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Case Report: Functional characterization of a missense variant in INSR associated with hypoketotic hypoglycemia
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Hypoketotic hypoglycemia due to dysregulated insulin secretion is the most common cause of persistent hypoglycemia in children. However, this type of hypoglycemia can also result from defects in the insulin signaling pathway. Distinguishing between the two is important for informing treatment decisions. Here we describe the case of a 10-year-old female with fasting and postprandial hypoglycemia who was found to have a missense variant in the INSR gene, which we functionally characterized. The proband presented with fasting and postprandial hypoglycemia at age six. Diagnostic evaluation was consistent with hypoketotic hypoglycemia suspected to be due to hyperinsulinism, and she was treated with diazoxide. Whole exome sequencing identified a maternally inherited heterozygous missense variant in INSR. Phenotypic studies on the mother were consistent with postprandial hypoglycemia. Phosphorylated Akt and ERK1/2 levels were higher at baseline and in response to stimulation with insulin in 3T3-L1 cells expressing mutant INSR compared to cells expressing wild type INSR. Thus, herein we present a heterozygous missense variant in INSR (c.1151A>G, p.Asn384Ser) that results in constitutive and increased activation of the human insulin receptor, leading to both fasting and postprandial hypoglycemia.
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1 Introduction

Congenital hyperinsulinism (HI), due to dysregulated insulin secretion, is the most common cause of persistent hypoglycemia in infants and children. It is characterized by severe and persistent hypoketotic hypoglycemia triggered by fasting and glucose or protein intake, or exercise, depending on the specific genotype. HI is diagnosed by demonstration of increased insulin secretion and actions during hypoglycemia, including detectable insulin, low free fatty acids (FFAs) and beta-hydroxybutyrate (BOHB), and a glycemic response to glucagon administration during hypoglycemia (1). More than 30 different genetic loci have been associated with HI with pathogenic variants in the genes encoding the ATP-sensitive potassium channel, KCNJ11 and ABCC8, accounting for most genetically confirmed cases (2).

Dominant mutations in the insulin receptor gene (INSR) have also been associated with an HI phenotype, possibly due to a combination of decreased insulin degradation and differential insulin receptor function in the liver and skeletal muscle (3–10). To review, the INSR gene encodes for the heterotetrameric insulin receptor composed of two alpha and two beta subunits. When insulin binds to the insulin receptor at the alpha subunits, it triggers auto-phosphorylation and tyrosine kinase activity in the receptor's beta subunits (11). This in turn activates the two main insulin signaling pathways, phosphatidylinositol 3-kinase (PI3K/Akt) and Raf/Ras/MEK/MAPK (mitogen activated protein kinase or ERK). Akt and ERK1/2 (or P44/42) promote glycogen, fatty acid, and protein synthesis as well as cell growth and differentiation (12). It is important to note that genetic variants in genes downstream of the insulin receptor also have been identified as a cause of hypoketotic hypoglycemia, but in contrast to HI, beta cell function and insulin secretion is normal in these cases (13).

In this case report, we present a ten-year-old girl with fasting and postprandial hypoglycemia found to harbor a maternally inherited heterozygous missense variant in INSR. Through functional analysis, we show this variant to be pathogenic given constitutive and increased activity of the insulin receptor.



2 Case report

The proband was born full-term via spontaneous vaginal delivery with an appropriate for gestational age birth weight and no reported prenatal or delivery complications. Her growth and development were normal prior to presentation. At six years of age, she developed sudden-onset dizzy spells and was described to be pale, tachycardic and clumsy. These episodes occurred a couple hours after eating and self-resolved after a few minutes. She was initially seen by Neurology and found to have partial seizures on EEG. A brain MRI revealed no structural abnormalities nor insults. She was started on zonisamide 50 mg twice daily for approximately six weeks without observed benefit. She continued suffering from these episodes one to two times per week. The family also reported the patient was snacking every one to two hours from hunger.

During one of her dizzy spells, the patient's mother tested her blood glucose using a hand-held glucose meter, revealing hypoglycemia. The patient was subsequently seen by a local endocrinologist who recommended a diagnostic fasting study. She was fasted for a total of 18 h with plasma glucose (PG) nadir of 52 mg/dL (2.9 mmol/L) at 18 h and negative urine ketones throughout. She then consumed a small mixed meal with transient rise in PG to 141 mg/dL (7.8 mmol/L) and subsequent drop to 45 mg/dL (2.5 mmol/L) at ∼210 min after her meal. A critical sample was then obtained: confirmatory PG 32 mg/dL (1.8 mmol/L), plasma beta-hydroxybutyrate (BOHB) <0.4 mmol/L, plasma insulin 38.5 uU/mL (267.4 pmol/L) and C-peptide 4.1 ng/mL (1.4 nmol/L). Additionally, a glucagon stimulation test demonstrated a delta PG of +69 mg/dL (+3.8 mmol/L) over 20 min. Taken together, these results were suggestive of HI, and she was started on diazoxide 5 mg/kg/day. Her dosing was eventually weaned to 3.9 mg/kg/day for glucoses around 150 mg/dL (8.3 mmol/L) and she temporarily maintained euglycemia on this regimen. Afterwards, both her dizzy spells and hunger symptoms improved. A three-day EEG on this treatment revealed no abnormal brain activity and zonisamide was discontinued.

The family began noting hypoglycemia again one month after diazoxide initiation, particularly after protein-rich meals. Thus, diazoxide was increased back to 5 mg/kg/day. Despite dose escalation, she continued having hypoglycemia one to two times per week, and she was referred to our Center for further evaluation. Whole exome sequencing revealed a maternally-inherited, heterozygous, missense variant of uncertain significance in the INSR gene (c.1151A>G, p.Asn384Ser; Variation ID: 987803 Accession: VCV000987803.1). The mother self-reported undocumented symptoms of hypoglycemia without clear provocation. The maternal grandmother also reportedly had hypoglycemia.

Further phenotyping of the patient was completed at our Center. While on diazoxide 5 mg/kg/day, the proband fasted for 18 h maintaining PG ≥70 mg/dL (3.9 mmol/L). Although she had a normal mixed meal tolerance test (MMTT) and oral protein tolerance test (OPTT), the patient experienced hypoglycemia at +120 min on an oral glucose tolerance test [OGTT, PG 52 mg/mL (2.9 mmol/L) and insulin 6.2 uIU/mL (43.1 pmol/L)] with peak insulin level of 43.3 uIU/mL (300.7 pmol/L) reached at one hour.

The proband was weaned off diazoxide for additional diagnostic testing which was completed five days after diazoxide discontinuation. She maintained PG ≥70 mg/dL (3.9 mmol/L) for 18 h of fasting and the fasting test was terminated at 35 h with PG 44 mg/dL (2.4 mmol/L), plasma BOHB 2.2 mmol/L, and insulin 3.1 uIU/mL (21.5 pmol/L). She had a positive glucagon stimulation test with a delta PG of +36 mg/dL (+2.0 mmol/L). Repeat OGTT and OPTT were normal but MMTT provoked hypoglycemia at 5 h with PG 52 mg/dL (2.9 mmol/L). Based on these findings, the patient's diazoxide was restarted at 5 mg/kg/day divided twice daily.

On the most recent evaluation at eight years of age, the proband fasted for 18 h with PG ≥70 mg/dL (3.9 mmol/L) on a diazoxide dose of 4.6 mg/kg/day. She now reports minimal dizzy spells and no hypoglycemic episodes at home off diazoxide, which was discontinued at 9 years old.

Given our suspicion that the patient's maternally inherited INSR missense variant was causing her symptoms, we completed phenotyping studies on the mother. The proband's mother was 43 years old with a body mass index (BMI) of 25.5 kg/m2 at the time of evaluation. She completed a 23.5-hour fasting test with labs at the end of the assessment showing a PG 74 mg/dL (4.1 mmol/L), plasma BOHB 0.3 mmol/L, FFA 0.63 mmol/L, and insulin 2.74 uIU/mL (19 pmol/L). Hypoglycemia to PG 51 mg/dL (2.8 mmol/L) occurred at +150 min into the OGTT with plasma insulin of 6.68 uIU/mL (46.4 pmol/L) and peak insulin level of 84.01 uIU/mL (583.4 pmol/L) noted at +30 min. The OPTT was not able to be completed due to scheduling restraints. Table 1 displays the results of select phenotyping assessments for the patient and her mother. Figure 1 summarizes the proband's diagnostic course.


TABLE 1 Select phenotypic findings of the proband off diazoxide and her mother.
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FIGURE 1
A timeline of the diagnostic course for the proband.


To assess the functional effects of the INSR variant on insulin signaling, we evaluated changes in phosphorylation of ERK1/2 (pErk1-Y204/Erk2-Y187) and Akt (pAkt-Thr308) at baseline and in response to stimulation with insulin in a 3T3-L1-derived adipocyte cell model expressing either the normal, control human INSR (hINSR-WT) or INSR with the identified variant (hINSR-N384S) (Supplementary Figure S1). After differentiation into adipocytes and treatment with insulin (10 nmol/L), the hINSR-N384S variant expressing cells had higher levels of both pAkt and pERK1/2 compared to the hINSR-WT control (Figure 2A). Interestingly, the increase in pAkt and pERK1/2 was also observed in the absence of insulin treatment in the hINSR-N384S variant expressing cell line compared to WT control (Figure 2B). These results indicate that the increase in insulin signaling caused by the hINSR-N384S variant is constitutive, independent of insulin binding, and effects both the mitogenic and metabolic insulin signaling pathways. Additional details on the methods for phenotyping, genotyping and functional studies can be found in Supplementary Materials.
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FIGURE 2
Insulin signaling is increased in hINSR-N384S expressing adipocytes independent of insulin treatment. 3T3 cells expressing either hINSR-WT or hINSR-N384S were differentiated into adipocytes and then treated ± insulin. (A) Western blot analysis of pAkt, pErk1/2, and GAPDH (loading control) expression in protein lysates collected from hINSR-WT and hINSR-N384S expressing adipocytes after treatment with insulin (10 nmol/L). n = 3 (B) Western blot analysis of pAkt, p44/42, and GAPDH (loading control) expression in protein lysates collected from hINSR-WT and hINSR-N384S expressing adipocytes with no insulin treatment. n = 3.




3 Discussion

Variants in INSR have been associated with a hypoketotic hypoglycemia phenotype, but the mechanisms by which variants in this gene cause hypoglycemia have not been clearly established. Our functional analyses of the proband's c.1151A>G INSR missense variant demonstrate increased phosphorylation of the downstream insulin signaling mediators, Akt and P44/42, with and without insulin stimulation when compared to wild type control. This suggests that the variant results in constitutive and increased activation of the insulin receptor, which would result in both fasting and postprandial hypoglycemia and is consistent with the proband's phenotype. Not only did she exhibit fasting hypoglycemia on her diagnostic fast, but the patient also experienced postprandial hypoglycemia on her OGTT and MMTT. Furthermore, the proband's mother exhibited hypoglycemia during the OGTT even though her relatively short diagnostic fast did not capture her reported symptoms of fasting hypoglycemia.

Over 100 pathogenic variants in INSR have been identified to cause human disease with mutations of the alpha subunit producing a more severe phenotype (8). Most variants lead to severe insulin resistance like that seen in Donohue (OMIM #246200) and Rabson-Mendenhall syndrome (OMIM #262190). However, more recent literature reveals an association between INSR mutations and hyperinsulinemic hypoglycemia. It is presumed that heterozygous mutations in INSR lead to both insulin resistance and hypoglycemia through tissue-specific insulin receptor dysfunction. While impaired insulin receptor function at the skeletal muscle causes hyperinsulinemia and decreased peripheral glycogen formation from insulin resistance, preserved receptor function in the liver provokes hypoglycemia by suppressing glucose production in the setting of hyperinsulinemia (5, 10). Hojlund and colleagues also propose decreased insulin degradation as a mechanism of hyperinsulinemic hypoglycemia. This is evidenced by increased insulin-to-C-peptide ratios and decreased insulin clearance noted in the research team's euglycemic-hyperinsulinemic clamp studies of affected patients (3).

To date, there have been 32 cases, including the present case, in the literature reported to have heterozygous, autosomal dominant variants in INSR resulting in hyperinsulinemic hypoglycemia. Of these patients, seven experienced fasting hypoglycemia while 16 suffered from postprandial hypoglycemia (3–7, 9, 10, 14–16). Both fasting and post-prandial hypoglycemia have only been reported in three other cases (3, 16, 17). For five individuals, the type of hypoglycemia was not specified (3, 6). All but two variants are located on exons encoding for the beta subunit of the insulin receptor with four located on exon 20. Within exon 20, two variants result in fasting hypoglycemia while the others lead to postprandial hypoglycemia. The proband's variant is found on exon 5, encoding for part of the alpha subunit. Only one other variant is located here and has resulted in fasting or postprandial hypoglycemia within the same family (15). Thus, with the present data available, a clear genotype-phenotype correlation does not exist.

Most patients in the literature with a heterozygous pathogenic variant in INSR and fasting hypoglycemia developed persistent neonatal hypoglycemia shortly after birth. They were described to be small for gestational age and had mothers with gestational diabetes (10, 15). Patients often respond to diazoxide and can come off therapy around the first year of life (10). Our patient's clinical presentation was different. Her birth weight was appropriate for gestational age, and she did not have documented symptoms of hypoglycemia until 6 years of age. Her mother also did not report any concerns of gestational diabetes during this pregnancy. Of note, most reported patients with fasting hypoglycemia were not formally assessed by a diagnostic fasting study to confirm the pattern of their hypoglycemia (10, 15). Regardless, our patient's phenotype was more representative of what has been observed in the postprandial hypoglycemia cohort. These individuals presented outside of the infancy period with some individuals exhibiting asymptomatic fasting hypoglycemia on PG readings but not formal diagnostic fasting studies (3–6, 10). One notable difference is that this cohort responds well to metformin for unclear reasons. Given her appropriate response to diazoxide, we did not trial the proband on it.

Physical manifestations of insulin resistance are noted in the literature for both subtypes of hypoglycemia. Signs of insulin resistance in these individuals included acanthosis nigricans, menstrual irregularities and hirsutism (4, 6, 10). It is thought that the smaller BMIs noted in most of these individuals is a result of increased lipolysis and decreased lipogenesis in adipocytes sparked by chronic insulin resistance (5). The same idea applies in utero in which resistance to insulin, a potent growth factor in utero, results in small for gestational age status at birth (5). We did not observe any of these features in our patient nor her mother, thus highlighting the phenotypic variability observed in this patient population.

In conclusion, we present a heterozygous missense variant in the INSR gene (c.1151A>G, p.Asn384Ser) that results in constitutive and increased activation of the human insulin receptor, leading to both fasting and postprandial hypoglycemia without evidence of increased insulin secretion. By further elucidating the pathophysiology behind this type of hypoglycemia, we can better tailor our existing therapeutics to effectively manage the hypoglycemia affecting these patients.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Children's hospital of Philadelphia Institutional Review Board. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Ethical approval was not required for the studies on animals in accordance with the local legislation and institutional requirements because only commercially available established cell lines were used. Written informed consent was obtained from the individual(s), and minor(s)' legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



Author contributions

HG: Writing – original draft, Investigation. LM: Writing – review & editing, Investigation. PC: Writing – review & editing, Investigation. CJ: Writing – review & editing, Investigation. KB: Writing – review & editing, Investigation. KL: Writing – review & editing, Investigation. AG: Writing – review & editing, Methodology, Funding acquisition. DDDL: Writing – review & editing, Supervision, Project administration, Methodology, Investigation, Formal Analysis, Data curation, Conceptualization.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the National Institutes of Health grants R01-DK056268 (AG, DDDL). Additional support was provided by the CHOP Center for Human Phenomic Science supported by the National Center for Research Resources (Grant UL1RR024134) and the National Center for Advancing Translational Sciences (Grant UL1TR000003). The funders had no role in the design, data collection, data analysis, and reporting of this study.



Acknowledgments

We thank Dr. Patrick Seale for kindly sharing the 3T3-L1 cell line.



Conflict of interest

Research support: DDDL has received research funding from Hanmi Pharmaceuticals, Zealand Pharma A/S, Eiger Pharma, Twist Biosciences, Rezolute, Ultragenyx, and Crinetics Pharmaceuticals for studies not included in this article. Consulting: DDDL has received consulting fees from Zealand Pharma A/S, Crinetics Pharmaceuticals, Hanmi Pharmaceuticals, Eiger Pharma, Twist Biosciences, Spruce Biosciences, and Rhythm Pharmaceuticals not related to this article.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2024.1493280/full#supplementary-material



References

1. De Leon DD, Arnoux JB, Banerjee I, Bergada I, Bhatti T, Conwell LS, et al. International guidelines for the diagnosis and management of hyperinsulinism. Horm Res Paediatr. (2024) 97(3):279–98. doi: 10.1159/000531766

2. Rosenfeld E, Ganguly A, De Leon DD. Congenital hyperinsulinism disorders: genetic and clinical characteristics. Am J Med Genet C Semin Med Genet. (2019) 181(4):682–92. doi: 10.1002/ajmg.c.31737

3. Hojlund K, Hansen T, Lajer M, Henriksen JE, Levin K, Lindholm J, et al. A novel syndrome of autosomal-dominant hyperinsulinemic hypoglycemia linked to a mutation in the human insulin receptor gene. Diabetes. (2004) 53(6):1592–8. doi: 10.2337/diabetes.53.6.1592

4. Innaurato S, Brierley GV, Grasso V, Massimi A, Gaudino R, Sileno S, et al. Severe insulin resistance in disguise: a familial case of reactive hypoglycemia associated with a novel heterozygous insr mutation. Pediatr Diabetes. (2018) 19(4):670–4. doi: 10.1111/pedi.12632

5. Huang Z, Li Y, Tang T, Xu W, Liao Z, Yao B, et al. Hyperinsulinaemic hypoglycaemia associated with a heterozygous missense mutation of R1174w in the insulin receptor (ir) gene. Clin Endocrinol (Oxf). (2009) 71(5):659–65. doi: 10.1111/j.1365-2265.2009.03525.x

6. Preumont V, Feincoeur C, Lascols O, Courtillot C, Touraine P, Maiter D, et al. Hypoglycaemia revealing heterozygous insulin receptor mutations. Diabetes Metab. (2017) 43(1):95–6. doi: 10.1016/j.diabet.2016.07.001

7. Krishnamurthy M, Pingul MM. A novel insulin receptor mutation in an adolescent with acanthosis Nigricans and hyperandrogenism. J Pediatr Endocrinol Metab. (2016) 29(10):1201–5. doi: 10.1515/jpem-2015-0384

8. Ardon O, Procter M, Tvrdik T, Longo N, Mao R. Sequencing analysis of insulin receptor defects and detection of two novel mutations in insr gene. Mol Genet Metab Rep. (2014) 1:71–84. doi: 10.1016/j.ymgmr.2013.12.006

9. Fujita S, Horitani E, Miyashita Y, Fujita Y, Fukui K, Kamada Y, et al. Whole-Exome sequencing analysis of a Japanese patient with hyperinsulinemia and liver dysfunction. J Endocr Soc. (2022) 6(3):bvac008. doi: 10.1210/jendso/bvac008

10. Sethi A, Foulds N, Ehtisham S, Ahmed SH, Houghton J, Colclough K, et al. Heterozygous insulin receptor (insr) mutation associated with neonatal hyperinsulinemic hypoglycaemia and familial diabetes Mellitus: case series. J Clin Res Pediatr Endocrinol. (2020) 12(4):420–6. doi: 10.4274/jcrpe.galenos.2019.2019.0106

11. Ullrich A, Bell JR, Chen EY, Herrera R, Petruzzelli LM, Dull TJ, et al. Human insulin receptor and its relationship to the tyrosine kinase family of oncogenes. Nature. (1985) 313(6005):756–61. doi: 10.1038/313756a0

12. Kublaoui B, Levine MA. Receptor transduction pathways mediating hormone action. In: Sperling M, editor. Sperling Pediatric Endocrinology. 5th ed. Philadelphia: Elsevier (2021). p. 30–85.

13. Hussain K, Challis B, Rocha N, Payne F, Minic M, Thompson A, et al. An activating mutation of Akt2 and human hypoglycemia. Science. (2011) 334(6055):474. doi: 10.1126/science.1210878

14. Enkhtuvshin B, Nagashima S, Saito N, Wakabayashi T, Ando A, Takahashi M, et al. Successful pregnancy outcomes in a patient with type a insulin resistance syndrome. Diabet Med. (2015) 32(6):e16–9. doi: 10.1111/dme.12659

15. Poon SW, Chung BH, Wong MS, Tsang AM. Diazoxide-Unresponsive hyperinsulinemic hypoglycaemia in a preterm infant with heterozygous insulin receptor gene mutation. J Clin Res Pediatr Endocrinol. (2023). doi: 10.4274/jcrpe.galenos.2023.2022-12-10

16. Kuroda Y, Iwahashi H, Mineo I, Fukui K, Fukuhara A, Iwamoto R, et al. Hyperinsulinemic hypoglycemia syndrome associated with mutations in the human insulin receptor gene: report of two cases. Endocr J. (2015) 62(4):353–62. doi: 10.1507/endocrj.EJ14-0547

17. Verdecchia F, Akcan N, Dastamani A, Morgan K, Semple RK, Shah P. Unusual glycemic presentations in a child with a novel heterozygous intragenic insr deletion. Horm Res Paediatr. (2020) 93(6):396–401. doi: 10.1159/000510462



OPS/images/fped-12-1493280-t001.jpg
Proband Proband's mother

Plasma Plasma PG Plasma [{ENGE]
BOHB insulin (ulU/ (mmol/ BOHB insulin (ulU/
(mmol/ mL) ) L) mL)
32 62 34 15 215 85 47 02
35 44 24 22 31 25 74 41 03 274
OGTT 0 124 69 - 0 90 50 61
05 = —~ - 05 17 65 8401
1 12 18 - 1 9 52 6322
15 188 104 115 15 89 49 4671
2 131 73 427 % 85 47 2547
25 121 67 62 25 51 28 668
3 121 67 39
OPTT® | 025 92 5.1 192
0 84 47 147
025 79 44 144
05 81 45 179
075 84 47 158
1 91 51 142
15 81 45 9.1
2 83 46 <20
25 83 46 <20
3 83 46 <20
MMTT® 0 76 42 7.3
1 82 46 843
15 9% 53 585
3 101 56 1410
25 78 43 797
3 76 42 738
35 66 37 683
4 56 31 319
45 54 30 7.9
5 59 33 201
PG, plasma glucose; BOHB, b DF, OGTT, oral gh OPTT, oral protein MMTT, mixed meal tolerance test. Reference ranges:

PG (70-99 mg/dL; 3.9-5.5 mmol/L), BOHB (>2.0-5.0 mmol/L), FFA (215 mmol/L), insulin (<2 ulU/mL). -, Missing data.
“Final four time points of each diagnostic fast are presented.
bproband’s mother did not complete these assessments.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case Report: Functional characterization of a missense variant in INSR associated with hypoketotic hypoglycemia

		1 Introduction



		2 Case report



		3 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Case Report: Functional
characterization of a missense
variant in INSR associated with

hypoketotic hypoglycemia







OPS/images/fped-12-1493280-g002.jpg
V\'\& 'Y
& &
s
e @D Anti-pAkt
=r.: =% Anti-pERK1?2

@ @D Anti- GAPDH

o

&

o @D Anti-pAkt
W= Anti-pERK1/2

@IS @ Anti-GAPDH






OPS/images/fped-12-1493280-g001.jpg
Inital presentation of dizzy spells, pallor, Transferred to HI center where ¢ 1151A>G, Diagnostic fast was re-attempted off
tachycardia and partal seizures a couple P.N384S INSR variant is detected. Additional diazoxide and proband was confirmed to

hours after eafing, phenotypic studies are pursued. have both fasting and postprandial
hypoglycemia

1112019 1112020 812021

812020 1212020

Hypoglyceia is detected; proband ‘The proband's mother h Proband hypoglycemic
undergoes diagnostic fast and is started on studies that reveal postprandial ‘symptoms now off diazoxide therapy at most
diazoxide therapy. Symptoms temporarily hypoglycemia. recent cinic visit

improve.







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





