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Case Report

20p11.23-p11.21 deletion in a child with hyperinsulinemic
hypoglycemia and GH deficiency: A case report
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Abstract. Some neonatal hypoglycemias have genetic origins. For instance, mutation in forkhead box protein A2
(FOXA2), located on chromosome 20p11.21, has recently been reported to cause hyperinsulinemic hypoglycemia and
hypopituitarism. Here, we report a case of hyperinsulinemic hypoglycemia and GH deficiency (GHD) with 20p11.23-p11.21
deletion, which included FOXA2. The boy was diagnosed with hyperinsulinemic hypoglycemia during the neonatal
period and subsequently administered diazoxide for treatment. His blood glucose levels gradually stabilized, and
the diazoxide dosage was slowly reduced and ultimately fully weaned. The patient was discharged at the age of 29 d.
Unfortunately, the patient experienced recurrent hypoglycemia at 3 mo, and diazoxide administration was re-initiated.
Further examination, including chromosomal microarray analysis, revealed a 2.48-Mb 20p11.23-p11.21 deletion that
encompassed FOXA2. In addition, severe GHD was detected, and magnetic resonance imaging of the brain revealed
pituitary stalk interruption. Accordingly, GH replacement therapy was started at 0.175 mg/kg/wk, and blood glucose
levels were stabilized. Our report suggests that there are pathological conditions that can cause both hyperinsulinemic
hypoglycemia and hypopituitarism and reaffirms the importance of evaluating not only insulin and congenital metabolic
disorders but also pituitary function in patients with hypoglycemia.
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Introduction

There is a wide variety of diseases in the neonatal
period that may cause hypoglycemia. Congenital
causes of hypoglycemia include hyperinsulinemia and
hypopituitarism (1). Although there are several reports
of hypopituitarism with deletions of chromosome 20p,
the cause of hyperinsulinemic hypoglycemia and
hypopituitarism remains unknown (2). In recent years,
mutations in forkhead box protein A2 (FOXAZ2) have
been reported in cases of hyperinsulinemic hypoglycemia
and hypopituitarism (3). In the present report, we
describe a case of hyperinsulinemic hypoglycemia and
GH deficiency (GHD) with deletion of 20p11.23-p11.21,
which included FOXA2.

Case Report

A Japanese boy with healthy non-consanguineous
parents was delivered at 39 wk of gestation by emergency
cesarean section due to arrest of labor. No fetal distress
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was observed. The birth height and weight of the
newborn were 53.5 cm [+ 2.59 standard deviation (SD)]
and 4762 g (+ 4.25 SD) with an Apgar score of 9/10.
At 1 h of life, hypoglycemia (11 mg/dL) was detected
without symptoms. Despite the initiation of intravenous
dextrose, the neonate had persistent hypoglycemia.
The boy was transferred to our neonatal intensive
care unit on the first day of life and managed with
intravenous dextrose at a glucose infusion ratio (GIR)
of 4-6 mg/kg/min. After initial treatment, he experienced
recurrent hypoglycemia and required higher GIR
(maximum 12.5 mg/kg/min) to maintain euglycemia. A
diagnosis of hyperinsulinemic hypoglycemia was made
based on critical samples at the time of hypoglycemia
on the first day of life (Table 1) in accordance with the
clinical practice guidelines for congenital hyperinsulinism
of The Japanese Society for Pediatric Endocrinology
(4). Diazoxide treatment was initiated at 8 mg/kg/d on
the first day of life. His blood glucose levels gradually
stabilized; therefore, glucose infusion and diazoxide
dosage were gradually decreased on day 10 and then
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Table 1. Laboratory findings at the time of hypoglycemia on the first day of life

Complete blood count Blood chemistry test Blood chemistry test
WBC 14,600/uL TP 6.2 g/dIL IRI 3.3 pIU/mL
Hb 13.4 g/dL Alb 3.8 g/dLL TKB 10 umol/L
Hct 42.1% AST 23 IU/L AcAc 7 pmol/L
Plt 18.5x10%uL | ALT 9TU/L 3-OHBA 3 pmol/LL

BUN 5 mg/dLi FFA 0.04 mmol/L
Cre 0.7 mg/dL IGF-1 8 ng/ml

Na 142 mEq/L TSH 1.60 pIU/mL
K 4.7 mEq/L FT, 3.46 pg/mL
Cl 108 mEq/L FT, 1.21 ng/dLL
Ca 10.3 mg/dL. | ACTH 217.5 pg/mL
P 4.8 mg/dL. Cortisol 16.3 ug/dL
Glu 39 mg/dL

NH,4 35 mg/dL

WBC, white blood cell; Hb, hemoglobin; Het, hematocrit; Plt, platelets; TP, total protein;
Alb, albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
BUN, blood urea nitrogen; Cre, creatinine; Na, sodium; K, potassium; Cl, chloride; Ca,
calcium; P, phosphorus; Glu, glucose; NH;, ammonia; IRI, immune reactive insulin;
TKB, total ketone body; AcAc, acetoacetic acid; 3-OHBA, 3-Hydroxybutyric acid; FFA,
free fatty acid; F'T;, free triiodothyronine; FT,, free thyroxine.

weaned off on the 20th day of life. Blood glucose levels
remained at 60—70 mg/dL without diazoxide, and he was
discharged on the 20th day of life. During hospitalization,
there were no findings suggestive of cholestasis. He
was treated with phototherapy for jaundice on day 7,
which was subsequently resolved. There were no special
findings on the physical examination. Genetic testing
for congenital hyperinsulinism was performed after
obtaining informed consent, wherein all coding exons
of ABCCS8 and KCNJ11 were amplified by polymerase
chain reaction and directly sequenced. The results
revealed no pathogenic sequences.

The child experienced recurrent hypoglycemia at
3 mo of age. Blood test results were as follows: blood
glucose, 47 mg/dL; insulin, 2.1 pJU/mL; IGF-1, 16 ng/mL;
TSH, 0.743 pnIU/mL; free T, 3.39 pg/mL; and free T}, 1.36
ng/dL. Diazoxide treatment was initiated. The patient
was not hypoglycemic, especially during the morning
fasting. Convulsion and disturbance of consciousness
were not observed. However, hypoglycemia occurred
particularly when the patient remained fasting in the
morning. Even after restarting diazoxide, the patient
was inactive in the morning and blood glucose levels
were unstable. Therefore, diazoxide was increased to 15
mg/kg/d. Cornstarch and frequent meals were started
as a medical nutrition therapy. Despite the introduction
of these treatments, hyperinsulinemic hypoglycemia
persisted. We suspected the possibility of syndromic
persistent hyperinsulinemic hypoglycemia and consulted
a medical geneticist for additional genetic analysis.
Peripheral blood samples were collected, and DNA was
extracted. Array comparative genome hybridization
(CGH) was performed after obtaining informed
consent using the SurePrint G3 Human CGH 4 x 180
K Microarray kit (Agilent Technologies, Santa Clara,
CA, USA) according to the manufacturer’s instructions.

The data were analyzed using the Agilent Cytogenomics
software (ver 2.9) and the UCSC genome browser
(http://genome.ucsc.edu). Chromosomal microarray
analysis revealed a 2.48-Mb deletion of chromosome
20p11.23-p11.21, which encompassed FOXA2 (Fig. 1).

A combined pituitary stimulation test was
performed to evaluate pituitary function at 1 yr 8 mo
because his growth rate declined after 11 mo of age, and
hypopituitarism with deletion of chromosome 20p11
has been reported (2). GH stimulation tests revealed
severe GHD (Table 2). Magnetic resonance imaging
of the brain revealed an ectopic posterior pituitary and
pituitary stalk interruption (Fig. 2). Based on these
results, GH replacement therapy was initiated at 0.175
mg/kg/wk. At this time, his physical appearance was
characterized by a broad forehead and saddle nose that
were not clear at birth. After GH replacement therapy,
blood glucose levels were approximately 70 mg/dL in
the morning fasting period, and his previously noted
inactivity resolved.

At 6 yr and 4 mo of age, diazoxide was decreased
to 5 mg/kg/d (previously, the maximum dosage was 15
mg/kg/d). The patient exhibited no side effects owing
to the treatment. A combined pituitary stimulation
test has been performed each year, and no central
hypothyroidism or central adrenal dysfunction has been
revealed. His developmental stage was age-equivalent
and normal. Informed consent for publication of this
case was obtained from the patient’s mother because
the patient was underaged.

The present case exhibited hypoglycemia due to
congenital hyperinsulinism and GHD. Most previous
reports of deletions involving the proximal 20p are
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Fig. 1. Chromosomal microarray analysis of the patient in the current case report.
Table 2. TRH/CRH/LHRH/GH provocation tests
Test 0 min 30min 60min 90 min 120 min
TRH test TSH (WIU/mL) 1.027 9.778 6.931 4.438 2.95
PRL (ng/mL) 5.8 11.52 9.5 7.59 6.76
CRH test ACTH (pg/mL) 17.1 47.2 28 20.2 19.1
Cortisol (ng/dL) 13.6 22.7 20.3 14.7 13.8
LHRH test LH (mIU/mL) <0.1 1.96 2.03 1.95 1.75
FSH (mIU/mL) 1.5 4.14 6.47 7.14 7.45
L-dopa test GH (ng/ml) 0.63 0.59 0.73 N/A N/A
Clonidine test GH (ng/ml) 0.68 0.57 0.73 N/A N/A

LHRH, luteinizing hormone-releasing hormone; L-dopa, L-dioxyphenylalanine. L-dopa and
clonidine tests were discontinued because of severe hypoglycemia.

associated with Alagille syndrome, which causes
hereditary intrahepatic cholestasis due to the JAGI
mutation. Recently, several cases of proximal 20p11
deletions have been reported, and most cases have
been associated with pituitary hormone deficiencies
(2, 5-7). Giri et al. have indicated that FOXAZ2, located
at 20p11.21, is implicated in the pathogenesis of both
hyperinsulinism and hypopituitarism (8). Foxa2 is a
transcription factor that regulates the expression of
genes involved in the regulation of insulin secretion,

such as ABCC8 and KCNJ11, which encode the SUR1
and Kir6.2 subunits of the adenosine triphosphate-
sensitive potassium channel in pancreatic B-cells (9).
Loss-of-function mutations in these genes result in
congenital hyperinsulinism (10). Although only proven
in mice, Foxa2 controls the expression of several genes
related to the morphogenesis of the central nervous
system, including Gli2, SHH, and Nkx2-2. Therefore,
the hyperinsulinemic hypoglycemia and hypopituitarism
observed in this case were hypothesized to be due to the
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Fig. 2. Magnetic resonance images of the brain of the patient in the current case report.

(A) Sagittal image. (B) Coronal image.

deletion of FOXA2.

In our present case, hyperinsulinemic hypoglycemia
and GHD were associated with a 20p11.23-p11.21
deletion, which encompasses FOXAZ2. Most cases
of mutation-based defects in B-cell ATP-sensitive
potassium (KATP) channels are resistant to diazoxide
(11). However, our case showed a certain responsiveness
to diazoxide in treating hyperinsulinemic hypoglycemia,
despite the deletion of 20p11.23-p11.21. According to
functional analysis by mutation (c.770G>T, p.R257L)
in FOXAZ2 (3), transactivation of ABCCS8 and KCN.J11
was substantially decreased compared with that of wild-
type FOXA2 (ABCCS, 30.8% decrease; KCNJ11,27.0%
decrease). Although the transactivation of ABCCS8 and
KCNJ11 is decreased by FOXAZ2, it is not completely
eliminated. This may explain the level of responsiveness
to diazoxide observed in the present case.

In addition to FOXA2, the other deletions identified
in our case were NKX2-2, CD93, THBD, XRN2, PAX1,
SSTR4, and PLKI1S1. Except for SSTR4 and Nkx2-2,
these genes are not involved in pituitary formation or
pancreatic development. Our literature search failed to
reveal any reports of hyperinsulinemic hypoglycemia
and hypopituitarism in humans due to SSTR4 and
NEx2-2 deletion.

We compared our case with those reported to
have deletions of chromosome 20p11.2, including
FOXA2 (2, 5-7, 12—14). All cases except one reported
hypopituitarism. However, only a few reports have
described hyperinsulinemic hypoglycemia in detail,
whereas several reports have described clinical findings
suggestive of hyperinsulinemic hypoglycemia (13, 14).
It has been reported that many cases of epilepsy are
associated with 20p11.2 deletions, but our patient
did not develop epilepsy. In these cases, the deletions
also included CST3, which has been related to the
reorganization of the epileptic dentate gyrus and an

intrinsic neuroprotective mechanism (15). Therefore,
CST3 haploinsufficiency may be involved in the
development of epilepsy phenotypes. Since CST3
deletion was not observed in our patient, epilepsy might
not be developed.

This case report has several limitations. First, we
did not measure GH levels during the neonatal period.
Generally, IGF-1 levels in the neonatal period are low
and are not useful in the diagnosis of GHD. However,
GH level has been considered useful for the diagnosis
of GHD in newborns (16). In our patient, hypoglycemia
improved once in the neonatal period, but it cannot be
denied that GHD may have occurred since the neonatal
period. Second, the deletions in our case not only included
FOXAZ2but also other genes, such as NKX2-2, which has
been reported to be involved in pituitary development
in an animal model (17). Therefore, we cannot rule out
the possibility that this case may not be a phenotype
because of FOXAZ2 deletion.

In conclusion, we report a case with a deletion of
20p11.23-p11.21, including FOXA2, which presented with
neonatal hypoglycemia as a result of both hypopituitarism
and hyperinsulinism. Our report suggests that several
pathological conditions may cause both hyperinsulinemic
hypoglycemia and hypopituitarism and reaffirms the
importance of evaluating not only insulin and congenital
metabolic disorders in patients with hypoglycemia but
also pituitary function.

Conflicts of interest: The authors declare no
financial conflicts of interest.

Acknowledgments

We thank Dr. Toru Yorifuji for the genetic screening
of congenital hyperinsulinism.

Sugawara et al.

doi: 10.1297/cpe.30.133

136



References

10.
11.

12.

13.

14.

15.
16.

17.

Thompson-Branch A, Havranek T. Neonatal hypoglycemia. Pediatr Rev 2017;38: 147-57. [Medline] [CrossRef]
Dayem-Quere M, Giuliano F, Wagner-Mahler K, Massol C, Crouzet-Ozenda L, Lambert JC, ef al. Delineation of a region
responsible for panhypopituitarism in 20p11.2. Am J Med Genet A 2013;161A: 1547-54. [Medline] [CrossRef]
Vajravelu ME, Chai J, Krock B, Baker S, Langdon D, Alter C, et al. Congenital hyperinsulinism and hypopituitarism
attributable to a mutation in FOXAZ2. J Clin Endocrinol Metab 2018;103: 1042—7. [Medline] [CrossRef]

Yorifuji T, Horikawa R, Hasegawa T, Adachi M, Soneda S, Minagawa M, et al. (on behalf of The Japanese Society for
Pediatric Endocrinology and The Japanese Society of Pediatric Surgeons). Clinical practice guidelines for congenital
hyperinsulinism. Clin Pediatr Endocrinol 2017;26: 127-52. [Medline] [CrossRef]

Williams PG, Wetherbee JJ, Rosenfeld JA, Hersh JH. 20p11 deletion in a female child with panhypopituitarism, cleft lip
and palate, dysmorphic facial features, global developmental delay and seizure disorder. Am J Med Genet A 2011;155A:
186-91. [Medline] [CrossRef]

Garcia-Heras J, Kilani RA, Martin RA, Lamp S. A deletion of proximal 20p inherited from a normal mosaic carrier mother
in a newborn with panhypopituitarism and craniofacial dysmorphism. Clin Dysmorphol 2005;14: 137-40. [Medline]
[CrossRef]

Kamath BM, Thiel BD, Gai X, Conlin LK, Munoz PS, Glessner J, et al. SNP array mapping of chromosome 20p deletions:
genotypes, phenotypes, and copy number variation. Hum Mutat 2009;30: 371-8. [Medline] [CrossRef]

Giri D, Vignola ML, Gualtieri A, Scagliotti V, McNamara P, Peak M, et al. Novel FOXA2 mutation causes hyperinsulinism,
hypopituitarism with craniofacial and endoderm-derived organ abnormalities. Hum Mol Genet 2017;26: 4315-26. [Medline]
[CrossRef]

Heddad Masson M, Poisson C, Guérardel A, Mamin A, Philippe J, Gosmain Y. Foxal and Foxa2 regulate a-cell differentiation,
glucagon biosynthesis, and secretion. Endocrinology 2014;155: 3781-92. [Medline] [CrossRef]

Stanley CA. Perspective on the genetics and diagnosis of congenital hyperinsulinism disorders. J Clin Endocrinol Metab
2016;101: 815-26. [Medline] [CrossRef]

Yorifuji T, Masue M, Nishibori H. Congenital hyperinsulinism: global and Japanese perspectives. Pediatr Int 2014;56:
467-76. [Medline] [CrossRef]

Tsai EA, Grochowski CM, Falsey AM, Rajagopalan R, Wendel D, Devoto M, et al. Heterozygous deletion of FOXA2
segregates with disease in a family with heterotaxy, panhypopituitarism, and biliary atresia. Hum Mutat 2015;36: 631-7.
[Medline] [CrossRef]

Kale T, Patil R, Pandit R. A Newborn with panhypopituitarism and seizures. Case Rep Genet 2017;2017: 4364216
10.1155/2017/4364216. [Medline]

Dines JN, Liu YJ, Neufeld-Kaiser W, Sawyer T, Ishak GE, Tully HM, et al. Expanding phenotype with severe midline
brain anomalies and missense variant supports a causal role for FOXA?2 in 20p11.2 deletion syndrome. Am J Med Genet
A2019;179: 1783-90 10.1002/ajmg.a.61281. [Medline]

Pirttila TJ, Manninen A, Jutila L, Nissinen J, Kélvidinen R, Vapalahti M, et al. Cystatin C expression is associated with
granule cell dispersion in epilepsy. Ann Neurol 2005;58: 211-23. [Medline] [CrossRef]

Binder G, Weber K, Rieflin N, Steinruck L, Blumenstock G, Janzen N, et al. Diagnosis of severe growth hormone deficiency
in the newborn. Clin Endocrinol (Oxf) 2020;93: 305—-11. [Medline] [CrossRef]

Ding YQ, Marklund U, Yuan W, Yin J, Wegman L, Ericson J, ef al. Lmx1b is essential for the development of serotonergic
neurons. Nat Neurosci 2003;6: 933-8. [Medline] [CrossRef]

A case of hyperinsulinemia and GHD

doi: 10.1297/cpe.30.133

137


http://www.ncbi.nlm.nih.gov/pubmed/28364046?dopt=Abstract
http://dx.doi.org/10.1542/pir.2016-0063
http://www.ncbi.nlm.nih.gov/pubmed/23657910?dopt=Abstract
http://dx.doi.org/10.1002/ajmg.a.35921
http://www.ncbi.nlm.nih.gov/pubmed/29329447?dopt=Abstract
http://dx.doi.org/10.1210/jc.2017-02157
http://www.ncbi.nlm.nih.gov/pubmed/28804205?dopt=Abstract
http://dx.doi.org/10.1297/cpe.26.127
http://www.ncbi.nlm.nih.gov/pubmed/21204230?dopt=Abstract
http://dx.doi.org/10.1002/ajmg.a.33763
http://www.ncbi.nlm.nih.gov/pubmed/15930903?dopt=Abstract
http://dx.doi.org/10.1097/00019605-200507000-00006
http://www.ncbi.nlm.nih.gov/pubmed/19058200?dopt=Abstract
http://dx.doi.org/10.1002/humu.20863
http://www.ncbi.nlm.nih.gov/pubmed/28973288?dopt=Abstract
http://dx.doi.org/10.1093/hmg/ddx318
http://www.ncbi.nlm.nih.gov/pubmed/25057789?dopt=Abstract
http://dx.doi.org/10.1210/en.2013-1843
http://www.ncbi.nlm.nih.gov/pubmed/26908106?dopt=Abstract
http://dx.doi.org/10.1210/jc.2015-3651
http://www.ncbi.nlm.nih.gov/pubmed/24865345?dopt=Abstract
http://dx.doi.org/10.1111/ped.12390
http://www.ncbi.nlm.nih.gov/pubmed/25765999?dopt=Abstract
http://dx.doi.org/10.1002/humu.22786
http://dx.doi.org/
http://www.ncbi.nlm.nih.gov/pubmed/28255477?dopt=Abstract
http://dx.doi.org/
http://www.ncbi.nlm.nih.gov/pubmed/31294511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16049933?dopt=Abstract
http://dx.doi.org/10.1002/ana.20545
http://www.ncbi.nlm.nih.gov/pubmed/32521075?dopt=Abstract
http://dx.doi.org/10.1111/cen.14264
http://www.ncbi.nlm.nih.gov/pubmed/12897786?dopt=Abstract
http://dx.doi.org/10.1038/nn1104

