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ABSTRACT

Background/Objective: AKT2 is a serine/threonine kinase that plays a key role in regulating insulin
signaling. The phenotype related to the gain-of-function alteration in the AKT2 gene (c.49G>A,
p.Glu17Lys) has been described in 5 patients with clinical findings that mimic hyperinsulinemic hypo-
glycemia but with undetectable levels of insulin and C-peptide. One of the reports highlights the facial
dysmorphic features. We report the case of a new patient with the same activating AKT2 alteration
leading to autonomous activation of the insulin signaling pathway and dysmorphic features. Moreover, to
our knowledge, this is the first report using waxy maize heat-modified starch (WMHMS) in this
condition.
Case Report: A previously healthy child was evaluated at 6 months of age for episodes of hypoglycemia.
The laboratory test results for the critical samples showed hypoketotic hypoglycemia (glucose level, 2.16
mmol/L [38 mg/dL]) with undetectable levels of insulin (<0.2 mU/L) and C-peptide (<0.033 nmol/L
[reference range, 0.37-1.47 nmol/L]). Physical examination revealed hypertelorism, prominent proptosis
of the eyes, a flat nasal bridge, delayed psychomotor development, and postnatal symmetrical over-
growth. The genetic study of AKT2 showed a pathogenic variant (c.49G>A, p.Glu17Lys). To achieve
euglycemia, a diet of regular uncooked cornstarch (UCCS) carbohydrate was started. Subsequently, waxy
maize heat-modified starch (WMHMS; Glycosade Vitaflo) was used to increase the fasting period to 4
hours. However, we did not find any advantages in comparison with UCCS.
Discussion: The range of phenotypes of this gain-of-function alteration in AKT2 may be broad, including
dysmorphic features, although the patients harbor the same pathogenic variant.
Conclusion: Regarding the treatment, we observed a similar response with WMHMS compared with
UCCS, with no adverse effects.

© 2021 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

insulin may be undetectable due to its short half-life and because of
alterations in the PI3K-AKT-mTOR pathway (phosphatidylinositol 3-

Hyperinsulinemic hypoglycemia represents an important cause
of persistent and severe hypoglycemia in newborns and is charac-
terized by unregulated insulin secretion, leading to persistently low
blood glucose concentrations, and low serum levels of free fatty acids
and B-hydroxybutyrate.! However, in some cases, the levels of serum

Abbreviations: UCCS, uncooked cornstarch; WMHMS, waxy maize heat-
modified starch.
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kinase/protein kinase B/rapamycin target in mammals), which is a
key mediator of the action of insulin on target tissues.?> In such cases,
we observe hypoglycemia with undetectable levels of serum insulin
and C-peptide because of the autonomous activity of this pathway in
the absence of the physiologic ligand insulin, as the result of
increased glucose uptake through redistribution of glucose trans-
porter 4 (GLUT4) from intracellular sites to the plasma membrane,
and reduced hepatic gluconeogenesis.*

AKT2 is a serine/threonine kinase that plays a key role in
regulating cell survival, insulin signaling, angiogenesis, and tumor
formation and a downstream mediator of PI3K phosphorylation,
which regulates glucose transport. Most pathogenic variants of the
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gene (AKT2) encoding this enzyme have been reported in the
context of cancer; however, only 1 alteration (p.Glu17Lys) has been
reported in relation to nonketotic hypoglycemia.’

In this report, we describe the clinical features and management
of a patient with hypoinsulinemic hypoglycemia due to the same
pathogenic variant of AKT2gene.

Case Report

The patient was a full-term boy, with a birth weight of 3800 g
(75th percentile) and height of 51 cm (59th percentile), born to
nonconsanguineous parents. No family medical records were
noted.

At the age of 6 months, he presented with generalized tonic-
clonic seizures, evaluated by a telehealth pediatric neurologist
who began treatment with valproic acid. Electroencephalography
and metabolic screening were performed, both of which yielded
normal results. At the age of 7 months, he had another seizure.
Interictal electroencephalography was performed, and it was
normal; however, laboratory tests showed hypoglycemia with a
glucose level of 1.67 mmol/L (30 mg/dL). A glucose infusion of 5 mg/
kg/min was needed to achieve normoglycemia. Nonetheless,
frequent hypoglycemic episodes occurred after stopping the
glucose infusion in-between feedings every 3 hours. Critical blood
samples were obtained, showing hypoketotic hypoglycemia with
undetectable levels of insulin and C-peptide (Table, episode 1). A
glucagon test showed a glycemic increment from 1.67 mmol/L (30
mg/dL) to 4.62 mmol/L (83 mg/dL) following glucagon adminis-
tration, which confirmed glycogen storage in the liver. Regarding
other findings of the critical sample, a growth hormone concen-
tration of 15 mIU/L (reference value, >21 mlIU/L) and insulin-like
growth factor 1 level of 28 ng/mL (reference range, 15-129 ng/
mL) were found (Table). Other parameters of the critical sample
were normal.

During this time, the child failed to respond to diazoxide
(starting dosage of 8 mg/kg/d that was increased to 18 mg/kg/d)
and hydrochlorothiazide (3 mg/kg/d), which was stopped because
of pericardial effusion. Subsequently, effusion subcutaneous
octreotide (33 ug/kg/d) was started; however, overnight euglyce-
mia could only be maintained with intravenous infusions of 5%
dextrose at a rate of 3 to 4 mg/kg/min. Due to treatment failure, he
was transferred to a tertiary center.

Physical examination revealed hypertelorism, prominent prop-
tosis of his eyes, flat nasal bridge, and delayed psychomotor
development (Fig. 1). The rest of the clinical physical examination
was unremarkable; there was no macroglossia or other stigmas of
Beckwith-Wiedemann phenotype and no asymmetrical extrem-
ities. According to the World Health Organization growth charts, at
the age of 8 months, he reached a +3.9 SD weight-for-length

Table

Critical Sample During Hypoglycemia
Hormonal and biochemical parameters Episodes

1 2

Glucose, mmol/L (3.5-5.5) [mg/dL] 2.16 [38] 2.10 [37]
Insulin, mU/L <0.2 <1
C-peptide, nmol/L (0.37-1.47) <0.033 <0.006
BOHB, mmol/L (0.01-0.26) 0.14 0.16
Growth hormone, mIU/L (>21) 15 8.1
IGF-1, ng/mL (15-129) 28 31
Cortisol, nmol/L (>497) 518 513
Fasting time, h 2 3

Abbreviations: BOHB = B-Hydroxybutyrate; IGF-1 = insulin-like growth factor 1.
Reference values are provided in parenthesis.
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Fig. 1. Dysmorphic findings in our patient.

z-score, a +1.7 SD length-for-age z-score, and a +3.8 head
circumference-for-age z-score. Due to the macrocephaly, magnetic
resonance imaging of the brain was performed, which showed
normal findings; an abdominal ultrasound showed no viscer-
omegaly. Repeated measurements of hormones and intermediary
metabolites after 3 days of octreotide suspension confirmed
spontaneous and fasting hypoketotic, hypoinsulinemic hypoglyce-
mia (Table, episode 2). Regarding the clinical and biochemical
findings, sequencing of the AKT2 gene was performed at the Uni-
versity of Exeter in the United Kingdom, showing a de novo path-
ogenic variant (c.49G>A, p.Glu17Lys NM_001626.5) in the patient,
which was not detected in his parents.”

Nutritional Management

Initially, the patient needed regular feedings every 2 hours
during the day and night, with continuous overnight nasogastric
feeding. However, blood glucose levels fluctuated, requiring the
addition of uncooked cornstarch (UCCS) to his treatment. The
fasting period tolerated during the day and at night was not >3
hours, and a dosage of 0.5 g/kg/d of UCCS was needed. Fingerstick
blood glucose testing revealed no events of hypoglycemia.

After discharge, we maintained the fasting period at 3 hours,
achieving blood glucose targets without any change until he was 1
year old. We subsequently tried to increase these fasting periods to
4 hours using waxy maize heat-modified starch (WMHMS; Glyco-
sade, Vitaflo) to provide a source of slow-release carbohydrates. The
dose of WMHMS was calculated by replacing the traditional UCCS
as dosing standards for WMHMS have not been established.

For a week, we only used WMHMS at night, starting at 11:15 PM
with a loading dose of 0.5 g/kg, and subsequently continued with a
dose of 0.3 g/kg every 4 hours. In the second week, we changed to
UCCS with the same dose; both were administered via a nasogastric
tube with cow’s milk formula. To evaluate the response to a 4-hour
fasting period with both products, capillary blood glucose was
measured after 3 hours of fasting and subsequently every 15 to 20
minutes until completing 4 hours. We did not observe any differ-
ences between UCCS and WMHMS. Also, no gastrointestinal
symptoms were observed, except for mild constipation with
WMHMS. As we did not observe any advantage with the use of
WMHMS, we decided to use UCCS (Fig. 2).
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Fig. 2. Metabolic control after using uncooked cornstarch and waxy maize heat-
modified starch. UCCS = uncooked cornstarch; WMHMS = waxy maize heat-
modified starch.

Discussion

The presentation of hypoketotic hypoglycemia, undetectable
levels of serum insulin and C-peptide, and postnatal overgrowth
suggests the autonomous activity of downstream insulin signaling,
which may be related to the alteration in the PI3K/AKT/mTOR
pathway. Typical findings related to PI3K alterations include
megalencephaly-capillary malformation and megalencephaly-
polydactyly polymicrogyria-hydrocephalus, which are absent
when the AKT2 gene is affected. Here, we describe the case of a
patient showing the same pathogenic variant (c.49G>A, p.Glul7-
Lys) in AKT2 in the context of hypoglycemic hypoinsulinemia; the
patient also presented with facial anomalies, including hyper-
telorism, prominent proptotic eyes, and a flat nasal bridge.°

The phenotype of this gain-of-function alteration in AKT2 has
been previously described in 5 patients with clinical findings that
mimic hyperinsulinemic hypoglycemia, such as postnatal over-
growth, hemihypertrophy, and hypoglycemia related to fasting, but
without detectable levels of serum insulin and C-peptide. One of
the reports highlights the facial dysmorphic features that are
similar to those of our patient but are not found in other affected
patients, although they harbor the same pathogenic variant.>>®

Regarding the laboratory results of the critical samples of the 5
patients previously described, no alterations in other counter-
regulatory hormones were present. Nonetheless, in our patient,
we found an attenuated growth hormone response during hypo-
glycemia, which may reflect tonically active AKT2 or PI3K in the
hypothalamus and/or pituitary, mimicking insulin-like growth
factor 1 action that activates negative feedback inhibition of growth
hormone release.’

Another consequence of excess downstream insulin signaling is
the proband postnatal overgrowth with obesity and tall stature,
with almost no changes at 13 months of age. Unlike other affected
patients with this variant, this child does not have an asymmetrical
overgrowth; nonetheless, different phenotypes found in patients
with germline or mosaic AKT2 p.Glul17Lys could be related to the
different functions of AKT2 through the different tissues in which it
is expressed.®

Given the mechanism of hypoglycemia, these patients do not
respond to diazoxide or octreotide; euglycemia can only be ach-
ieved with a regular carbohydrate diet.” In this patient, we used
WMHMS (Glycosade), a drug approved since 2007 to treat
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hypoglycemia in children aged >2 years with glycogen storage
disease.!” This is a modified cornstarch that provides a slow-release
carbohydrate source over approximately 8 hours, in contrast to
other cornstarches with a duration of approximately 4 hours. This
treatment allows better glycemic control with fewer adverse ef-
fects, such as abdominal bloating or flatulence related to corn-
starch, thus improving tolerance and treatment adherence.'"'”
Unfortunately, we did not find improvement in his glycemia with
WMHMS, which could be due to the different metabolism of
modified starch by the gastric enzyme according to his age.

Conclusion

This is the report of a new patient, who presented with dys-
morphic features similar to those of another studied patient, with
the same activating AKT2 alteration leading to autonomous acti-
vation of the downstream insulin signaling pathway. This case
report highlights that in the presence of the same pathogenic
variant, the phenotype could be variable, including dysmorphic
facial features, symmetrical overgrowth, and an attenuated growth
hormone response to hypoglycemia. The use of WMHMS, not
previously described in any patient aged <2 years with an AKT2
variant, did not show an increase in the fasting period; however, its
long duration of action could be an advantage later in life, as in the
cases in which the benefits have been reported. We observed a
glycemic response similar to that with the use of UCCS with no
adverse effects.
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