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ABSTRACT 
 
Congenital hypopituitarism refers to a deficiency of 
one or more pituitary hormones resulting from issues 
in fetal development. Embryological pituitary 
development involves a complex interplay of 
transcription factors, extrinsic and intrinsic to the oral 
ectoderm and neuroectoderm which develop to form 
the mature pituitary during early embryogenesis. 
Disruption of this process can result in isolated 
pituitary dysfunction, or effect nearby structures, such 
as the eye, olfactory bulbs, midline structures, and 
forebrain. Genetic causes make up an important 
portion of cases and have varying phenotypes even 
within identical mutations. This chapter provides an 
overview of pituitary development, and various causes 
of hypopituitarism including septo-optic dysplasia, 
syndromic and non-syndromic causes, isolated 
pituitary deficiencies, and syndromes associated with 
hypopituitarism. It also provides guidance on the 
investigation of genetic causes of hypopituitarism in 
the current genetic landscape.  
 
 
 

INTRODUCTION 
 
The pituitary gland can be thought of as the “hormonal 
control center” from which most endocrine organs are 
regulated. It is located in the sella turcica, posterior to 
the sphenoid sinus, inferior to the optic chiasm and the 
hypothalamus. The pituitary comprises 3 lobes, the 
anterior, intermediate and posterior. 
 
The posterior lobe or neurohypophysis contains 
antidiuretic hormone (ADH or AVP) and oxytocin, 
contained in vesicles, as part of axonal projections 
from hypothalamic cells, known as the hypothalamic-
hypophyseal tract. The intermediate lobe contains 
melanotrophs which produce alpha-melanocyte 
stimulating hormone (αMSH), although in humans is 
typically an embryological remnant and may not be 
present. 
 
The anterior lobe or adenohypophysis contains 5 cell 
lines, producing 6 different hormones regulated by 
hypothalamic hormones via the hypophyseal portal 
system. Somatotrophs produce growth hormone (GH) 
while lactotrophs produce prolactin making up the 
somatomammotroph class of hormones. The 
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glycoprotein hormone class consists of hormones with 
identical alpha subunits and different beta subunits, 
with thyroid stimulating hormone (TSH) produced by 
thyrotroph cells, and gonadotroph cells producing 
follicle stimulating hormone (FSH) and luteinizing 
hormone (LH). Corticotroph cells produce 
adrenocorticotrophic hormone (ACTH). 
 
Growth hormone mediates its effect through induction 
of insulin like growth factor 1 (IGF-1) from the liver and 
is critical for linear growth in the child. Prolactin 
stimulates development of the mammary gland and 
lactation and is typically quiescent outside of 
pregnancy or childrearing. TSH stimulates production 
of thyroid hormone from the thyroid gland, which 
regulates metabolic rate and is critical for growth and 
cognitive development in early childhood. FSH and LH 
support gonadal development, production of 
testosterone or estrogen, and maturation of gamete 
cells. ACTH stimulates production of cortisol which is 
an essential stress hormone and ADH regulates 
plasma osmolality by inducing resorption of water in 
the collecting duct of the kidney. 
 
Congenital hypopituitarism refers to a deficiency of 
one or more pituitary hormones resulting from events 
during fetal development. This may be the result of 
genetic mutation, antenatal insult, or as is commonly 
the case, be idiopathic. Pituitary deficiencies may be 
detected during the neonatal period; however, in some 
individuals’ pituitary deficiencies may not manifest 
until later in childhood. Furthermore, the severity can 
be variable.  
 
Hypopituitarism may be isolated, affecting one cell line 
(isolated hormone deficiency), or multiple, termed 
combined or multiple pituitary hormone deficiency 
(CPHD, MPHD). Pan-hypopituitarism is typically used 
to describe deficiency of all anterior pituitary 
hormones; however, in some cases this term may also 
include the presence of AVP deficiency. AVP (or ADH) 
deficiency is termed as central diabetes insipidus (DI) 

but is undergoing a formal process to change the 
name to AVP deficiency. The new name is preferred 
as it highlights both etiology and treatment, while 
avoiding confusion with diabetes mellitus. AVP 
deficiency may coexist with other deficiency’s or be 
isolated.  
 
The incidence of isolated growth hormone deficiency 
(IGHD) is reportedly 1 in 4000 live births (3), with 
CPHD also seen in 1 in 4000 live births (4), thus 
presenting an uncommon but important chronic 
condition.  
 
Embryological pituitary development involves a 
complex interplay of transcription factors, extrinsic and 
intrinsic to the oral ectoderm and neuroectoderm 
which develop to form the mature pituitary. Disorders 
occurring during early development may affect nearby 
structures commonly the eye, olfactory bulbs, midline 
structures, and forebrain, whereas later events are 
typically isolated to pituitary abnormalities. 
Transcription factor gene defects have been 
demonstrated to cause different biochemical and 
structural forms of congenital hypopituitarism, 
although the majority of cases remain idiopathic. 
There is considerable phenotypic variability within 
known genetic causes of hypopituitarism, with some 
forms having incomplete penetrance, and 
presentation ranging from asymptomatic, to severe 
neonatal onset forms. This review discusses the 
clinical phenotypes of various genetic anomalies 
associated with hypopituitarism. Clinical 
manifestations and investigation of hypopituitarism are 
discussed in the “Hypopituitarism” chapter of 
Endotext.  
 
This chapter will present an overview of the 
embryology of pituitary development before 
discussing the genetic causes of hypopituitarism. It will 
firstly discuss genes that cause septo-optic dysplasia, 
before discussing genes that cause other clinical 
phenotypes and hypopituitarism. After describing the 
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genes associated with non-syndromic hypopituitarism, 
and isolated hormone deficiencies we will discuss 
other syndromes where hypopituitarism may be part of 
the phenotype. Each gene is described within the 
subheading that they most typically present; however, 
due to phenotypic variability some genes can present 
in multiple categories. For example, PROKR2 

mutation classically causes isolated 
hypogonadotrophic hypogonadism, but can result in 
non-syndromic CPHD or septo-optic dysplasia in 
some cases (5-8). The information within this review is 
up to date as of May 2022; however, understanding of 
these genes continues to progress. 

 

 
Figure 1. Stages of rodent pituitary development. (a) Oral ectoderm. (b) Rudimentary pouch. (c) Definitive 
pouch. (d) Adult pituitary gland. I infundibulum; NP neural plate; Nnotochord; PP pituitary placode; OM 
oral membrane; H heart; F forebrain; MB midbrain; HB hindbrain; RP Rathke's pouch; AN anterior neural 
pore; O oral cavity; PL posterior lobe; OC optic chiasm; P pontine flexure; PO pons; IL intermediate lobe; 
AL anterior lobe; DI diencephalon; SC sphenoid cartilage. Adapted from Sheng and Westphal, Trends in 
Genetics 1999;15:236-240, with permission (2). 
 
EMBRYOLOGY 
 
Pituitary gland development is classically expressed 
based on timing with murine development. The 
pituitary gland forms from the hypophyseal placode on 
the anterior neural ridge of the neural plate (evident 
embryonic (E) day 7.5 in the mouse model). Ventral 
displacement leads to the formation of the oral 
ectoderm and the roof of the mouth. A portion of this 
ectoderm thickens (E8.5) before invaginating rostrally 
at E9. At E9.5, corresponding with 4 weeks gestation, 
this migrates dorsally resulting in a cone shape, known 
as the rudimentary Rathke’s pouch. This continues to 

thicken with increased rostral mitosis spreading into 
the mesenchyme. Following ongoing proliferation, it 
separates from the oral ectoderm at E12.5 
(approximately 6 weeks gestation). Hormonal cell 
progenitors arise from ventral proliferation forming the 
anterior pituitary. (Figure 1) The somatotrophs arise 
caudomedially, gonadotrophs rostroventrally and 
corticotrophs ventrally. The dorsal aspect later adjoins 
the descending infundibulum and remains thin 
(Intermediate lobe) (9).  
 
Throughout this process the tissue is in contact with 
the neural plate neuroectoderm, at the base of the 
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developing diencephalon. This neuroectoderm 
evaginates and progress dorsally to form the posterior 
pituitary. The tissue immediately ventral to this 
evagination forms the optic chiasm. The diencephalon 
develops throughout this process to form the 
hypothalamus (9).  
 
The olfactory placode forms immediately lateral to the 
hypophyseal placode on the neural plate. These cells 
form the olfactory bulb but also the GnRH secreting 
cells which migrate to the forebrain from 6 weeks 
gestation, progressing to the hypothalamus by week 
15. Axons from these cells extend into the 
hypothalamic portal system allowing regulation of 
gonadotroph cells (10-12). The optic nerve origin and 
optic chiasm develop from the neuroectoderm 
immediately anterior to the posterior pituitary, which 
has a complex interplay with some causes of 
hypopituitarism (13).  
 

Correlation of pituitary development in mice to humans 
is difficult. Whilst pluripotent stem cells have been 
induced to form hypothalamic and anterior pituitary 
cells, the complex interplay of transcription factors, as 
well as interaction from other anatomical structures, 
mean these methods cannot give us a clear timeline 
in humans (14). Historical embryo samples 
demonstrate the formation of Rathke’s pouch by week 
4, with interruption of connection to the oral cavity by 
week 6 with the anterior pituitary fully differentiated by 
16 weeks (15).  
 
Using hormone expression to correlate these two 
embryonic timelines, humans start producing GH, 
FSH, LH and ACTH at 8 weeks gestation, with TSH 
and prolactin at 13 weeks (9). Somatotrophs make up 
50% of the cellular composition of the anterior 
pituitary, with 15-20% of cells being lactotrophs, 5% 
thyrotropes, 10-15% gonadotrophs and 15-20% 
corticotrophs (16) (Figure 2). 
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Figure 2. Structural development of pituitary. Lateral representation of process of oral and 
neuroectoderm folding. Cross-sectional representation of hormone producing pituitary cell groups. 
Adapted from Larkin S. et al, Endotext (1). 
 
Various transcription factors are involved in 
coordinating these processes and gene mutation can 
result in underdevelopment or arrest of pituitary 
development. Figure 3 summarizes the temporal 
expression of various transcription factors within the 
pituitary. Abnormalities in genes expressed early in 
development such as SOX2, HESX1 and GLI2 more 
frequently effect other nearby structures, whereas 
those expressed later such as PROP1 and POU1F1 

typically have localized effects. Transcription factors 
may be induced, upregulated or downregulated by 
multiple other transcription factors and the degree and 
site of expression can vary across the embryological 
development. For a diagrammatic overview of the role 
each transcription factor plays in pituitary development 
please see figure 1 of the 2020 JCEM review by 
Gregory L and Dattani M (4). 
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Figure 3. Timing of gene expression of transcription factors implicated in combined hypopituitarism. 
 
Disruptions to this cascade of transcription factors 
causes a range of structural phenotypes, varying from 
a normal pituitary appearance, to anterior pituitary 
hypoplasia or agenesis. The infundibulum/pituitary 
stalk may be thin or absent and the posterior pituitary 

may be hypoplastic, absent, or ectopic. The 
combination of anterior pituitary hypoplasia (APH), 
infundibular thinning/absence, and ectopic posterior 
pituitary (EPP), is known as pituitary stalk interruption 
syndrome (PSIS) (Figure 4).  

 

 
Figure 4. Lateral appearance of structural pituitary phenotypes. Adapted from Larkin et al, Endotext (1). 
 



 
 
 
 

 
www.EndoText.org 7 

SEPTO-OPTIC DYSPLASIA 
 
Septo-optic dysplasia (SOD) is defined by the 
presence of two or more of: optic nerve hypoplasia, 
hypopituitarism, and midline defects (agenesis of the 
corpus callosum or septum pellucidum) forming a 
clinical triad. SOD is a rare condition with incidence 
estimates between 1 in 9,000 to 1 in 40,000 (17,18). 
The association between hypopituitarism and optic 
nerve hypoplasia relates to the embryological origin of 
the optic chiasm being immediately anterior to the 
infundibular tissue, thus an insult at this location can 
interrupt both pathways. The phenotype is highly 
variable even in familial SOD (13). Although several 
genetic causes have been identified, these make up 
less than 10% of cases of SOD, and are summarized 
in Table 1 (19). Septo-optic dysplasia is commonly 
seen in young primiparous mothers (20) and while 
antenatal exposure to alcohol and drug use have been 
suggested, there is a lack of evidence to support 
causality (21). 
 
Optic nerve hypoplasia (ONH) is typically bilateral (80-
90%) with midline defects typically being septum 
pellucidum (85%) or corpus callosum (30%) 
hypoplasia or aplasia (21). 55-80% of cases have 
pituitary hormone deficiency, with growth hormone 
(GHD) and TSH deficiency (TSHD) being the most 
common deficiencies, followed by ACTH. Diabetes 
insipidus and hypogonadotrophic hypogonadism (HH) 
are found in less than 30% of hormone deficient cases 
(22-25). Approximately half of these hormone 
deficiencies are detected in the first 2 years of life and 
can present with severe neonatal hypoglycemia and 
cardiovascular instability, with the remainder of cases 
presenting across childhood to adolescence. The 
degree of deficiency is also noted to progress over 
time (22). Children with SOD typically have at least 
some degree of visual impairment, with 44- 80% being 
legally blind (22,26), while epilepsy and behavioral 
issues can be seen in approximately a quarter of 

patients, and cognitive impairment in 42.5% (22). 
Recently, 31% of cases were found to be obese 
despite therapy, suggesting the contribution of 
hypothalamic obesity (22). 
 
HESX1 
 
HESX1 is a member of the paired-like class of 
homeobox genes, located on chromosome 3p14.3 
with autosomal dominant and recessive mutations 
described, making up approximately 1% of septo-optic 
dysplasia cases (19,27). 
 
It appears from E8.5 through to E13.5 in the ventral 
diencephalon and oral ectoderm (28). HESX1 
regulates the structural organization of the pituitary 
and interacts with the infundibulum and surrounding 
tissues through repressing transcription. Murine 
studies suggest absence typically does not prevent 
Rathke’s pouch/anterior pituitary formation (5%) but 
can result in polypituitary. It is suggested HESX1 
regulates the regional expression of LHX3, PROP1, 
FGF8 and FGF10, preventing excessive expansion of 
the pituitary (19). HESX1 is upregulated by OTX2 and 
LHX3 transcription factors while being repressed by 
FGF8 and PROP1 (28,29). 
 
Dattani et al. described a sibling pair with 
consanguineous parents, with a homozygous (R160C) 
HESX1 mutation in the late 1990’s. The SOD 
phenotype comprised optic nerve hypoplasia, midline 
defects (absent corpus callosum (CC) and septum 
pellucidum (SP)), ectopic posterior pituitary and 
anterior pituitary hypoplasia with hypopituitarism (30). 
Subsequent reports indicate that HESX1 mutation 
results in the complete SOD triad in approximately 
30% of cases with ophthalmic changes including 
anophthalmia, microphthalmia, optic nerve hypoplasia 
and optic nerve aplasia (28,31). The majority of 
HESX1 pathogenic variants manifest GHD, with 
variability in deficiency of the other anterior hormones 
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and ADH deficiency being uncommon. MRI 
appearance varies from normal to posterior pituitary 
ectopia and anterior pituitary hypoplasia in affected 
individuals (19). It is also associated with hypoplastic 
nasal cavities/olfactory bulbs and underdevelopment 
of the forebrain (28). 
 
Autosomal dominant forms typically cause a milder 
phenotype, with undescended posterior pituitary and 
GHD, but phenotype-genotype correlation is poor (19). 
Penetrance is variable with asymptomatic parents and 
siblings being reported and midline defects and optic 
nerve anomalies absent in some cases (31,32). 
Testing of 217 patients with Kallmann syndrome 
(hypogonadotrophic hypogonadism (HH) and 
anosmia) revealed 1.4% had a mutation of HESX1 
and normal pituitary on imaging (33). 
 
SOX2 
 
SOX2 and SOX3 are from the SOX (SRY-related high 
mobility group HMG Box) family of transcription factors 
and are both single exon genes that are expressed 
early in development and decline as cells differentiate. 
SOX 2 is located on chromosome 3q26.33 with 
autosomal dominant expression and cause 10-15% of 
microphthalmia and anophthalmia cases (19,34). 
 
SOX2 is expressed during the morula stage, E2.5 but 
from gastrulation is restricted to the presumptive 
neuroectoderm, and E9.5 is found in the brain, CNS, 
sensory placodes, in the branchial arches, esophagus 
and trachea (28). At E11.5 it is expressed throughout 
Rathke’s pouch but from E18.5 is restricted to the 
intermediate lobe (35). In humans it is expressed 
within the developing anterior pituitary from weeks 3.5-
9 and in the diencephalon but not in the 
neurohypophysis or infundibulum (19). 
 
In 2006 Williamson et al. described heterozygous de 
novo mutations of SOX2 causing bilateral 
anophthalmia or severe microphthalmia associated 

with developmental delay, esophageal atresia and 
genital anomalies (36). Later that year, Kelberman et 
al. reported the association of SOX2 with HH, GHD 
and anterior pituitary hypoplasia (37). A cohort of 18 
participants with SOX2 mutation showed 33% (6/18) 
had short stature or GHD, and 44% (8/18) had genital 
anomalies or hypogonadism (38). 
 
Alongside hypoplastic anterior pituitary, hypothalamic 
hamartomas and corpus callosum abnormalities are 
often seen, as are hippocampus anomalies, 
sensorineural hearing loss, learning difficulties and 
cognitive impairment. The vast majority have 
anophthalmia in at least one eye, but milder cases 
have microphthalmia, coloboma and optic nerve 
hypoplasia, with normal ocular structures seen very 
rarely (34). SOX2 mutations are associated with 
esophageal/tracheal abnormalities and 
underdeveloped genitalia known as Anophthalmia-
Esophageal-Genital (AEG) syndrome. Micropenis and 
cryptorchidism are commonly seen, and while genital 
anomalies are noted less commonly in females, they 
can be severe, with some cases having vaginal 
agenesis (28). 
 
Anophthalmia or microphthalmia with esophageal 
abnormalities, sensorineural hearing loss or GHD and 
HH should raise the question of a SOX2 mutation for 
a clinician. Given the autosomal dominant inheritance, 
detection would be critical for family planning for both 
the patient and their parents. 
 
SOX3 
 
SOX3 gene is found at Xq27 causing X-linked 
recessive inheritance found to cause 0.2% of all GH 
deficient cases (28,39). SOX3 is expressed 
throughout the central nervous system during 
embryonic development.  
 
It is first expressed at E6.5 but is rapidly restricted to 
the anterior ectoderm, and to the presumptive 
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neuroectoderm. It is highly expressed in the 
infundibulum and presumptive hypothalamus but not 
in Rathke’s pouch (28). 
 
SOX3 supports development of the hypothalamus and 
infundibulum as well as the development of the AP. 
Absence results in thinning of the infundibulum, which 
is thought to reduce expression of other genes 
involved with supporting pituitary proliferation. As a 
result, Rathke’s pouch is initially expanded but 
eventually the anterior pituitary becomes hypoplastic. 
It is important in confining the expression of FGF8 and 
BMP4, preventing excessive activity. Interestingly, 
duplications of SOX3 are also associated with similar 
phenotypes to those with non-functional mutations 
(typically polyalanine expansions). This suggests that 
correct dose of SOX3 is required for optimal 
embryonic development (28). 
 
In 2002, Laumonnier et al. described a boy with IGHD 
and learning difficulties associated with a SOX3 
mutation (40). Subsequently, GHD has been found in 
affected males and is associated with developmental 
delay or cognitive impairment of varying severity. One 
family of 5 affected females with short stature and 
language/ hearing impairment has been described 
(28). Other concurrent pituitary hormone deficiencies 
are present with variable frequency with 
panhypopituitarism described in some cases (28). 
 
MRI findings include absent corpus callosum and 
absent or hypoplastic infundibulum and ectopic 
posterior pituitary, with cognitive impairment and 
learning difficulties also reported. SOX3 is not 
associated with optic nerve hypoplasia and has not 
been reported in patients with the complete SOD triad. 
Craniofacial abnormalities were reported frequently in 
murine models but are rare in human populations and 
1 case of spina bifida has been reported (28). 
 

Patients with an x-linked pattern of inheritance, and 
isolated GHD or CPHD should raise clinical suspicion 
for SOX3 mutation. 
 
OTX2 
 
Orthodentic Homeobox 2 (OTX2) is critical for anterior 
structure development and forebrain maintenance 
(28). It is located on chromosome 14q22.3 with an 
autosomal dominant inheritance that has been 
detected in 2-3% of cases of 
anophthalmia/microphthalmia and can be associated 
with hypopituitarism (29,38,41). 
 
From E10.5 OTX2 is strongly expressed in the 
neurohypophysis and hypothalamus but the 
expression in Rathke’s pouch is minimal. Expression 
continues until E16.5 but is silenced by E12.5. 
Knockout within Rathke’s pouch caused no 
abnormalities in pituitary development or function (42). 
OTX2 deficiency results in decreased posterior lobe 
and pituitary stalk development and secondary 
anterior lobe hypoplasia. This is mediated through 
failure of FGF10 production, resulting in the 
hypoplastic anterior pituitary, but with normal cell 
differentiation (42). It is also important for upregulating 
HESX1 and POU1F1 (29). 
 
Isolated GHD is classical for OTX2 mutations but 
CPHD, typically TSHD or HH and panhypopituitarism 
have been described. Imaging typically demonstrates 
ectopic or absent posterior pituitary with hypoplastic or 
normal anterior pituitary but may be normal (28,41). 
Ocular manifestations vary from 
anophthalmia/microphthalmia, to optic nerve 
hypoplasia or retinal dystrophy, with normal ocular 
phenotype also described. Additional anomalies are 
rarely reported (41). 
 
OTX2 abnormalities should be considered in cases of 
anophthalmia/microphthalmia and hypopituitarism. 
Posterior pituitary anomalies and absence of 
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extracranial features may differentiate from SOX2 
mutations (28,41). 
 
PAX6 
 
Other genes known to be associated with 
anophthalmia/microphthalmia have been shown to 
causes septo-optic dysplasia and hypopituitarism. 
PAX6 is located on chromosome 11p13 and is 
inherited in autosomal dominant pattern with 
incomplete penetrance (43). In murine pituitary 
development, PAX6 is expressed in the dorsal side of 
Rathke’s pouch from E9-12.5 and establishes the 
ventral-dorsal cell boundaries (44). It has a major role 
in early eye development, classically causing aniridia, 
with optic nerve anomalies including hypoplasia or 
microphthalmia or anophthalmia also described (43). 
Over 500 cases of PAX6 mutation have been 
described with only four cases of hypopituitarism, 
including isolated ACTH deficiency in one, GH 
deficiency in the remainder, two of which had plausible 
HH. Two were noted to have a hypoplastic pituitary 
(45-47). Thus, PAX6 is a rare cause of hypopituitarism 
in patients with eye abnormalities and may present 
with SOD. 
 
RAX 
 

The RAX gene found on chromosome 18q21.32 is 
involved in forebrain and eye development and is 
inherited in an autosomal recessive nature. In 
humans, it is associated with anophthalmia, 
microphthalmia and palatal anomalies and is present 
in approximately 3% of anophthalmia/microphthalmia 
cases (38). One patient to date with a severe mutation 
had anterior and posterior pituitary agenesis on MRI 
resulting in panhypopituitarism, but other patients 
have not been found to have pituitary anomalies (48). 
 
TCF7L1 
 
The transcription factor 7-like 1 (TCF7L1) gene on 
chromosome 2p11.2 is a transcription regulator gene, 
important for brain development through WNT/β-
catenin signaling pathway. Heterozygous mutations of 
TCF7L1 have been identified in 2 SOD patients, 1 of 
whom had GHD and ACTHD and MRI demonstrating 
ONH, anterior pituitary hypoplasia and absent 
posterior pituitary (49). 
 
Other Genes 
 
GLI2, BMP4, TBC1D32, PROKR2, FGF8, FGFR1 
mutations are also associated with SOD but are 
described later as this is not their typical phenotype. 
Genes causing SOD are summarized in Table 1. 

. 
Table 1. Genes Associated with Septo-Optic Dysplasia 
Gene Inheritance/ 

prevalence 
Ocular 
Phenotype 

Pituitary 
appearance 

Pituitary 
deficiencies 

Other Features 

HESX1 
Chr 3p14.3 

AD/AR 
(incomplete 
penetrance) 
1% of SOD 

ONH EPP, APH GH, CPHD, 
ACTH + ADH 
less common 

CC/SP changes, 
hypoplastic olfactory, 
underdeveloped forebrain 

SOX2 
Chr 3q26.33 

AD 
10-15% of 
AO/MO 

AO/MO APH, 
hypothalamic 
hamartoma 

GH, LH/FSH CC changes, SNHL, ID,  
esophageal anomalies, 
genital anomalies 

SOX3 
Chr Xq27 

XR Nil Thin 
infundibulum, 

GH, CC changes, ID 
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0.4% of 
IGHD 

EPP, APH, 
PSIS 

CPHD 
uncommon 

OTX2 
Chr 14q22.3 

AD 
3% of 
AO/MO 

AO/MO, 
ONH, retinal 
dystrophy 

EPP, APH, 
PSIS 

GH, 
LH/FSH, 
TSH. 
ACTH less 
common 

 

PAX6 
Chr 11p13 

AD  
Rare 

Aniridia, 
ONH, 
AO/MO 

APH Rare 
GH, 
ACTH, 
FSH/LH 

ASD, ADHD, obesity, 
diabetes mellitus 

RAX 
18q21.32 

AR 
3% of 
AO/MO 

AO/MO  Rare 
CPHD 

Palate changes 

TCF7L1 
Chr 2p11.2 

AD 
Rare 

ONH Normal, 
APH, absent 
posterior 
pituitary 

GH, ACTH CC/SP changes 

GLI2 
2q14.2 

AD 
1-13% of 
CPHD 

ONH APH, EPP, 
PSIS 

GH, ACTH, 
FSH/LH, TSH 

SP/CC changes, 
polydactyly, midface 
hypoplasia, cleft palate/lip, 
HPE 

BMP4 
Chr 14q22-23 

AD 
Rare 

AO/MO Normal GH, TSH Myopia, cleft palate/lip, 
polydactyly 
 

TBC1D32 
Chr 6q22.31 

AR 
Rare 

ONH APH, EPP or 
absent 
pituitary 

GH, CPHD Oro-facial-digital 
syndrome, CC agenesis 

PROKR2 
Chr 20p12.3 

AD/AR 
5-23% of HH 

ONH PSIS HH, CPHD  

FGF8 
Chr 10q24 

AD/AR 
1% of HH 

ONH  HH, CPHD HPE, VACTERL 

FGFR1 
Chr 
8p11.2p12 

AD 
5-11% of HH 

ONH PSIS HH, CPHD Split hand/foot 
malformation 

AD – Autosomal Dominant, ADHD – Attention Deficit Hyperactivity Disorder, AO – Anophthalmia, APH – 
Anterior Pituitary Hypoplasia, AR – Autosomal Recessive, ASD – Autism Spectrum Disorder, CC– 
Corpus Callosum, CPHD - Combined Pituitary Hormone Deficiency, EPP – Ectopic Posterior Pituitary, 
HH – Hypogonadotrophic Hypogonadism, HPE – Holoprosencephaly, ID – Intellectual Disability, MO – 
Microphthalmia, ONH – Optic Nerve Hypoplasia, PSIS – Pituitary Stalk Interruption Syndrome, SP – 
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Septum Pellucidum, SNHL – Sensorineural Hearing Loss, VACTERL – Vertebral defects, Anal atresia, 
Cardiac defects, Tracheo-esophageal fistula, Renal anomalies, and Limb abnormalities. 
 
SYNDROMIC CAUSES OF HYPOPITUITARISM  
 
Septo-optic dysplasia is the most common syndromic 
presentation of hypopituitarism. Other genes causing 
hypopituitarism, which do not typically cause optic 
nerve hypoplasia are discussed below, although GLI2 
and BMP4 may present with SOD. Syndromic causes 
of hypopituitarism are summarized in Table 3. 
 
LHX3 
 
The LIM homeobox proteins LHX3 and LHX4 are 
expressed in early development and have a co-
dependent role in supporting pituitary development. 
The LHX3 gene located on chromosome 9q34.3 has 
autosomal recessive expression and is seen in 0.5-
1.2% of hypopituitarism cases (39,50,51). 
 
LHX3 is first expressed in Rathke’s pouch at E9.5 
following induction by FGF8 and by E12.5 is 
predominantly expressed in the dorsal aspect of the 
pouch. LHX3 is also expressed in the ventral 
hindbrain, inner ear and spinal cord, and is 
upregulated by LHX4 in the pituitary and SOX2 in the 
inner ear. LHX3 is expressed in the anterior and 
intermediate pituitary throughout development, 
persisting into adulthood and is thus thought to have a 
role in maintaining some of the cell types. In LHX3 null 
mice, Rathke’s pouch is initially formed, but regresses 
resulting in aplasia of the anterior and intermediate 
lobes, which is at least in part due to failure to support 
HESX1 and POU1F1 production. LHX3 is critical for 
maturation of Rathke’s pouch into the anterior pituitary 
and regulates differentiation of all anterior cell lines, 
although corticotrophs are somewhat preserved (52). 
 
As a result, LHX3 mutations commonly cause CPHD 
or panhypopituitarism, with ACTH production normal 
in approximately half. Children typically present with 

CPHD at birth but milder phenotypes of developing 
hypopituitarism throughout childhood are described. A 
variable appearance is seen on imaging, ranging from 
normal (10%) to aplasia or hyperplasia, with one case 
having a microadenoma type appearance (53). 
Sensorineural hearing loss is seen in up to 50% of 
cases as LHX3 is present in a restricted region of the 
inner ear in tandem with SOX2. Intellectual or learning 
difficulties are reported in 38% of cases (51). A short 
stiff neck with limited rotation is seen in approximately 
70% of cases, with other vertebral anomalies such as 
scoliosis seen in approximately 50% of cases. 
Respiratory distress has occasionally been described 
(54,55). 
 
LHX3 should be suspected in patients with early-onset 
CPHD with a stiff neck and/or hearing impairment. 
Neonatal respiratory distress is a rare but important 
association that may also point to LHX3 mutation. 
 
LHX4 
 
The LHX4 gene is found at chromosome 1q25.2 with 
autosomal dominant expression causing 0.9-1.4% of 
hypopituitarism cases (50,56). 
 
LHX4 is expressed in Rathke’s pouch from E9.5 like 
LHX3; however, by E12.5 it is restricted to the anterior 
lobe. It also expressed in hindbrain, cerebral cortex 
and spinal cord tissues. LHX4 and LHX3 work in 
tandem to support specialization of pituitary cells and 
LHX4 is important for upregulating LHX3 and POU1F1 
and ensuring correct timing of this induction. Thus, 
LHX4 deficiency may result in an element of LHX3 
deficiency and causes a hypoplastic anterior pituitary 
with appropriate cell differentiation but reduced 
numbers of hormone producing cells (2,57-59). 
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Like in LHX3, LHX4 also typically results in CPHD, but 
milder presentations, including transient isolated 
GHD, have been reported (56). One family of 
recessive lethal LHX4 has been reported with severe 
combined hypopituitarism and fatal respiratory 
distress thought to be secondary to their 
hypopituitarism (60). Appearances are again variable 
on imaging; ectopic posterior pituitary is common with 
the anterior pituitary ranging from normal to aplasia. 
Chiari 1 malformation is also associated but likely 
represents a minority of cases (56). Cardiac defects 
have been reported in 2 cases and respiratory distress 
in 4 cases (56,60-62). Penetrance is variable with 
asymptomatic effected parents being a common 
occurrence (56). 
 
LHX4 mutation should be considered in patients with 
Chiari malformation or respiratory/cardiac defects in a 
patient with hypopituitarism. 
 
GLI2 
 
The GLI2 gene is a zinc finger transcription factor 
found on chromosome 2q14.2 and has an autosomal 
dominant inheritance with incomplete penetrance (63). 
Whilst prevalence has been reported in as many of 
13.6% of cases of hypopituitarism, other cohorts have 
found it to be rare (<1%) (39,63). 
 
GLI2 is expressed in the ventral diencephalon, where 
it induces BMP4 and FGF8 and is present in the oral 
ectoderm and Rathke’s pouch from E8.5, where it is 
important for mediating SHH (Sonic Hedgehog) 
response. GLI2 is important for supporting pituitary 
progenitor proliferation and its absence results in 
reduced pituitary cell numbers, particularly 
corticotrophs, somatotrophs and lactotrophs, but 
appropriate differentiation of cells in general (64). 
 
GLI2 has been shown to mediate SHH effect and 
causes of holoprosencephaly (HPE) are commonly 
known to affect SHH. In 2003, Roessler et al. identified 

GLI2 gene mutations in 7 out of 390 patients meeting 
HPE criteria (65); however, this has since been shown 
to be an uncommon manifestation GLI2 (66). A study 
of 112 cases with GLI2 mutations found only three 
children with holoprosencephaly, and one of whom 
had an alternative causative gene detected. This study 
showed that of those with a truncated GLI2 mutation, 
62% had pituitary abnormalities and polydactyly and 
only 15% did not have either anomaly. 58% of those 
with non-truncated variants had hypopituitarism. 13% 
had midface hypoplasia with 16% having cleft 
palate/lip (66). Unlike other causes of 
holoprosencephaly, GLI2 typically manifests with 
anterior pituitary anomalies, particularly GH and ACTH 
deficiency (63). 
 
MRI findings vary, including optic nerve hypoplasia, 
septum pellucidum or corpus callosum 
hypoplasia/agenesis, anterior pituitary hypoplasia, 
ectopic posterior pituitary or PSIS. Thus SOD, PSIS, 
and rarely HPE are all plausible manifestations of 
GLI2 mutation (67). 
 
The presence of anterior pituitary deficiency and 
polydactyly or midface abnormalities/central incisor 
should raise suspicion for GLI2 and trigger further 
investigation. 
 
GLI3 
 
Heterozygous mutation of another zinc finger 
transcription factor GLI3 found on chromosome 
7p14.1, results in Pallister-Hall syndrome which 
presents with mesoaxial polydactyly and hypothalamic 
hamartoma (68). In mouse studies, GLI3 is not critical 
for pituitary or hypothalamic development or 
differentiation, but if combined with GLI2 mutation, the 
phenotype is more severe than GLI2 anomalies alone 
(64,69). Mutation in the amino-terminal third of the 
GLI3 gene results in Greig Cephalosyndactyly 
syndrome, associated with polydactyly, macrocephaly 
and hypotelorism, without hypothalamic 
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abnormalities, with Pallister Hall being caused by 
mutations in the middle third of the gene (70). 
 
In 1980 Hall and Pallister et al. described 6 cases with 
hypothalamic hamartoma, panhypopituitarism, 
postaxial polydactyly and imperforate anus, with 
lethality in all cases (71). Since this time, milder/non-
lethal familial forms have been denoted, with the 
pituitary phenotype varying from normal pituitary 
function to isolated GHD and panhypopituitarism, thus 
all cases should be assessed for pituitary dysfunction 
(72). As with other causes of hypothalamic 
hamartoma, central precocious puberty can also be 
associated and should be monitored for (68). 
 
Hypopituitarism Associated With 
Holoprosencephaly 

 
The prosencephalon cleaves into right and left 
hemispheres between day 18 and 28 gestation in 
humans. Failure of this process results in 
holoprosencephaly (HPE) of varying degrees with 
lobar holoprosencephaly having separated 3rd 
ventricles with a connection within the frontal cortex, 
semilobarholoprosencephaly being partially separated 
and alobarholoprosencephaly having a continuous 
single anterior ventricle. (Figure 5) Facial development 
is affected by the same process and can cause 
hypotelorism or cleft palate, but also severe cases 
may have anophthalmia or cyclopia with a superiorly 
displaced proboscis. Holoprosencephaly is present in 
1 in 250 embryos’ but there is a high rate of fetal 
demise. It is estimated to occur in 1 in 8,000-16,000 
live births (73). 

 

 
Figure 5. Types of holoprosencephaly. 
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Other associated midline defects include 
underdevelopment of olfactory bulbs and corpus 
callosum, single midline maxillary incisor and 
hypoplastic pituitary or ectopic posterior pituitary. 
Holoprosencephaly is associated with anterior 
hypopituitarism in 5-10% of cases, with 70% having 
diabetes insipidus (DI) (74). 
 
Many cases are caused by trisomy 13 making up 40-
60% of all causes with a genetic anomaly, trisomy 18 
and triploidy are also associated. Sonic hedgehog and 
ZIC2 mutations make up 5% of non-syndromic cases 
each. Importantly, structural chromosomal anomalies 
in almost all chromosomes have been shown to cause 
holoprosencephaly (75,76). 

 
The SHH gene on chromosome 7q36 is critical for 
early development of the CNS, particularly the 
forebrain and is present in the notochord, neural tube 
and posterior limb buds of the gut. It is a major gene 
implicated in holoprosencephaly and its effect is 
mediated through other transcription factors, many of 
which have been demonstrated to cause HPE shown 
in Table 2 (73). 
 
There is limited data regarding the rates of anterior 
pituitary dysfunction with each gene type although 
cases in SHH and ZIC2 have been reported (67,77). 

 
Table 2. Genes Associated with Holoprosencephaly and Hypopituitarism 
Gene Chromosome  % of HPE Other Features 
SHH 7q36 5.4-5.9% Renal-urinary anomalies 
ZIC2 13q32 4.8-5.2% Renal-urinary anomalies 

SIX3 2p21 3% Typically, severe HPE phenotype 
TGIF 18p11.3 <1% Wide spectrum of severity 
CDON 11q24.2 rare CHD, renal dysplasia, radial defects, gallbladder 

agenesis 

CHD – Congenital Heart Disease, HPE – Holoprosencephaly. Adapted from Tekendo-Ngongang C, et al. 
Holoprosencephaly Overview. GeneReviews. 2020 (76). 
 
Pituitary Stalk Interruption Syndrome 
 
Pituitary stalk interruption syndrome (PSIS) is a triad 
of a thin/absent pituitary stalk, ectopic posterior 
pituitary and aplasia/hypoplasia of the anterior 
pituitary (Figure 6). SHH and other downstream genes 
of the SHH signaling pathway, including SIX3, TGIF, 
CDON and GPR161 have all been reported in 1-2 

cases with PSIS and CPHD, without 
holoprosencephaly (76,78-82). Other causes of 
hypopituitarism that have been associated include 
POU1F1, PROP1, LHX3, LHX4, HESX1, SOX3, 
OTX2, PROKR2 and FOXA2. 100% of patients have 
been GHD in large case series with gonadotrophin, 
ACTH and TSH deficiencies in the majority and 
hyperprolactinemia in a minority (83). 
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Figure 6. Lateral appearance of pituitary stalk interruption syndrome (PSIS). Adapted from Larkin S. et 
al, Endotext (1). 
 
ROBO1 
 
Heterozygous ROBO1 gene mutations (found on 
chromosome 3p12.3) has been described in 5 patients 
with PSIS, with a 6th case of homozygous mutation 
(84,85). Ocular anomalies, including hypermetropia 
and ptosis were also seen, but penetrance was 
incomplete with unaffected parents in some cases. 
Combined GHD and TSHD, and a case of 
panhypopituitarism have been described (84). 
 
FOXA2 
 
The forkhead box A2 (FOXA2) gene is found on 
chromosome 20p11.21 with dominant or de novo 
inheritance (86). FOXA2 regulates expression of GLI2 
and SHH and mutations of the FOXA2 gene and 
20p11 deletions have been reported to cause 
hypopituitarism (87-89). Imaging demonstrates 
anterior pituitary hypoplasia, absent or ectopic 
posterior pituitary and absent or thin pituitary stalk 
(86,90). FOXA2 is also involved in regulation of the 
ABCC8 and KCNJ11 genes, critical for the K-ATP 
channels in pancreatic beta-cells, and mutation has 
been shown to cause congenital hyperinsulinism (91). 
Other phenotypic features include craniofacial 
dysmorphism, choroidal coloboma and malformations 
of the liver, lung and heart (90,92,93). 
 

EIF2S3 
 
Mutations in the EIF2S3 gene found on chromosome 
Xp22.11, result in the MEHMO syndrome (Mental 
retardation, Epileptic seizures, Hypogenitalism, 
Microcephaly and Obesity). EIF2S3 is expressed in 
the pituitary and hypothalamus during embryological 
development (94). Mutation typically results in GHD, 
and panhypopituitarism has been described (94,95). 
Imaging typically demonstrates corpus callosum 
thinning and either normal, or hypoplastic anterior 
pituitary (94). 
 
BMP4 
 
Bone morphogenetic protein 4 (BMP4) gene is found 
on chromosome 14q22-q23 with dominant inheritance 
and incomplete penetrance (70). BMP4 is expressed 
in the diencephalon and infundibulum from E8.5, and 
absence results in failure of pituitary placode and 
Rathke’s pouch development in mouse studies (96). 
Mutations are frequently associated with 
anophthalmia/microphthalmia, cleft lip/palate and 
polydactyly/syndactyly. In 2018 Rodríguez-Contreras 
et al. reported a pathogenic BMP4 mutation in a boy 
with GH and TSH deficiency and myopia, but further 
cases have not yet been described (97). 
 
ARNT2 
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Chromosome 15q25.1 is the locus for the aryl 
hydrocarbon receptor nuclear translocator 2 (ARNT2) 
gene and has autosomal recessive inheritance. 
ARNT2 is expressed in the developing anterior and 
posterior pituitary and hypothalamus and mutations 
result in CPHD with diabetes insipidus. Pituitary 
imaging demonstrates absent posterior pituitary bright 
spot with stalk thinning and a hypoplastic anterior 
pituitary. It is also associated with postnatal 
microcephaly, hypoplastic frontal and temporal lobes, 
renal anomalies and vision impairment (98). 
 
TBC1D32 
The TBC1 domain family member 32 (TBC1D32) gene  

is found at Chromosome 6q22.31 and results in 
disease with an autosomal recessive inheritance. 
TBC2D32 is expressed in the developing 
hypothalamus and Rathke’s pouch and is involved in 
SHH signaling and ciliary functioning. Isolated GHD or 
panhypopituitarism were found in the limited cases 
reported to date. Anterior pituitary hypoplasia or 
aplasia is described with ectopic or absent posterior 
pituitary as is partial agenesis of the corpus callosum 
and optic chiasm hypoplasia. Other phenotypic 
features include oral anomalies (cleft palate), facial 
dysmorphism (hypertelorism/cleft lip) and limb 
anomalies (polydactyly/syndactyly), consistent with 
oro-facial-digital syndrome (99). 

 
Table 3. Syndromic Causes of Hypopituitarism 
Gene Inheritance/ 

prevalence 
SOD/ 
PSIS/ 
HPE 

Pituitary 
appearanc
e 

Pituitary 
deficiencies 

Other Features 

LHX3 
Chr 9q34.3 

AR 
0.5-1.2% 

No APH, 
Normal, 
hyperplasia 

CPHD, 
ACTH in 50% 

SNHL, ID, short stiff neck, 
scoliosis, rarely RDS 

LHX4 
1q25.2 

AD 
0.9-1.4% 

No  APH, EPP CPHD CC hypoplasia, Chiari 1 
malformation, rarely 
CHD/RDS 

GLI2 
2q14.2 

AD 
1-13% 

SOD, 
HPE, 
PSIS 

APH, EPP, 
PSIS 

GH, ACTH, 
FSH/LH, TSH 

ONH, SP/CC changes, 
polydactyly, midface 
hypoplasia, cleft palate/lip 

GLI3 
Chr 7p14.1 

AD 
Rare 

No Hypothalam
ic 
hamartoma 

GH,  
ACTH, FSH/LH, 
TSH 

Postaxial polydactyly, 
imperforate anus. CPP 

ROBO1 
Chr 3p12.3 

AD/AR 
Rare 

PSIS PSIS GH, TSH 
Pan-
hypopituitarism 

Hypermetropia, ptosis 

EIF2S3 
Chr Xp22.11 

XR No Normal, 
APH 

GH, 
Pan-
hypopituitarism 

CC hypoplasia, ID, 
epilepsy, gonadal failure, 
microcephaly, obesity 

BMP4 
Chr 14q22-23 

AD 
Rare 

SOD Normal GH, TSH AO/MO, myopia, cleft 
palate/lip, polydactyly 

FOXA2 
Chr 20p11.21 

AD/De novo PSIS APH, EPP, 
PSIS 

Pan-
hypopituitarism, 

Hyperinsulinism, 
craniofacial dysmorphism, 
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choroidal coloboma, and 
liver, lung and heart 
malformations 

ARNT2 
Chr 15q25.1 

AR No APH, thin 
stalk, 
absent PP 

Pan-
hypopituitarism, 
ADH 

Microcephaly, fronto-
temporal hypoplasia, renal 
anomalies and vision 
impairment. 

TBC1D32 
Chr 6q22.31 

AR SOD APH, EPP 
or absent 
pituitary 

GH, pan-
hypopituitarism 

Oro-facial-digital 
syndrome, CC agenesis 

HPE Genes   
- SHH  
- ZIC2 
- SIX3 
- TGIF 
- CDON 

Rare HPE,  
PSIS  

Normal 
Rarely PSIS 

ADH 
Rarely CPHD 

 

AO – Anophthalmia, APH – Anterior Pituitary Hypoplasia, CC – Corpus Callosum, CHD – Congenital Heart 
Disease, CPP – Central Precocious Puberty, EPP – Ectopic Posterior Pituitary, FTT – Failure To Thrive, HPE – 
Holoprosencephaly, ID – Intellectual Disability, MO – Microphthalmia, PP – Posterior Pituitary, PSIS – Pituitary 
Stalk Interruption Syndrome, RDS - Respiratory Distress, SOD – Septo-optic Dysplasia, SNHL – sensorineural 
hearing loss, SP – Septum Pellucidum, XR – X-linked Recessive 
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NON-SYNDROMIC CAUSES OF HYPOPITUITARISM 
 
POU1F1 
 

 
Figure 7. Cross-sectional representation of pituitary cell groups in POU1F1. Adapted from Larkin S. et 
al, Endotext (1). 
 
POU1F1 was the first genetic cause of CPHD 
detected, initially described in mice (known as PIT-1) 
and 2 years later in humans. It is a member of the POU 
family of transcription factors, and the gene is located 
at 3p11.2. Approximately 65% of cases are autosomal 
recessive (homozygous/compound heterozygous) 
with 35% having an autosomal dominant form, the 
most common being the R271W mutation. In a review 
of 15 cases, the majority had affected parents, with 
only 3 cases of hormonally intact parents (100). 
POU1F1 is present in 2.8% of CPHD, with up to 21% 
of familial CPHD (50). There is considerable variability 
between countries, with one cohort of 23 CPHD 
patients in India detected 6 POU1F1 mutations and 
many other studies having low numbers of detected 
mutations (50,100,101). 
 

Expression of POU1F1 is triggered by PROP1 and is 
seen within the pituitary from E13.5, persisting through 
to adulthood. It is critical for supporting the 
differentiation and proliferation of thyrotroph, 
lactotroph and somatotroph cells, and stimulates the 
GH1, prolactin and TSHB genes, required for hormone 
synthesis (102). LHX3, LHX4 and OTX2 upregulate 
POU1F1 but PROP1 is essential for its function 
(52,57,59). 
 
Tatsumi et al. detected the mutation in a case of 
“cretinism” with cognitive impairment and short 
stature, with GH, TSH and prolactin deficiency, 
reported in 1992 (103). 100% of cases in the literature 
have GH deficiency with 87.5% having TSH deficiency 
and 95.6% having prolactin deficiency (demonstrated 
in Figure 7). TSH deficiency is typically detected in 
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infancy, either prior to, or simultaneously with GH and 
prolactin deficiency, with ~13.5% detected after GHD. 
70% have anterior pituitary hypoplasia, but other 
midline and peripheral defects are rarely seen. 
Autosomal dominant forms are less likely to have an 
absent pituitary (63.6%) and typically have less severe 
GHD with 20% having an undetectable GH peak on 
stimulation testing, compared to 48%. Apart from 
hypopituitarism, there are no other phenotypic 
features known to be associated with POU1F1 (100). 
 
Patients with severe short stature, GHD, prolactin 
deficiency and TSH deficiency only and isolated 
anterior pituitary findings on MRI should raise 
suspicion of POU1F1 mutation, especially if there is a 
known family history. 
 
PROP1 
 
The prophet of POU1F1 (PROP1) is a paired like 
homeodomain transcription factor on chromosome 
5q35 with autosomal recessive inheritance (104). It 
has been shown to cause 11% of all CPHD patients, 
with up to 50% of familial forms and approximately 7% 
of sporadic forms (50). This is highly variable across 
different populations and ethnicities with no cases 
found in studies in Japan, Germany, the United 
Kingdom, Spain or Australia and numbers in Lithuania 
being as high as 65% of CPHD cases and >90% of 
familial cases (50). 
 
Prop1 is initially expressed in Rathke’s pouch at E10, 
with levels rising until E12 and decreasing to E15.5 
when it ceases. It stimulates stem cell transformation 
to mesenchymal cells and supports cell migration and 
differentiation, without which cells remain static. It is 
essential for POU1F1 initiation and failure of this 
results in further issues with cell differentiation. It is 

involved in the stimulation and differentiation of all cell 
lines including gonadotrophins and to a lesser extent, 
corticotrophs (104). 
 
Most cases have CPHD, and is typically progressive, 
with the number of diagnosed deficiencies and 
severity of deficiency increasing over time. Onset of 
GHD, TSHD and HH can occur antenatally with 
diagnosis at birth, but often present later, and in rare 
cases, some cell lines are normal. ACTH deficiency 
has been described from the age of 6 and typically 
develops across late childhood and adolescence. 
Imaging demonstrates a normal or hypoplastic 
anterior pituitary (occasionally hyperplastic) with 
normal posterior pituitary structures, and aside from 
features secondary to hypogonadism (micropenis and 
undescended testis) no extracranial phenotype has 
been described (105). 
 
The presentation is typically milder than POU1F1 
mutation and the presence of features of 
hypogonadism and adrenal insufficiency in a non-
syndromic child with CPHD should raise suspicion for 
PROP1 over POU1F1. 
 
ISOLATED HORMONE DEFICIENCIES 
 
The presence of any pituitary hormone deficiency 
raises the question of other hormone deficiencies. 
While isolated forms of pituitary deficiency occur, there 
is the potential for other deficiencies to develop over 
time as is seen in POU1F1 or LHX, and routine 
monitoring is required (53,100). It is also true that 
genes classically causing isolated hormone 
deficiencies, like GH1, can cause CPHD, and thus 
screening may be required (106,107). 
 
Isolated Growth Hormone Deficiency 
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Figure 8. Cross-sectional representation of pituitary cell groups in isolated growth hormone deficiency. 
Adapted from Larkin S. et al, Endotext (1). 
 
Isolated growth hormone deficiency (IGHD) is 
reported to have a prevalence between 1 in 4,000-
10,000. Whilst most cases are sporadic, suggesting 
an in-utero insult to development of a specific cell-line, 
3-30% have a first degree relative, supporting the 
possibility of genetic causes (108). Approximately 
6.5% of patients have a genetic cause currently 
detectable (39) with rates as high as 38% in those with 
a family history (109). Growth Hormone 1 (GH1) and 
Growth Hormone Releasing Hormone Receptor 
(GHRHR) genes are the most commonly implicated, 
although genes implicated in CPHD, such as HESX1, 
SOX3, OTX2, LHX4 and GLI2 can also present as 
isolated GHD, (appearance shown in figure 8). 
Genetic causes are classified into 4 categories, listed 
in table 4. Type 1A which has undetectable GH levels 
caused by autosomal recessive GH1 gene deletions, 

Type 1B caused by GH1 gene splice site mutation or 
other genes (such as listed above), Type 2 caused by 
exon skipping mutations in GH1 cause an autosomal 
dominant phenotype, and Type 3 is X-linked 
recessive, and is associated with 
agammaglobulinemia (108). 
 
The GH1 gene located on 17q22-24consists of 5 
exons and 4 introns and encodes for a 191 amino acid 
peptide with a molecular weight of 22kDa. 
Transcription of GH1 is triggered by cAMP release in 
response to GHRH binding to the GHRHR, and is 
down-regulated by somatostatin via inhibiting cAMP 
release, in response to receptor binding (108). This 
pathway is demonstrated in Figure 9. GH1 mutations 
cause 22.7% of familial isolated GHD, the majority 
being type 2 autosomal dominant mutations (109). 
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Figure 9. Cellular function of somatotroph cell. cAMP- Cyclic Adenosine Monophosphate, GH – Growth 
Hormone, GHRH – Growth Hormone Releasing Hormone, GHRHR – Growth Hormone Releasing 
Hormone Receptor. 
 

TYPE 1A 
 
In 1981 Phillips et al. described GH1 mutation in Swiss 
children with a homozygous deletion causing Type 1A 
GHD (110). Type 1A GHD is caused by a GH1 gene 
deletion or less commonly, by a frameshift or 
nonsense mutation and makes up <15% of GH1 
mutation related disease (109). The resulting 
phenotype is of severe GHD, with undetectable levels 
and can present with hypoglycemia neonatally as well 
as growth failure in the first 6 months. Complicating 
therapy is the frequent occurrence of anti-GH 

antibodies requiring therapy with recombinant insulin-
like growth factor 1 (IGF1) (108). 
 
TYPE 1B 
 
Type 1B GHD caused by GH1 mutations are typically 
the result of gene splice site mutations and are again 
autosomal recessive. They have a variable phenotype 
ranging from an IGHD Type 1A phenotype to mid-
childhood growth failure (108). 
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GHRHR anomalies also cause a Type 1B phenotype. 
GHRHR is found on chromosome 7p14.3 and was 
reported in 1996 by Wajnrajch et al. (111). Patients 
have normal GHRH levels but undetectable GH and 
low IGF1 levels. The phenotype is of proportional short 
stature, with anterior pituitary hypoplasia (108). 
GHRHR mutations are responsible for 16-19% of 
familial IGHD but are rarely the cause of sporadic 
IGHD (109). No GHRH mutations causing short 
stature have been reported to date (108). 
 
TYPE 2 
 
Type 2 GHD originates from mutations that result in 
loss of exon 3 from the final protein. This causes a 
dominant negative effect on secretion of normal GH 
from the other allele, through retention in the 
endoplasmic reticulum, impairing Golgi apparatus 
activity (108). Type 2 GHD has varying degrees of 
severity as well as of pituitary hypoplasia and 

represents approximately 70% of GH1 mutation 
related disease (109). 
 
TYPE 3 
 
IGHD has been reported in 10 cases of X-linked 
agammaglobulinemia, known as IGHD type 3; 
however, an individual gene causing both associations 
has not been well characterized (112). 
 
Sporadic IGHD does not typically have a genetic 
basis; however, familial forms have a high likelihood of 
detecting a mutation (38%) (107). It is important in 
patients with IGHD to always consider the possibility 
of a developing CPHD, with this occurring in 5.5% 
without structural anomalies, and 20.7% with 
structural anomalies(106,107(113)). This should be 
considered even in patients with GH1 mutation’s, in 
particular Type 2 mutations have been found to 
develop other deficiencies, in particular TSH and 
ACTH deficiency (106,107). 

 
Table 4. Summary of Types of Isolated Growth Hormone Deficiency. 
IGHD 
type 

Genetic 
abnormalities 

Inheritance Pituitary 
imaging 

Percentage 
of familial 
cases 

Comments 

1A GH1 gene 
deletions and 
nonsense 
mutations 

AR Normal/ 
hypoplastic 

2-4% GH levels undetectable, 
anti-GH antibodies, 
transient response to GH 
therapy, 

1B GH1 gene splice 
site mutations  

AR Normal/ 
hypoplastic 

2-4% 
 

 
GHRHR gene 
mutations 

AR Normal/ 
hypoplastic 

16-19% 
 

2 GH1 gene splice 
site and missense 
mutations and 
intronic deletions 

AD Normal/ 
hypoplastic 

15-22% Variable height, CPHD 
may occur 

3 Unknown XR EPP Unknown Agammaglobulinemia 
AD – Autosomal Dominant, AR – Autosomal Recessive, CPHD – Combined Pituitary Hormone Deficiency, EPP 
– Ectopic Posterior Pituitary, GHRHR – Growth Hormone Releasing Hormone Receptor, IGHD – Isolated Growth 
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Hormone Deficiency, XR – X-li linked Recessive. Adapted from Alatzoglou K. et al, JCEM;94:3191-3199 and 
Casteras A. et al, Endocrinology, Diabetes and Metabolic Case Reports (109,114). 
 
Central Hypothyroidism 
 
Neonatal screening studies using T4 testing 
determined neonatal central hypothyroidism to occur 
in 1 in 16000-30000 infants (115,116). Up to 40% of 
these cases have isolated central hypothyroidism, with 
neonatal rates between 1 in 40,000 to 75,000, while 
some cases of isolated central hypothyroidism 
develop after the neonatal period (117). Thyroid 

hormone receptors (THR) are present on both the 
hypothalamus and pituitary and downregulate 
hormone secretion. Thyrotropin releasing hormone 
(TRH) is released from the hypothalamus and binds 
the TRH receptor (TRHR) upregulating TSH 
production (pathway demonstrated in Figure 10). 5 
different genes have been implicated but there is 
limited data on the frequency of genetic mutations in 
patient with isolated central hypothyroidism (118). 

 

 
Figure 10. Cellular function of thyrotroph cell. cAMP- Cyclic Adenosine Monophosphate, TRH – 
Thyrotropin Releasing Hormone, TRHR – Thyrotropin Releasing Hormone Receptor, TSH – Thyroid 
Stimulating Hormone. 
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TSHB 
 
Thyroid stimulating hormone beta subunit (TSHB) 
gene is found on chromosome 1p13.1 and is 
associated with autosomal recessive inheritance 
(118). Hayashizaki et al. described the mutation in 
1989 in a patient with severe neonatal onset 
hypothyroidism associated with prolonged jaundice, 
failure to thrive and developmental delay (119). 
Subsequent cases have also had severe deficiencies 
presenting neonatally (118). 
 
TRHR 
 
The thyrotropin releasing hormone receptor (TRHR) 
gene is found on chromosome 8q23.1 and again has 
autosomal recessive inheritance. The phenotype is 
milder than for TSHB with detection ranging from 
neonatal period to late childhood, and other patients 
being asymptomatic in adulthood. This is likely due to 
the presence of thyroid hormone receptors on the 
thyrotroph cells, upregulating TSH release 
independently of TRH (118). 
 
IGSF1 
 
Immunoglobulin superfamily 1 (IGSF1) gene is found 
on chromosome Xq26.1 and is associated with X-
linked recessive central hypothyroidism. 
Hypothyroidism is seen in all cases, but the degree of 
deficiency can be variable, with many presenting in the 
neonatal period with jaundice and failure to thrive, 
others are detected asymptomatically on family 
screening (118). 
 
IGSF1 is expressed in Rathke’s pouch and the adult 
pituitary gland and mutation results in low TSHB and 

TRHR mRNA, thus it is proposed IGSF1 has a role in 
regulating expression of these genes. 60% of patients 
have prolactin deficiency, supporting the involvement 
of decreased TRHR activity. GHD has been reported 
in a few cases, and 1 patient has been reported to 
have a hypoplastic anterior pituitary and ectopic 
posterior pituitary (118). 
 
Other known associations include macroorchidism in 
80% with low adulthood testosterone levels but 
preserved fertility. Follow up shows that despite 
thyroxine replacement, 25% of children and 75% of 
adults are overweight and 65% of cases have ADHD 
(attention deficit hyperactivity disorder) (118). 
 
OTHER X-LINKED CAUSES 
 
Transducing b-like protein X-linked (TBL1X) gene is 
found at chromosome Xp22.2 and mutations are 
thought to prevent upregulation of TSHB and TRHR 
transcription, causing central hypothyroidism. It has a 
mild hypothyroid phenotype and is associated with 
hearing loss, and ADHD (118). 
 
Insulin receptor substrate 4 (IRS4) is found on 
chromosome Xq22.3 is often described as a cause of 
TSHD; however, mutations to date have resulted in 
low T4 but normal T3 and TSH, which does not 
suggest true central hypothyroidism (118). 
 
Central hypothyroidism is rare and while genetic 
testing may be appropriate, the prevalence of 
individual causative genes is unknown. If genetics are 
not performed, siblings of patients should have formal 
thyroid function tests including a T4 arranged in the 
newborn period.  
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Table 5. Genetic Causes of Isolated Central Hypothyroidism 
Gene Inheritance Degree of 

hypothyroidism 
Other 
pituitary 
deficiency 

Other features 

TSHB  
1p13.1 

AR Severe Nil Jaundice, FTT, 
developmental delay 

TRHR  
8q23.1 

AR Mild Prolactin  

IGSF1  
Xq26.1 

XR Variable (mild to 
severe) 

Prolactin, 
(rarely GH) 

Macroorchidism, low 
testosterone, obesity, 
ADHD  

TBL1X  
Xp22.2 

XR Mild Nil Hearing loss, ADHD 
 

AD – Autosomal Dominant, ADHD – Attention Deficit Hyperactivity Disorder, AR – Autosomal Recessive, 
XR – X-linked Recessive. Adapted from Tajima T. et al, Clin Pediatr Endocrinol;28(3):69-79 (118). 
 
Isolated ACTH Deficiency 
 
Isolated ACTH deficiency (IAD) is an extremely rare 
but serious condition with mortality rates of up to 25% 
in severe neonatal-onset forms (120). 
 
Corticotrophin releasing hormone (CRH) is produced 
by the hypothalamus in response to low cortisol levels 
and binds to corticotroph cells. CRH stimulates cAMP 
release triggering protein kinase A (PKA) which binds 

CRH response element-binding protein (CREB) which 
in turn stimulates TBX19 which stimulates production 
of pro-opiomelanocortin (POMC). This is converted by 
prohormone convertase 1/3 (PCSK1 gene) to ACTH, 
which stimulates glucocorticoid production in the 
adrenal gland (Figure 11) (121). Abnormalities in 
TBX19, POMC and PCSK1 genes have all been 
shown to cause IAD, and NFKB2 mutation causes IAD 
and immunodeficiency. Genetic causes are 
summarized in Table 6. 
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Figure 11. Cellular function of the corticotroph cell. ACTH – Adrenocorticotrophic Hormone, cAMP- 
Cyclic Adenosine Monophosphate, CRH – Corticotropin Releasing Hormone, CRHR – Corticotropin 
Releasing Hormone Receptor, PC 1/3 – Prohormone Convertase 1/3, POMC – Pro-opiomelanocortin, 
TBX19 – T-Box Transcription Factor 19. 
 
TBX19 
 
T-box transcription factor 19 (TBX19) previously 
known as TPIT is located on chromosome 1q24.2 and 
causes severe neonatal onset IAD. It has an 
autosomal recessive inheritance and has been 
detected in 65% of cases of severe IAD, with 100% 
penetrance reported to date (120). As reported above, 
TBX19 is an important part of the pathway from CRH 
stimulation to ACTH release but is also critical for 

terminal differentiation of corticotrophs and can result 
in absence or severely hypoplastic cells (120). 
 
All patients present with severe neonatal 
hypoglycemia and >50% have hypoglycemic seizures, 
with a mortality rate of 25%. >60% have prolonged 
cholestatic/ conjugated jaundice and if diagnosis is 
delayed, intellectual impairment and developmental 
delay have been reported (120). Other abnormalities 
have occasionally been reported including Chiari type 
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1 malformation, and subtle dysmorphic features 
(120,122). 
 
Cortisol assessment should be performed in any 
neonate with recurrent hypoglycemia and cholestatic 
jaundice, and consideration of TBX19 gene 
assessment on confirmation of the diagnosis. Low 
levels of maternal estriol on antenatal testing has been 
shown to herald adrenal steroidogenesis issues and 
seen in a case of IAD caused by TBX19, but estriol is 
no longer routinely used in antenatal screening (123). 
 
PCSK1 
 
Proprotein convertase of Subtisilin/Kexin 1 gene 
(PCSK1) found on chromosome 5q15-21, codes for 
prohormone convertase 1/3 (PC 1/3) and has an 
autosomal recessive pattern of inheritance. It is found 
throughout the body including the pituitary, 
hypothalamus and endocrine pancreas. It plays a 
critical role in processing POMC, proinsulin and 
proglucagon but multiple other hormones as well 
(124). 
 
PC 1/3 is required for conversion of POMC to ACTH 
in corticotroph cells. Deficiency thus results in low 
levels or absence of ACTH production. Despite this, 
there is typically a mild clinical phenotype, only 75% of 
patients have ACTH deficiency and not all are 
associated with hypocortisolemia. It is unclear whether 
this is due to partial ACTH binding capacity of POMC 
or other ACTH precursors, or whether an alternative 
enzyme compensates (124). 
PC1/3 deficiency can also cause CPHD. HH, TSHD, 
and GHD are seen in approximately 50%, 70% and 
35% of cases respectively and have been 
demonstrated or proposed to be secondary to failure 
of hypothalamic conversion of pro-releasing hormones 
(proGnRH to GnRH (suspected), proTRH to TRH, 
proGHRH to GHRH). Like with the corresponding 
adrenal insufficiency, thyroid and GH deficiency are 
often phenotypically mild. DI, presumed due to 

ineffective provasopressin conversion to vasopressin 
is also reported in a subset of patients (124). 
 
Other associated features include obesity, occurring in 
nearly all patients, associated with hyperphagia and 
develops from approximately 2 years of age, the 
cause of which is multifactorial. Like in Prader-Willi 
syndrome, initially children present with failure to 
thrive; however, this is likely due to the presence of 
malabsorptive diarrhea. All cases to date have had 
severe neonatal diarrhea with demonstrated fat, 
amino acid and monosaccharide malabsorption, with 
the majority requiring hospitalization and parenteral 
nutrition. The underlying mechanism is not 
understood, and the intestinal architecture is typically 
normal on biopsy. The malabsorptive state typically 
displays partial improvement after the first year of life 
(124). 
 
PC1/3 is also critical for cleavage of proinsulin to 
insulin, resulting in undetectable insulin levels. To 
compensate, much higher quantities of proinsulin are 
produced which typically prevents diabetes mellitus as 
it is maintains a 2-5% activity at the insulin receptor. 
The most common symptom is in fact postprandial 
hypoglycemia, resulting from proinsulins four to six 
times longer half-life, causing a relative 
hyperinsulinism after meals. Later in life some patients 
proceed to diabetes mellitus likely due to b-cell 
exhaustion (124). 
 
PCSK1 mutation should be considered in patients with 
early onset malabsorptive diarrhea and later onset 
obesity. Other features may include post-prandial 
hypoglycemia, gonadal abnormalities and reduced 
linear growth. CPHD and DI should be screened for 
but are typically mild (124). 
 
POMC 
 
Pro-opiomelanocortin gene (POMC) is found on 
chromosome 2p23.3 and deficiency manifests in an 
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autosomal recessive inheritance pattern (125). It 
causes a classic triad of adrenal insufficiency, 
hypopigmented skin with red hair, and obesity 
associated with hyperphagia, that can commence 
within infancy (125,126). 
 
Children typically present with neonatal hypoglycemia 
(~70%) and adrenal insufficiency is detected at this 
point. Convulsions, hyperbilirubinemia and 
hyponatremia were present in over 30% of presenting 
cases. All known cases to date have been reported to 
have adrenal insufficiency and obesity, with 75% 
having red or Reddish-brown hair (125). 
 
Other endocrinopathies have been reported, TSHD 
being the most common. Melanocyte stimulating 
hormones (MSH) bind the melanocortin 4 receptor 
which has been shown to regulate TRH release and it 
is hypothesized that the limited production of MSH’s 
drives the hypothyroidism. TSHD is reported in 35% of 
cases to date and is often subclinical. GHD and HH 
have been reported in 10-20% of patients with 
mechanisms not well understood. Type 1 diabetes has 
also been seen in 10-20% of cases (double antibody 
positive) it is thought this may be secondary to the 

increased inflammatory state in the absence of 
melanocortin which have been demonstrated to have 
an anti-inflammatory effect (125). 
 
DAVID Syndrome 
 
DAVID syndrome (Deficient Anterior pituitary with 
Variable Immune Deficiency) was first described in 
2011 and results from a mutation of NFKB2 gene on 
chromosome 10q24.32. Classically it presents with 
common variable immunodeficiency (CVID) due to 
hypogammaglobulinemia, typically resulting in 
recurrent sinopulmonary infections. IAD typically 
develops years or decades later; however, initial 
presentation with IAD has been reported in 1 case 
(127). GHD has been reported in 2 cases and TSHD 
in a single case, and imaging may demonstrate a 
normal or hypoplastic anterior pituitary (127,128). 
 
Neonatal onset isolated adrenal deficiency should be 
screened for TBX19 mutations, and if absent, 
especially in a child with red hair, POMC gene testing 
should be considered, similarly the possibility of 
PCSK1 mutation in children with malabsorptive 
diarrhea and adrenal insufficiency.  

 
Table 6. Summary of Genetic Causes of Isolated ACTH Deficiency (IAD). 
Gene Inheritance Onset of 

IAD 
Presentation Other 

pituitary 
deficiencies 

Other phenotype 

TBX19  
Chr 1q24.2 

AR, 100% 
penetrance 

65% of 
severe 
neonatal 
onset IAD 

Neonatal 
hypoglycemia, 
cholestatic 
jaundice 

 Nil Intellectual 
impairment if delayed 
diagnosis, Chiari type 
1 malformation 

PCSK1 
Chr 5q15-21 

AR Variable Infantile 
malabsorptive 
diarrhea, 

FSH, LH, GH, 
TSH, Rarely 
ADH 

Obesity in early 
childhood 

POMC 
Chr 2p23.3 

AR Neonatal Neonatal 
hypoglycemia, 
jaundice  

TSH (35%), 
GH, LH/FSH 
(10%) 

Obesity, reddish 
brown hair. Type 1 
diabetes 
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NFKB2 
Chr 10q24.32 
 

AD Variable Recurrent 
sinopulmonary 
infections 

GH, TSH 
(rare) 

Combined variable 
immunodeficiency 

AD -- Autosomal Dominant, AR – Autosomal Recessive. 
 
Central Hypogonadism 
 
Congenital hypogonadotrophic hypogonadism (HH), 
also known as Kallmann syndrome when seen in 
association with anosmia, occurs in 1 in 10,000 – 
50,000 people, with a 4 to 1 male predominance 
(12,129). 
 
Gonadotrophin releasing hormone (GnRH) is secreted 
in a pulsatile manner from the hypothalamus and has 
a complex pattern of regulation by estradiol and other 
factors. It binds GnRH receptors on gonadotroph cells 
leading to secretion of LH and FSH. In fetal 
development, the cells responsible for GnRH release 
migrate to the hypothalamus from the olfactory 
placode, and thus mutations triggering HH are often 
associated with olfactory dysgenesis and anosmia 
(12). 
 
There are over 25 gene defects implicated in HH, and 
a mutation is found in up to 50% of cases. No gene is 
implicated in more than 10% of familial cases. 
Oligogenicity is also described in multiple genes which 
further complicates diagnosis. Broadly speaking, HH 
is a result of one of four mechanisms, defects in GnRH 
fate specification, GnRH neuron migration, abnormal 
neuroendocrine secretion/homeostasis or 
gonadotroph cell defects (130). 
 
55% of cases have anosmia/hyposmia (129). The 
majority of anosmic cases have an autosomal 
dominant inheritance, except for FEZF1, PROK2 and 
PROKR2, while norosmic cases may be autosomal 
dominant or recessive. However, incomplete 
penetrance, oligogenicity and variability of anosmia 
and norosmia of some genes makes delineating likely 
causative genes difficult. X-linked recessive 

inheritance is seen in KAL1 mutations only to date 
(12,130). 
 
While individual genes have specific associations, 
larger studies demonstrate between 5 and 15% of 
cases have hearing loss, palate anomalies or 
unilateral renal agenesis. Up to 30% have synkinesia 
or eye movement disorders and one study found 5-
15% of patients had dental agenesis, scoliosis or 
finger anomalies (129). 
 
In the absence of anosmia or congenital anomalies, 
HH can be difficult to separate from constitutional 
delay (normal late onset puberty). Adolescents require 
pubertal induction to support bone, metabolic and 
sexual health and to limit the effect on mental health, 
and input from fertility specialists may be required 
when starting a family (129). 
 
Multiple genes associated with HH have been 
implicated in combined hypopituitarism including 
PROKR2, FGF8, FGFR1 and CHD7 and summarized 
in Table 7. 
 
CHARGE Syndrome (CHD7) 
 
CHARGE syndrome results from mutation of the 
CHD7 gene on chromosome 8q12.2 with autosomal 
dominant inheritance, although typically resulting from 
de novo mutation and occurs in 1 in 15,000 to 17,000 
live births (131). The acronym CHARGE is of 
Coloboma of the eye, Heart defects, Atresia of the 
choanae, Retardation of growth and development, 
Genital hypoplasia and Ear and hearing abnormalities, 
and was coined by Pagon et al. in 1981 (132). 
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HH, typically presenting with cryptorchidism and 
micropenis in males is present in 60-88% of patients, 
most of whom will not enter puberty spontaneously 
(131,133). Growth failure is present in 60-72% of 
cases, with approximately 10% being due to GHD 
(131,134-136). Other pituitary abnormalities are rare 
with one study reporting 2 out of 25 patients with 
TSHD, and while other studies report hypothyroidism, 
these are typically primary, or the etiology is not 
reported. Imaging typically demonstrates olfactory 
bulb anomalies, but the pituitary gland is typically 
normal (134,136). Thus, while hypogonadism is a well-
known consequence of CHARGE syndrome, GHD 
and TSHD must also be considered. 
 
PROKR2 
 
Prokineticin-2 Receptor (PROKR2) gene is found on 
chromosome 20p13 and typically has dominant 
inheritance with incomplete penetrance, but recessive 
mutations are also described (70). PROKR2 
prevalence within HH varies greatly, ranging from 5.1-
23.3% of mutations in different populations(137). 
PROKR2 is highly expressed in the olfactory placode 
and GnRH neurons in the mouse model but is not seen 
in the pituitary or infundibulum. It typically causes HH 
and individuals often harbor mutations in other HH 
genes, demonstrating it sometimes has an oligogenic 
effect (70). CPHD has been described in 20 patients, 
13 of whom had SOD and 4 with pituitary stalk 
interruption syndrome (PSIS) (5-8). The pathogenicity 
of the mutations in these cases is uncertain (6,70). 
 
FGF8  
 
The fibroblast growth factor 8 (FGF8) gene is found on 
chromosome 10q24 and mutations can have either 

autosomal dominant or recessive inheritance, making 
up approximately 1% of HH cases (70,137). FGF8 is 
first expressed at E9.25 in the diencephalon, 
prospective hypothalamus and infundibulum, and 
activates LHX3 (70,96,138,139). FGF8 plays a role in 
coordinating anterior pituitary development, with 
excess in mice resulting in a dysplastic, hyperplastic 
pituitary and absence results in pituitary hypoplasia. 
Most mutations are associated with Kallmann 
syndrome; however, multiple cases of CPHD have 
been identified as well as a case of 
Holoprosencephaly, and SOD with GH deficiency. 
VACTERL (Vertebral defects, Anal atresia, Cardiac 
defects, Tracheo-esophageal fistula, Renal 
anomalies, and Limb abnormalities) or VACTERL like 
phenotype has also been described (70). 
 
FGFR1  
 
The Fibroblast Growth Factor Receptor 1 (FGFR1) 
gene is found on chromosome 8p11.2-p12 with 
autosomal dominant inheritance making up 5-11.7% 
of mutations associated with HH (138,140). It is 
expressed in the olfactory placode where is ensures 
fate specification, proliferation and migration of GnRH 
neurons (140). It typically causes HH, with or without 
anosmia but also been reported in CPHD. 9 cases 
have been described, 3 associated with SOD, 3 with 
PSIS and 3 without (5,7,141,142). While some 
variants have demonstrable pathogenicity for this 
phenotype, it is unclear in others. Split hand/foot 
malformation is frequently part of the FGFR1 
phenotype and the mutation is also seen in Pfeiffer 
syndrome, Hartsfield syndrome and Jackson-Weiss 
syndrome (142). 
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Table 7. Causes of Hypogonadotrophic Hypogonadism Associated with Combined 
Pituitary Hormone Deficiency. 
Gene Inheritance/ 

prevalence 
SOD/ 
PSIS/
HPE 

Other 
pituitary 
deficiencies 

Other Features 

PROKR2 
Chr 20p12.3 

AD/AR 
5-23% of HH 

SOD/ 
PSIS 

CPHD  

FGF8 
Chr 10q24 

AD/AR 
1% of HH 

SOD/
HPE 

GH/CPHD VACTERL 

FGFR1 
Chr 8p11.2-
p12 

AD 
5-11% of HH 

SOD/
PSIS 

GH/CPHD Split hand/foot malformation 

CHARGE 
CHD7 
Chr 8q12.2 

AD/de novo 
6% of HH 

Nil GH/TSH Coloboma, CHD, choanal atresia, 
short stature, ID, genital 
hypoplasia, ear abnormalities 

 AD – Autosomal Dominant, AR – Autosomal Recessive, CHD – Congenital Heart Disease HPE – 
Holoprosencephaly, ID – Intellectual Disability, PSIS – Pituitary Stalk Interruption Syndrome, SOD – 
Septo-optic Dysplasia, VACTERL- Vertebral defects, Anal atresia, Cardiac defects, Tracheo-esophageal 
fistula, Renal anomalies, and Limb abnormalities. 
 
Central Diabetes Insipidus 
 
Isolated diabetes insipidus (DI) is rare, with a reported 
prevalence of 1 in 25000, including both nephrogenic 
and central forms (143). Arginine vasopressin (AVP) 
or antidiuretic hormone (ADH) is produced from pre-
pro-AVP in the supraoptic and paraventricular 
hypothalamic nuclei, and their axonal projections 
extend into the posterior pituitary. AVP mediates its 
affect through the AVPR2 receptor which increases 
urine concentration in the collecting duct. Apart from 
cases related to holoprosencephaly, genetic causes 
are rare (144). 
 
AVP 
 
The AVP gene is located on chromosome 20p13 and 
has an autosomal dominant inheritance except for a 
few recessive mutations. The AVP mutant proteins are 
thought to accumulate in the endoplasmic reticulum 
resulting in cell death. As a result, it usually manifests 
between 1 to 6 years of age with gradual progression 

of deficiency but there is wide variation even within 
affected families. Along with polyuria and polydipsia 
classically seen in DI, failure to thrive is commonly 
seen and resolves with AVP replacement (144). 
 
Wolfram Syndrome 
 
The WFS1 gene, located on chromosome 4p16.1 
encodes for wolframin which is an endoplasmic 
reticulum channel and has an autosomal recessive 
inheritance (144). Prevalence is estimated between 1 
in 500,000 – 770,000 children with rates higher in 
areas of increased consanguinity (1 in 68,000 in 
Lebanon) (145). Wolfram syndrome causes diabetes 
mellitus, usually diagnosed at 6 years of age, optic 
nerve atrophy at around age 11 and sensorineural 
hearing loss typically progressing over time. DI is seen 
in approximately 70% of cases and is typically 
diagnosed in the 2nd or third decade of life (143). A 
case DI without other manifestations of Wolfram 
syndrome has been reported (146). The mechanism 
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of DI in Wolfram syndrome is not well understood 
(144).  
 
SYNDROMES ASSOCIATED WITH 
HYPOPITUITARISM 
 
Hypopituitarism has been reported in a wide variety of 
syndromes as an associated feature. These 
syndromes are reported separately as hypopituitarism 
is a less common association. 
 
Prader-Willi Syndrome 
 
Prader Willi Syndrome (PWS) is a complex condition 
with major neurological and endocrine challenges. It 
results from a lack of the paternally imprinted genes 
on chromosome 15q11.2-q13 which can result from 
paternal gene deletion, maternal uniparental disomy, 
or imprinting defects (147). Children typically have 
hypotonia and failure to thrive in infancy, but later 
progress to hyperphagia and obesity. Obesity and 
pituitary hormone deficiencies result from 
hypothalamic dysfunction. Growth failure and GHD 
are commonly seen but CPHD can also occur, and the 
anterior pituitary can be hypoplastic in approximately 
70% of patients (148,149). 
 
Growth failure in Prader-Willi Syndrome occurs due to 
failure within the GH-IGF-1 axis, with GHD reported in 
40-100% of patients and IGF-1 deficiency in nearly 
100% of cases. Growth hormone replacement early in 
life (<1 year of age) is recommended regardless of 
GHD and is shown to improve lean muscle mass, 
motor development and cardiovascular health (150-
153). 
 
Primary gonadal failure is present in most cases, with 
underdeveloped gonads typical in both genders. HH 
may compound this in some cases (154). TSHD has 
been reported in up to 30% cases, but the true 
prevalence is unclear. High rates were reported in the 
population younger than 2 years of age but in older 

children, rates did not exceed the general population, 
suggesting CNS maturation may result in this early 
childhood phenotype being transient. It is unclear if 
there is an association between PWS and ACTH 
deficiency with reported rates ranging from 0-60%, 
with rates likely being 5-14%. Routine screening of 8 
AM cortisol is recommended (147). 
 
The mechanism for hypopituitarism in PWS is not well 
understood. The MAGEL2 gene, located within the 
PWS locus causes Schaaf-Yang Syndrome and 
presents similarly to PWS but with arthrogryposis. 
MAGEL2 is highly expressed in the developing 
hypothalamus and pituitary between 7-8 weeks 
gestation and mutations can result in IGHD or CPHD 
(155). 
Genetic testing is indicated in children with a history of 
neonatal hypotonia and failure to thrive that progress 
to obesity, with or without short stature. 
 
Axenfield-Rieger Syndrome (PITX2) 
 
Axenfield-Rieger syndrome involves dysgenesis of the 
anterior segment of the eye, typically resulting in 
glaucoma. The cause of many cases is unknown; 
however, 40% are due to either the PITX2 or FOXC2 
genes. PITX2 is a pituitary homeobox gene located on 
chromosome 4q25 with autosomal dominant 
inheritance and variable penetrance (156). PITX2 is 
expressed early in the oral ectoderm (E8.5), and later 
in the anterior pituitary where it induces POU1F1 
amongst other factors (156,157). Some cases of 
PITX2 mutation present with GHD, with dental and 
cardiac issues also associated (156). 
 
Johanson-Blizzard Syndrome (UBR1) 
 
Mutation of the UBR1 gene on 15q15-21 results in 
Johanson-Blizzard syndrome (JBS) and is inherited 
autosomal recessively, occurring in 1 in 250,000 live 
births, with 70 patients reported in the literature (158). 
It is characterized by exocrine pancreatic insufficiency, 
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nasal alae hypoplasia/aplasia and cutis aplasia of the 
scalp. Along with developmental delay, failure to thrive 
and hearing impairment, hypothyroidism, 
genitourinary abnormalities and hypopituitarism are 
sometimes reported (159). 
 
In 2007, Hoffman et al. reported a case of a 4-year-old 
deceased boy with ACTH, GH and TSH deficiency, 
with undescended testicles and hypoplastic pituitary 
gland with an absent stalk (160). 3 cases of IGHD and 
isolated TSHD have also been reported, with 
microgenitalia reported in 4 patients, who have not 
been evaluated for HH. Other known endocrine 
associations include diabetes mellitus and primary 
hypothyroidism (158,159). 
 
Oliver-McFarlane Syndrome (PNPLA6) 
 
Oliver McFarlane syndrome is caused by a recessive 
mutation of chromosome 19p13 encoding for the 
PNPLA6 gene. This encodes for neuropathy target 
esterase (NTE) and is found in the human eye, brain 
and pituitary, which also results in other syndromes 
including Gordon-Holmes, Lawrence-Moon and 
Boucher–Neuhäuser syndrome, which are associated 
with HH and occasionally hypopituitarism (161). A 
2021 systematic review found of the 31 cases in the 
literature, 90% had hypopituitarism, with 67% having 
GHD or HH and 50% having TSHD (162). Other 
features include chorioretinal atrophy, trichomegaly, 
alopecia, and spinocerebellar involvement (161,162). 
 
Wiedemann-Steiner Syndrome (KMT2A) 
 
Wiedemann-Steiner syndrome results from 
heterozygous mutation of the KMT2A gene on 
chromosome 11q23.3. It classically presents with 
intellectual disability, facial dysmorphism, 
hypertrichosis of the elbow and short stature. A study 
of 104 individuals found short stature in 57.8% (163) 
and of the 12 patients tested within a cohort of 33, 6 

were found to have GHD. The mechanism for 
hypopituitarism is not well understood (164). 
 
Kabuki Syndrome (KMT2D) 
 
Mutations of KMT2D gene on chromosome 12q13.12 
are responsible for 55-80% of cases of Kabuki 
syndrome and result in autosomal dominant 
inheritance (165). Kabuki syndrome is characterized 
by distinctive facial features, intellectual disability, 
short stature and cardiac disease. 10 cases of 
hypopituitarism have been reported in the literature, 6 
with GHD, 2 with DI and precocious puberty, 1 with 
ACTH deficiency and 1 with GHD and DI. Imaging 
showed 2 had PSIS and 1 had an absent posterior 
pituitary bright spot (166). 
 
Williams Syndrome  
 
Deletions of the 7q11.23 region result in Williams or 
Williams-Beuren syndrome, which has autosomal 
dominant inheritance. Williams syndrome occurs in 
between 1 in 7,500 and 20,000 live births and is 
characterized by congenital heart disease 
(supravalvular aortic stenosis), intellectual 
impairment, short stature and facial dysmorphism 
(167). 40% of patients have short stature, with 
hypercalcemia, precocious puberty and primary 
hypothyroidism commonly reported (168). Growth 
hormone deficiency is less frequently reported (168-
170), and a case of combined ACTH and TSH 
deficiency has also been described (167). MRI 
imaging is typically normal, with one patient having an 
absent posterior-pituitary bright spot but normal ADH 
production (170), and another with ONH and normal 
pituitary function has been described (171). 
 
PHACES 
 
PHACES syndrome is a rare constellation of signs 
including Posterior fossa brain malformations, 
cervicofacial infantile Hemangiomas, Arterial 
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anomalies, Cardiac defects, Eye anomalies and 
midline/ ventral defects. It is typically diagnosed 
following the detection of large, segmental facial 
hemangiomas and no gene defect has been identified. 
Over 300 cases have been reported to date (172). 
Goddard et al. reported a child with partially empty 
sella and GHD and TSHD in 2006 (173). Since then, 
11 cases with hypopituitarism have been reported, 7 
with abnormal pituitary MRI, 2 unreported, and 2 with 
normal pituitary appearance. The majority had GH 

(9/11) or TSH deficiency (7/11) with adrenal 
insufficiency and HH occurring in 2 out of 11 each. 
There is also an association with thyroid development 
issues and primary hypothyroidism (172). Thus, 
patients with PHACES syndrome should be monitored 
for growth and development with consideration of 
endocrine assessment if there are concerns. 
Abnormal pituitary appearance on MRI requires 
routine endocrine follow up (174). 

 
Table 8. Syndromes Associated with Hypopituitarism. 
Gene Inheritance/ 

prevalence 
Pituitary 
appearance 

Pituitary 
deficiencies 

Other Features 

Prader Willi 
15q11.2-q13 

Imprinted Normal GH, 
TSH, 
FSH/LH, 
ACTH 

Infantile FTT, obesity, 
hyperphagia, ID, typically 
primary hypogonadism, 
dysmorphic features 

Axenfield-
Rieger PITX2 
Chr 4q25 

AD Normal GH Eye changes, glaucoma, 
dental issues, CHD 

Johansson 
Blizzard 
UBR1 
15q15-21 

AR APH, absent 
stalk 

GH, TSH, 
ACTH  
?FSH/LH 

Exocrine pancreas 
insufficiency, nasal anomalies, 
cutis aplasia, ID, genitourinary 
anomalies 

Oliver-
McFarlane 
PNPLA6 
Chr 19p13 

AR 
 

Normal GH, FSH/LH, 
TSH 

Chorioretinal atrophy, 
trichomegaly, alopecia, 
spinocerebellar involvement. 

Wiedemann-
Steiner 
KMT2A 
Chr 11q23.3 

AR Normal GH ID, facial dysmorphism, elbow 
hypertrichosis, short stature 

Kabuki 
KMT2D 
Chr 12q13.12 

AD Normal, PSIS 
/ absent PP 

GH, 
ADH, ACTH 

Facial dysmorphism, ID, short 
stature, CHD 

Williams 
Chr7q11.23 

AD Normal GH, TSH, 
ACTH 

Facial dysmorphism, ID, short 
stature, CHD, hypercalcemia, 
precocious puberty, primary 
hypothyroidism 
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PHACES 
(gene 
unknown) 

Unknown APH GH, TSH, 
ACTH, 
FSH/LH 

Posterior fossa brain 
malformations, hemangiomas, 
arterial anomalies, CHD, eye 
anomalies and midline/ ventral 
defects. 

ACTH – Adrenocorticotrophic Hormone, AD – Autosomal Dominant, APH – Anterior Pituitary Hypoplasia, CHD 
– Congenital Heart Disease, FTT – Failure To Thrive, ID – Intellectual Disability, PP – Posterior Pituitary, PSIS 
– Pituitary Stalk Interruption Syndrome. 
 
INDICATIONS FOR GENETIC TESTING 
 
Known genetic causes make up only a small 
proportion of the current hypopituitarism population, 
thus routine broad screening will not be appropriate at 
most centers and currently remains in the realms of 
research. Testing should be targeted to patients with 
consistent features, such as anophthalmia and SOX2 
or a short stiff neck in LHX4. Individual genes can have 
a wide range of presentations and thus presence of a 
family history of hypopituitarism, whether similar in 
presentation or varied, should raise a high index of 
suspicion and screening should be strongly 
considered. Autosomal recessive causes are 
frequently seen, and dominant causes often have 
incomplete penetrance thus even relatively distant 
family associations should cause consideration for 
testing. Finally, presence of hypopituitarism in the 
context of a consanguineous parents should again 
raise suspicion of a likely genetic cause. Genetic 
testing typically is through next generation sequencing 
(NGS), although some mutations may be detectable 
on chromosomal microarray. Deletions on 
chromosomal microarray may include associated 
genes causing hypopituitarism. All the genes 
described above are summarized in table 9, in order 
of gene location, to assist in determining which 
mutations may be associated in such cases. 
 
Septo-Optic Dysplasia 
 
Current evidence suggests genetic causes of SOD 
make up <10% of cases thus routine screening will not 

be appropriate in most centers (19). In the absence of 
family history, the main indication for testing is in 
patients with microphthalmia or anophthalmia, where 
testing for SOX2 and OTX2 would be appropriate, and 
if negative, testing could be extended to PAX6, RAX 
and BMP4 (38). In patients with facial midline defects 
or polydactyly, GLI2 testing should also be considered 
(66). 
 
Syndromic Causes 
 
Syndromic causes should be tested for based on 
clinical suspicion, with family history and 
consanguinity again increasing the likelihood. 
Respiratory distress syndrome and a short stiff neck 
or Chiari I malformation should raise suspicion of 
LHX3 and LHX4 mutations respectively (53,56). 
Polydactyly and either midline facial changes or 
hypothalamic hamartoma suggest GLI2 and GLI3 
mutations respectively (66,68). In cases of 
holoprosencephaly with anterior pituitary dysfunction, 
outside of GLI2, there are only case reports of other 
known genes causing hypopituitarism (66). 
 
Non-Syndromic 
 
POU1F1 testing may be appropriate in patients with 
severe short stature, GHD, TSHD and prolactin 
deficiency alone, especially in Western-Indian 
populations where rates of up to 25% of the CPHD 
cohort have been reported (100). PROP1 typically has 
progressive hypopituitarism with late onset ACTH 
deficiency and routine screening in European 
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countries, particularly Lithuania, may be appropriate 
(50). 
 
Isolated Hormone Deficiencies 
 
Unless familial, isolated GH deficiency rarely has a 
genetic basis thus genetic testing is not currently 
indicated with the exception of those with absent GH 
levels on stimulation testing as seen in type 1a GH1 
mutations (109). The frequency of genetic causes 
within the TSH deficient cohort is unknown. 
Macroorchidism points to IGSF1 mutation but 
otherwise family history is the main indicator for 
genetic testing (118). Cases with isolated ACTH 
deficiency in the neonatal period should be tested for 
TBX19 mutations, and if absent, especially in a child 
with red hair, POMC gene testing should be performed 
(120,124). Children with malabsorptive diarrhea and 
adrenal insufficiency should be screened for PCSK1 

mutation, and NFKB2 if there is known 
immunodeficiency (125,127). Hypogonadotrophic 
hypogonadism testing is well described and typically 
involves panel testing, but targeted testing based on 
inheritance pattern may be appropriate (12,130). 
Isolated diabetes insipidus is rare and testing should 
be based on a family history or presence of other 
features consistent with Wolfram syndrome, such as 
childhood onset optic atrophy or diabetes mellitus 
(144). 
 
Syndromes Associated with Hypopituitarism 
 
Testing for Prader-Willi, Williams, PITX2, UBR1, 
PNPLA6, KMT2A and KMT2D gene mutations should 
be considered based on their clinical features as listed 
in table 8, and in patients known to have these 
mutations, pituitary screening may be necessary, 
especially in the context of growth failure. 

 
Table 9. Summary of Genes Associated with Hypopituitarism 
Gene Inheritance Pituitary 

deficiencies 
Phenotype 

1p13.1 - TSHB  AR  TSH Jaundice, FTT, developmental 
delay 

1q24.2 - TBX19 AR,   ACTH Intellectual impairment if 
delayed diagnosis, Chiari type 1 
malformation  

1q25.2 - LHX4 AD CPHD CC hypoplasia, Chiari 1 
malformation, rarely CHD/RDS 

2p11.2 - TCF7L1 AD GH, ACTH SOD, CC/SP changes 
2p21 - SIX3 AD CPHD HPE, PSIS  
2p23.3 - POMC AR ACTH, TSH (35%), 

GH, LH/FSH (10%) 
Obesity, reddish brown hair. 
Type 1 diabetes 

2q14.2 - GLI2 AD GH, CPHD SOD, PSIS, SP/CC changes, 
polydactyly, midface hypoplasia, 
cleft palate/lip, HPE 

3p11.2 - 
POU1F1 

AR/AD GH, TSH, prolactin 
(typically CPHD) 

  

3p12.3 - ROBO1 AD/AR GH, TSH, CPHD PSIS, hypermetropia, ptosis 
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3p14.3 - HESX1 AD/AR GH, CPHD, (ACTH, 
ADH uncommon) 

SOD, CC/SP changes, 
hypoplastic olfactory, 
underdeveloped forebrain 

3q26.33 - SOX2 AD  GH, LH/FSH SOD, AO/MO, hypothalamic 
hamartoma, CC changes, 
SNHL, ID,  
esophageal anomalies, genital 
anomalies 

4p16.1 - WFS1 
Wolfram 

AR ADH Diabetes mellitus, optic nerve 
atrophy, SNHL 

4q25 - PITX2 
Axenfield-Rieger  

AD GH Eye changes, glaucoma, dental 
issues, CHD 

5q15-21 - 
PCSK1 

AR ACTH, FSH, LH, GH, 
TSH, Rarely ADH 

Obesity in early childhood 

5q35 - PROP1 AR CPHD   
6q22.31 - 
TBC1D32 

AR GH, CPHD SOD, Oro-facial-digital 
syndrome, CC agenesis 

7p14.1 - GLI3 
Pallister-Hall 

AD CPHD Hypothalamic hamartoma, 
Postaxial polydactyly, 
imperforate anus. CPP 

7p14.3 - GHRHR AR  GH   
7q11.23 - 
Williams 

AD GH, (TSH, ACTH 
uncommon) 

Facial dysmorphism, ID, short 
stature, CHD, hypercalcemia, 
precocious puberty, primary 
hypothyroidism 

7q36 - SHH AD CPHD HPE, PSIS, renal-urinary 
anomalies 

8p11.2-p12 - 
FGFR1 

AD FSH/LH, (GH/CPHD 
uncommon) 

SOD, PSIS, split hand/foot 
malformation 

8q12.2 – CHD7 
CHARGE 

AD/de novo FSH/LH, (GH/TSH 
uncommon) 

Coloboma, CHD, choanal 
atresia, short stature, ID, genital 
hypoplasia, ear abnormalities 

8q23.1 - TRHR AR  TSH, Prolactin   
9q34.3 - LHX3 AR CPHD, ACTH in 50% SNHL, ID, short stiff neck, 

scoliosis, rarely RDS 
10q24.32 - 
NFKB2 

AD ACTH, (GH, TSH 
uncommon) 

Combined variable 
immunodeficiency 

10q24.32 - FGF8 AD/AR FSH/LH, (GH/CPHD 
uncommon) 

SOD, HPE, VACTERL 

11p13 - PAX6 AD GH, ACTH, FSH/LH SOD, AO/MO, ASD, ADHD, 
obesity, diabetes mellitus 
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11q23.3 - 
KMT2A 
Wiedemann-
Steiner 

AR GH ID, facial dysmorphism, elbow 
hypertrichosis, short stature 

11q24.2 - CDON AD CPHD HPE, PSIS, CHD, renal 
dysplasia, radial defects, 
gallbladder agenesis 

12q13.12 - 
KMT2D Kabuki 

AD GH, ADH, ACTH Facial dysmorphism, ID, short 
stature, CHD 

13q32 - ZIC2 AD CPHD HPE, PSIS, renal-urinary 
anomalies 

14q22.3 - OTX2 AD GH, CPHD, 
(ACTH uncommon) 

SOD, PSIS, AO/MO 

14q22-23 - 
BMP4 

AD GH, TSH myopia, cleft palate/lip, 
polydactyly 

15q11.2-q13 - 
Prader Willi 

Imprinted GH, TSH, FSH/LH, 
ACTH  

Infantile FTT, obesity, 
hyperphagia, ID, primary 
hypogonadism, dysmorphic 
features 

15q15-21 - 
UBR1 
Johansson 
Blizzard 

AR GH, TSH, (ACTH 
uncommon) 

Exocrine pancreas insufficiency, 
nasal anomalies, cutis aplasia, 
ID, genitourinary anomalies 

15q25.1 - 
ARNT2 

AR CPHD + ADH Microcephaly, fronto-temporal 
hypoplasia, renal anomalies and 
vision impairment. 

17q22-24 - GH1 AR/AD GH, (CPHD 
uncommon) 

Anti-GH antibodies in some 
forms 

18p11.3 - TGIF AD CPHD HPE, PSIS 
18q21.32 - RAX AR CPHD SOD, AO/MO, palate changes 
19p13 - PNPLA6 
Oliver-McFarlane 

AR GH, FSH/LH, TSH Chorioretinal atrophy, 
trichomegaly, alopecia, 
spinocerebellar involvement. 

20p11.21 - 
FOXA2 

AD/de novo CPHD PSIS, hyperinsulinism, 
craniofacial dysmorphism, 
choroidal coloboma, and liver, 
lung and heart malformations 

20p12.3 - 
PROKR2 

AD/AR FSH/LH, (CPHD 
uncommon) 

SOD, PSIS 

20p13 - AVP AD/AR ADH FTT, polyuria 
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Xp22.11 - 
EIF2S3 

XR GH, CPHD CC hypoplasia, ID, epilepsy, 
gonadal failure, microcephaly, 
obesity 

Xp22.2 - TBL1X XR TSH Hearing loss, ADHD 
Xq26.1 - IGSF1 XR TSH, Prolactin (GH 

uncommon) 
Macroorchidism, low 
testosterone, obesity, ADHD 

Xq27 - SOX3 XR GH (CPHD 
uncommon) 

PSIS, CC changes, ID 

AD – Autosomal Dominant, ADHD – Attention Deficit Hyperactivity Disorder, AO – Anophthalmia, AR – 
Autosomal Recessive, ASD – Autism Spectrum Disorder, CC– Corpus Callosum, CHD – Congenital Heart 
Disease, CPHD – Combined Pituitary Hormone Deficiency, CPP – Central Precocious Puberty, FTT – 
Failure To Thrive, HH – Hypogonadotrophic Hypogonadism, HPE – Holoprosencephaly, ID – Intellectual 
Disability, MO – Microphthalmia, PSIS – Pituitary Stalk Interruption Syndrome, RDS – Respiratory 
Distress Syndrome, SOD – Septo-optic dysplasia, SP – Septum Pellucidum, SNHL – Sensorineural 
Hearing Loss, VACTERL- Vertebral defects, Anal atresia, Cardiac defects, Tracheo-esophageal fistula, 
Renal anomalies, and Limb abnormalities, XR – X-linked Recessive. 
 
ABBREVIATION LIST  
 
ACTH  – Adrenocorticotrophic Hormone 
AD – Autosomal Dominant 
ADH  – Antidiuretic Hormone (also known as AVP) 
ADHD  – Attention Deficit Hyperactivity Disorder 
APH  – Anterior Pituitary Hypoplasia 
αMSH  – Alpha-Melanocyte Stimulating Hormone  
AR  – Autosomal Recessive 
AVP  – Arginine Vasopressin (also known as ADH) 
CC  – Corpus Callosum 
CHD – Congenital Heart Disease 
CPHD – Combined Pituitary Hormone Deficiency 
CRH  – Corticotrophin Releasing Hormone 
CVID – Common Variable Immunodeficiency 
DI  – Diabetes Insipidus 
EPP  – Ectopic Posterior Pituitary 
FSH  – Follicle Stimulating Hormone 
GH  – Growth Hormone 
GHD  – Growth Hormone Deficiency 

HH  – Hypogonadotrophic Hypogonadism 
HPE  – Holoprosencephaly 
IAD  – Isolated ACTH Deficiency 
ID  – Intellectual Disability 
IGF1  – Insulin-like Growth Factor 1 
IGHD  – Isolated Growth Hormone Deficiency 
LH  – Luteinizing Hormone 
MPHD  – Multiple Pituitary Hormone Deficiency 
NGS  – Next Generation Sequencing 
ONH  – Optic Nerve Hypoplasia 
PSIS  – Pituitary Stalk Interruption Syndrome 
SOD  – Septo-Optic Dysplasia 
SP  – Septum Pellucidum 
THR  – Thyroid Hormone Receptor 
TRH  – Thyrotropin Releasing Hormone 
TRHR  – Thyrotropin Releasing Hormone Receptor  
TSH  – Thyroid Stimulating Hormone 
TSHD  – Thyroid Stimulating Hormone Deficiency 
XR  – X-linked Recessive  
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