Testing for MODY
Clinical features: The most prevalent monogenic diabetes phenotype, accounting for approximately 1% of all
causes of diabetes, is MODY (maturity onset diabetes of the young) [1]. MODY is characterized by dominant
inheritance of early-onset non-autoimmune diabetes that occurs in adolescence and young adulthood. However a
residual insulin secretion may be still maintained for some years after diagnosis and exogenous insulin is generally
not required at the time of diagnosis. These patients are typically misdiagnosed as Type 1 or Type 2 diabetes,
however two or more consecutive generations of diabetes and the absence of metabolic features (significant obesity
or features of insulin resistance) is more suggestive of MODY [2]. MODY is a heterogeneous group of disorders
caused by mutations in genes important to pancreatic β-cell development, function, and regulation, glucose sensing
and in the insulin gene itself [3]. The most common forms of MODY are due to mutations in the HNF1A and HNF4A
genes, which encode for transcription factors important to pancreatic development and beta cell function, and in
the glucokinase gene, GCK [3]. Mutations in at least 7 other genes can cause inherited diabetes with a MODY
phenotype [7-14]. Recent reports have described the identification of mutations in ABCC8 and KCNJ11 in MODY
patients suggesting that mutations in these genes can be associated with a large spectrum of diabetes phenotypes
and may exhibit incomplete penetrance in some generations [4, 5]. A molecular diagnosis of MODY has important
implications for treatment and identifies at-risk family members.
Our MODY Panel includes sequencing and deletion/duplication analysis of the 14 genes listed below.
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Disease Phenotype and Molecular Genetics
Heterozygous inactivating GCK mutations are the most frequent
monogenic cause of diabetes in asymptomatic children with persistent
hyperglycemia or glycosuria (MODY2) [6].
Heterozygous mutations in the HNF1A (MODY-3) and HNF4A genes
(MODY-1) are both associated with MODY. Overall, HNF1A mutations
are the most common cause of MODY, with mutations having been
described in multiple populations including Caucasian, Asian, and African
populations [7]. Hyperglycemia in patients with MODY-1 and MODY-3 is
progressive overtime, and typically results in the need for treatment with
oral medications or insulin. HNF1A encodes a transcription factor HNF1α and plays a role in regulation of the insulin gene and genes encoding
proteins involved in glucose transport and metabolism [8]. The HNF4A
gene encodes HNF-4α, an orphan nuclear receptor that regulates
expression of HNF-1α [7].
Heterozygous mutations in HNF1B are associated with a distinct form of
MODY (MODY-5) that is characterized by renal cysts in addition to
diabetes [9]. HNF1B encodes a transcription factor HNF-1β and plays a
role in regulation of the insulin gene and genes encoding proteins
involved in glucose transport and metabolism [7].
Mutations in the PDX1 gene are a rare cause of MODY. In a
consanguineous family in which an infant with pancreatic agenesis was
homozygous for a 1-bp deletion in the PDX1 gene, Stoffers et al. [10]
found that members heterozygous for this mutation had early-onset type
2 diabetes mellitus, which they designated MODY4 (OMIM#606392). The
expression of diabetes in these families may occur at later ages than in
families with other types of MODY.
Heterozygous loss-of-function NEUROD1 mutations are a rare cause of
MODY (OMIM# 606394) [10]. Diabetes mellitus caused by heterozygous
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mutations in NEUROD1 has been reported in three families [11] and was
subsequently designated as MODY6.
Heterozygous KLF11 point mutations are a rare cause of MODY
(OMIM#610508) [12].
Heterozygous CEL frameshift deletions in the variable number of tandem
repeats (VNTR) caused MODY (OMIM#609812) in two families with
autosomal dominantly inherited diabetes and exocrine pancreas
dysfunction [13].
Heterozygous PAX4 mutations are a rare cause of MODY
(OMIM#612225) [14].
Heterozygous INS mutations are a rare cause of MODY (OMIM#613370)
[15, 16].
Heterozygous BLK mutations are a rare cause of MODY (OMIM#613375)
[17].
Heterozygous loss of function variants in APPL1 have been described in
two families with MODY14 [18].
Recently, Johansson et al. identified a missense mutation in a patient
with diabetes diagnosed at 25 years of age MODY patients suggesting
that mutations in these genes can be associated with a large spectrum of
diabetes phenotypes and can be not totally penetrant [19].
Heterozygous KCNJ11 mutations have been recently identified by
Bonnefond et al. in a patient with MODY [5] confirming the wide spectrum
of diabetes related phenotypes due to mutations in KCNJ11.
Maternally inherited diabetes and deafness (MIDD) is caused by specific
mutations in the mitochondrial DNA. The most common mitochondrial
mutation associated with MIDD is m.3243A>G20. The m.3243A>G
mutation is also associated with MELAS (mitochondrial encephalopathy,
lactic acidosis and stroke-like episodes) in some individuals. Other
findings in patients with the m.3243A>G mutation include macular retinal
dystrophy, short stature, myopathy, and cardiac and renal disease20. The
clinical phenotype is highly variable, even within the same family21. Other
mitochondrial mutations identified in patients with MIDD are
m.8296A>G22 and m.14709T>C23. The age of diagnosis of diabetes in
MIDD ranges from 11 to 68 years24,25.

Test methods:
Comprehensive sequence coverage of the coding regions and splice junctions of all genes in this panel is
performed. Targets of interests are enriched and prepared for sequencing using the Agilent SureSelect system.
Sequencing is performed using Illumina technology and reads are aligned to the reference sequence. Variants are
identified and evaluated using a custom collection of bioinformatic tools and comprehensively interpreted by our
team of directors and genetic counselors. All pathogenic and likely pathogenic variants are confirmed by Sanger
sequencing. The technical sensitivity of this test is estimated to be >99% for single nucleotide changes and
insertions and deletions of less than 20 bp. Our CNV detection algorithm was developed and its performance
determined for the sole purpose of identifying deletions and duplications within the coding region of the gene(s)
tested. Partial exonic copy number changes and rearrangements of less than 400 bp may not be detected by this
methodology. Regions of high homology and repetitive regions may not be analyzed. This methodology will not
detect low level mosaicism, balanced translocations, inversions, or point mutations that may be responsible for the
clinical phenotype. The sensitivity of our deletion/duplication assay may be reduced when DNA extracted by an
outside laboratory is provided.
MODY Panel (sequence and deletion/duplication analysis of 14 genes)
Sample specifications:
3 to10 cc of blood in a purple top (EDTA) tube
Cost:
$3000
CPT codes:
81406, 81407
Turn-around time:
4-6 weeks
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Results:
Results, along with an interpretive report, are faxed to the referring physician as soon as they are completed. All
abnormal results are reported by telephone.
Additional Resources:
The Kovler Diabetes Center at the University of Chicago provides additional research and resources for patients
with
monogenic
forms
of
diabetes,
including
a
MODY
registry.
Find
out
more
at:
http://monogenicdiabetes.uchicago.edu/mody-registry/
For more information about our testing options, please visit our website at dnatesting.uchicago.edu or
contact us at 773-834-0555.
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