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Abstract

Congenital hyperinsulinism (CHI) is a rare hereditary disease characterized by the development of hypoglycemia in both infants and adult patients.
CHI may be induced by activating mutations in the glucokinase (GCK) gene, which encodes the human glucokinase enzyme. This form of the
disease is characterized by considerable phenotypic heterogeneity and may vary in severity of its course. We present a familial case report of
mild CHI caused by a novel variant, ¢c.212T > C (p.Val71Ala), in the GCK gene in a 41-year-old mother and a 15-year-old daughter. The clinical
picture of hypoglycemia in the patients was not pronounced, which makes this clinical case remarkable. Moreover, a variant of uncertain
clinical significance, ¢.1903G > A (p.AlaB635Thr), in the ABCC8 gene was detected, which may also have contributed to the course of the

disease in these patients.
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Introduction

Congenital hyperinsulinism (CHI) is a rare disease character-
ized by dysregulated insulin secretion leading to hypoglycemia.
CHI is the most common cause of persistent hypoglycemia in
neonates and infants. There are 16 various genes known to
be responsible for CHI development: ABCCS8, KCNJ11,
GLUD1, GCK, HADH, SLC16A1, UCP2, HNF4A,
HNF1A, HK1, KCNQ1, CACNA1D, FOXA2, EIF2S3,
PGM1, and PMM2. The proteins encoded by these genes are
involved in regulating insulin secretion by the pancreatic
B-cells. CHI can also be associated with genetic syndromes
and can be secondary to intrauterine growth restriction, mater-
nal diabetes, birth asphyxia, etc. [1].

One of the proteins involved in the regulation of carbohy-
drate metabolism is glucokinase, an enzyme encoded by the
GCK gene. The GCK gene consists of 12 exons and is predom-
inantly expressed in pancreatic B-cells but also in liver cells
and brain neurons. Glucokinase phosphorylates glucose to
glucose-6-phosphate, serving as a substrate for the glycolytic
pathway, which triggers adenosine triphosphate (ATP) gener-
ation and glucose-dependent insulin secretion [2].

The GCK gene pathogenic variants may be involved in the
pathogenesis of both hyper- and hypoglycemia. Inactivating
variants in the GCK gene cause maturity-onset diabetes of
the young type II, while activating variants in the GCK gene
induce CHI development [3]. Hypoglycemia caused by acti-
vating mutations develops due to a glucokinase equilibrium

shifting to a form with higher glucose affinity and a lower
threshold for glucose-stimulated insulin secretion [4].

Clinical manifestations of activating mutations in the GCK
gene may widely vary from severe neonatal hypoglycemia
with seizures and delayed psychomotor development to
asymptomatic hyperinsulinemic hypoglycemia detected in
adulthood [5].

More than 20 various pathogenic variants in the GCK
gene causing CHI are described in the literature [5]. The
variants predominantly affect an allosteric binding site,
which is responsible for the shift from an active glucoki-
nase form to its inactive form. Most patients with activat-
ing GCK mutations have a persistent hypoglycemia with
late-onset disease. However, severe pharmacoresistant clin-
ical cases with neonatal manifestation were also reported

[6-10].

Case Presentation

Patient Z. (proband), a 15-year-old female, presented to the
endocrinologist for recurrent hypoglycemia episodes that
started when she was 14.

According to the family history, the proband was born with
a birth weight of 2980 g and length of 50 cm. The Apgar score
was 8 to 9 points. It was the third pregnancy for the patient’s
other and the second spontaneous vaginal delivery. The preg-
nancy was complicated by hypertension. No history of devel-
opmental psychomotor disturbances or other anomalies were

Received: 13 July 2024. Editorial Decision: 19 November 2024. Corrected and Typeset: 4 December 2024
© The Author(s) 2024. Published by Oxford University Press on behalf of the Endocrine Society.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https:/creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not altered
or transformed in any way, and that the work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and translation rights for
reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information
please contact journals.permissions@oup.com. See the journal About page for additional terms.


https://orcid.org/0000-0002-5650-1440
https://orcid.org/0009-0004-0148-6281
https://orcid.org/0000-0003-0180-904X
https://orcid.org/0000-0003-1172-3557
https://orcid.org/0000-0001-5949-5317
https://orcid.org/0000-0003-4915-1267
mailto:Leila.sozaeva@gmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1210/jcemcr/luae226

detected in the patient’s neonatal period. No information on
previous blood glucose tests was found in her medical records.

Hypoglycemia [1.87 mmol/L, 33.7 mg/dL (reference range:
3.3-5.5 mmol/L, 70-140 mg/dL)] was first documented in July
2022 at the age of 13 years when the proband lost conscious-
ness. Blood glucose levels were measured by the ambulance
team using a glucometer after the patient regained conscious-
ness. No seizures, excessive sweating, or significant tachycardia
before, during, or after loss of consciousness are recalled by the
proband or her mother. After that, the patient has not been ex-
amined for 1 year. She had no complaints, her general condition
was satisfactory, and no blood glucose tests were performed.

At the patient’s age of 14 years, hypoglycemia was again de-
tected by routine laboratory tests for community-acquired
pneumonia.

Diagnostic Assessment

The patient was referred to an endocrinologist for further exam-
ination. The test results revealed hyperinsulinemic hypogly-
cemia. The patient was further referred to the Endocrinology
Research Centre in Moscow, Russia, where the diagnosis was
confirmed (Table 1). Iatrogenic hypoglycemia caused by insulin
administration was ruled out by C-peptide levels, which were
also elevated. No traces of sulfonylureas were found in the pa-
tient’s blood sample. Thus, this group of drugs was also excluded
as a possible trigger for the development of hypoglycemia. The
age of symptom onset and excessive insulin release during
hypoglycemia episodes were suggestive of insulinoma, but
endoscopic ultrasound, computed tomography, and magnetic
resonance imaging of the abdominal cavity failed to localize
any signs of mass lesion in the pancreas. Insulin autoimmune
syndrome was excluded based on insulin antibody levels.
The patient’s glycemic profile was quite remarkable: persistent
asymptomatic hypoglycemia with progressively dropping glu-
cose levels immediately after ingestion of fast carbohydrates,
while with a normal diet based on complex carbohydrates,
fats, and proteins, glucose levels were stable and remained in
the range of 2.8 to 3.2 mmol/L, 50.4 to 57.6 mg/dL (reference
range: 3.3-5.5 mmol/L, 70-140 mg/dL).

Blood glucose levels in the proband’s father were normal;
the proband’s mother had hypoglycemia of 3.0 mmol/L,
54 mg/dL (reference range: 3.3-5.5 mmol/L, 70-140 mg/dL).
Given the uncommon glycemic profile, asymptomatic hypo-
glycemia in the proband’s mother, and no evidence of an insu-
linoma in the proband’s pancreas, the presence of activating
mutations in the patient’s GCK gene was suggested. A molecu-
lar diagnostics detected a novel heterozygous mutation,
¢.212T > C (p.Val71Ala), in exon 3 of the GCK gene. The

Table 1. The blood test results of patient Z

Parameter Result Reference values
Glycated hemoglobin (%) 3.4 4-6
Glucose (blood serum) 1.94 mmol/L 3.3-6.1 mmol/L
(34.9 mg/dL) (59.5-109.9 mg/dL)
Insulin 30.29 pU/mL 2.6-24.9 pU/mL
(210.35 pmol/L) (18-172.9 pmol/L)
C-peptide 4.81 ng/mL 1.1-4.4 ng/mL
(1.5 nmol/L) (0.36-1.46 nmol/L)
Anti-insulin antibodies 2.54 U/mL 0-10
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variantis located in a moderately conserved position, and com-
putational algorithms predict its pathogenic effect on the pro-
tein. Molecular testing of the GCK gene in the proband’s
mother revealed an identical heterozygous mutation. This mu-
tation was previously detected in a child with CHI and pre-
sented at the 7th ESE Young Endocrinologists and Scientists
meeting as an abstract [11], but it has not yet been described
in an article. Given that the pathogenic variant was previously
identified and that we detected it in both the proband and her
mother, and based on pathogenicity prediction algorithm
data, it is reasonable to assume that the probability of this
pathogenic variant being pathogenic is high. Functional stud-
ies of this gene variant have not been performed. The pro-
band’s maternal grandmother’s blood glucose levels were
within a normal range. The maternal grandfather died of myo-
cardial infarction; no data on his blood glucose levels are avail-
able, so it cannot be clarified whether this variant was inherited
by the proband’s mother from her parents or whether it oc-
curred de novo.

We also detected an additional variant, ¢.1903G > A
(p-Ala635Thr), in exon 13 of the ABCCS8 gene. The variant
is registered in the Genome Aggregation Database v4.0.0 as
a heterozygous mutation with a frequency of 0.001113%. It
is located in a nonconserved position, and the algorithm-
predicted effect of this variant on the protein is neutral; there-
fore, the clinical significance of this variant has not been
assessed.

The sequence was deposed to the NCBI Sequence Read
Archive with Bioproject accession number PRJNA1168410.
The next-generation sequencing data are available at biosam-
ple SAMN44240844. The Sanger sequence of the ABCCS8 gene
is available with accessions SRX26345179, SRX26345178.
The Sanger sequence of the GCK gene is available with acces-
sions SRX26345177, SRX26345176, SRX26344922, SRX2
6344921.

Treatment

The patient and her mother were recommended to regularly
measure blood glucose levels by glucometer and to follow a
diet based on complex carbohydrates with restriction of fast
carbohydrates.

Outcome and Follow-up

The diet resulted in stabilization of the glucose levels in the pa-
tient’s mother. The patient complied with the recommenda-
tions as well, albeit with recurrent laboratory, not
symptomatic, signs of hypoglycemia. In case of persistent
symptomatic hypoglycemia, the administration of diazoxide
will be considered in the future.

Discussion

The clinical picture of CHI may vary in severity and may de-
pend on a variant in the GCK gene. Most cases are character-
ized by mild hypoglycemia, but some pathogenic variants
result in severe symptomatic hypoglycemia [3]. Patients with
pathogenic variants in the GCK gene usually respond to diaz-
oxide therapy, but in some cases hypoglycemia requires no
intervention [5].

Challis et al published a familial case report of CHI in adult
patients due to an activating mutation in the GCK gene [12]. A
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heterozygous activating mutation, p.Val389Leu, in the GCK
gene was found in the 63-year-old female patient (proband)
and her family members. The hypoglycemia was detected by
a routine blood glucose test. A diagnosis of hyperinsulinemic
hypoglycemia was confirmed. The proband’s blood glucose
levels remained between 2.1 mmol/L (37.8 mg/dL) and
2.9 mmol/L (52 mg/dL) throughout 34 hours of fasting (refer-
ence range: 3.3-5.5 mmol/L, 70-140 mg/dL), while an ex-
tended oral glucose tolerance test revealed a progressive
glucose level decrease started at 30 minutes down to minimum
values [< 2.0 mmol/L, 36 mg/dL at 180 minutes(reference
range: 3.3-5.5 mmol/L, 70-140 mg/dL)]. The proband was in-
tolerant of acarbose and diazoxide and showed no response to
subcutaneous administration of octreotide or to oral adminis-
tration of nifedipine. The recommendation was to follow a
low glycemic index diet. The proband’s father presented at
the age of 77 with a history suggestive of hypoglycemia. He re-
ceived diazoxide therapy with subjective symptomatic im-
provement despite evidence of persisting chronic
hypoglycemia. Hyperinsulinemic hypoglycemia was also di-
agnosed in the proband’s son, brother, and niece. In these pa-
tients, an extended oral glucose tolerance test revealed a
progressive glucose level decrease as well. None of them re-
ceived medications, but they followed a low glycemic index
diet. In our proband and her mother, no extended oral glucose
tolerance test was performed, but the attempts to prevent glu-
cose levels from dropping below 3 mmol/L by fast carbohy-
drate food ingestion or by glucose 10% IV infusion resulted
in an even more pronounced decrease in glucose levels below
2 mmol/L (36 mg/dL). Of note, our proband had no clinical
manifestations of hypoglycemia even with a glucose level de-
crease down to 1.8 mmol/L (32 mg/dL) (reference range:
3.3-5.5 mmol/L, 70-140 mg/dL).

In the literature, there are also case reports of severe hyper-
insulinism requiring pancreatectomy. Li et al presented 10
phenotypically heterogeneous clinical cases of CHI caused
by glucokinase dysfunction. Four of 10 patients had severe
hypoglycemia without any response to diazoxide therapy
and subsequently underwent pancreatectomy. Two of these
4 patients required additional therapy due to persistent and se-
vere hypoglycemia [13].

The CHI clinical picture may also vary within the same fam-
ily. Beer et al presented a familial case of CHI caused by a
pathogenic variant in the GCK gene [10]. The proband had
postnatal records of hypoglycemia with seizure onset at
2 years, and at 3.6 years hyperinsulinemic hypoglycemia
was diagnosed. Following the diagnosis, the proband was
treated with diazoxide. The proband’s father complained of
feeling lightheaded and weak with prolonged intervals be-
tween food ingestions. He was diagnosed with moderate
hypoglycemia and required no therapy.

Thus, the severity of CHI caused by pathogenic variants in
the GCK gene can range from mild or moderate, when the
symptoms can be relieved by a low glycemic index diet or di-
azoxide therapy, to severe, sometimes requiring pancreatec-
tomy [8, 14, 15].

In our familial case, another novel variant was detected in
the ABCCS gene. Pathogenic variants in this gene may lead
to both diabetes mellitus and hypoglycemic syndrome. The
ABCCS gene located on chromosome 11p135. 1 encodes the
SUR-1 receptor to sulphonylureas on an ATP-sensitive potas-
sium channel (KATP channel) in pancreatic B-cells. The KATP
channel regulates the potassium influx and efflux into cells. An

increase in ATP/adenosine diphosphate ratio causes depolar-
ization of the cell membrane inducing KATP channel closure
and activation of voltage-dependent calcium channels, leading
to calcium influx and the release of insulin. Inactivating muta-
tions in the ABCCS8 gene cause dysfunction in KATP channels,
resulting in sustained membrane depolarization independent
of blood glucose levels, leading to hyperinsulinism [16, 17].
Prognosis in such forms of CHI may vary widely from the de-
velopment of irreversible central nervous system lesions and
the need for lifelong treatment to cases that require no inter-
vention, which is determined both by the mechanism of inher-
itance and the pathogenic variant itself [18]. In the presented
clinical case, the variant in the ABCD8 gene was not described
previously, and its pathogenicity is doubtful. Further func-
tional studies are necessary to investigate the impact of this
variant on the course of the disease.

The CHI forms associated with glucokinase dysfunction
are rather rare. A number of clinical cases demonstrating
phenotypic heterogeneity of the disease associated with ac-
tivating mutations in the GCK gene are described in the lit-
erature. We present a clinical case report of CHI, diagnosed
de novo in 2 members of 1 family aged 15 years and 41 years
without any history of clinical manifestations suggestive of
hypoglycemia. In addition to a possibly pathogenic variant
in the GCK gene, we also detected a variant of uncertain
clinical significance in our patients’ ABCCS8 gene. This clin-
ical case demonstrates that CHI should be included in the
differential diagnosis list for patients with hyperinsulinemic
hypoglycemia detected in adulthood or adolescence, even if

no episodes of hypoglycemia were recorded in their early
life.

Learning Points

¢ The clinical picture of CHI due to a pathogenic variant in
the GCK gene has a heterogenicity ranging from mild
asymptomatic forms to severe neonatal hypoglycemia.

e CHI due to a pathogenic variant in the GCK gene should
be in the list of differential diagnoses for hyperinsulinemic
hypoglycemia in adults and adolescents.

¢ Genetic verification of CHI is important for the choice
of treatment of the patient and genetic counseling of the
family.
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