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Background

Maturity-onset diabetes of the young 5 (MODY5), a rare diabetes syndrome of young adults, is associated with variants in hepatocyte nuclear factor 1B (HNF1B) gene.



Case Presentation

We reported a case of MODY5, which presented with diabetic ketosis, multiple renal cysts, and hypokalemia. In this case, the HNF1B score was estimated as 13 and a heterozygous variant of HNF1B in exon 4 (c.826C>T, p.Arg276*) was identified through Sanger sequencing.



Conclusions

Multiple renal cysts and youth-onset diabetes are common manifestations in patients with HNF1B mutations, and insufficient insulin secretion may be a potential cause of diabetic ketosis in MODY5.
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Background

Diabetes, as an early adverse factor in many other diseases, has attracted widespread attention, and there is growing evidence that diabetes is a heterogeneous disease affected by genetic and environmental influences. With the maturity of genetic testing technology, single-gene defect diabetes has been continuously discovered, especially maturity-onset diabetes of the young (MODY). Currently, at least 14 genes have been confirmed to be involved in the pathogenesis of MODY, including GCK, HNF1A, HNF1B, HNF4A, PDX1, NEUROD-1, KLF-11, CEL, PAX4, INS, BLK, ABCC8, KCNJ11, and APPL1 (1). Maturity-onset diabetes of the young 5 (MODY5) is expected to account for less than 5% of MODY, which is mainly related to HNF1B gene variation (2). However, there is a large heterogeneity in its clinical manifestations. Therefore, it is necessary for us to expand on the clinical phenotype of MODY5 so that clinicians can better identify this disease. In this report, we describe a MODY5 patient with diabetic ketosis, which provides a basis for the supplement of the MODY5 phenotype.



Case presentation

A 26-year-old Chinese woman was admitted to our hospital, with symptoms of thirst, easy hunger, and polyuria for half a year. She had no nausea, vomiting, diarrhea, abdominal pain, or blurred vision. The patient was 156 cm in height, 37.6 kg in weight, and 15.5 kg/m2 in body mass index (BMI). Physical examination revealed no abnormalities except rapid pulse rate and malnutrition. Laboratory investigations revealed a random blood glucose (RBG) level of 28.9 mmol/L and glycated hemoglobin (HbA1c) value of 17.40%. The erythrocyte sedimentation rate (ESR) level was 10 mm/h and c-reactive protein was less than 3.11 mg/L, both within the normal range. Urine ketone bodies were positive and urine sugar was strongly positive. Therefore, the patient was diagnosed with diabetic ketosis and treated with insulin at a dose of 0.48 U/kg*d as a tentative pharmacotherapy. The patient’s hyperglycemia gradually improved and urine ketones were negative. After that, we performed the relevant examination for the patient (Tables 1 and 2). The results showed that her fasting glucose (FBG) level was 9.08 mmol/L and serum C-peptide and insulin levels were 0.31 nmol/L and 2.03 uIU/mL, and 2-hour postprandial blood glucose level was 9.75 mmol/L and 2-hour postprandial serum C-peptide and 2-hour postprandial insulin levels were 0.26 nmol/L and 1.40 uIU/mL. The patient’s insulin resistance index HOMA-IR was estimated as 0.82. Serum creatinine and esti mated glomerularfiltrationrate (eGFR) were 57.00 umol/L and 129.23, respectively. Serum potassium level was low and serum magnesium level was at the lower limit of normal. As shown in Figure 1, ultra-sonographic examination of the abdomen revealed multiple cysts in both kidneys, the echogenicity of the liver parenchyma was enlarged, and no obvious abnormality was detected in other organs. To determine the pathogenesis of her diabetes, further tests were performed (Table 1). Anti-GAD, anti-IAA and anti-ICA antibodies, unique to type 1 diabetes, were all negative. The patient’s insulin secretion was insufficient, so insulin subcutaneous pump was used and the dose was maintained at 0.38 U/kg*d.


Table 1 | Laboratory examinations at the time of admission.




Table 2 | Fasting and 2-hour postprandial metabolic indicators.






Figure 1 | Abdominal ultrasound showed the patient’s kidneys. (A) The patient has multiple cysts in the right kidney, the largest cyst (9*6mm). (B) The patient has multiple cysts in the left kidney, the largest cyst (25*19mm).



Due to the presence of young-onset diabetes, low BMI, multiple renal cysts in both kidneys, insulin secretion dysfunction, and negative diabetes-related antibodies, we suspected the patient to be MODY5 and the HNF1B score was estimated as 13 (Table S1) (3). To further establish definitive diagnosis, genomic DNA was isolated from peripheral blood of the patient, and DNA sequence analysis of the HNF1B gene revealed a heterozygous point mutation (c.826C>T) in 4 exon, leading to a nonsense change of amino acids 276, which changed the amino acid position 276 of the encoded protein from Arg to stop codon (Figure 2). Therefore, the result indicated that our patient was MODY5. This mutation has been reported previously (Table 3).




Figure 2 | The Sanger sequencing showed a heterozygous mutation of HNF1B gene in exon 4 (c.826C>T, p.Arg276*) of the patient.




Table 3 | Cases of HNF1B mutation (c.826C>T, p.Arg276*) in literature.



After her discharge, insulin subcutaneous pump was used with the basal dosage 2.0 units/d and bolus 4.0, 5.8 and 2.5 units before breakfast, lunch and dinner. She tested her blood glucose frequently. Her levels of fasting glucose were around 4 to 6 mmol/L, post prandial 7 to 10 mmol/L, and the recent HbA1c was 5.1%.



Discussion

MODY5 is a rare disease characterized by multiple cysts of both kidneys, pancreatic dysplasia, hypomagnesemia, and diabetes in young adults, usually caused by mutations in HNF1B. While this was first reported by Horikawa in 1997, now several 100 mutations have been identified (8, 9). The HNF1B is expressed in the pancreas, liver, and kidney, and plays an important role in the development of multiple tissues (10–12). MODY5 can be classified into 2 entities according to the genetic defect type: patients with a gene deletion and patients with a gene mutation. Patients with HNF1B mutations had a poorer renal prognosis than those with a gene deletion (13).

In our patient, heterozygous point mutation (c.826C>T, p.Arg276*) occurred in exon 4 and diabetic ketosis was the first manifestation. This was the first report of diabetic ketosis in patient with HNF1B mutation (c.826C>T, p.Arg276*). The occurrence of diabetic ketosis might be related to insufficient insulin secretion, which was different from type 1 diabetes in that diabetes-related autoantibodies were negative. While previous reports suggested that pancreatic hypoplasia was often the cause of insufficient insulin secretion in MODY5 patients (14), no overt pancreatic hypoplasia was presented in our patient, suggesting a possible non-pancreatic volume-dependent dysfunction. Notably, although the serum C-peptide levels were below the normal range, it did not reach deficiency. Insulin secretion was still preserved, and if this process persisted, MODY should be suggestive (15). Furthermore, there was no corresponding increase in postprandial C-peptide levels. A possible explanation was that HNF1B mutations might cause dysfunction of the GLUT-2 signaling pathway, resulting in insufficient glucose-stimulated insulin secretion (4). As the effect accumulated, the patient eventually developed diabetic ketosis. However, diabetic ketosis had not been reported in previous cases of HNF1B mutation (c.826C>T, p.Arg276*), and the possible reasons were as follows: First, there was obvious heterogeneity in MODY5 patients, and the clinical manifestations were different among different patients. Second, diabetic ketosis was a rare manifestation of MODY5 (16), which might not have received much attention in previous studies. Finally, there might be a cumulative effect in the development of diabetes and diabetic ketosis, which occurred when the disturbance of glucose metabolism caused by the mutation reached a certain level.

The patient presented with typical polycystic kidney manifestations, which was consistent with previous reports (13). Although studies have shown that patients with the mutation might have worse kidney damage than those with the gene deletion (13), kidney damage was not presented in this patient. Hypokalemia was also presented in this patient, and previous studies have shown that hypokalemia occurs in approximately half of adults with HNF1B mutations (17). HNF1B can directly regulate the transcription of genes related to renal K+ processing and can regulate the transcription of K+ channel proteins (12). Dysregulation of multiple transporters might contribute to hypokalemia. In addition, hypomagnesemia was also a common presentation in MODY5 patients, often due to renal magnesium loss (18). The degree of hypomagnesemia varied across age groups in patients with HNF1B mutations, and previous studies have shown that hypomagnesemia develops with increasing age (19). Therefore, although the patient’s current serum magnesium was within the normal range, regular monitoring of serum electrolytes was still necessary.

Insulin was the main recommended treatment agent for MODY5 patients, especially when HNF1B mutation (c.826C>T, p.Arg276*) occurred. Although some patients might be independent of insulin in the early stage (5), it should be noted that this mutation might lead to potential insulin secretion defects. Therefore, when MODY5 was suspected, pancreatic function should be evaluated and inappropriate drug should be avoided.



Conclusion

In conclusion, we report a MODY5 patient with onset of diabetic ketosis in whom we identified a nonsense mutation at exon 4 of the HNF1B gene. Multiple renal cysts and youth-onset diabetes are common manifestations in patients with HNF1B mutations, and insufficient insulin secretion might be a potential cause of diabetic ketosis in MODY5. Our findings provide a new complement to the phenotype of MODY5 and bring more attention to patients with diabetic ketosis.
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