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Abstract ~ N
Rationale: Maturity-onset diabetes of the young type 5 (MODY 5) is a form of monogenic diabetes that is often accompanied by |
pancreatic dysfunction. To date, no cases of MODY 5 treated with glucagon-like peptide-1 receptor agonist (GLP-1RA) have been
reported. We present the first case of MODY 5 treated with GLP-1RA.

Patient concerns: A 17-year-old woman, with a history of being operated for congenital ileal atresia at birth, was admitted to our
hospital due to hyperglycemia. She had been clinically diagnosed with type 1 diabetes 1 month prior, and administered 14 units of
insulin glargine 300 U/mL per day.

Diagnosis: She had hypopotassemia, hypomagnesaemia, pancreatic body, and tail defects, multiple renal cysts, and a family
history of diabetes, and urogenital anomaly. Genetic testing revealed heterozygous deletion of hepatocyte nuclear transcription
factor-1 beta, leading to the diagnosis of MODY 5.

Interventions: The patient was treated with multiple daily insulin injections for 9 days (22 units/d) before administration of GLP-
1RA, and then liraglutide was initiated.

Outcomes: Liraglutide treatment (0.6 mg/d) alone maintained the patient’s glycated hemoglobin level below 7.0% for at least
12 months after discharge. A higher dose, 0.9mg/d, of liraglutide was not tolerated by the patient due to nausea. Serum levels of
C-peptide immunoreactivity were 1.15ng/mL and 1.91 ng/mL, respectively, after 6 and 12 months of liraglutide therapy.

Lessons: GLP-1RA might be effective at regulating glucose metabolism by utilizing residual pancreatic endocrine function in
patients with MODY 5. Imaging and genetic screening were helpful in the diagnosis of MODY 5.

Abbreviations: CPR = C-peptide immunoreactivity, FPG = fasting plasma glucose, Gla-U300 = insulin glargine 300 U/mL, GLP-
1RA = glucagon-like peptide-1 receptor agonist, HoA1c = glycated hemoglobin, HNF = hepatocyte nuclear transcription factor,
MODY = maturity-onset diabetes of the young, PAX6 = paired box 6.
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1. Introduction

Maturity-onset diabetes of the young (MODY), a form of
autosomal dominant monogenic diabetes, is characterized by
early onset, typically before the age of 25, and progressive
dysfunction of pancreatic beta cells. Previous reports have
indicated that MODY is caused by pathogenic mutations in at
least 14 different genes.!"! Since it is often difficult to distinguish
MODY from other types of diabetes, such as type 1 diabetes,
without conducting a proper genetic analysis, some MODY cases
may be misdiagnosed. MODY type 5 (MODY 5), which is caused
by a mutation of the gene encoding hepatocyte nuclear
transcription factor-1 beta (HNF1B), displays variable pheno-
type, including young-onset diabetes,'*! malformation of the
pancreas,>* exocrine pancreatic dysfunction,®! urogenital
abnormalities,”’! impaired renal function,’® renal cysts,®”!
hypomagnesaemia,'®! elevated liver enzymes,”! and neurocogni-
tive defects.''%! Therefore, diagnostic imaging may be helpful in
diagnosing MODY 3.

To date, no cases of MODY 5 treated with glucagon-like
peptide-1 receptor agonist (GLP-1RA) have been reported. The
current study describes the first case of MODY 5 treated with the
GLP-1RA, liraglutide, which exerted protective effects against
pancreatic beta cell dysfunction.'*-!?!

2. Case report

A 17-year-old woman with a 3-month history of thirst,
polydipsia, and polyuria underwent urine glucose screening at
school where glucosuria was detected for the first time. The
patient underwent surgery at birth to correct congenital ileal
atresia, but had no history of hearing loss. She underwent
examination at a clinic where her fasting plasma glucose (FPG)
level and glycated hemoglobin (HbA1c) value were found to be
276 mg/dL and 9.7%, respectively. Based on her young age and
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absence of obesity, the patient was diagnosed with type 1 diabetes
and insulin glargine 300U/mL (Gla-U300) was started at 14
units/d. The treatment failed to sufficiently control the blood
glucose level and the patient was admitted to our hospital for
diabetes treatment as well as for education. Her family history is
shown in Figure 1. Her mother and maternal grandmother
developed diabetes at the age of 32 and 50, respectively, and were
treated with oral medication. Her mother and maternal aunt had
bicornuate uterus, and the latter also had unilateral aplasia of the
kidneys. There was no family history of hearing loss. The
patient’s height was 154cm and her weight was 41.4kg (body
mass index of 17.3kg/m?). Physical examination revealed no
abnormalities. Laboratory investigations revealed an FPG level of
80mg/dL and HbAlc value of 9.5% (Table 1). Glucagon
stimulation test under a stable blood glucose level revealed that
serum C-peptide immunoreactivity (CPR) was 1.01ng/mL (PG
92 mg/dL) and 2.53 ng/mL (PG 117 mg/dL), before and 6 minutes
after glucagon stimulation, respectively (ACPR of 1.52ng/mL).
According to these data, her endogenous insulin secretion
remained in addition, she displayed low levels of serum
potassium (3.0mEq/L) and serum magnesium (1.0mg/dL). No
islet-related autoantibodies, including insulin autoantibodies,
anti-glutamic acid decarboxylase antibodies, anti-insulinoma-
associated protein-2 antibodies, or anti-zinc transporter-8 anti-
bodies, were detected in her blood, suggesting the absence of
autoimmune diabetes. As serum lactate and pyruvate were within
normal limits, and mitochondrial DNA point mutations,
including A3242G, were not detected in genetic screening tests
targeting 10 point mutations, mitochondrial diabetes was
excluded.

Contrast-enhanced computed tomography was performed to
assess the morphology of the pancreas. The images showed
defects in the pancreatic body and tail, as well as the presence
of multiple renal cysts (Fig. 2). Contrast-enhanced magnetic
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Figure 1. The patient’s family history. The numbers in circles and squares indicate the age of female and male family members, respectively. The pink-filled circles

denote diabetic family members.
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Laboratory data on admission.

Blood test
WBC 8580 /L
Hob 13.8 g/dL
PIt 27.6 x10%/pL
Alb 6.9 uiL
AST 15 UL
ALT 7 UL
v-GTP 8 UL
BUN 14.6 mg/dL
Cre 0.52 mg/dL
Na 145 mEq/L
K 3.4 mEg/L
cl 102 mEq/L
Ca 9.9 mg/dL
P 3.4 mg/dL
Mg 1.0 mg/dL
FPG 80 mg/dL
GA 255 %
HbA1c 9.4 %

Glucagon stimulation test

0 min 6 min

PG 92 117
CPR 1.02 2.53

Pancreatic function test
U-PABA elimination rate 35.4 %

Insulin-Ab <04 %
GAD-Ab <50 U/mL
IA-2-Ab <04 U/mL
ZnT8-Ab <10 U/mL
Lactate 0.6 mg/dL
Pyruvate 8.6 mg/dL
Venous blood gas
pH 7.404
PCO, 51.5 mm Hg
HCO3 321 Torr
BE 6.7 mmol/L
Urinalysis
U-BUN 668 m/dL
U-K 27 mEg/d
CCR 128.2 ml/min
U-CPR 13.4 pg/d
ACR 9.48 mg/gCre
mg/dL
ng/mL

y-GTP =gamma-glutamy! transpeptidase, ACR=albumin creatinine ratio, Alb=albumin, ALT =alanine transaminase, AST =aspartate transaminase, BE =base excess, BUN =bhlood nitrogen nitrate, Ca=
calcium, CCR =creatinine clearance, Cl=chloride, CPR = C-peptide immunoreactivity, Cre = creatinine, FPG = fasting plasma glucose, GA = glycated albumin, GAD-Ab = glutamic acid decarboxylase antibody,
Hb =hemoglobin, HbA1c = glycosylated hemoglobin, HCO3 = bicarbonate, I1A-2-Ab=insulinoma associated antigen-2 antibody, Insulin-Ab=insulin antibody, K= potassium, Mg=magnesium, Na=sodium,
P =phosphorus, PCO, = partial pressure of carbon dioxide, PG = plasma glucose, pH= potential hydrogen, Pit=platelet, U-BUN = urinary blood nitrogen nitrate, U-CPR = urinary C-peptide immunoreactivity, U-
K=urinary potassium, U-PABA=urinary p-aminobenzoic acid, WBC=white blood cell, ZnT8-Ab=zinc transporter-8 antibody.

resonance imaging revealed that the partial pancreatic defects
were due to agenesis of the dorsal pancreas, rather than fat
displacement. The p-aminobenzoic acid excretion index was
35.4%, indicating insufficiency of exocrine pancreatic function.
Based on these findings, and the patient’s hypopotassemia,
hypomagnesaemia, agenesis of dorsal pancreas, multiple renal
cysts, and family history of diabetes, and renal and urogenital
abnormalities, MODY 5 was suspected. Screening of MODY-
related genes using multiple ligation-dependent probe amplifica-

Figure 2. Contrast-enhanced computed tomography micrograph of the
patient’s abdomen. The dash-line oval indicates pancreatic body and tail
defects. The arrowheads point to renal cysts.

tion detected a heterozygous deletion of HNF1B (Fig. 3), leading
to a definitive diagnosis of MODY 3.

Immediately following admission to our hospital, multiple-
dose injection therapy with insulin lispro (maximum requirement
was 9units/d) and Gla-U300 (maximum requirement was 13
units/d) was commenced. After 9 days of insulin therapy, the
patient was started on liraglutide to prevent dysfunction of
the remaining pancreatic beta cells. According to flash glucose
monitoring (FreeStyle Libre, Abott Japan, Japan) data, before
liraglutide was administered, the patient’s blood glucose was
within the target range (80-140 mg/dL) 39% of the time under
the treatment with 9 units/d of insulin lispro and 13 units of Gla-
U300 (Fig. 4A). After 6 days of liraglutide treatment, this value
improved to 65% (Fig. 4B), under the treatment with just 7 units/
d of Gla-U300, indicating a reduction of 15 units in the total daily
insulin dosage, and 0.9 mg/d of liraglutide. Notably, HbAlc was
maintained below 7% for at least for 12 months after the patient
was discharged with 0.6 mg of liraglutide a day (a higher dose
was not tolerated by the patient due to nausea), without any
insulin injections. Serum CPR level was 1.15 ng/mL (FPG 135 mg/
dL) and 1.91 ng/mL (FPG 115 mg/dL) after 6 and 12 months of
liraglutide therapy, respectively, indicating that endogenous
insulin secretion was maintained during the treatment period.

3. Discussion

Approximately 1% to 2% of all diabetes cases are diagnosed as
MODY.!"3! In the pediatric diabetes population, the prevalence
of the 13 MODY variants is 2.1%. Genetic variants related to
MODY are found in 5.1% of patients who were pre-diagnosed
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Figure 3. Analysis of maturity-onset diabetes of the young-related genes by multiple ligation-dependent probe amplification. The blue dash-line oval indicates
heterozygous deletion of the entire glycated hemoglobin gene, as shown by the defect in a copy of the gene. GCK = glucokinase, HNF = hepatocyte nuclear factor.
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Figure 4. (A) Flash glucose monitoring results on day 8 in the hospital. The patient received 9 units of insulin lispro and 13 units of insulin glargine 300 U/mL per day
since admission. (B) Flash glucose monitoring results on day 15 in the hospital. The patient received 7 units/d of insulin glargine 300 U/mL and 0.9 mg/d of liraglutide.
The gray band indicates the target range for blood glucose concentration.
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with type 2 diabetes, 0.45% of patients pre-diagnosed with
antibody-positive type 1 diabetes, and 4.4% of patients pre-
diagnosed with antibody-negative type 1 diabetes.'"* Fourteen
different genetic mutations related to MODY have been
identified, including mutations in genes encoding hepatocyte
nuclear factor-4 alfa (HNF-4a; MODY 1), glucokinase (GCK;
MODY 2), HNF-1a (MODY 3), and HNE-18 (MODY $). In
Japan, the prevalence of MODY 1, MODY 2, MODY 3, and
MODY § among all MODY cases is 7.6 %, 36.3%, 39.4%, and
13.6%, respectively.!"!

HNF-1B, which belongs to the homeodomain-containing
family of transcription factors, is expressed in tissues such as
the liver, pancreas, kidney, urogenital tract, and intestine.
MODY 5 manifests in various forms in the HNF-1B-expressing
organs. In the current case, defects of the pancreatic body and tail,
multiple renal cysts, hypopotassemia, and hypomagnesaemia
were identified. In approximately 50% of MODY 5 patients, the
disease is caused by whole HNF1B deletions, where 50% of the
deletions are de novo.['*8! Compared to patients with HNF1B
intragenic mutations, those with HNF1B deletions have better
renal prognoses,!'®2% but are more likely to exhibit neuro-
developmental disorders.['”?! HNF1B is located on chromo-
some 17q12, which also contains 14 other genes. HNF1B
deletion may be accompanied by deletions of neighboring genes,
resulting in variable phenotypes in patients. Interestingly,
Japanese monozygotic twins with MODY 5, both of whom
displayed a microdeletion of 17q12 including HNF1B, exhibited
malformation of the pancreas and kidneys, hypomagnesaemia,
and hyperuricemia. However, they displayed different renal and
pancreatic manifestations: one had severely impaired endogenous
insulin secretion and mild renal dysfunction, while the other had
severe renal dysfunction and relatively preserved endogenous
insulin secretion.*?! Thus, slight differences in genetic informa-
tion observed in monozygotic twins, such as those in mitochon-
drial DNA and DNA methylation, may affect the phenotypic
manifestation of MODY 5.

In most MODY 5 patients, endogenous insulin secretion
progressively declines from an early stage.*>>* One reason for
such a decline is low pancreatic beta cell mass due to pancreatic
malformation, which is seen in 50% to 60% of MODYS
cases.'®>1 Since MODY 5 patients usually show absolute
insulin deficiency at diagnosis, many require permanent insulin
therapy.">18! In addition, beta cell-selective HNF1B deletion
impairs insulin secretion in mice.*) MODY 5 patients also
show reduced insulin sensitivity of endogenous glucose
production, whereas insulin-induced peripheral glucose uptake
is normal.””!

In this case, the patient was able to maintain appropriate blood
glucose levels with liraglutide alone for a year. Liraglutide
upregulates paired box 6 (PAX6) expression.*! PAX6, which is
downregulated in pancreatic progenitor cells from MODY 5
(HNF1BS'*8Y*)_human-induced pluripotent stem cells,**! plays
an important role in the differentiation of islet cells.***" We
speculated that liraglutide might be effective in reversing
abnormalities of glucose metabolism due to HNF1B mutation
via its stimulation of PAX6 expression.

Liraglutide protects against beta cell apoptosis, suggest-
ing its suitability for treating MODY § patients who show partial
defects in pancreatic beta cells. Additionally, reduced HNF1B
expression in the liver causes insulin resistance via impaired
insulin signaling, accelerates gluconeogenesis, and increases
dipeptidyl peptidase-4 level.®*33! The above findings indicate

[11,12]
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that liraglutide, which improves hepatic insulin resistance,'>*!

shows potential as a treatment option for MODY 5.

There are certain limitations to this study. First, the recovery
from glucotoxicity and the improvement of eating habits during
hospitalization might affect the patient’s glycemic control.
Secondly, due to time constraints, the long-term protective
effects of GLP-1RA on beta cells were not assessed.

4. Conclusions

We have presented a case of a MODY 5 patient who achieved
appropriate glycemic control with a GLP-1R, liraglutide. Imaging
and genetic screening were helpful in the differential diagnosis
between type 1 diabetes and MODY 5. An early and exact
diagnosis via genetic testing is important for selecting appropriate
hypoglycemic agents and predicting the patient’s prognosis.

More cases of MODY 5 need to be investigated to confirm the
efficacy of GLP-1RA for treating this disease.
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