese family with 

inherited diabetes mellitus among whom 

one had TNDM.  Their study revealed that 

the mutation reduced ATP sensitivity by 

increasing spontaneous open probability 

(16). Based on Edghill et al. (2007) study, 

the majority of de novo KCNJ11 mutations 

happen during gametogenesis or 

embryogenesis increasing risk of 

susceptibility for subsequent sibs (17). 

Table.1 shows reported mutation regarding 

susceptibility to TNDM (11, 13, 16, 18-

27).

 

      Table 1: Reported mutations in susceptibility to TNDM 

Ref. Cases Variant Ref. Cases Variant Gene 

Mackayet al. 

2008 

Family 4: proband H438D 

Mackay et 

al. 2008 

Family 1:proband 1 & 2 C241X 

ZFP57 

 

Family 5: proband R228H 
Family 2: proband 1 & Case 

2 
E86VfsX28 

Family 6: proband H257N Family 3: proband G441GfsX17 

Boyraz et al. 

2013 

A case T139S Family 7: proband R228H 

A case A325P 
Boyraz et al. 

2013 
A case S252F 

Babenko et al. 

2007 

Family 19: proband R1379C 
Babenko 

et al. 2006 

Family 13:Father and  son C435R 

ABCC8 

 

Family 28:Father and  son R1182Q Family 28: proband H1023Y 

Family 

17:I2,II2,III3,III2,IV3,IV6 
R1379C 

Family 36: proband/family 

16 :I2,II3&II4,III1&III2 
L582V 

Flanagan et al 

2007 

Proband and his mother 

and maternal aunt 
D212I 

Flanagan et 

al. 2007 

Proband  with her mother D209E 

Proband V324M 
Proband with his brother 

and mother 
D212N 

Proband R826W Proband and her sister L451P 

Proband R1183Q Proband R1183W 

Proband R1380H Proband R1380C 

Colombo et al. 

2005 
Proband R201H 

Yorifuji et 

al. 2005 
A case C42R 

KCNJ 

Gloyn et al. 

2005/Flanagan 

et al 2007 

Study1:Proband/ study 2: 

proband, her brother and 

mother 

G53S 
Gloyn et al. 

2005/Flanag

an et al 2007 

Study1:Proband/study 

2:proband and his mother 
G53R 

Suzuki et al. 

2007/ Ioannou 

et al. 2011 

Study1: a case/ study 2: a 

case 
R50Q Proband I182 V 

Flanagan et al  Proband and paternal  
R34G 

Suzuki et al. 

2007 
A case A174G 

2007 grand father 
    

http://www.omim.org/entry/610374?search=OMIM%20610374&highlight=omim%20610374#1
http://www.omim.org/entry/610374?search=OMIM%20610374&highlight=omim%20610374#1
http://www.omim.org/entry/610582?search=610582&highlight=610582#6
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Flanagan et al 

2007 / Martins 

et al.2015 

Study1:proband and his 

father and paternal 

grandmother/ 

Study2:proband 

E227K 

Flanagan et 

al 2007 

A case E179A 

Flanagan et al 

2007 
Proband R365H 

4 families:A proband, 

proband with his sister, 

proband with his mother, 

proband with his father 

E229K 

Şıklar et al. 

2011 
A case E322A 

Kocha et al. 

2010 
Proband Q227K 

Khadilkar et 

al. 2010 

Proband with her sister 

and brother 
G53V 

Şıklar et al. 

2011 
A case D352H 

 

3.2-Permanent Neonatal Diabetes 

Mellitus (PNDM)  

PNDM describes as diabetes which onsets 

before the age of 6 months and persists 

through life. The five major genes 

involved in the disease are KCNJ11, 

ABCC8, INS, GCK, and PDX1. In the 

disease studies indicate mutations in 

KCNJ11 and ABCC8 genes account for 

approximately 40% of PNDM (28). 

PNDM can also be as a result of a number 

of syndromes including Wolfram 

syndrome, Immunodysregulation 

polyendocrinopathy enteropathy X-linked 

syndrome (IPEX syndrome), and Wolcott–

Rallison syndrome (WRS).  Mutations in 

the Insulin gene (INS gene) also are the 

reasons of 12% of PNDM. The study done 

by Anna  Gloyn and colleagues revealed 

that 10  out  of  29 patients  with  PNDM  

were  heterozygote for dominant inherited 

mutation in KCNJ1 gene (29). Based on 

previous studies, all mutations in KCJN11 

gene are heterozygote and they can have 

effects on ATP mediated closure of the 

channel or combined with channel gaiting 

and channel conformation which can lead 

to keep it opened (30, 31). The mode of 

inheritance for KCNJ11 is an autosomal 

dominant, ABCC8 and INS is autosomal 

dominant or autosomal recessive GCK and 

PDX1 is autosomal recessive. 

Heterozygote mutations of GCK and 

PDX1 genes cause a milder form of 

diabetes mellitus such as GCK-familial 

monogenic diabetes [formerly known as 

Maturity-onset diabetes of the young type 

2 (MODY 2)] and PDX1-familial 

monogenic diabetes (formerly known as 

MODY 4). However Gloyn et al. (2002) 

concluded that  glucokinase deficiency is 

not the main reason of PNDM (32). 

Mutations in FOXP3, PTF1A, GLIS3, 

NEUROD1, RFX6, NEUROG3, 

EIF2AK3, GATA6, SLC19A2, HNF1B, 

PAX6 and WFS1 genes can cause 

syndromic form of neonatal diabetes. 

Proks et al. (2006) reported a de novo 

missense mutation in the ABCC8 gene in a 

male patient with PNDM who had severe 

developmental delay, and generalized 

epileptiform activity on 

Electroencephalogram (EEG). Studies 

indicated that the mutation can be 

increased the whole-cell K(ATP) current 

which can   reduced sensitivity of the 

K(ATP) channel to inhibition by Mg-ATP 

(33). Based on the results of Stoy et al. 

(2007), heterozygous missense mutation in 

INS gene, which encodes pro insulin 

hormones, can be caused PNDM. In their 

study, PNDM patients  identified with 

mutations in the INS gene have a median 

age of 9 weeks (34). Edghill et al. (2008) 

reported 16 different INS mutations in 35 

patients with PNDM (35). Table 2 shows 

identified mutations in susceptible genes to 

PNDM (13, 23, 36-49). Gloyn et al. (2006) 

reported that phenotype can be variable 

between patients, even among individuals 

who have the same mutations (38).  

 

          

http://www.omim.org/entry/606176?search=%23606176&highlight=606176#7
http://www.omim.org/entry/606176?search=%23606176&highlight=606176#14
http://www.omim.org/entry/606176?search=%23606176&highlight=606176#18
http://www.omim.org/entry/606176?search=%23606176&highlight=606176#18
http://www.omim.org/entry/606176?search=%23606176&highlight=606176#4
http://www.omim.org/entry/606176?search=%23606176&highlight=606176#6
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      Table 2: Reported mutations in susceptibility to PNDM 

Ref Cases Variant Gene Ref Cases Variant Gene 

Sagen et al. 2004 

3 proband in 3 

families 
V59M 

KCNJ1 

Sagen et al. 

2004 

Proband F35V 

KCNJ1 

Proband F331I 
Proband and 

her mother 
R201H 

Lau et al. 2015 Proband Gly334Val 

Proband , her 

 sister, her 

mother and 

maternal 

grandmother 

Y330C 

Gloyn et al. 2006 

Proband R201H 
Ioannou et 

al.2011 
2 cases R201H 

Proband V59M 
Gloyn et al. 

2006 
Proband C166F 

Jain et al .2012 Proband R168C 

ABCC8 

Ilkhanipoor et 

al. 2013 
Proband R201 L 

Ellard et al. 2007 

A case V86G 

Ellard et al 

.2007 

A case V86A 

ABCC8 

A case F132V A case F132L 

A case Q211K A case D209E 

A case E382K A case L225P 

A case N72S A case A1185E 

A case G1401R A case P45L 

A case V1523L A case T229I 

A case Y179X A case P207S 

A case V1523A A case E1327K 

Babenko et al. 2006 Proband L213R A case T1043QfsX74 

Hussain et al. 2013 A case L13R 

INS 

Babenko et al. 

2006 
A case I1424V 

Talaat, et al.2014 A case C109Y 
Ahamed et 

al.2008 
A case C96Y 

INS 
Kshirsagar et al. 2013 A case L105P 

Long et 

al.2015 
A case A24D 

Bennett et al.2011 Proband G261R 

GCK 

Bennett et 

al.2011 

Proband with 

her sister and 

brother 

Q96X 

GCK Njølstad et al.2003 

 

A case A378V 
Njølstad et 

al.2003 

 

Proband M210K 

A case G264S A case IVS8+2 

Nicolino et al.2010 A case E178G 

PDX1 

Turkkahraman 

et al.2008 
A case T168A 

Franco et al.2013 
A case A152G Franco et 

al.2013 

2 cases P87L 
PDX1 

A case C18X A case R176Q 

 

4-Conclusion 

   Although main etiology of NDM is still 

unknown, studies indicate genetic factors 

can be seen in most cases. Recently, many 

progresses have been made through 

identification of genes involved in NDM. 

The molecular genetic testing is 

compulsory for infants with diagnosis of  

 

 

   

 

  diabetes after 6 month especially when 

they have affected individuals in their 

family.  Therefore, besides the importance 

of clinical and laboratory findings, 

significance of genetic analysis should be 

considered. 

5-Conflict of Interest: None. 
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