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Abstract

Purpose Neonatal diabetes mellitus (NDM) is caused by mutations in the genes responsible for pancreatic  cell mass or
function. This study aimed to screen the mutations in the KCNJ11, ABCCS, and INS genes in a Chinese patient with clinical
features of NDM.

Methods The entire coding sequence and exon/intron boundaries of KCNJI11, ABCCS, and INS genes were detected by
Sanger sequencing. The pathogenicity of the mutation was determined by using online prediction programs SIFT and
Mutation Taser. The conformational alterations which contribute to the change of protein function were analyzed at the
structural level.

Results A novel mutation L35Q (B11) of the INS gene was discovered in the patient. As L35 residue contributes to its
hydrophobic core of the protein, the L35Q substitution is predicated to affect B19-A20 disulfide bond and therefore disrupt
the folding of the proinsulin, which ultimately results in beta cell apoptosis by inducing ER stress.

Conclusions This case could help us understand the role of the INS mutation in the development of diabetes.

Keywords Neonatal diabetes mellitus * /NS mutation - Diabetes related complications - Molecular model

Introduction months, but half will relapse during childhood or adoles-

cence and still require lifelong treatment in patients with

Neonatal diabetes mellitus (NDM), currently defined as
diabetes with onset within 6 months of birth, is a rare
monogenic disorder due to genetic defects of pancreatic
cell mass or function. It consists of two types of diabetes
according to clinical features, transient neonatal diabetes
mellitus (TNDM), and permanent neonatal diabetes mellitus
(PNDM). A few diabetes will remit within a few weeks or
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TNDM. Appropriate molecular genetic diagnosis is crucial
to define the subtype and clinical care for NDM. For
example, patients with PNDM, which were caused by het-
erozygous activating mutations in KCNJI1I encoding the
ATP-sensitive K channel, were suggested to be treated with
oral sulfonylureas instead of insulin [1]. In addition, clar-
ifying the underlying mechanism of the mutations in NDM
can provide the important insight into the monogenic dia-
betes. Even though a growing number of monogenic
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factors, including HNFI1B, GLS3, GCK, ABCC8, KCNJ11,
SURI, INS, EIF2AK3, and et al., have been uncovered to be
likely to cause NDM [2], the genetic molecular bases of the
disease remain unknown. Here, we conducted a genetic
sequencing of a patient with PNDM and identified a novel
mutation in INS gene.

Clinical features

We identified a 25-year-old male patient with PNDM, whose
birth weight was 2600 g. No history of gestational diabetes
during pregnancy for his mother. The diabetes manifests
itself 10 months after his birth, including polydipsia, poly-
uria, polyphagia, and mild malnutrition. He was referred to
hospital because of diabetic ketoacidosis and treated with
basal and preprandial insulin therapy. He has been treated
with an insulin pump until now. The recent evaluation in our
hospital indicated that BMI was 17.8 kg/m?, hemoglobin
Alc (HbAlc) was 6.2% (normal range 4.0-6.0%), or
44 mmol/mol (normal range 20—42 mmol/mol). The fasting
C-peptide level was 0.056 ng/ml and islet autoantibody tests
were negative. He has been diagnosed with bilateral catar-
acts in 2005. The eye exam noted visual acuity of 0.8 in the
right eye and 1.0 in the left eye. No neurological abnorm-
alities, such as developmental delay or epilepsy were
observed in his clinical history. He never have suffered from
any other chronic diabetic complications (e.g. diabetic
nephropathy, diabetic retinopathy).
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Molecular genetic analysis

Written informed consent was given by the patient and his
parents and the genetic mutation testing was under the
Declaration of Helsinki and approved by the ethic com-
mittee of the Second Affiliated Hospital of Soochow Uni-
versity. Genomic DNA was extracted from blood sample
and the KCNJ11, ABCCS8, and INS were sequenced. The
results revealed a heterozygous missense mutation
CTG>CAG (c.T104A) in the proband, leading to the amino
acid replacement p.Leu35GlIn (L35Q) (as shown in Fig. 1).
We found no information when we searched the variant in
the ExAC browser (http://exac.broadinstitute.org). And
L35Q mutation was not identified in 100 non-diabetic
controls of Han Chinese subjects. It also appeared de novo
since the mutation was not found in his parents without
diabetes. The fasting plasma glucose levels of his father and
mother were both 5.1 mmol/L, and HbAlc levels were 5.1
and 6.0%, respectively. In addition, L35Q mutation was
predicted to be deleterious by using online prediction pro-
grams SIFT and Mutation Taser.

Construction of human proinsulin molecular
model

The L35Q mutation located in an invariant residue of the B
chain, which is highly conserved across all species (as
shown in Fig. 1). To investigate whether L35Q mutation
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Fig. 2 Secondary structure computer modeling of wildtype (WT) and
mutant proinsulin. Different color scheme indicates the different
hydrophobic feature. A color transition from blue to red indicates the
change from the least hydrophobic part to most hydrophobic part. The
yellow circle shows the amino acid residue of WT and mutant
proinsulin

could lead to conformational alterations which contribute to
the change of protein function, we analyzed the mutation at
the structural level. The location of L35 was modeled in the
central a-helix (also called hydrophobic core), contributing
to clustering of non-polar residues. We predicted that a
substitution of this leucine by glutamine would affect the
hydrophobic core of the protein and in further destabilize
the entire central o-helix (Fig. 2).

Discussion

In our study, a non-obese male patient, whose hypergly-
cemia was noted during the 10 months of his life, has been
treated with insulin injection since then. There was no
gestational or familial diabetes. He fulfilled neither the
classical maturity onset diabetes in young (MODY) criteria
(non-obesity, absence of autoantibodies, at least one patient
with onset aged <25 years, and a family history of diabetes
for at least three consecutive generations) nor the minimal
MODY criteria (two consecutive generations of type 2
diabetes with at least one member diagnosed aged <25
years). Based on the onset age of diabetes and negative
autoantibodies testing, he was diagnosed with PNDM.
Moreover, we discovered that a novel heterozygous muta-
tion in the INS-gene was likely to cause PNDM. The patient
had no extra-pancreatic comorbidities and hyperglycemia
complications with a follow-up of 28 years, except for the
first diabetic ketoacidosis at diagnosis.

Prior studies have discovered that an increasing number
of INS-mutations participated in a variety of different steps
of insulin biosynthesis, which manifests itself with different
clinical severity, ranging from mild adult type 2 diabetes to
severe NDM. Since Tager et al. first reported the mutant
insulin (insulin Los Angeles) in patients with hyper-
insulinemia in 1983 [3], the discovery of mutant insulin or

proinsulin was quickly favored by researchers. And these
years preceded the progress of research in identifying INS-
gene mutations with monogenic diabetes by genome tech-
nology innovation (e.g. microarray and sequencing). To
date, over 56 INS-gene mutations [3—12] have been iden-
tified in the untranslated regions as well as the sequence of
preproinsulin signal peptide, B-chain, C-peptide, A-chain,
the cleavage sites for prohormoneconvertases PC1/3 and
PC2, and the proteolytic cleavage sites of signal peptidase.
These INS mutations present differently in clinical features,
ranging from mild adult onset to severe neonatal diabetes.
Most of the INS-mutations were inherited in an autosomal
dominant model, which were attributed to a gain-of-toxic
function from the mutant gene product [13]. Prior evidence
indicated that cysteine-related mutations, which introduce
or remove a cysteine, lead to pancreatic f-cell dysfunction
and diabetes, while non-cysteine-related mutations might
impair the efficiency of chain combination [14]. In contrast,
Garin et al. reported a set of recessive INS-mutations with
NDM and elucidated that these mutations caused NDM
because of decreased insulin biosynthesis through varied
mechanisms, including gene deletion, lack of the translation
initiation signal, and altered mRNA stability in functional
studies [15]. Recessive INS gene mutations could cause a
decrease of 80% in insulin production, therefore they were
considered as “loss-of-function” mutations. The patients
with such recessive INS-mutations are diagnosed earlier and
have a lower birth weight than those with heterozygous
INS-mutations [4, 15]. These indicated the different roles of
mutant proinsulin in the pathogenesis of diabetes.

The INS gene encodes a 110 amino acid protein, which is
named preproinsulin, and then undergoes subsequent
forming proinsulin by cleavage of the signal sequence in the
endoplasmic reticulum (ER) of pancreatic beta cells. The
folding action of newly synthesized proinsulin is processed
and three native disulfide bonds (B7-A7, B19-A20, and A6-
Al1l) are formed once the C-peptide is cleaved [14]. It is
noted that B-chain starts acquisition of the central B-chain
a-helix running from B9-B19, which facilitates the forma-
tion of B19-A20 disulfide bond [16]. As the B-chain a-helix
formed by the amino acid residues B9-B19 is involved in
the stabilization of its hydrophobic core, the L35Q (B11)
substitution presumably destabilizes hydrophobic core of
the molecular and in further affects B19-A20 disulfide
bond, which ultimately leads to beta cell apoptosis by
impairing proinsulin folding and severe ER stress. Previous
research has identified the missense mutation L35P (B11) in
PNDM diagnosed in infancy (the first 12 months of life),
which was in line with our findings [16]. The molecular
biology is needed to be elucidated in functional studies.

Genetic factors, duration of diabetes, poor glycaemic
control, and several metabolic factors are considered to
contribute to the hyperglycemia complications [17]. Our
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patient did not suffer from the classic complications (e.g.
diabetic nephropathy, diabetic retinopathy) in the long
duration of NDM. Routine ophthalmological examination,
however, noted that he was presented with bilateral catar-
acts. Only three cases have been reported with bilateral
cataracts in monogenic diabetes so far [12, 18, 19], which
were likely secondary to hyperglycemia. It is not clear why
our patient did not suffer from the classic chronic compli-
cations. We presumed that it might depend both on the
biological behavior of the /NS mutants themselves and other
environmental factors.

In conclusion, we discovered a novel mutation p.
Leu35GIn (L35Q) in the INS gene, which was likely to
cause PNDM in the patient. It is predicted that the sub-
stitution L35Q mutation might lead to conformational
alterations, thus impair  cell function by inducing ER
stress.
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