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Abstract 
Monogenic diabetes was identified as a separate domain of diabetes, which is 
a rather generic representation of diseases characterized by hyperglycemia. It 
was then indicated that the differential diagnosis of such conditions is based on 
the genetic testing of the patients as well as identification of the specific gene 
that is mutated. The concept of integrative application of pharmacogenomics 
and personalized medicine for its treatment was proposed after the realization 
of the fact that the pathophysiology and therapeutic efficacy of the subsequent 
treatment methods depend upon the gene which is mutated. The article presents 
a concise overview of the need of research and development of personalized 
medicine based approaches for the treatment of monogenic diabetes.
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Introduction
Diabetes is a multi-symptomatic, multifactorial systemic 
disorder, the pathophysiological implications of which are 
multidimensional in nature.

In simple terms, diabetes refers to the physiological outcomes 
of insufficient secretion of insulin, defective functioning of the 
secreted insulin or both (American Diabetes Association, 2014) 
[1].

Such inefficient functioning of insulin leads to increased retention 
levels of glucose (sugar) in the blood serum.

The energy gap caused due to insufficient breakdown of glucose 
molecules and the physiological discrepancies caused due to 
circulation of sugary blood (high sugar concentration) cause 
a myriad of bodily changes that are together referred to as 
diabetes.

Based on underlying etiology and the symptomatic manifestation, 
diabetes can be divided into many sub-groups. The American 
Diabetes Association (2015) defines the following categories of 
diabetes [2]:

•	 Type-1 diabetes (usually caused due to destruction of 
structure and function of the β-cells, which leads to insulin 
deficiency in the patient)

•	 Type-2 diabetes (caused due to defects in the process of 
secretion of insulin and is usually manifested as a result of 
insulin resistance)

•	 Gestational diabetes mellitus (hyperglycemia caused due to 
the hormonal and physiological changes occurring due to 
pregnancy)

•	 Rare forms of diabetes caused due to etiological factors distinct 
from that of the above mentioned ones. E.g., monogenic 
diabetes (includes neonatal diabetes and maturity-onset 
diabetes of the young [MODY]) as well as diabetes induced 
due to specific drugs or hormonal changes.

The type-1 and type-2 diabetes are the most common forms of 
diabetes occurring in adults. As far as their etiological basis is 
concerned, it has already been illustrated that they are polygenic 
in nature [3,4]. In other words, the occurrence of type-1/type-2 
diabetes is mostly attributed to genetic mutations in more than 
one gene, usually the ones involved in glucose metabolism. In 
addition to their genetic basis, other factors such as obesity, 
physical activity levels and environmental factors are also known 
to have contributory effects towards their occurrence [5].

On the other hand, monogenic diabetes is caused due to the 
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presence of mutated copy of a single gene. They are extremely 
rare in occurrence and account for only 1 to 5 percent of the 
total number of cases of diabetes [6]. It is important to note that, 
diabetes in all its forms is characterized by hyperglycemia. Though 
it primarily signifies underlying physiological discrepancies in 
the functioning of glucose metabolic pathways, it does not 
provide any information regarding the etiological basis of the 
same. This means that basic methods of biochemical testing 
are inadequate to identify the nature and exact etiological basis 
of the disease. In depth investigation of the genetic factors as 
well as of the simultaneous presence of hormonal fluctuations 
or drugs are crucial to pin-point the type of diabetes, so that 
an appropriate treatment and management regimen can be 
determined. Furthermore, it is natural to presume that since 
the pathophysiological manifestation of the disease is similar 
(irrespective of its etiological basis), then the administered 
modes of treatment are also alike. However, in reality that is not 
at all correct. How and why this occurs is discussed (with special 
reference to monogenic diabetes) in the subsequent sections of 
this article.

Due to these recent revelations, it is suggested that genetic testing 
should be included as a routine diagnostic methodology. Doing so 
can help in identification of the causative genetic mutations and 
differentiate monogenic diabetes [7]. The importance of doing 
so can be understood from the fact that corrective replacement 
or augmentation of the function of the mutated gene can cure 
this monogenic diabetes and altogether eliminate the need of 
administration of insulin based drugs. Furthermore, monogenic 
diabetes is mostly hereditary in nature. It is thus suggested that 
identification of the mutation in the parents can help in fast and 
effective diagnosis and prognosis of the disease in the offspring.

Most of the mutations that result in monogenic diabetes are 
known to impact either the patients’ ability to produce insulin 
or use it for the breakdown of glucose. Extant medical literature 
classify monogenic diabetes in two major categories, namely 
Neonatal diabetes mellitus (NDM) and maturity-onset diabetes 
of the young (MODY).

Pathophysiological and genetic basis of Neonatal 
diabetes mellitus (NDM)
As the name indicates, NDM refers to the occurrence of diabetes 
in neonates (younger than 6 months). On the basis of the nature 
of clinical presentation of NDM, it is further divided into two sub-
groups: transient (T) NDM and permanent (P) NDM. While TNDM 
is known to develop few weeks after the birth of the child and 
resolve within few months (though relapse may occur during 
adolescence), PNDM initiates in the first few months after the 
birth of the child and persists for the entire lifespan [8].

TNDM
Transient NDM is mostly implicated to the mutations that 
are responsible for bringing about imprinting defects of 
chromosome 6q24. Genomic imprinting refers to the molecular 
mechanisms that inflict parent based regulation of expression 
of an allele. This usually occurs due to epigenetic silencing of 

an allele via methylation and histone modification. This means 
that the said gene relies on monoallelic phenotypic expression. 
As far as mutations in the chromosome 6q24 imprinted region 
are concerned; expression of the paternally inherited 6q24 
region and silencing of the maternally inherited allele occurs 
in healthy babies. Conversely, if the maternally inherited allele 
gets activated mostly due to hypomethylation of the maternal 
differentially methylated region (DMR), TNDM occurs [9].

PNDM
PNDM is the outcome of occurrence of mutation in the genes 
that are responsible for pancreatic development and functioning 
of the β-cells. Studies indicate that presence of mutated copies 
of KCNJ11 and ABCC8 genes which are responsible for encoding 
Kir6.2 and SUR1 subunits of the ATP sensitive potassium channel, 
which in turn is responsible for the optimal release of insulin by 
the β-cells, cause the occurrence of permanent neonatal diabetes 
mellitus (PNDM). In addition to the above mentioned genes, 
mutations in PTF-1α, EIF-2AK3, IPF-1 (Pdx-1), Glucokinase, FOXP3 
and GLIS3 are also associated with the occurrence of PNDM [10].

Treatment of NDM with personalized medicine
NDM is considered an optimal model for the study and application 
of personalized medicines for the specific and effective treatment 
of NDM children without causing any unintended secondary 
complications. The role of this contemporary approach of 
treatment especially becomes ever so important in NDM patients 
(both PNDM and TNDM) who developed the disease due to 
mutations in the ABCC8/KCNJ11 gene. Since mutations in any 
of the two specified genes are known to distort the functioning 
of the ATP-sensitive potassium (KATP) channel that controls 
of insulin release, it was suggested that administration of oral 
sulfonylureas can help in treating the condition without the 
need of administration of insulin. Oral sulfonylureas are known 
to block the KATP channels and regulate the release of insulin, 
thereby treating hyperglycemia [11,12].

Pathophysiological and genetic basis of MODY
Maturity-onset diabetes of the young (MODY) is a rather rare 
form of diabetes which often has very slow progression rate. Due 
to its mild manifestation it has been observed that many patients 
do not require the administration of insulin. Furthermore, this 
particular form of diabetes is known to have familial clustering 
due to the autosomal dominant inheritance of genetic mutations 
responsible for beta cell development and functioning. Nair et al. 
[13] indicate the chief clinical factors of MODY as:

·	 Onset of Diabetes in a rather young age (<25 years)

·	 Familial clustering: occurrence of diabetes in 2 to 3 family 
members

·	 Non-insulin dependence

It is worthwhile to consider that presence of overlapping 
symptoms of the different types of diabetes often leads to 
misdiagnosis of the MODY as type-1 diabetes. Considering all 
these factors, it is evident that genetic testing or molecular 
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analysis of the factors associated with the manifestation of the 
disease is imperative to correctly identify and classify the type 
of diabetes. In order to do that, it is crucial that the genetic 
mutations associated with the occurrence of this specific type of 
diabetes are identified beforehand [14].

Furthermore, MODY is a genetically heterogenic group of 
disorders, the manifestation of which is based on the gene 
which is mutated in the patient. It is crucial to consider these 
heterogenic features while making a diagnosis because they have 
deep impact on the metabolic and symptomatic manifestation of 
the disease [15]. The various genetic mutations and the type of 
MODY they cause are listed in Table 1.

Though the above table represents 13 different types of MODY 
and it is speculated that there are many more types the genetic 
mutation behind which are yet to be identified. Due to the 
established prevalence of the MODY1, MODY2 and MODY3, 
the article will focus on their treatment through personalized 
medicine and pharmacogenomics.

Personalized Medicine for treatment of MODY
Personalized medicine for diabetes (PMFD) encompasses the 
application of the knowledge of genetic basis of the disease in 
a diabetic person so as to customize the prospective methods 
of diagnosis, prognosis and treatment of the same [16-19]. 
The concept of personalized medicine relies on the fact that 
the therapeutic efficacy of a treatment regimen depends 
on its interaction with a plethora of biomolecules. Since the 
physiological state of being of no two patients is alike, it is obvious 
to assume that the level and outcome of such interactions are 
also different.

This can be clearly understood from the example of MODY. 
Even though a patient is identified to be suffering from MODY, 
the specific causative genetic mutations that bring about the 
manifestation of the disease may be different. It is thus necessary 
to identify the sub category of the MODY that the patient belongs 
to so that a specific treatment regimen can be identified and 

administered so as to achieve better therapeutic outcomes. 
Since the advent of methods and techniques that enable the 
study and identification of specific type of MODY that the patient 
is suffering from, it is evident that the concept of application of 
personalized medicine in such cases is also recent [20].

MODY3, one of the most common types of MODY, is caused due 
to the presence of a mutated copy of the HNF1A gene. The gene is 
responsible for the expression of the transcription factor hepatic 
nuclear factor 1-α (HNF1-α) which in turn is responsible for the 
expression of multiple genes associated with glucose metabolic 
pathways and secretion of insulin hormone. Interestingly, MODY1 
(another variant of the disease) is caused due to the presence of 
mutated hepatic nuclear factor 4-α (HNF4-α) gene. It is important 
to note that amino acid sequence of HNF1-α bears 55% similarity 
with that of HNF4-α which is mutated in MODY1 [20].

Conclusion
The importance of genetic testing and diagnosis of MODY1 or 
MODY3 as well as administration of personalized medicines in 
such patients can be understood from the fact that such patients 
are hypersensitive to sulfonylureas, which is probably the most 
common oral hypoglycemic drug. The hypersensitivity of such 
patients towards the drug is attributed to the fact MODY1 and 
MODY3 are caused due to mutation in the HNF1-α and HNF4-α 
genes. These mutations cause decrease in the levels of expression 
of the corresponding proteins i.e. HNF1-α and HNF4-α in the 
liver. The decreased levels of expression cause decreased uptake 
of sulfonylureas due to which the amount of drug circulating in 
the blood becomes significantly higher than the amount of drug 
actually absorbed by the body. In order to avoid the unintended 
hypersensitive reactions against the drug, it is recommended 
that MODY1 and MODY3 patients are administered low doses of 
sulfonylurea (around one-tenth of the standardized dosage) [21].

On the other hand, MODY2 which is caused due to mutation in the 
glucokinase (hexokinase 4) (GCK) gene, is known to decrease the 
affinity of the above mentioned enzyme to bind with glucose. As 
a result, the process of monitoring of blood glucose levels by the 
pancreatic β-cells and secreting insulin as and when required is 
compromised. Hence, MODY2 patients’ present non-progressive 
mild hyperglycemia [22]. It has been observed that most cases 
of MODY1 don’t require the administration of oral hypoglycemic 
agents. Furthermore, even if they are administered they are not 
found to exert significant impact on the condition of the patient. 
However, recent reports on long term studies on MODY1 patients 
indicated that persistent mild hyperglycemia may induce insulin 
resistance and/or gestational diabetes mellitus in future [23,24]. 
It is thus highly important to access the presence/absence of GCK 
mutation in expecting mothers and the fetus (carrier status) so as 
to design and recommend ideal glycemic control measures during 
the gestation period. If not done so, maternal GCK mutations 
cause increase in the birth weight of the fetus, while, fetal GCK 
mutations causes reduced birth weight, both of which may are 
not recommended for the sustained health performance of the 
mother and the child [25].

It is hence recommended that the increased application of 

Mutated Gene Type of MODY 
caused

Hepatocyte nuclear factor 4 α (HNF4A) MODY1
Glucokinase (GCK) MODY2

HNF1A MODY3
pancreatic and duodenal homeobox 1 (PDX1) MODY4

transcription factor 2 (TCF2) or HNF1B MODY5
neurogenic differentiation 1 (NEUROD1) MODY6

Kruppel-like factor 11 (KLF11) MODY 7
carboxyl ester lipase (CEL) MODY8

paired-box-containing gene 4 (PAX4) MODY9
insulin (INS) MODY10

B-lymphocyte kinase (BLK) MODY11
adenosine triphosphate (ATP)-binding cassette,  
sub-family C (CFTR/MRP), member 8 (ABCC8) MODY12

potassium channel, inwardly rectifying subfamily J, 
member 11 (KCNJ 11) MODY13

 Table 1 List of the genetic mutations and the type of MODY caused due 
to it [16-18].
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the principle of pharmacogenomics and genetic testing for 
the type and etiology of diabetes will help in the development 

and application of suitable personalized medicine treatment 
approaches.


