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ABSTRACT

Congenital hyperinsulinism is a hereditary disease belonging to the orphan group, clinically manifested by the develop-
ment of persistent hypoglycemia in the neonatal period. Neurological disorders resulting from persistent hypoglycemia,
in most cases, are accompanied by dysfunction of the central nervous system, regression and delayed psychomotor and
speech development. Congenital hyperinsulinism is characterized by heterogeneity of disease phenotypes, manifested
by different severity of hypoglycemic syndrome, metabolic and neurological manifestations, which makes it difficult to
verify the diagnosis, dictates the need for a comprehensive examination, including molecular genetic analysis in patients
and their families. This allows timely appointment of insulinostatic therapy, thereby reducing the risk of severe neuro-
logical and metabolic complications. The article presents a description of three clinical cases of congenital hyperinsulin-
ism associated with homozygous variants in the ABCC8 gene and an autosomal recessive type of inheritance, which were
included in the number of patients previously studied by us with variants in the ABCC8 and KCNJ11 genes. The results
of this study were partially published by the authors earlier. The experience of monitoring these patients reflects the
importance of early diagnosis of congenital hyperinsulinism, including the use of molecular genetic testing, the timely
administration of insulinostatic therapy, allows an objective assessment of the effectiveness of the treatment, and re-
duces the risk of developing severe metabolic and neurological complications.
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AHHOTALNA

BpoKAeHHbIN TMNEPUHCYIMHU3M — HacNefCTBEHHOe 3abofieBaHue, OTHOCALLEeCs K rpynne opdaHHbIX, KIMHUYECKH
NposBNAIOLLEECs pPa3BUTUEM MEepCUCTUPYIOLLMX TMMOMIMKEMUN B HeoHaTalbHOM nepuofe. HeBposornyeckue paccTpoiicTaa,
BO3HWKalOLLMe BCeCTBME NEPCUCTMPYIOLLMX TMMOTIMKEMUIA, B 6ONBLUMHCTBE CIly4aeB COMPOBOXKAAIOTCS HapyLLEHNEM BYHK-
LMW LeHTPanbHON HepPBHOW CUCTEMBI, PErpeccuen 1 3afepxKon NCMXOMOTOPHOIO M PeyeBoro passuTHS. [ns BpOXAEHHOMO
TMNEepPUHCYNIMHM3Ma XapaKTepHa reTeporeHHOCTb GeHOTUNOB 3abosieBaHNSA, NPOSBNSAIOLLASACA Pa3fINYHOMN BbIpaXKEHHOCTHIO M1-
MOrJIMKEMUYECKOr0 CMHPOMA, MeTabosIMYeCcKUX U HEBPOSIOTMYECKMX CUMMTOMOB, YTO 3aTPYAHSAET BEPUGUKALMIO AMarHo3a,
LVKTYeT HeobXoaMMOCTb KOMMJIEKCHOrO 00CnefoBaHus, B TOM YMC/e MPOBELEHUS MOMEKYNAPHO-TEHETUYECKOrO aHann3a
Y NaUMEHTOB W YNIEHOB MX CeMeid. 3T0 M03BONISET CBOEBPEMEHHO HA3HAUUTb MHCYNMHOCTATUYECKYID Tepanuio, TeM CaMbIM
CHU3UTb PUCK Pa3BUTUSA TSKENBIX HEBPOOTMYECKMX U METabOoSIMHECKNX OCNOXHEHUI. B cTaTbe NpeAcTaBneHo onucaH1e Tpex
K/IMHWYECKWX CITy4aeB BPOXKAEHHOrO MMMEePUHCYIMHU3MA, COMPSXKEHHBIX C FOMO3UroTHBIMU BapuaHTamu B reHe ABCC8 n ay-
TOCOMHO-PELIECCUBHBIM TUMOM Hacief0BaHWs, BOLLEALUMX B YACIIO paHee MCCiefoBaHHbIX HaMU NaLMEeHTOB C BapuaHTaMu
B reHax ABCC8 v KCNJ11. Pe3ynbTaTbl 4aHHOI0 UCCNeA0BaHUA YacTUYHO onybanMKoBaHbl aBTopamm paHee. OnbIT HabnofeHns
33 AaHHBIMW NaUMeHTaMM OTPAXKAET BAXHOCTb PaHHel AMarHOCTUKM BPOXIEHHOMO MMMNEPUHCYSIMHU3MA, B TOM YUCTE C UC-
Mosb30BaHNEM MOJIEKYNAPHO-TEHETUYECKOr0 UCCef0BaHMs, CBOEBPEMEHHOI0 Ha3HauYeHUsi MHCY/IMHOCTaTUYECKON Tepanuy,
Mno3B0NAeT 06LEKTUBHO OLLEHNUTb IPHEKTUBHOCTb MPOBOLMMONO JIEYEHMS, CHU3UTb PUCK Pa3BUTUA TAXESBIX METaBONMUECKMX
1 HEBPOMNOTMYECKUX OCTIOXHEHM.

KntoueBble cyioBa: BPOXAEHHBIA TUNEPUHCYMHU3M; NMEPCUCTUPYIOLLAA rUnorinkeMus; MyTauus ABCCS; ATD-3aBucuMble
K-KkaHansl.
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EDITORIAL

INTRODUCTION

Congenital hyperinsulinism (CHI) is an inherited disor-
der characterized by persistent hypoglycemia in the neo-
natal period [3, 8]. CHI is classified as an orphan disease
and has a prevalence of 1:30,000-50,000, which increas-
es to 1:2,500 in countries with high rates of consanguinity
[11, 12]. In the Russian Federation, the latest data show
that the primary prevalence of CHI was 1:50,638 live
newborns between 2015 and 2017 [7].

CHI exhibits high clinical variability resulting from the
heterogeneity of histological forms and polymorphism of
molecular genetic defects [1, 4, 7, 14, 171.

In most cases (40%-60%), CHI is caused by patho-
genic variants of genes that encode proteins associated
with ATP-dependent K-potassium channels in pancreatic
B-cells (ABCC8 and KCNJ1T) [6]. Currently, autosomal
dominant and autosomal recessive mutations of ABCC8
and KCNJ11 have been reported. According to several
studies, autosomal recessive inheritance results in the de-
velopment of severe diffuse forms of diazoxide-resistant
disease [13, 16, 19]. These variants can be passed down
from the parents or occur spontaneously [15]. Homozy-
gous cases are the most severe, which lead to neurologi-
cal and metabolic complications. Furthermore, the same
variant in the causative gene exhibits high penetrance,
resulting in various phenotypes in CHI [7, 14, 17, 20].
This necessitates a thorough assessment, involving mo-
lecular genetic testing (MGT) in the proband and their
relatives, to confirm the diagnosis and promptly initiate
insulinostatic therapy, thereby mitigating the likelihood of
severe neurological and metabolic complications.

This paper describes three clinical CHI cases associ-
ated with homozygous ABCC8 variants and autosomal re-
cessive inheritance. These cases were part of the ABCC8
and KCNJ11 variant patient cohort previously studied by
the authors [5].

CASE REPORT 1

Patient C, a female from the fourth pregnancy, has a
family history of CHI (in her sister) and a complicated an-
tenatal history. Her mother suffered from toxicosis dur-
ing the first trimester and was subsequently diagnosed
with anemia, cytomegalovirus infection, ureaplasmosis,
candidal colpitis during the second and third trimesters,
and edema during pregnancy. During labor, patient C ex-
perienced early amniotic fluid shedding. She was born
at 41 weeks, weighing 4,000 g with a length of 54 cm
and an Apgar score of 8/9 points. On the second day
of life, her condition worsened as her saturation levels
dropped to 70%-75%, and she experienced hypoglycemia,
with a plasma glucose level of 0.9 mmol/L. In addition,
she had convulsions, eye rolling, and muscle hypotonia.
After glucose administration, seizures stopped, and blood
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glucose normalized. However, upon attempting to discon-
tinue the intravenous administration of glucose solution,
she suffered repeated hypoglycemic attacks with convul-
sions and apnea, ultimately requiring artificial ventilation.
Based on the hormonal study, the following values were ob-
tained: insulin, 9.1-16.1 (normal range, 2.0-25.0) yED/mL;
C-peptide, 2.76-7.9 (normal range, 0.5-3.2) ng/mL; in-
sulin-like growth factor 1 (IGF-1), 67.1 (normal range,
31.0-43.0) ng/mL; cortisol, 23.4-109.8 (normal range,
55.0-304.0) nmol/L; thyroid hormone (thyroid-stimulating
hormones [TSHI), 1.2 (normal range, 0.34-5.6) plU/mL;
and free thyroxine (T4sv), 11.6 (normal range, 7.9—14.4) umol/L.
Blood and urine tests for ketones and ammonium were
negative. During the dynamic observation, physicians
noted frequent episodes of severe hypoglycemia, which
required high glucose supplementation at a dosage of
12 mg/(kg/day). The patient was diagnosed with con-
genital hyperinsulinism, and an attempt to treat it us-
ing diazoxide, an ATP-dependent K-channel agonist,
at a dosage of 20 mg/(kg/day) was ineffective. Glu-
cose levels were stabilized after administering octreo-
tide, a somatostatin analog, at a subcutaneous dose of
5-10 mcg/kg/day. At 7 months of age, the patient de-
veloped recurrent seizures with epileptiform activity,
which was confirmed by electroencephalography (EEG)
in a normoglycemic state. Anticonvulsant therapy was
subsequently prescribed.

MGT was performed to confirm the diagnosis and de-
termine a personalized treatment approach. In exon 2 of
ABCC8 (NM_000352.6), a homozygous single nucleotide
substitution was identified, resulting in the substitution of
amino acid ¢.259T>C, p. Cys87Arg. This ABCC8 mutation
was detected in her father, mother, and older sister who
suffered from organic lesions of the central nervous sys-
tem (CNS) and persistent hypoglycemia. At the age of 12,
the diagnosis of the older sister was confirmed follow-
ing the acquisition of MGT results from all family mem-
bers. Genealogical information of the patient is shown
in Fig. 1.
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Fig. 1. The genealogy of the patient C. with congenital hyper-
insulinism

Puc. 1. l'eHeanornyeckve faHHble naumeHTKM C. ¢ BPOXKAEHHBIM
TUNEPUHCYNIMHU3MOM
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Fig. 2. Daily sensory monitoring of glycemia in a patient C. with congenital hyperinsulinism
Puc. 2. [padmK cyTO4HOrO MOHUTOPUPOBAHUSA FIMKEMUM Y NALMEHTKU C. C BPOXKAEHHBIM MMMNEPUHCYIMHU3MOM

At age of 18 months, the patient was reevaluated at
the endocrinology department. Her physical examination
revealed an overweight status; she weighed 11 kg, with
a body mass index (BMI) of 17.63 kg/m? (SDSg,,, +1.42)
and an average height of 79 ¢cm (-1.50 SDS). An analy-
sis of the daily diet revealed an imbalance among the
primary nutritional components (carbohydrates, pro-
teins, and fats), with an overabundance of carbohydrates
caused by a high consumption of foods with a high gly-
cemic index. During neurological evaluation, a delay in
age-related psychomotor development was observed,
including inability to stand independently, relying on sup-
port for walking, inability to drink from a cup, inability to
assemble a pyramid, and difficulty guessing objects in
pictures. No convulsive seizures have occurred within the
past 6 months. Her speech was predominated by syllabic
babbling. EEG data showed polymorphic activity in the
background pattern with no registered focal or epilepti-
form activity.

The child is still undergoing treatment with a subcuta-
neous pump method of somatostatin analog (octreotide)
at a dose of 6.2 mcg/kg/day and antiepileptic monother-
apy (valproic acid) at a dose of 180 mg/day.

Blood glucose control was performed 24/7 using a
flash monitoring system (Fig. 2). The disease was in re-
mission, as confirmed by laboratory examinations, which
showed glycated hemoglobin (HbA1c) at 4.7% (normal
range, 4.0%—6.0%), insulin level of 2.0 (normal range,
2.0-25.0) yED/mL, and C-peptide level of 2.24 (normal
range, 0.50-3.20) ng/mL. Episodes of hypoglycemia in-
frequently occur during intercurrent illnesses (minimum
blood glucose, 2.9 mmol/L).
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CASE REPORT 2

Patient Z (older sister) was born following anemic
pregnancy, exacerbation of chronic pyelonephritis, and
premature amniotic fluid retention during labor. She was
born at term with a weight of 3,920 g, length of 53 cm,
and an Apgar score of 7/8 points. From birth, she ex-
perienced regular (fasciculations) or spasmodic muscle
contractions in the right arm and leg and hyporeflexia and
lethargic feeding. On day 3, hypoglycemia (blood glucose
0.98 mmol/L) occurred for the first time, accompanied
by tonic—clonic seizures and respiratory issues, includ-
ing apnea. On that day, she required artificial ventila-
tion. Intravenous glucose solution effectively controlled
the hypoglycemia, which was categorized as transient
because of normal glucose values during the 1-month
long-term observation. Recurring hypoglycemic episodes
accompanied by convulsions, with acute respiratory vi-
ral infection, were observed at 1.5 and 4 months of age.
The patient was examined in the endocrinology depart-
ment to determine the causes of persistent hypoglyce-
mia. The hormonal study revealed the following levels:
insulin, 2. (normal range, 2.0-5.0) 0 yED/mL; C-peptide,
0.83 (normal range, 0.5-3.2) ng/mL; cortisol, 276.0 (nor-
mal range, 55.0-304.0) nmol/L; and IGF-1, 62.0 (normal
range, 31.0-43.0) ng/mL. Ketones and ammonium were
not detected in the blood sample. The results of the glu-
cagon test were as follows: at baseline, the glucose level
was 1.69 mmol/L, and insulin was 2.0 pED/mL. After
15 min, glucose levels rose to 5.42 mmol/L, accompanied
by an insulin spike to 11.1 pED/mL. At the 90-min mark,
glucose levels decreased to 2.16 mmol/L, with insulin
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returning to baseline levels at 2.0 pED/mL. The examina-
tion by the neurologist did not register any epileptiform
activity based on a series of EEGs. The patient did not
undergo anticonvulsant therapy. In an outpatient obser-
vation, the endocrinologist incorporated corn starch into
the patient’s diet at an early age to prevent hypoglyce-
mia. The child underwent regular glycaemia control but
did not receive insulinostatic therapy. The patient was
compensated for a prolonged period along with dietary
measures. Nonsevere hypoglycemia rarely occurs during
intercurrent diseases. The patient was registered with
a neurologist because of delayed psychospeech develop-
ment.

At the age of 9 years, she underwent examination
at the endocrinology department. Her anthropometric
parameters were assessed, and the diagnosis revealed
grade Ill obesity with a weight of 53 kg (BMI 27.7 kg/m?,
SDSgy; +3.02) and an average height of 139 cm (SDS,,iy,, +0.49).
During daily monitoring of blood glucose levels, episodes
of asymptomatic hypoglycemia were observed, charac-
terized by a decrease in blood glucose to 2.7 mmol/L.
At the time of hypoglycemia, the insulin level was 39.85
(normal range, 2.9-28.8) pED/mL, and the C-peptide
level was 3.89 (normal range, 0.78-5.19) ng/mL.

CASE REPORT 3

Patient M (younger sister) was born from a preg-
nancy with threatened termination and gestosis, where
premature amniotic fluid shedding occurred during deliv-
ery. She was delivered at term with a weight of 3,290 g,
length of 50 cm, and an Apgar score of 8/9 points. Re-
current hypoglycemia was observed starting from the
second day of life with a minimum blood glucose level
of 1.4 mmol/L. To maintain normal glucose levels, long-
term intravenous administration of glucose solutions
[10-12 mg/(kg/day)] and prednisolone injections were
administered. Daily episodes of hypoglycemia, which in-
cluded postprandial hypoglycemia (a decrease in blood
glucose levels to 2.5 mmol/L), were detected during dy-
namic observation and were accompanied by symptoms
of weakness, eye rolling, and tachycardia. According to
the laboratory findings, the insulin level was 3.13 (nor-
mal range, 2.0-10.0) yED/mL; C-peptide, 0.98 (normal
range, 0.5-3.2 ng/mL); IGF-1, 46.1 (normal range, 31.0-
43.0) ng/mL; cortisol, 141.0 (normal range, 55.0-304.0)
nmol/L; TSH, 2.13 (normal range, 0.34-5.6) plU/mL; and
Thsv, 14.97 (normal range, 7.9-14.4) pmol/L. Based on
the hormonal examination data and persistent nature of
severe hypoglycemia, the patient was suspected to have
CHI. Therapy was initiated with a subcutaneous injec-
tion of the somatostatin analog octrectide at a dosage
of 25 mcg/kg/day. However, switching to ATP-depen-
dent K-channel agonists (diazoxide, max 15 mg/kg/day)
was ineffective. As a result, conservative therapy with
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Fig. 3. Genealogical data of siblings Z. and M. with congenital
hyperinsulinism

Puc. 3. l'eHeanorudeckue faHHble cubcoB 3. U M. ¢ BpOXAEHHBIM
TUMEPUHCYNIMHU3MOM

octreotide was continued, which eventually resulted in
stable normoglycemia.

Owing to the family history (the older sister’s ex-
tensive history of persistent hypoglycemia), molecular
genetic analysis was conducted on both girls to fully
confirm the diagnosis. A homozygous variant in ABCC8
(NM_000352) c.3754-2A>G was detected in the patients.
In addition, the family and patient underwent medical and
genetic counseling. The father was identified to possess a
similar ABCC8 mutation in a heterozygous state, whereas
the mother declined to participate in the study (Fig. 3).
The sisters were 3.5 years and 3 months old during the
MGT. Family history information for the siblings is pre-
sented in Fig. 3.

During a routine checkup at the age of 7, Patient M was
diagnosed with grade Il obesity, with a weight of 34 kg,
BMI of 22.84 kg/m?, and SDSg; of +2.69. She had an av-
erage height of 122 cm and an SDS, ., of 0.46. Patient M
exhibited delays in psychospeech development and was
observed by a neurologist for dysarthria. According to the
most recent laboratory examination, Patient M’s insulin
level was 8.9 (normal range, 2.9-28.8) pmol/L, and her
C-peptide level was 0.97 (normal range, 0.78-5.19) ng/mL.

As part of her insulinostatic treatment, she was ad-
ministered 4.7 mcg/kg/day octreotide through subcutane-
ous injections. Throughout her treatment and continuous
monitoring of her blood glucose levels, instances of hy-
poglycemia were observed, including severe hypoglyce-
mia (minimum blood glucose level of 1.9 mmol/L). These
episodes are characterized by neuroglycopenic symptoms
such as headache, dizziness, and syncope.

DISCUSSION

All three patients had homozygous ABCC8 mutations
and exacerbated heredity. Patient S had the most com-
mon missense mutation typical of CHI. A splicing muta-
tion was identified in related probands with a different
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course of phenotype. During the investigation of the fam-
ily members, the same variations in the causative gene
were identified in siblings who also experienced persis-
tent hypoglycemia. These variations were detected in the
homozygous state. Moreover, the heterozygous state of
these variations was uncovered in the healthy parents of
the affected siblings.

The literature depicts comparable cases of CHI among
populations with a high incidence of consanguineous
marriages [12,16]. The genealogical history indicated that
no closely related marriages occurred within the families
under study.

The cases of CHI described herein demonstrated sig-
nificant variability in both clinical manifestations and lab-
oratory parameters. Patient S exhibited early onset and a
severe and progressive disease course characterized by
persistent hypoglycemia, seizures, and a high require-
ment for prolonged glucose solution infusion up to 14
mg/kg/day. Her sister (patient M) experienced a severe
disease course, whereas the other sister (patient Z) had
a mild CHI course that did not necessitate insulinostatic
therapy. Although many researchers have documented a
severe CHI course in homozygous ABCC8 variants, cases
with a mild phenotype and delayed manifestation have
also been reported [4, 18].

Based on the findings of international researchers,
the variations in the CHI proband’s phenotypic course are
risks for gene modification, influence of epigenetic fac-
tors, and peculiarities of the splicing mechanism [20].
Patients with homozygous splice mutations from Japan
exhibited analogous clinical heterogeneity [20]. When
evaluating laboratory parameters in patients with severe
CHI, we observed high levels of insulin and C-peptide
during hypoglycemia. However, in a girl with mild disease
(patient Z), the insulin level had a nondiagnostic value,
posing difficulties in diagnosing the condition. Moreover,
patient S, who had severe CHI, exhibited reduced cortisol
levels, leading to a possible diagnosis of adrenal insuf-
ficiency. Patients with CHI often experience persistent
hypoglycemia, which can reduce the glycemic threshold
and ultimately suppress cortisol secretion, further com-
plicating the diagnosis [10, 18].

The assessment of psychomotor development and
neurological status parameters in all three patients
indicated a delay in both mental and speech develop-
ment. Patients Z and M are currently being treated by
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