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Abstract: Maturity-onset diabetes of the young (MODY) is characterized by autosomal
dominant inheritance, onset before 25 years of age, absence of B-cell autoimmunity, and
sustained pancreatic B-cell function. To date, mutations have been identified in at least 14
different genes, including six genes encoding proteins that, respectively, correspond to
MODY subtypes 1-6: hepatocyte nuclear factor (HNF) 4o (HNF4a), glucokinase (GCK),
HNFlo (HNFla), pancreatic and duodenal homeobox 1 (PDXI), HNF1B (HNFIp), and
neurogenic differentiation 1 (NEURODI). Diagnostic tools based on currently available
genetic tests can facilitate the correct diagnosis and appropriate treatment of patients with
MODY. Candidates for genetic testing include nonobese subjects with hyperglycemia, no
evidence of B-cell autoimmunity, sustained B-cell function, and a strong family history of
similar-type diabetes among first-degree relatives. Moreover, identification of the MODY
subtype is important, given the subtype-related differences in the age of onset, clinical course
and progression, type of hyperglycemia, and response to treatment. This review discusses the
current perspectives on the diagnosis and treatment of MODY, particularly with regard to the
six major subtypes (MODY 1-6).
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Introduction

Maturity-onset diabetes of the young (MODY) was first reported in 1974 as mild
familial diabetes with dominant inheritance." Classically, MODY was characterized
by autosomal dominant inheritance, onset before 45 years of age, the absence of -
cell autoimmunity,2 absence of insulin resistance,” and sustained B-cell function.
However, the new diagnostic criteria set forth in the Practice Guideline for MODY
in 2008* include onset before 25 years of age in one family member, presence of
diabetes in two consecutive generations, absence of B-cell autoantibodies, and
sustained endogenous insulin secretion. Preserved B-cell function is indicated by
the lack of need for insulin treatment or a serum C-peptide level of >200 pmol/L
even after 3 years of insulin treatment.*

Molecular methods for the diagnosis of MODY were first introduced after the
1990s. To date, mutations associated with MODY have been reported in least 14
different genes,” ' including the following six genes encoding major factors: hepato-
cyte nuclear factor (HNF) 4a (HNF4a), glucokinase (GCK), HNFla (HNFlo), pan-
creatic and duodenal homeobox 1 (PDXI), HNFIB (HNFI1p), and neurogenic
differentiation 1 (NEURODI), which correspond to MODY subtypes 1-6, respec-
tively. The following eight genes have been identified as possibly causative in MODY
subtypes 7—14, respectively: Kruppel-like factor 11 (KLF11I); carboxyl ester lipase;
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paired-box-containing gene 4 (PAX4); insulin (INS);
B-lymphocyte kinase; adenosine triphosphate (ATP)-
binding cassette, sub-family C (CFTR/MRP) member 8
(ABCC8); potassium channel, inwardly rectifying subfamily
J, member 11 (KCNJI11); and adaptor protein, phosphotyr-
osine interaction, PH domain, and leucine zipper containing
1 (APPLI)."""'? The causative genes for MODY and their
medical conditions are shown in Table 1.

MODY is a rare condition, accounting for 1-5% of all
cases of diabetes'>"® and 1-6% of pediatric cases of
diabetes.!* Mutations in GCK, HNFI o, HNF4a, and
HNFI1p are the most frequently identified etiologies of
MODY and, respectively, account for 32%, 52%, 10%, and
6% of all affected patients in the United Kingdom.'
However, the frequencies of these etiologies may differ
among Asian and Caucasian populations. In Japan, 48.1%
of pediatric cases of clinical MODY harbored already known
MODY-related gene defects (GCK, 22.8%; HNF1A, 13.9%;
HNF44, 3.8%, and HNF 1B, 7.6%), whereas in 51.9% cases,
the causative mutations were not identified'® In Korea, only
10% of clinical MODY or childhood-onset type 2 diabetes
cases harbored known MODY-related gene defects (GCK,
2.5%; HNF1A4, 5%, and HNFIB, 2.5%)16 These data suggest
that currently unidentified genes may cause MODY in Asian

populations. The causative genes for MODY and their med-
ical conditions are shown in Table 1.

To improve the prognosis of MODY, it is important to
identify the affected subjects as early as possible. To this
end, specific molecular analyses are available to predict
the clinical disease course and offer the most appropriate
treatment.'* However, approximately 80% of patients with
MODY may be misdiagnosed with type 1 or type 2 dia-
betes mellitus at diagnosis,'” and current calculations indi-
cate a delay of approximately 15 years from the diagnosis
of diabetes to the genetic diagnosis of MODY."”

This review discusses the current perspectives on the
diagnosis and treatment of MODY, in particular, the six
major subtypes (MODY 1-6).

Diagnosis of MODY
At diagnosis, MODY cannot be distinguished easily from

type 1 and type 2 diabetes mellitus based on clinical
characteristics.'>'* Rather, type 1 diabetes mostly differs
from MODY in terms of disease etiology, as the pathogen-
esis of the latter does not involve pancreatic B-cell auto-
immunity. Patients with MODY usually maintain B-cell
function, exhibit a stimulated serum C-peptide level exceed-
ing 200 pmol/L, and their diabetes is well-controlled with

Table | The causative genes for maturity-onset diabetes of the young (MODY) and medical conditions associated with each MODY

subtype
MODY Frequency (% | Pathophysiology Other features Possible treatment
gene in MODY5s)
HNF4a 5 B-Cell dysfunction Neonatal diabetes, hyperinsulinemic hypoglycemia Sensitive to sulfonylurea
during infancy, low triglycerides
GCK 15-20 Glucose sensing defect Stable mild fasting glucose No medication, or Diet
HNFla 30-50 B-Cell dysfunction Glucosuria Sensitive to sulfonylurea
PDXI <l B-Cell dysfunction Homozygote: permanent neonatal diabetes, pancreas Diet or OAD or insulin
agenesis
HNF1p 5 B-Cell dysfunction Renal malformations, genito-urinary tract anomalies, Insulin
pancreatic hypoplasia, low birth weight
NEURODI | <I B-Cell dysfunction Neonatal diabetes, child or adult-onset diabetes neu- | OAD or insulin
rological abnormalities.
KLFI'l <l B-Cell dysfunction Similar to type 2 diabetes OAD or insulin
CEL <l Pancreas endocrine and Exocrine dysfunction, lipomatosis OAD or insulin
exocrine dysfunction
PAX4 <l B-Cell dysfunction Ketoacidosis-prone Diet or OAD or insulin
INS <l Insulin gene mutation Neonatal diabetes, child or adult-onset diabetes OAD or insulin
BLK <l Insulin secretion defect Overweight, relative insulin secretion failure Diet or OAD or insulin
ABCC8 <l ATP-sensitive potassium Homozygote: permanent neonatal diabetes, OAD (sulfonylurea)
channel dysfunction Heterozygote: transient neonatal diabetes
KCNJIT'1 <l ATP-sensitive potassium Homozygote: neonatal diabetes OAD or insulin
channel dysfunction
APPLI| <l Insulin secretion defect Child or adult-onset diabetes Diet or OAD or insulin
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no or low-dose insulin for at least 5 years after diagnosis."*
Although the clinical manifestations of youth-onset type 2
diabetes substantially resemble those of MODY, patients
with the former condition are generally obese, whereas the
latter condition is not associated with overweight. Still,
approximately 10-15% of Japanese school children with
type 2 diabetes are non-obese.'®'? Additionally, some
patients with MODY, particularly those belonging to ethnic
groups with a higher prevalence of obesity (eg, Hispanic),
may become overweight or obese due to poor dietary habits
and sedentary lifestyles. Furthermore, both MODY and type
2 diabetes are associated with a strong family history of
diabetes. For example, studies revealed that approximately
70% of Japanese school children with type 2 diabetes had
a family history of type 2 diabetes among first- and second-
degree relatives. Those with nonobese type 2 diabetes had
a particularly strong family background of the disease.'®!?
Therefore, the correct diagnosis of MODY and determina-
tion of subtype should be based on genetic testing.
Candidates for genetic testing include nonobese subjects
with hyperglycemia, no evidence of B-cell autoimmunity,
preserved B-cell function, and a strong family history of
a similar type of diabetes among the first-degree relatives.'*

Currently, genetic testing is performed worldwide to
facilitate predictions of the clinical course and prognosis
of MODY. Known MODY-related genes can be identified
by direct sequencing with sensitivity rates as high as
100%,'* and next-generation sequencing methods (eg,
gene-targeted and whole-exome sequencing) have been
in MODY
genes.'® However, genetic testing remains expensive and

successfully used to identify mutations
is necessarily limited to cases of strongly suspected
MODY. These patients should be offered the most suitable
treatment from among various pharmacological therapies,
including oral antidiabetic drugs (OADs) and insulin.

Diagnosis of the subtypes of MODY

sAs shown in Table 1, at least 14 MODY subtypes have
been reported, of which 1-6 are the major subtypes. As
noted above, eight other subtypes have been identified,
including MODY 14, which was recently associated with
the causative gene APPLI in large families.”” Most
MODY-causative genes, except GCK, encode transcription
factors expressed in pancreatic p-cells (Figure 1). MODY
subtype determination is important, as the subtypes differ
in terms of the age of onset, clinical course and progres-

characteristics of isolated diabetes or mild fasting hyper-
glycemia. However, some MODY subtypes are associated
with additional manifestations, such as renal abnormalities
(MODYY) or pancreatic exocrine dysfunction (MODYS).
This review mainly describes the clinical characteristics of
the six major subtypes of MODY.

MODY2 (GCK-MODY)

GCK, a glucose sensor expressed in pancreatic B-cells, is
a key enzyme in glucose metabolism that catalyzes the
conversion of glucose to glucose-6-phosphate and thus
controls glucose-mediated insulin secretion. More than
600 mutations in GCK have been identified in >1,000
families, and these alterations lead to both hyperglycemia
and hypoglycemia.?! Heterozygous inactive mutations are
associated with mild and often subclinical hyperglycemia
from birth, and this condition gradually deteriorates with
agell Essentially, these mutations elevate the glucose
threshold for insulin secretion, resulting in an elevated
fasting plasma glucose level (5.5-8 mmol/L). Such
patients exhibit a slight increase in the 2-hr plasma glucose
level during oral glucose tolerance testing (OGTT;

90th percentile).**> These
1.23

increase in 4.5 mmol/L =
patients usually have a HbAlc level of <64 mmol/mo

Patients with MODY?2 are usually asymptomatic. The
majority are discovered through routine examinations dur-
ing pregnancy or school-based urine glucose screening
tests. MODY?2 presents in approximately 2—6% of patients
with gestational diabetes and can be distinguished based
on clinical manifestations and the fasting glucose
level.>*** The birth weights of babies in MODY2 families
depend on the mutation statuses of both the fetus and
mother. If both harbor a GCK mutation, a maternal
increase in plasma glucose will induce an appropriate
insulin release in the fetus and a normal birth weight.
However, if only the mother harbors the GCK mutation,
maternal hyperglycemia will elicit increased fetal insulin
secretion and a birth weight approximately 500 g higher
than that of a baby who harbors the mutation.*® In Japan,
Yorifuji et al reported that 22.8% of patients in whom
MODY was detected through school urine glucose screen-
ing programs were finally diagnosed with MODY2
through genetic testing. Accordingly, MODY2 is most
frequent subtype in Japanese children.'> The clinical
course of this subtype may be mild and nonprogressive,
and microvascular and macrovascular complications rarely

sion, type of hyperglycemia, and response to treatment.'* occur  despite  long-term  exposure to  mild
Most patients with MODY exhibit the clinical hyperglycemia.***’
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 submit your manuscript 1049
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Figure | Expression of maturity-onset diabetes of the young (MODY)-causative genes in pancreatic B-cells and mechanism of insulin secretion.

Abbreviations: ATP, adenosine triphosphate; cAMP, cyclic adenosine 3',5'-monophosphate; PKA, protein kinase A; Epac, exchange protein directly activated by cAMP; Karp
channel, ATP-sensitive potassium channel; VDCC, voltage-dependent calcium channel; GCK, glucokinase; HNF4a, hepatocyte nuclear factor 40; HNF /o, hepatocyte nuclear
factor la; PDXI, pancreatic and duodenal homeobox |; HNFI S, hepatocyte nuclear factor 1f; NEUROD I, neurogenic differentiation |.

MODY 3 (HNFla-MODY)
The transcription factor HNFla is expressed in the liver,
kidney, intestine and pancreatic B-cells. HNFla knockout
mice develop diabetes consequent to defective glucose-
induced insulin secretion.”®*’ Mutations in HNFla are the
most frequent causes of MODY in Europe, North America,
and some Asian countries.'"'*'® In Japan, mutations in
HNF1 a were detected in 13.9% of patients with clinical
MODY."” Studies of approximately 1200 families have iden-
tified >400 different HNFla mutations,® of which
a mutation (P291fsinsC) in exon 4 is most common.’'
Heterozygous mutations of HNF'la cause a progressive insu-
lin deficiency that manifests as mild hyperglycemia in child-
hood and as diabetes during early adulthood.'>** MODY?3 is
rarely discovered in children younger than 8 years of age.'
Hyperglycemia associated with MODY3 may be pro-
gressive and deteriorating. In these patients, the risks of
microvascular and macrovascular complications are similar
to those observed in patients with type 1 and type 2
diabetes.®® Interestingly, HNF/a mutation carriers develop
postprandial glycosuria before the onset of diabetes due to
renal tubular dysfunction and a consequently low renal
threshold for glucose absorption.®* In the fetus, HNFla
mutational heterozygosity does not influence the birth

weight because insulin secretion in utero remains normal.*>

MODY| (HNF4a-MODY)
The transcription factor HNF4a is expressed primarily in
the liver but also in the pancreas and kidney,*® where it

regulates the expression of genes required for glucose
transport and metabolism. Mutations in HNF4a are rela-
tively uncommon, accounting for approximately 5% of all
MODY cases. Phenotypically, MODY1 due to heterozy-
gous HNF4o mutation manifests as progressive insulin
deficiency, similar to that observed in MODY3. Fetal
HNF4a heterozygosity results in macrosomia due to
hyperinsulinemia in utero and subsequent neonatal transi-
ent or persistent hypoglycemia, which is responsive to
diazoxide.®” Glycosuria is not observed in MODY]1, in
contrast to MODY3. Hyperinsulinism associated with
MODY1 generally remits during infancy, followed by
a gradual decrease in endogenous insulin production and
the emergence of diabetes in adolescence.'* Moreover,
HNF4o has been associated with triglyceride metabolism,
and mutation carriers may exhibit reduced levels of apoli-
poproteins (apoAll, apoCIIl, and apoB).*®

MODY5 (HNFIB-MODY)

The transcription factor HNFI1p is involved in the orga-
nogenesis of the kidney, genito-urinary tract, liver,
lungs, gut, and pancreas.*’ Accordingly, renal malforma-
tions, including renal cysts, renal dysplasia, urinary tract
malformation, and hypoplastic glomerulonephritic kid-
ney disease,® are seen in the majority of HNFIP muta-
tion carriers and constitute the main presentation of
MODYS5 in children, regardless of the hyperglycemia
status'* HNFIB mutation also causes renal cysts and
diabetes syndrome, and these renal abnormalities are
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evident from the 17th week of gestation.*' Affected
patients will develop renal dysfunction by 45 years of
age, and half of these patients will progress to end-stage
renal disease without developing diabetic kidney
Accordingly, MODYS5 should be suspected

in patients with diabetes and nondiabetic renal disease.

disease.*?

Genito-urinary tract malformations (especially uterine
abnormalities), liver dysfunction, and pancreatic hypo-
plasia have also been reported.*’ Although diabetes
associated with MODYS develops in early adulthood,
carriers of HNFI mutations have significantly reduced
birth weights.** Phenotypically, MODY5 differs from
MODY3. Patients with MODY'S present with dyslipide-
mia, including a low high-density lipoprotein level and
elevated triglyceride level. Diabetes develops during
adolescence or early adulthood and usually progresses
to an insulin-dependent state due to pancreatic hypopla-
sia, with hepatic insulin resistance, relatively earlier
period of the disease.'"'* Patients harboring HNFIp
mutations exhibit highly variable phenotype and clinical
manifestations even  within  affected families.
Accordingly, the diagnosis of MODYS should be made
in consultation with not only diabetes specialists but
also other specialists, such as nephrologists, gynecolo-
gists, and urologists.'

MODY4 (PDXI-MODY)

PDX1 is a homeodomain-containing transcription factor
that acts in both the exocrine and endocrine pancreatic
developmental programs and affects pancreatic develop-
ment and INS expression.*> Homozygous mutations in
PDXI cause pancreas agenesis and hypoplasia and perma-
nent neonatal diabetes,*® whereas heterozygous mutations
lead to B-cell impairment and hyperglycemia, including
permanent neonatal diabetes. MODY4 is a very rare

subtype.

MODY6 (NEUROD I-MODY)
NEURODI is a basic-loop-helix transcription factor
involved in pancreatic and neuronal development. It
plays an important role in pancreatic f-cell maturation
and maintenance. Islets lacking NEURODI respond
poorly to glucose and show a glucose metabolic profile
similar to immature B-cells. Heterozygous mutations in
NEURODI induce childhood- or adult-onset diabetes,
while homozygous mutations can cause neonatal dia-
and

betes, neurological abnormalities,

difficulties.*”

learning

The ages of onset, degrees of hyperglycemia, involve-
ment of special tissues, and clinical features of other sub-
types of MODY are shown in Table 1.

How can be MODY diagnosed correctly?
Cases of MODY are often misdiagnosed as type 1 or type
2 diabetes at presentation.'*'*!? Accordingly, an improve-
ment in diagnostic significance will require targeted selec-
tion of subjects for genetic testing, particularly in scenarios
with limited resources. Various algorithms have been pro-

select candidates 13,50

posed to for genetic testing.
According to a recent diagnostic criteria," MODY is char-
acterized by onset before 25 years of age, presence of
diabetes in two consecutive family generations, absence
of B-cell autoantibodies, and preserved endogenous insulin
secretion with a serum C-peptide level of >200 pmol/L.
These diagnostic criteria have been well accepted for
distinguishing MODY from type 1 and type 2 diabetes.
Shields et al.>° further proposed a model in which an age
younger than 30 years at diagnosis was the most useful
discriminator between MODY and type 2 diabetes. In that
model, a family background of diabetes increased the
probability of diagnosis of MODY by 23 times among
patients who were first diagnosed with type 1 diabetes.”!
The costs and limitations of genetic testing have encour-
aged the discovery of nongenetic biomarkers that might be
used to identify appropriate subjects for molecular diagnosis.
For example, high-sensitivity C-reactive protein (hs-CRP)
may be a useful biomarker in the differential diagnosis of
MODY?3, as affected patients have a significantly lower level
of hs-CRP than those with type 1 or type 2 diabetes or
MODY2.>*>* A recent study suggested that microRNAs
may be useful biomarkers in carriers of MODY3-related
gene mutations.”> However, some causative genes for
MODY subtypes have also been associated with other
forms of diabetes. KCNJ1I, ABCCS, PDXI, PAX4, and
NEURODI have been associated with permanent neonatal
diabetes and type 2 diabetes, while INS is associated with
both type 1 and type 2 diabetes.”®>” Moreover, variants of
HNFlo, HNF4a, HNF1f, and GCK might be associated with
an increased risk of type 2 diabetes.”’ It is often difficult to
differentiate between an incompletely penetrant MODY
mutation and a rare variant of type 2 diabetes, and such
distinction may be a matter of semantics.”®> Therefore,
genetic testing is not sufficient to confirm a diagnosis of
MODY, which should also include clinical observation,
laboratory testing (serum C-peptide, B-cell autoantibodies,
and specific biomarkers). Figure 2 presents a diagnostic
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Patients with diabetes diagnosed before 25 years of age

I
l !
Diagnosed

before 6 months * Non-obesity

l Yes

Genetic test for
neonatal diabetes

l Yes /

Possible
neonatal diabetes

Possible
type 1 diabetes

* Abrupt-onset/ketosis
* Insulin deficiency
l Yes

Positive B-cell autoantibodies

\No
S

Possible
MODY

*Nongenetic biomarkers
hs-CRP, microRNAs

Figure 2 Diagnostic algorithm for maturity-onset diabetes of the young (MODY).

algorithm used to identify candidates with diabetes who
should undergo genetic testing to confirm the diagnosis of
MODY.

Treatment of MODY

Correct determination of the MODY subtype is important,
as this informs decisions regarding appropriate treatment
and prognosis. Children and adolescents diagnosed with
diabetes may initially be treated with insulin, and this
regimen often continues even after the stabilization of
glycemia. However, in some patients with MODY, hyper-
glycemia can be controlled by prescribing OADs (eg,
sulfonylureas, without using insulin. Additionally, the
selection of appropriate treatments for these patients is
important to improve their quality of life.

MODY2 (GCK-MODY)

The majority of patients with MODY2 exhibit mildly
elevated fasting plasma glucose levels but do not exhibit
postprandial hyperglycemia; in other words, they secrete
sufficient insulin in response to an increase in plasma
glucose after consuming a meal. Therefore, dietary inter-
vention alone is usually advised for these patients, as
pharmacological intervention is not required to control
hyperglycemia and prevent diabetic complications.'"'*
However, some Japanese patients with MODY2 eventually
require pharmacological treatment. In a study of 55

1.60

patients, Kawakita et al.”” reported that seven were treated

with OADs, two with sulfonylureas, one with metformin,
and two with a-glucosidase inhibitors. Asians face a risk
resistance, higher

of insulin characterized by a

!

* Obesity
* Insulin resistance
* Negative B-cell autoantibodies

No / \ Yes

Possible
type 2 diabetes

* Negative B-cell
autoantibodies

* Yong-onset
diabetes in at least
2 generation

Yes /

Genetic testing
for MODY

Model
a relatively low body mass index (BMI),

Homeostatic Assessment (HOMA-IR) at

1861 hossibly
due to a greater amount of visceral fat than that observed
in Caucasians.®*® Accordingly, some Japanese patients
who consume carbohydrate-rich foods and have sedentary
lifestyles require OADs. Asians also exhibit a relatively
lower level of insulin release in response to an increase in
glucose, as well as a lower homeostasis model assessment
for B-cell function (HOMA-B).> This pattern may also
lead to an increased requirement for OADs. During preg-
nancy, insulin might be offered to patients with MODY?2
to prevent fetal overweight.

MODY3 (HNFla-MODY) and MODY | (HNF4a-
MODY)

Patients with MODY3 and MODY can initially control
glycemia with diet alone, although both tend to exhibit
elevated postprandial glucose levels after consuming car-
bohydrate-rich foods.”? Over time, however, most patients
will experience deteriorating B-cell function and require
pharmacological treatment. Patients with MODY3 and
MODY1 are sensitive to sulfonylureas and can maintain
optimal glycemic control with these drugs rather than
insulin. One randomized clinical trial of gliclazide therapy
demonstrated a 3.9-fold improvement in the fasting glu-
cose levels of patients with MODY3 relative to BMI-
matched patients with type 2 diabetes; this effect was
particularly pronounced in children and young adults.
That study also demonstrated the safety and efficacy of
a switch from insulin to gliclazide despite using the former

submit your manuscript

1052

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Urakami

for a long duration.®* The initial sulfonylurea dose should
be low to avoid hypoglycemia. Reports suggest that opti-
mal glycemic control without problematic hypoglycemia
can be maintained for decades at gliclazide doses of
20-40 mg.*>%® If hypoglycemia occurs despite dose titra-
tion, a short-acting agent (eg, meglitinide) may be
considered.®” Another sulfonylurea, glimepiride, might
offer a similar glucose-reducing effect with fewer episodes
of hypoglycemia. It also exerts extrapancreatic effects
such as decreased glucose output from the liver and
enhanced sensitivity of peripheral tissues to insulin.®®

Another therapeutic option involving a glucagon-like
peptide (GLP-1) agonist with a similar glucose-lowering
effect as sulfonylureas and a low frequency of hypoglyce-
mia has been proposed for patients with MODY3.%%7°
A double-blind, randomized crossover trial that compared
a GLP-1 agonist (liraglutide) with a sulfonylurea (glime-
piride) found no difference between the two drugs in terms
of controlling the fasting plasma glucose and responsive
postprandial plasma glucose relative to baseline. However,
glimepiride was clearly associated with a higher incidence
of hypoglycemia.”” We experienced similarly good glu-
cose-reducing effects and a lack of hypoglycemia in chil-
dren with MODY3 who were treated with liraglutide.”"
Moreover, we previously reported that a switch from gli-
mepiride to a dipeptidyl-peptidase-4 (DPP-4) inhibitor,
alogliptin, yielded similar glycemic control without hypo-
glycemia in a girl with MODY1.”?

During with MODY3
MODY!1 maintain substantial B-cell function for at

treatment, patients and
least 2—4 years after diagnosis. As noted above, sulfo-
nylureas are generally the first-line of treatment for
patients with MODY3 and MODY 1, despite the risk of
hypoglycemia. Long-term treatment with sulfonylureas
is also associated with body weight gain and the dete-
rioration of endogenous insulin, which eventually
induces insulin dependency in some patients with type
2 diabetes. In contrast, GLP-1 receptor agonists and
DPP-4 inhibitors lower glucose levels and increase endo-
genous insulin secretion in a glucose-dependent manner.
This effect occurs via a subpathway of insulin secretion
5
monophosphate (c-AMP) production, rather than by

in response to increased cyclic adenosine 3,
ATP production, which thus overcomes the impaired
mitochondrial ATP production in response to glucose in
patients with MODY3 and MODY1.® Therefore, the
mode of insulin secretion induced by GLP-1 receptor
agonists and DPP-4 inhibitors may more effectively

increase  insulin  secretion in  these  patients.
Additionally, GLP-1 receptor agonists and DPP-4 inhi-
bitors might prevent B-cell apoptosis and promote B-cell
generation to counter the progressive impairment of f3-
cell function during the courses of MODY3 and
MODY1.”*"7° These findings suggest that GLP-1 recep-
tor agonists and DPP-4 inhibitors may be suitable alter-
natives to sulfonylureas.

MODY5 (HNFIB-MODY)

Unlike patients with MODY3 and MODY1, those with
MODYS5 do not respond adequately to treatment with
sulfonylureas, possibly due to comorbid pancreatic hypo-
plasia and some degree of hepatic insulin resistance.”®
These patients may require intensive insulin treatment to
control hyperglycemia. Additionally, microvascular com-
plications have been described in these subjects,® and
treatment for renal disease, liver dysfunction, and dyslipi-
demia is necessary. Renal management is a particularly
important aspect of treatment in patients harboring HNF1f
mutations, as these individuals will develop renal dysfunc-
tion by 45 years of age and half will progress to end-stage
renal disease.*?

The current treatments of other MODY subtypes
according to the molecular causes and clinical character-
istics are listed in Table 1. However, standard treatments
have not been established for most subtypes because of
low numbers of cases and a lack of data confirming treat-
ment efficacy. Furthermore, only metformin and insulin
are approved for use in youth in the majority of countries.
Sulfonylureas are approved for use in adolescents in some
countries. Other OADs are not approved for use in those
<18 years of age.”’

Conclusion

Advanced molecular genetic analyses have led to the
identification of genes associated with clinically diagnosed
subtypes of MODY. Accordingly, genetic testing is useful
for the correct diagnosis and appropriate treatment of
patients with MODY.'* To confirm a correct diagnosis
and improve prognosis, genetic testing is recommended
at diagnosis or during early-stage disease, despite limita-
tions associated with costs.

Patients with type 1 diabetes require insulin treatment
for survival and metabolic control, whereas those with
MODY do not usually require long-term insulin treat-
ment. Therefore, misdiagnosis can lead to inappropriate
treatment. MODY should be suspected in the presence of
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mild to moderate, nonketosis-prone hyperglycemia in
usually nonobese patients with a strong family history
of diabetes. The importance of genetic testing is empha-
sized by the effect of a general increase in the preva-
lence of obesity, which may complicate a differential
diagnosis including both type 2 diabetes and MODY.
Correct diagnosis of MODY is also important with
respect to genetic counseling and the prevention of
developing the disease.”® Rapid advances in the fields
of molecular analysis and laboratory technology are
expected to improve the correct diagnosis of MODY
and the provision of appropriate treatment based on the
individual medical condition.

Abbreviation list

MODY, maturity-onset diabetes of the young; HNF, hepa-
tocyte nuclear factor; GCK, glucokinase; PDX1, pancreatic
and duodenal homeobox 1; NEURODI, neurogenic differ-
entiation 1; KLF11, Kruppel-like factor 11; CEL, carboxyl
ester lipase; PAX4, paired-box-containing gene 4; INS,
insulin; BLK, B-lymphocyte kinase; ABCCS, adenosine
triphosphate ~ (ATP)-binding  cassette,  sub-family
C (CFTR/MRP) member 8; KCNJ 11, potassium channel,
inwardly rectifying subfamily J, member 11; APPLI,
adaptor protein, phosphotyrosine interaction, PH domain,
and leucine zipper containing 1; OAD, oral antidiabetic
drug; OGTT, oral glucose tolerance test; HOMA-IR,
homeostasis model assessment for insulin resistance;
BMI, body mass index; HOMA-B, homeostasis model
assessment for P-cell function; hs-CRP, high-sensitivity
C-reactive protein; GLP-1, glucagon-like peptide; DPP-4,
dipeptidyl-peptidase-4; c-AMP, cyclic adenosine 3, 5'-
monophosphate.
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