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Abstract

Background Biallelic mutations in the 7BX79 gene cause severe early-onset adrenal failure due to isolated ACTH deficiency
(IAD). This rare disease is characterized by low plasma ACTH and cortisol levels, with normal secretion of other pituitary
hormones. Herein, we report a patient with IAD due to a novel 7BX19 gene mutation, who is also of tall stature.

Case report A 4¥ 12_year-old girl was presented with loss of consciousness due to hypoglycemia. The patient was born at term
with a birth weight of 3800 g. Her parents were first-degree cousins. She had a history of several hospitalizations for recurrent
seizures, abdominal pain, and vomiting. At presentation, her weight and height were + 1.8 and + 2.2 SDS, respectively. Serum
glucose was 25 mg/dl (1.4 mmol/L), with normal sodium, potassium, and insulin concentrations. The child was hypocortisolemic
(0.1 pg/dl), and ACTH levels were extremely low (< 5.0 pg/ml). A diagnosis of IAD was made and hydrocortisone treatment was
started. Hypoglycemic episodes, seizures, and recurrent gastrointestinal complaints disappeared after hydrocortisone replace-
ment. Magnetic resonance imaging of the pituitary was normal. Whole exome sequencing revealed a novel homozygous
¢.302G > A (W101*) mutation in the TBX19 gene.

Conclusion We report a new mutation in the 7BX79 gene in a patient with isolated ACTH deficiency. While overgrowth is a
known feature of some types of adrenal insufficiencies, including MC2R gene defects and POMC deficiency, it may be a novel
feature for TPIT deficiency, as in our patient.
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Introduction

Adrenocorticotropic hormone (ACTH) is required for the syn-
thesis of glucocorticoids and adrenal sex steroids. Impaired
synthesis of ACTH from any genetic or acquired cause may
result in secondary adrenal insufficiency. Congenital isolated
ACTH deficiency (IAD) (MIM #201400) is characterized by
low plasma ACTH and cortisol levels without deficiency of
other pituitary hormones [1]. Recessively inherited mutations
in the TBX19 gene are reported to cause IAD. T-box factor 19
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(TBX19) is the first T-box gene identified in the pituitary, and
encodes T-box pituitary restricted transcription factor (TPIT).
TPIT is important for both proopiomelanocortin (POMC)
gene expression and differentiation of cells expressing
POMC [2]. In the absence of TPIT, intermediate lobe
melanotropes and corticotropes (POMC lineages) fail to dif-
ferentiate. Furthermore, inactivation of this transcription fac-
tor results in the change of cell fate and in melanotropes dif-
ferentiating into gonadotropes in mice [2—4].

The TBX19 gene (MIM*604614) is located in chromosome
1q24.2, consisting of 8 exons, and mutations of this gene are
associated with early-onset IAD in humans [4, 5]. IAD asso-
ciated with 7BX19 gene mutations is very rare, with 25 differ-
ent mutations having been described so far [6]. Patients with
TBX19 gene defects usually present with severe ACTH defi-
ciency and adrenal insufficiency in the neonatal period or
early childhood. Hypoglycemia and prolonged jaundice are
frequently observed, and death may result if not diagnosed
early. The pituitary gland is structurally normal [2, 7].
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However, pituitary function other than ACTH deficiency has
not been reported in detail in previous studies.

Herein, we report a patient with congenital IAD due to a
novel 7BX19 gene mutation. In addition to early-onset IAD,
she also had accelerated growth, which is discussed in light of
the current literature on TPIT deficiency.

Case report

A 4¥"_year-old girl was admitted to the pediatric emergency
unit with loss of consciousness. She was found to be hypogly-
cemic, with a capillary glucose level of 25 mg/dl
(1.4 mmol/L). Past medical history revealed that she was born
at term with a birth weight of 3800 g (+ 1.6 SDS) and was
hospitalized for 10 days in a neonatal care unit for respiratory
distress and hyperbilirubinemia. Her parents were first-degree
cousins (Fig. 1a). Her brother died on the 23rd third postnatal
day of unknown causes, and a preterm born sister died on the
postnatal day after esophageal atresia surgery. Her mother had
also lost a male fetus during the second trimester of unclear
causes. Maternal prenatal evaluation and ultrasound imaging
were unremarkable. The patient had not begun to walk until

a b

the age of 2, while first tooth eruption was also delayed (at
18 months). She was reported as having frequent viral respi-
ratory tract infections and also a history of emergency depart-
ment admissions due to vomiting, abdominal pain, and diar-
rhea. At about 3 years of age, she had recurrent seizures,
especially in the morning. She was hospitalized in a pediatric
intensive care unit with loss of consciousness and hypoglyce-
mia at the age of 4. Hypoglycemic episodes were diagnosed as
ketotic hypoglycemia after prolonged fasting.

At presentation to our clinic at the age of years, her
weight and height were 23.1 kg (+ 1.8 SDS) and 116.5 cm
(+2.2 SDS), respectively, despite having a midparental target
height of —0.8 SDS. She had no facial dysmorphism,
hypo/hyperpigmentation, or red hair. Cardiac and abdominal
examination was normal. Her pubic and breast stage were
Tanner 1. At initial evaluation, her developmental milestones
were delayed compared to chronological age, while fine motor
skills were appropriate for her age. Laboratory investigations
in the emergency unit confirmed hypoglycemia and serum
glucose 25 mg/dl (1.4 mmol/L), with normal sodium and po-
tassium levels, mildly elevated AST (66 U/L), and normal
ALT, creatinine, and bilirubin. Capillary ketone level was
2.2 mmol/L, while serum insulin and C-peptide were

48/12

.

Fig. 1 The pedigree (a), the pituitary MRI (b), bone age at 4”2 and 6 *2 years of age (¢), and phenotypical appearance at last clinical visit (d) of our

patient
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undetectable; hence, hyperinsulinemia was excluded. Blood
lactate (0.7 mmol/L) and ammonia (20.1 wmol/L) were nor-
mal and she had no metabolic acidosis. The child was
hypocortisolemic (0.1 pg/dl) with an extremely low ACTH
level (< 5.0 pg/ml (0—46)). Other anterior pituitary hormones
were normal (growth hormone 14.8 pg/L) at the time of hy-
poglycemia. Serum amino acids and urinary organic acid pro-
file were normal. Insufficient cortisol response (0.4 pg/dl) was
detected in the low-dose (1 pg intravenous) ACTH stimula-
tion test. Diagnosis of central adrenal insufficiency due to
ACTH deficiency was made, and hydrocortisone treatment
(10 mg/m*/day in three divided doses) was started. Her hypo-
glycemic episodes and recurrent infections disappeared after
hydrocortisone replacement. Magnetic resonance imaging of
the pituitary was normal (Fig. 1b). Whole exome sequencing
revealed a novel homozygous ¢.302G > A (W101*) mutation
in the TBX19 gene, producing a truncated protein.

In the first year of follow-up, her height was + 1.6 SDS. Her
pubic and breast stages were Tanner I. At the age of 5 ¥!2
years, she had Tanner 2 breast development with advanced
bone age (7.8 years) (Fig. 1¢) and high basal serum LH value
(0.63 mIU/ml). Pelvic USG revealed enlarged ovaries (right:
33 x 17 %12 mm, left: 25x 16 x 15 mm) and uterus volume
was 33 x 10 x 6 mm. However, an LHRH stimulation test re-
sult was in the prepubertal range (peak LH: 2.35 mIU/ml and
peak FSH: 11.4 mIU/ml). The patient was observed for the
tempo of puberty, and her breast stage was regressed during
follow-up.

She was also investigated because of her being in the upper
centiles of the growth chart and tall for target height, despite
having had several vomiting/diarrhea and hypoglycemia epi-
sodes in the past. Her IGF-1 and IGFBP3 values were <
25.0 ng/ml (50-303) and 1.02 pg/ml (1.1-6.1), respectively,
not suggestive of the etiology of overgrowth. Reevaluation of
whole exome sequencing data revealed no pathogenic variant
in the MC2R gene.

She was normoglycemic during 2.5-years of follow-up
with hydrocortisone replacement (10 mg/m?/day), during
which period the patient had no record of infections and no
need for hospitalizations. At her last visit at the age of 7'/'2
years (Fig. 1c), her weight and height were 28.7 kg (+ 1.3
SDS) and 126.1 cm (+ 0.9 SDS), respectively. Systemic eval-
uation was normal, apart from breast stage Tanner 2. Her bone
age was still 7.8 years, and basal serum LH value was
0.37 mIU/ml. The ovaries were enlarged (right: 28 x 25 x
11mm, left: 22 x 17 X 13 mm) for her age, and uterus volume
was 33 x23 x 10 mm. Peak LH and FSH levels in repeated
LHRH stimulation testing were 5.78 mIU/ml and 11.5 mIU/
ml, respectively. However, height velocity was 3.2 cm/year
and bone age was not progressive. Other anterior pituitary
hormone levels were also normal during follow-up. GH,
IGF-1, and IGFBP3 values were 0.47 ng/ml (0-10),
76.8 ng/ml (80-233), and 3.0 ug/ml (1.4-6.1), respectively.

Clinical and laboratory findings of the patient at diagnosis
and last evaluation are illustrated in Table 1.

Hormonal assays

Serum cortisol concentrations were analyzed by commercial
kits based on electrochemiluminescence immunoassay
(Beckman Coulter, USA). Plasma ACTH concentrations were
analyzed by two-site sequential chemiluminescent immunoas-
say (Immulite 2000, Siemens). IGF-1 and IGFBP3 were ana-
lyzed by immunoassay (Immulite 2000, Siemens). LH and
estradiol (E2) were analyzed by electrochemiluminescence
immunoassay method (ECLIA) (Cobas ¢601, Roche). FSH
concentrations were analyzed by electrochemiluminescence
immuassay (Beckman Coulter, USA).

Table 1 Clinical and laboratory findings of the patient at diagnosis and
last evaluation

At presentation At last evaluation

Age (years) 4812 7112
Weight (kg)/SDS 23.1/+1.8 28.7+1.3
Height (cm)/SDS 116.5/+2.2 126.1/+0.9
BMI SDS +1.0 1.1
Bone age (years) 7.8 7.8
Mother’s height (SDS) -1.6 -1.6
Father’s height (SDS) -0.2 -0.2
Target height SDS -0.8 -0.8
Tanner stage (breast/pubic hair) (/1) 11/1)
Laboratory evaluation
Serum glucose (mmol/L) 14 4.0
Na (mmol/L)/K (mmol/L) 135/4.5 143/4.3
Blood gases PH/HCO3 7.38/25.8 7.3/24.8
Insulin (2.6-24.9ulU/ml) 0.2 -
ACTH (046 pg/ml) <5.0 <5.0
Cortisol (5-25 upg/dl) 0.1 0.53
Prolactin (4.1-18.4 ng/ml) 23.1 19.0
FT4 (0.61-1.12 ng/dl) 1.1 0.97
TSH (0.34-5.6uIU/L) 6.1 427
Peak cortisol response 0.4
(low-dose ACTH test) (ug/dl)
Growth hormone (0-10 ng/ml) NA 0.47
IGF-1* (ng/ml) <25 76.8
IGFBP3* (ng/ml) 1.02 3.0

ACTH adrenocorticotropic hormone, FT74 free thyroxine, 7SH thyroid-
stimulating hormone, /GF-/ insulin-like growth factor-1, /GFBP3
insulin-like growth factor binding protein 3, NA not available

IGF1*: ranges for 412 and 7"/'? years of age are (50-303) and 80-233)
ng/ml, respectively

IGFBP3" : ranges for 4%12 and 7"'? years of age are (1.1-6.1) and (1.4—
6.1) (png/ml), respectively
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Molecular analyses

Written informed consent was obtained from the parents.
DNA was extracted from peripheral blood using DNeasy
blood extraction kits based on the manufacturer’s protocol
(QIAGEN, http://www.qiagen.com/). Genomic DNA from
the patient and family was sequenced and analyzed at
Bezmialem Medical Faculty Department of Medical
Genetics Molecular Laboratory. Amplified PCR samples
were used for generating gene libraries by Nextera Rapid
Capture Enrichment (Illumina, USA) kit protocol. Exome
sequencing was performed on the NextSeq500 platform.
Critical variants were analyzed using Illumina Variant
Studio, and pathogenicity of the candidate variants was
evaluated using Alamut Visual and HGMD Professional
databases. As the parents were consanguineous, we initially
filtered homozygous rare variants with a minor allele
frequency of <0.01 in the 1000 Genomes Project data
(http://www.1000genomes.org/), searching for autosomal
recessive inheritance. Whole exome sequencing revealed a
novel homozygous ¢.302 G> A change predicting a
termination codon in the 101st aminoacid position in the
TBX19 gene. This variant was not detected in our in-house
database, nor was it found in public databases, such as ExAC,
dbSNP, ESP, and 1000 Genomes Project data. The variant was
predicted to be disease-causing according to in silico software,
including Polyphen-2, SIFT, and Mutationtaster [8—10].
Pathogenic or probable pathogenic variants in other adrenal
insufficiency-related genes (PITX, MC2R, and POMC), and
also overgrowth-related genes, were not detected.

Discussion

Congenital TAD is a rare and potentially life-threatening dis-
ease and may therefore be underestimated due to the low level
of suspicion in clinical practice. As in our case, patients usu-
ally have several hospitalizations for hypoglycemia and epi-
sodes of abdominal pain and vomiting before the diagnosis is
established. Thus, clinicians evaluating a hypoglycemic pa-
tient must consider the possibility of adrenal insufficiency
and it is important to take critical samples of cortisol at the
time of hypoglycemia. Congenital IAD is classified as early-
onset (neonatal) and late-onset (juvenile) type, according to
the onset of hypoglycemia. Metherell et al. [11] have defined
onset within 1 year of age as early-onset IAD. Vallette Kasic
et al. [2] have reported that the first symptoms appear in the
neonatal period in all early-onset cases and the diagnosis is
generally made between birth and 2 years of age. TBX19 gene
mutation was detected in most of the early-onset (neonatal)
IAD cases, but not in juvenile onset cases. Thus, 7BX19 gene
analysis is recommended, especially in IAD presenting in the
neonatal period or early childhood [2, 11].

@ Springer

Hypoglycemia, seizures, and jaundice are the most com-
mon symptoms of IAD during the neonatal period [11-13].
Our patient had a history of neonatal hyperbilirubinemia but
she had no cholestatic jaundice. A patient with compound
heterozygous TBX19 gene mutation, presenting with recurrent
lower respiratory tract infections without hypoglycemia, was
reported recently [14]. Our patient had frequent respiratory
tract infections and was hypoglycemic at admission, as are
many reported cases.

Clinical presentations of previously reported patients with
congenital IAD due to 7BX79 gene mutations are summarized
in Table 2. To date, 25 different 7BX79 gene mutations have
been identified [6]. TBX79 mutations are found throughout the
gene, especially in the T-box region, resulting in DNA-
binding defects [1]. In our patient, whole exome sequencing
revealed a novel homozygous nonsense ¢.302 G> A (W101%*)
mutation localized in the T-box region of the TBX19 gene.
TBX19 gene mutations identified in congenital IAD are illus-
trated in Fig. 2.

There are a limited number of reports about prenatal diag-
nosis of IAD by low estriol levels in maternal serum triple
marker screening [ 16—18]. Low estriol levels with normal fetal
ultrasonography and exclusion of placental sulfatase deficien-
cy and Smith-Lemli-Opitz (SLO) syndrome may suggest a
defect in fetal steroidogenesis. Weintrob et al. [18] reported
a patient with low estriol in maternal serum triple screening
with normal fetal sonography, who was diagnosed with
ACTH deficiency postnatally. Subsequently, the patient was
found to have a novel 7BX19 gene mutation and was treated
with hydrocortisone. Our case also had a history of intrauter-
ine death of a sibling and postnatal death of two siblings of
unknown causes. Her mother had been followed by an obste-
trician and she had amniocentesis for the history of the deaths
of unknown etiology of her three children. Results were re-
portedly “normal.” Awareness about the low estriol observed
in relation to adrenal insufficiency may increase the number of
patients with prenatal and early diagnosis of IAD.

Despite severe hypoglycemic episodes and recurrent infec-
tions and hospitalizations, our patient had accelerated growth.
Furthermore, she had low IGF1 and insulin levels. On follow-
up, she was observed to have premature thelarche, but did not
develop progressive precocious puberty which would have
accounted for the significant advancement of linear growth.
Therefore, premature thelarche may only partially have con-
tributed to growth phenotype in our case. Reports to date on
the pubertal development of patients with 7BX79 mutations
are inadequate. Animal studies report that TPIT is a negative
regulator of gonadotroph differentiation. Cells would switch
to gonadotroph cell line in the case of 7BX19 gene inactiva-
tion [4, 5]. TPIT-deficient mice had mildly increased levels of
gonadotroph cells in the intermediate and anterior lobe of the
pituitary. Nevertheless, an increased number of gonadotrophs
is not sufficient to affect gonadotroph function. The TPIT
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Table 2  Clinical presentation and mutations of patients with congenital IAD patients due to 7BX79 gene mutations
Patient Consanguinity ~Familial case Death of a sibling Hypoglycemia Seizure Jaundice Mutation
1 + + R179%/R179*
2 + + + + R286%/R286*
3 + + delA/delA
4 + + delA/delA Pullichino [15]
5 + + + + TS8A/TS58A
6 + + + + TS8A/T58A
7 + + + S128F/del 5.2kb
8 + + + 1171T/1171T
9 - + + Q28*/Q28*
10 + + Q28*/Q28/*
11 + - + + R179*%/R179* Vallette-Kasic [2]‘1’
12 + + + + + R286%/R286*
13 + + + R286*/R286*
14 + + T58A/T58A
15 + + T58A/T58A
16 - + + S128F/del5.2 Kb
17 - + n71T/171T
18 + + nt782delA/T195A
19 + + + + nt782del A/nt782del A
20 + + + + nt782del A/nt782del A
21 - + + + nt782del A/nt782del A
22 - + + nt782del A/nt782del A
23 NA MS86R/782del A Metherell [11]
24 MS86R/782del A
25 - + + + R531s/pR179%* Alsaleem [12]
26 - - - - R53fs/pR179* Akcan [14]
27 + + + + R286%/R286* Unal [13]
28 + - + - WI101* Current case
29to 66* 10 NA 7 All patients 16 21 R100H Couture [1]*
HI125Y
G132V
K164R
nt782del A/20kb del
IVS1+1G>A
IVS5+1G>A
IVS5+5G>A

IVS1-15 ins5bp

NA not available
® The studies reporting functional analysis of novel TBX19 gene mutation

¥ Couture et al. reported characteristics of 37 patients (29 to 66) with TBX79 gene mutation

From 1 to 28th patient characteristics were described case by case

mutant proteins may additionally repress steroidogenic factor-
1 transcriptional activity and, hence, prevent the cell fate
change to gonadotrophs [2, 4]. Therefore, the effect of these
mutations on the pituitary-gonadal axis is not obvious.

Tall stature was reported in two other cases with adre-
nal insufficiency, MC2R gene defects (which cause prima-
ry adrenal insufficiency), and POMC deficiency (which
causes central adrenal insufficiency). MC2R is a G

protein-coupled receptor and ACTH exerts its role
through this receptor [19, 20]. Familial glucocorticoid de-
ficiency (FGD) type 1 caused by MC2R mutations pre-
sents with primary adrenal insufficiency [21].
Additionally, FGD-1 cases have been reported with tall
stature, the underlying mechanisms of which remain un-
clear. Bone growth is stimulated by IGF-binding protein 5
(IGFBPS5). Glucocorticoids inhibit IGFBPS5, and cortisol
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delex 1 nt417delC del ex 3+4
l nt247del37bp
W101*
-_— \ [R179* \ nt782delA R286*
IVS5+5G>A

T58A 2V T195A

IVS1+1G>A 128 IVSa+1G>A  VS5+1G>A L

1171T
H125Y
K146R

Fig. 2 Known TBX19 mutations identified in isolated ACTH deficiency
patients. Transcribed sequences are boxed. Small boxes include 5’ and 3’
untranslated regions. The coding sequence of 7BX19 gene is represented

deficiency results in lack of negative inhibition. Tall stat-
ure in these patients may be related to this lack of inhibi-
tion of IGFBP5 [22-24]. Based upon previous reports,
cortisol deficiency and lack of inhibition of IGFBPS5
could, hypothetically, also be a mechanism underlying
our case. A second hypothesis to explain tall stature in
FGD-1 cases is the ACTH effect on the chondrogenic
phenotype. In vitro, ACTH at high concentrations could
activate melanocortin receptors in bone and the cartilagi-
nous growth plate and stimulate growth. On the other
hand, low ACTH in congenital IAD is incompatible with
the mechanism of ACTH effect of chondrocytes. Any
coexisting pathogenic variant of the MC2R gene was ex-
cluded in our patient in the WES analysis. It is suggested
that glucocorticoid replacement normalizes advanced
growth in FGD; however, the possibility of overtreatment
is an issue [24]. In our case, height was in the upper

Table 3

by the bigger boxes. The dark gray boxes indicate the T-Box domain. The
nonsense and deletional mutations are indicated at the upper part of the
panel, missense and splice site mutations are shown in the lower panel

centiles, despite a declining trend from the 97th to 75th
centile during follow-up.

Accelerated growth together with central adrenal insuf-
ficiency has also been observed in a few cases with
POMC deficiency [25-27]. Although growth was not ad-
equately described in these previous cases with POMC
deficiency, obesity and hyperinsulinism were suspected
to be causing growth acceleration [28]. However, Ozsu
et al. [29] reported two siblings with overgrowth and
POMC deficiency. One of them had insulinopenic diabe-
tes and, hence, had low-normal serum IGF1 and low in-
sulin concentrations. Therefore, regulation of accelerated
linear growth with POMC deficiency, at least in this case,
cannot be explained by hyperinsulinism.

Data in the literature about the growth and height poten-
tial of cases with 7BX19 gene mutations is limited. A case
reported by Akcan et al. [14] concerned a prepubertal male

Some anthropometric data of the patients with 7BX79 gene mutation reported so far

Alsaleem et al. [12]

Akcan et al. [14]

Unal et al. [13]* Current case

Case | Case 2
Gestational week Term Term 43 42 Term
Birth weight (g) 3800 3500 3500 3800
Type of delivery NA C/S Spontaneous C/S C/S
Vaginal
Gender (M/F) M M M F F
Age at admission 11 days 34 months 2 months 7 days 4.7 years
Weight (kg)/weight SDS at admission 3.9/NA 17.2/+1.3 5.0/-0.15 3.5+ 047 23.1/+1.8
Height (cm)/height SDS at admission NA 97.5/+0.5 56/+0.08 50/+0.28 116.5/+2.2
Age at last evaluation 20.5 months 7.2 years 5 years 10 months 7 years
Weight (kg)/weight SDS at last evaluation NA 28.3/+ 1.1 20.7/+0.87 9.5/+0.57 28.7/+ 1.3
Height (cm)/height SDS at last evaluation NA 123.7/+0.3 107/-0.57 74/+0.54 126.1/+0.9
Mutation R53fs/R179* R53fs/R179* R286*/R286* R286*/R286* WI101#*/W101*

NA not available, M male, F female, C/S cesarean section, SDS standard deviation score

®Case 1 and Case 2 reported by Unal et al. were sibling
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with compound heterozygous 7BX19 mutation, who was
admitted at 3 years old with IAD. His height was +0.5
SDS at admission, and + 0.3 SDS at last evaluation at the
age of 7.2 years. In a recent study reporting two siblings
with IAD due to 7TBX19 gene mutation, their height and
weight SDS were also in normal ranges, despite a history
of hypoglycemic episodes and hospitalizations [13]. The
anthropometric data of the patients with 7BX19 gene mu-
tations reported so far are presented in Table 3.

In conclusion, we have reported a novel nonsense 7BX79
gene mutation. In addition to early-onset IAD, the patient had
coexisting tall stature. While overgrowth is a known feature of
various types of adrenal insufficiencies, including MC2R gene
defects and POMC deficiency, it may be a novel feature of
TPIT deficiency, as in our patient.
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