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Abstract

Monogenic diabetes syndromes result from a mutation of a single gene involved in the
regulation of pancreatic beta-cell function. It is a rare condition, accounting for 1-4% of all
paediatric diabetes cases. This gene defect is usually inherited, either autosomal or recessive,
but a small percentage of spontaneous mutations have been found. There are over 40 subtypes
of genetic mutations identified, each with its unique phenotypical characteristics (Rubio-
Cabezas et al., 2014). Overall, it can be subdivided into two main categories: Maturity onset
diabetes of the Young (MODY) and Neonatal diabetes (NDM). This report will discuss the

incidence, prevalence, and pathogenesis of the MODY and NDM syndromes.
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Diagnostic algorithm for assessment of suspected monogenic diabetes: diabetes

diagnosed at < 35 years ( Richard W 2013).
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MODY 3: Mutation HNF1a

MODY-3 is caused by mutation in the Hepatocyte Nuclear Factor-1 Alpha (HNF1A). It

constitutes about 30 to 70% of all MODY cases and is the most common type of MODY.
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Geographical distribution plays an important role in the incidence of MODY-3, with the United
Kingdom (UK), Netherlands and Denmark being regions with the highest incidence of MODY-3

(Ovsyannikova et al., 2017).

HNF-1A is a transcription factor that is important for beta cells differentiation (Karaca et
al., 2017). The gene encoding transcription factor, HNF-1A, is essential to the underlying
metabolic control exerted by beta-cells in regulating insulin secretion (Yamagata et al., 1996).
The mutations in HNF1A cause a progressive pancreatic beta-cell dysfunction and

hyperglycaemia (Anik et al.,2015).

HNF -1A is associated with the regulation of lipid and carbohydrate metabolism, thus
mutations can lead to dyslipidaemia and cardiovascular complications (Ovsyannikova et al.,
2017). Patients develop glycosuria even at normal blood glucose levels due to reduced renal
reabsorption (Kim, 2015). HNF-1A mutations also predispose patients to an increased risk of
liver neoplasms (Zucman-Rossi et al 2006). MODY-3 is characterized by young age at onset and

family history of young onset diabetes (lwabuchi et al 2013).

MODY 1 & 5: Mutation HNF4a, and 1b

HNF-4A makes up about 10% of MODY cases (Orpha.net, 2014). Children of a parent
with HNF-4A have a 50% risk of inheriting the mutant gene (Diabetes UK, 2016). Diabetes
caused by mutations in the HNF1b gene is a less common type of MODY, accounting for 1-5 %

of cases (Orpha.net, 2014).
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Research has demonstrated that prevalence varies in different regions in the UK.
Accurate prevalence data is difficult due to the cost of genetic diagnosis, and many countries
lack a comprehensive testing program. The variation in referral rate in the UK demonstrates

that many MODY cases are missed (Shields et al, 2010).

Individuals with mutations in HNF4A, (MODY1) present with a mild form of diabetes,
however over time, hyperglycaemia is likely to increase. Pancreatic beta-cell dysfunction, not
insulin resistance, is the primary defect of MODY-1, and manifests as decreased insulin
secretion in response to glucose (Byrne et al, 1995). People with MODY may have a broad range
of diabetic complications, including microvascular complications, particularly involving the

retina and kidneys (Hamosh, 2014).

The most common clinical features of HNF1B, (MODY-5) are renal abnormalities and
early onset diabetes, as well as uterine malformations, male genital tract malformations and
hyperuricemia. The main pathophysiology related to the HNF-1B phenotype is reduced insulin
secretion owing to beta-cell dysfunction, which may be associated with pancreatic atrophy

(Bingham et al, 2004).

MODY 2: Glucokinase (GCK) Mutations

Glucokinase mutations (MODY-2) are the second most common subtype and accounts
for 32% of MODY cases (Shields et al, 2010). Geographical distribution plays a role here also.

Similar percentages were detected in European countries such as Italy with 41% cases and a
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high number of de novo cases (Massa et al., 2001) and 31% in Czech Republic (Pruhova et al.,

2003). In Asian countries, there is lower prevalence of MODY -2 (Kanthimathi et al., 2014).

GCK is a glycolytic enzyme present in the pancreatic beta-cell, liver, brain and many
other tissues in mammals. GCK acts as a key sensor of the pancreatic beta-cells by regulating
the rate of entry of glucose in the glycolytic pathway and its subsequent metabolism. GCK also
stores glucose as glycogen in the liver (Murphy et al., 2013). The glycolytic pathway of GCK
converts glucose to glucose-6-phosphate at glucose levels of above 4.0mmol/L and producing
adenosine triphosphate (ATP), which then causes the extracellular release of insulin that helps

to regulate plasma glucose.

Individuals with heterozygous inactivating GCK mutations present with mild fasting
hyperglycaemia (5.5-8.3mmol/l and HbA1lc 5.8%-7.6% = 40-60mmol/mol) and normal
postprandial glucose levels. There is very mild deterioration with age and many patients do not
require hypoglycaemic agents during their lifetime (Ajala et al., 2016). This is because they

regulate plasma glucose level at its highest set point (Kavvoura and Owen, 2014).

MODY: Other mutations

Other mutations that cause MODY are rare, with ten other identified genetic mutations,
and many more unidentified (Hamosh and O'Neill, 2016). These genes are expressed in the
pancreatic beta-cell and are involved in glucose homeostasis. Heterozygous mutations cause

diabetes related to beta-cell dysfunction (Polonsky and Burant, 2016).
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Neonatal diabetes mellitus (NDM)

NDM is a rare monogenic form of diabetes defined as persistent hyperglycaemia
requiring insulin, within first six months of life (Shah et al., 2014). The genetic defect grossly
affects the development of Beta-cell numbers and function leading to poor feeding, failure to

thrive and hyperglycaemia (Nansseu et al., 2016).

NDM has two variants: transient (TNDM), which accounts for 50-60% of cases and
resolves by early infancy although it may relapse in early childhood; and permanent (PNDM),

which is less prevalent and requires lifelong treatment (Polak and Cavé, 2007).

Many epidemiological studies have looked at the incidence of NMD and reported this as
1in 300,000 to 400,000 (Grulich-Henn et al., 2010). The SEARCH study estimated the incidence
of PNDM in the US as 1: 225000, which is similar to the UK, Netherlands and Poland (1:

260,000) (Shankar et al., 2012).

The common mutations in PNDM include a defect in the KCNJ11 gene, ABCC8 gene and
INS gene. These account for 30%, 20% and 20%, respectively of patients with PNDM. The
KCNJ11 and ABCC8 genes provide instructions in making subunits of ATP-sensitive potassium
channel (K- ATP channel). Each K-ATP channel consists of 8 subunits: four produced from
KCNJ11 gene and four from ABCC8 gene. K-ATP channels are found across cell membranes in
the pancreatic beta cells. The K-ATP channels open and close in response to the amount of

glucose in the blood stream. Closure of channels, in response to increased blood sugar, triggers
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the release of insulin out of beta-cells into the blood stream. Mutations in KCNJ11 or ABCC8
genes result in K-ATP channels that do not close, leading to reduced insulin secretion from

beta-cells and impaired blood sugar control (Genetics Home Reference, 2018).

INS gene provides instructions for making insulin. The insulin is produced in a precursor
form called proinsulin, which consists of a single chain of amino acids. The proinsulin chain is
cleaved to form A and B chains which are joined together by disulphide bonds to form insulin.
Mutations in the INS gene disrupt the cleavage of proinsulin chain or the binding of A and B
chains to form insulin leading to impaired blood sugar control. (Genetics Home Reference,

2018)

Clinical features include intrauterine growth retardation, persistent hyperglycaemia
(>150 -200mg/dl) in infants younger than six months, glycosuria, osmotic polyuria, ketonuria,
hyperketonaemia, dehydration, and failure to thrive. In some cases, individuals have
developmental delay and epilepsy in addition to neonatal diabetes. A small number of
individuals with PNDM have an under developed pancreas which can result in digestive

problems such as fatty stools and inability to absorb fat-soluble vitamins (DelLeon et al., 2016).

TNDM is diabetes beginning in the first six weeks after birth, owing to a lack of insulin
production. This remits by the 18th month of life. However, despite this remission, most
children will develop diabetes later in life. This occurs in 50% of patients and corresponds with
periods of growth, and thereby increased insulin demand, such as puberty or pregnancy

(Flanagan, 2014).
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The signs and symptoms of TNDM are as follows. Infants often have very stunted
intrauterine growth, and are small at birth, falling in the third percentile or below. In some
cases macroglossia, umbilical herniation, epilepsy and learning difficulties have also been
present (Wessex Imprinting Group, not dated). Prevalence of TNDM in the UK was initially
estimated at 1:400,000 (Shield et al 1997), but more recent calculations estimate total NDM

incidence of 1:215,000 to 1:400,000 (Stanik et al 2007, Wiedemann et al 2010).

TNDM occurs due to overexpression of an imprinted paternally expressed gene on
chromosome 624, in the ZAC and HYMAI regions. ZAC functions as a regulator of cell cycle
arrest and apoptosis and overexpression affects the absolute number and efficiency of beta
islet cells during pancreatic development. ZAC also affects islet cell responsiveness to PACAP-
receptorl (Pituitary Adenylate Cyclase Activating Polypeptide), a potent insulin secretagogue

(Temple and Shield, 2002).

Clinical Investigations

When MODY is suspected, evaluation should be done to determine appropriate
selection of patients for genetic testing (Naylor and Philipson, 2011). MODY can be misclassified

as TIDM or T2DM, and subsequently, the patient may be administered the wrong treatment.

In TIDM, autoantibodies, including autoantibodies to islet cells, GAD, insulin, the
tyrosine phosphatases IA-2 and IA-2, should be obtained before considering genetic testing

(Borg et al., 2002). FPG, insulin and C-peptide levels can distinguish between MODY and T2DM
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with hyperinsulinemia and high or normal C-peptide in T2DM. Some subtypes of MODY may
also have a distinct pattern on oral glucose tolerance test (OGTT), like a small incremental
increase between FPG and 2hPG in MODY-2 versus a large increase in MODY-3(Naylor and

Philipson, 2011).

Urinary C-peptide: creatinine ratio can further distinguish subtypes MODY-1 and MODY-
3 from T1DM, if duration of disease has been more than 5 years (Besser et al., 2011). These
diagnostic tools may facilitate selection of patients for genetic testing. Molecular genetic
testing should be pursued in individuals fitting a clinical phenotype of MODY using certified

laboratories (Naylor and Philipson, 2011).

Conclusions: MD (Monogenic diabetes) should be always considered for differentiating
from other diabetes, though not common but should be considered as differential diagnosis,
and should go for Genetical testing so that outcomes can be improved, It is not as rare as
considered previously. Genetic testing will be more cost effective as the cost of the test
decreases, In developing Nation cost is biggest factor for diagnosis in public health facilities
where testing is virtually absent in public institutions and available in private domain. likelihood
of diagnosis of a monogenic cause increases with available facilities and treatment for life long

benefit to patient.
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