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Abstract
Hypopituitarism is defined as the deficiency of one or more of the hormones secreted by the pituitary
gland. Several developmental factors necessary for pituitary embryogenesis and hormone secretion
have been described, and mutations of these genes in humans provide a molecular understanding of
hypopituitarism. Genetic studies of affected patients and their families provide insights into possible
mechanisms of abnormal pituitary development, however, mutations are rare. This review
characterizes several of these developmental proteins and their role in the pathogenesis of
hypopituitarism. Continuing research is required to better understand the complexities and interplay
between these pituitary factors and to make improvements in genetic diagnosis that may lead to early
detection and provide a future cure.

Hypopituitarism
Pituitary hormone deficiency is the partial or complete loss of single or multiple pituitary
hormones from the anterior (AP) and/or posterior pituitary (PP). The etiology, often
multifactorial and secondary to neurological insult, includes head injury, neurosurgical
sequelae, infiltrative disorders and cranial radiotherapy. A subset of patients may present either
at birth with congenital hormone deficiency or develop deficiency with no previous
neurological injury or pathology. These patients are diagnosed with idiopathic hypopituitarism
and often have multiple or combine pituitary hormone deficiency (CPHD). The incidence and
prevalence of hypopituitarism is still unclear. One report, which summarizes data from separate
European populations, cites an incidence of 11.9 to 42.1 per million inhabitants per year, while
the prevalence is estimated from 300 to 455 per million inhabitants [1].

Pituitary hormone deficiencies most commonly occur in the AP or adenohypophysis. The
mature adenohypophysis contains five major pituitary cell types that produce six hormones;
corticotrophs - adrenocorticotrophic hormone (ACTH), thyrotrophs– thyroid stimulating
hormone (TSH), lactotrophs – prolactin (PRL), somatotrophs – growth hormone (GH), and
gonadotrophs – lutenizing hormone (LH) and follicle stimulating hormone (FSH). A balanced
and orchestrated sequence of events dependent on the temporal and spatial appearance
developmental factors is necessary for normal pituitary development. Disruption of this
cascade due to mutations in any of these gene products affects the ontogeny of one or several
of the pituitary cell types and ultimately leads to hormone deficiency.
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Experimental in vivo model systems have provided valuable insight into the importance of
these factors and have defined signaling pathways in the developmental process. Gene
mutations in these factors have been identified and linked to the development of
hypopituitarism in animal models and humans. There is a wide spectrum of clinical
presentations of hypopituitarism in humans; therefore, research continues to better understand
the role of these gene products and their interplay during pituitary development. This review
highlights the normal development of the pituitary, the transcription factors necessary for
proper embryogenesis, and the major pituitary developmental factors studied in patients with
hypopituitarism.

Clinical presentation of hypopituitarism
The clinical manifestations of hypopituitarism are often nonspecific and insidious. Regardless
of whether the initial presentation and diagnosis include one or several hormone deficiencies,
follow-up of these patients should be continuous, because of the risk for developing additional
deficiencies [2,3]. Table 1 lists some of the most common recognized findings in patients with
hypopituitarism, according to age of presentation.

Among the AP hormones, deficiency of GH (GHD) is most commonly diagnosed and usually
does not manifest until after two years of age with short stature or decreased growth velocity
[4]. Newborns with hypopituitarism may present in the first days of life with hypoglycemia,
electrolyte abnormalities, conjugated hyperbilirubinemia and hypothermia. Evaluation
includes measuring serum GH, cortisol, ACTH, TSH and T4 levels. Both GHD and/or ACTH
deficiency can cause significant morbidity and mortality on presentation. Boys born with
gonadotropin deficiency or GHD may present with micropenis [4,5]. The presentation of
midline defects, including holoprosencephaly, cleft lip/palate or radiological evidence of
absent corpus callosum or septum pellucidum should also prompt an evaluation of pituitary
hormone secretion.

GHD in older children presents as either short stature or decreased growth velocity. Patients
with severe GHD can develop a characteristic appearance with a prominent forehead, a
depressed midface and delayed dentition [6]. GHD in older children and adults can lead to
abnormalities of protein, fat and carbohydrate metabolism, which manifests with an increased
propensity for central obesity, decreased lean mass, and low bone mineral density [5]. A
diagnosis of GHD is dependent on the evaluation of growth charts, low IGF-1 and IGFBP3
levels, and abnormal GH stimulation [4].

As children enter adolescence, there is variable presentation of gonadotropin deficiency
depending on gender and age. In girls, gonadotropin deficiency usually manifests as delayed
breast development and primary amenorrhea, while boys will have prepubertal testicular size.
Evaluation includes measuring testosterone (males), estrogen (females), LH, FSH and GnRH.
The manifestations of TSH deficiency, central hypothyroidism, are similar to those of primary
hypothyroidism, but usually less severe. These include poor growth, delayed bone age,
constipation, dry skin, fatigue, cold intolerance, developmental delay and weight gain [2]. The
diagnosis is based on low T4, inappropriate TSH levels and the TRH test, if available. ACTH
deficiency in children and adolescents often presents with non-specific symptoms (lethargy,
fatigue, weight loss, abdominal pain) unlike the neonatal presentation, which can present in
crisis. Diagnosis can be confirmed by measuring serum cortisol after ACTH stimulation testing.
Finally, children with a confirmed or suspected diagnosis of hypopituitarism should have a
brain MRI performed as some radiological findings have been associated with the pituitary
developmental genes (Table 2).
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Pituitary Embryogenesis
The development of the pituitary gland initiates with the juxtaposition of the oral ectoderm and
the ventral diencephalon (neural ectoderm), which is guided by a series of inducing signals.
This association results in a complex integrated sequence of events that will lead to the
development of the different pituitary cell types and eventually a mature pituitary that is
dynamic in adapting to physiological demands. Thus the identification of progenitor-like cells
to better understand pituitary development and its plasticity has been a focus of many
investigations [7,8]. Figure 1 presents a modified overview of pituitary development and has
been adapted from embryological studies performed and reported on murine species [9–12].
Hypothalamic factors have an important role in initiating the orchestration of these events and
future pituitary regulation. This review focuses on important factors expressed in the pituitary
during embryogenesis, especially on those implicated in human disease.

At approximately embryological day 9.5 (e9.5), the expression of bone morphogenetic protein
4 (BMP-4) and thyroid transcription factor (Ttf1; also called Nkx2.1) signaling in the ventral
diencephalon along with Sonic Hedgehog (Shh) from the oral ectoderm initiates the formation
of a primordial Rathke’s pouch (RP). Fibroblast growth factor signaling (Fgf 8 and Fgf10) and
Wnt5a in combination with the early transcription factors Gli1 and -2, Lhx3 and Ptx1 and -2
further direct the progression of pituitary development beyond the invagination of RP and set
the stage for pituitary progenitor cell proliferation [11]. The expression of Hesx1, Isl1, Pax6
and Six3 and 6 assist in the progression and proliferation of RP. Hesx1 expression continues
exclusively in RP until its attenuation leads to the maximal expression Prop1 (prophet of Pit-1),
which plays a role in both the spatial and terminal differentiation of specific pituitary cell types.
As with Hesx1, Prop1 expression eventually becomes undetectable. Prop1 helps to induce
expression of POU1F1 (Pit1) that leads to the terminal differentiation of somatotrophs (S),
lactotrophs (L) and caudal thyrotrophs (T). Subsequently, ventral GATA binding protein 2
(GATA2) expression and steroidogenic factor 1 (SF-1) activation, play important roles in
progenitor cell differentiation of both rostral thyrotrophs and gonadotrophs (G). Finally, the
expression of Tbx19, expressed in POMC-producing cells, regulates the differentiation of
corticotrophs (C).

As depicted in Figure 1, histological studies demonstrated that definitive AP cell types occupy
specific positions once they emerge from proliferation zones. Although several of the major
events required for proper development are represented in linear fashion, the precise
orchestration of these events is much more interactive and complex. Epigenetic studies, for
example, demonstrated that histone modification also plays an important role in controlling
transcriptional programs during pituitary development [13]. Understanding the crosstalk
between signals and the mechanisms for temporal regulation of transcriptional programs are
future research challenges. In addition, more recent work demonstrated that cell positioning
and cell-cell connection mechanisms in the pituitary exist to help determine pituitary hormone
response and coordinate activities in physiological conditions [14,15]. Therefore,
understanding the integration of signaling molecules and activation of transcription factors will
help provide further insight into the phenotypic variability seen in patients with
hypopituitarism.

Mutations in Pituitary developmental factors resulting in CPHD
Several human gene mutations responsible for pituitary developmental defects in patients
diagnosed with hormone deficiencies have been studied and associated with the pathogenesis
of hypopituitarism. We describe the genes studied in patients with CPHD and review their role
in the pathogenesis of hormone deficiency (see below and Table 2).
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Hesx1
Hesx1, also referred to as Rpx (Rathke’s pouch homeobox), is a member of the paired-like
class of homeobox genes and is essential for normal forebrain and pituitary formation [16]. It
is one of the earliest known specific markers for the pituitary primordium and encodes for a
developmental repressor that localizes to the Rathke’s pouch [17]. Hesx1 null mutant mice
(Hesx −/−) demonstrate abnormalities in the forebrain, eyes and other anterior structures such
as the pituitary [18]. These defects are similar to human phenotypes such as Septo-Optic
Dysplasia (SOD) and CPHD. SOD is a heterogeneous condition that includes optic nerve
hypoplasia, midline brain abnormalities and pituitary hormone deficiencies. Patients with SOD
present with a wide spectrum of phenotypes associated with congenital hypopituitarism.
Currently, 14 HESX1 mutations have been identified in patients with SOD and/or
hypopituitarism; these mutations have both recessive and dominant inheritance [19–22].
Recently, two mouse models, each containing a reported human HESX1 mutation, have been
developed and demonstrate pituitary abnormalities similar to those defects observed in
Hesx−/− null mice [23]. This in vivo approach provides another tool to better understand
mechanisms responsible for pituitary development and hypopituitarism. Despite the
association of HESX1 with SOD, however, screening studies have attributed the incidence of
coding region mutations to be less than 1% [24,25]. Studies are continuing to further understand
the importance of HESX1 in the complex and variable manifestations of pituitary hormone
deficiency in humans.

Lhx3 (LIM-3, P-Lim)
Lhx3 is a member of the LIM-type homeodomain (HD) protein family of transcription factors
that feature two LIM domains in their amino termini and a centrally located HD that interacts
with specific DNA elements [26]. During development, Lhx3 expression, which persists in the
adult pituitary, is expressed in the anterior and intermediate lobes of the pituitary, spinal cord
and medulla [26]. Murine models with targeted disruption of Lhx3 have depleted thyrotrophs,
gonadotrophs and somatotrophs, suggesting LHX3 is important for cell specification and
proliferation [27]. Three LHX3 isoforms have been identified in humans, including hLHX3a,
hLHX3b and hM2-LHX3 [28]. Of these, LHX3a displays the greatest ability to activate the
promoters of pituitary genes. Patients with mutations in LHX3 have deficits of GH, PRL, TSH
and gonadotropins, as well as abnormal pituitary morphology and a rigid cervical spine that
limits head rotation [29]. LHX3 homozygous mutations are a rare cause of reported
hypopituitarism, with an incidence in 2.2% in patients with CPHD [29]. Several other novel
LHX3 mutations in patients with CPHD demonstrating autosomal recessive inheritance have
been reported and characterized [30,31].

Lhx4
Lhx4, another LIM homeodomain protein, is also expressed in the developing brain, including
the cortex, pituitary and spinal cord [34]. Despite homology and similarities in protein structure
to LHX3, LHX4’s role in development is distinct as demonstrated by single and combined
gene deletion targeting in mice. Murine models with targeted deletion of Lhx4 (Lhx4−/−) form
a definitive RP that arrests and results in a hypoplastic pituitary. Unlike Lhx3−/− , however,
Lhx4−/− mice contain all five differentiated cell types [35,36]. Furthermore, Lhx3 expression
is impaired in Lhx4 mutants, suggesting that LHX4 is required for cell survival, expansion of
the pouch and differentiation of pituitary-specific cell lineages [36]. Several reports described
CPHD patients with hypoplastic pituitary harboring LHX4 mutations [37–39]. These
heterozygous mutations result in proteins that are unable to bind DNA and activate pituitary
gene expression [39]. Further studies demonstrate a functional relationship between Pit-1 and
Lhx4’s role in regulating Pit-1 expression in specific pituitary cell types [37]. Also, several
studies suggest that Lhx4 and Prop1 have overlapping functions in pituitary development
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[35]. Finally, in addition to pituitary hormone deficiencies, LHX4 mutations have also been
implicated in structural abnormalities; patients with an LHX4 mutation had abnormal MRI
findings including a hypoplastic AP, ectopic posterior lobe, poorly developed sella turcica and
Chiari malformation [40].

Otx2
Otx2, a transcription factor belonging to the orthodenticle family, is a homeobox gene
expressed earliest in the neuroectoderm cells of the forebrain and midbrain that also plays a
role in ocular development [41]. There is evidence through mouse models to also suggest Otx2
may be an essential regulator of the identity and fate of neuronal progenitor domains in the
ventral midbrain [42]. A heterozygous OTX2 mutation has been recently described in two
unrelated patients with hypopituitarism [43]. Although initial studies demonstrate normal
binding to HESX1 binding sites, the mutant OTX2 gene decreased activation of the HESX1
promoter suggesting a dominant negative effect leading to CPHD [43]. This inter-relationship
between the genes OTX2 and HESX1 emphasizes the complexities of pituitary development
and suggests multifactorial genetic etiologies.

Pitx2 (Ptx2, P-OTX2)
Pitx2 is a member of the bicoid-like homeobox transcription factor family closely related to
the mammalian Otx genes. It is expressed in the rostral brain during development and required
at multiple stages of pituitary development [47]. Ptx2 is expressed in thyrotrophs,
gonadotrophs, somatotrophs and lactotrophs, but not in corticotrophs [48]. Mutations of PTX2,
also known as RIEG in humans, have been described in patients diagnosed with Rieger
Syndrome, an autosomal dominant condition with variable manifestations including anomalies
of the anterior chamber of the eye, dental hypoplasia, a protuberant umbilicus, mental
retardation, and pituitary abnormalities [49]. Six point mutations of Ptx2, located within the
homeodomain responsible for DNA binding, have been described, and several of these
mutations show loss of DNA binding capacity [49]. Furthermore, a heterozygous mutation that
changes the lysine at position 50 to glutamic acid in the homeodomain has been described as
imparting a dominant negative effect leading to an inability to not only bind DNA and
transactivate the promoter in transfection assays, but also prevent synergism with Pit-1, which
is important for somatotroph function [50].

POU1F1 (GHF-1, Pit-1)
POU1F1 is a member of the POU family of transcription factors that contains two protein
domains, the POU-specific and POU-homeo. Both domains are necessary for DNA binding,
activating GH and PRL genes and regulating PRL, TSH-β and Pit-1 genes [22]. Pit-1 regulates
target genes by binding to response elements and recruiting coactivator proteins such as cAMP
response element-binding protein (CREB) - binding protein (CBP) [53]. Its expression is
restricted to the AP lobe and essential for the development of somatotrophs, lactotrophs and
thyrotrophs [22]. Several patients diagnosed with CPHD with GH, PRL and TSH deficiencies
have Pit-1 gene mutations [54]. The arginine to tryptophan mutation at codon 271 (R271W)
located within the POU-homeodomain region is considered the most common mutation and
has been described in several unrelated patients [54–56] This mutant Pit-1 gene is able to bind
DNA; however, the mutant protein acts as a dominant inhibitor of target gene transcription
[56]. Recent evidence confirmed the dominant negative effect of this mutation and also
suggested a role for Pit-1 in cell survival [57]. A reported patient diagnosed with GH deficiency,
along with dysregulation of PRL and TSH, was identified with a lysine to glutamic acid
mutation at codon 216 (K216E) [58]. This mutant Pit-1 binds to DNA and does not inhibit
basal activation of GH and PRL genes; however, the mutant is unable to support retinoic acid
induction of Pit-1 gene expression [58]. A more recent report suggests that the cAMP response
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element-binding protein (CREB)-binding protein (CBP/p300) recruitment and Pit-1
dimerization are necessary for Pit-1 target gene activation; disruption of this process may
account for the pathogenesis of CPHD [59].

Prop-1 (“Prophet of Pit-1”)
Prop1, a paired-like homeodomain transcription factor with expression restricted to the AP
during development, has also been associated with CPHD [54]. Mutations of Prop-1 result in
GH, PRL and TSH deficiencies, although failure in all cell lineages, including gonadotrophs
and corticotrophs has been reported [62–64].The characterization of Prop1 mutations has been
complex as the phenotypes are variable and dynamic since hormone deficiencies may develop
over time even in patients with similar genetic backgrounds [62,63]. A screen of 73 subjects
(36 unrelated families) diagnosed with CPHD by Deladoey et al identified 35 patients with
Prop-1 gene defects including three different missense mutations, two frameshift mutations
and one splice site mutation. In 12 of the families, defects were located in the region nt 296–
302, suggesting a possible hot spot for Prop-1 mutations in CPHD [65]. Although Prop-1
mutations appear to be rare in sporadic cases, its prevalence is 29.5% in familial cases of CHPD
as reported by Turton et al [66].

Six6
Six6 is a member of the SIX/sine oculis family of homeobox genes that is expressed in the
retina, optic nerve, hypothalamus and pituitary [67]. Murine expression studies of the TCF/
LEF family of transcription factors during pituitary development demonstrate that Six6 plays
a role in cell proliferation during early formation of RP [68]. Six6 maps to chromosome 14q22–
23, and patients with deletions of this chromosomal region display bilateral anophthalmia and
pituitary anomalies [69]. Patients with anophthalmia/microphthalmia have several frequent
polymorphisms of Six6 and one potential causative missense mutation [67]. One case report
implicates Six6 haploinsufficiency responsible for ocular and pituitary maldevelopment.
Despite its importance in early development, further studies to determine the role of Six6
mutations in patients with pituitary hormone deficiency are necessary. Finally, another member
of the SIX/sine oculis family, Six3, with embryological expression overlapping with Hesx1,
plays an important role in pituitary morphogenesis [70].

Mutations in single cell-type genes resulting in pituitary hormone deficiency
In addition, to those genes that lead to CPHD, investigators also reported and characterized
mutations in several genes responsible for the production of single hormones. Although a
majority of these patients often present with a single pituitary hormone deficiency, several
reports demonstrated the presence of either concomitant hormone deficiencies, anatomical
defects or over time the development other hormone deficiencies. Table 3 and below
summarizes several pituitary genes responsible for the development or function of a specific
pituitary cell type. Mutations in these factors have been reported and the phenotypes
characterized.

GH1
The GH1 gene, part of the GH gene family located on the long arm of chromosome 17 (GH1,
GH2, CSHP1, CSH CSH2), encodes for GH. One report estimates that 12.5% of patients
diagnosed with isolated growth hormone deficiency (IGHD) have a mutation in GH1; however,
ethnic and geographical differences and patient selection make the true incidence difficult to
discern [75]. IGHD has been divided into three types based on clinical presentation and
inheritance patterns. Type 1 IGHD, inherited with an autosomal recessive pattern, is further
subdivided into two groups: Type 1A and Type 1B [5]. Patients with IGHD Type 1A, the most
severe form of IGHD attributed to the deletion of the GH1 gene, present with no detectable
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serum GH. These patients may have decreased birth length, neonatal hypoglycemia and severe
postnatal growth retardation [5]. The initial response to recombinant GH therapy is often
robust; however, some patients may develop anti-GH neutralizing antibodies to the therapy
[5]. IGHD Type IB is a milder form demonstrating low but detectable GH secretion after
provocative stimulation and is often due to a homozygous splice site mutation in GH1.
Mutations in the GH releasing hormone receptor (GHRHR) have also been categorized as type
I IGHD. Type 2 IGHD, which is considered the common form, is an autosomal dominant
disorder associated with GH1 gene mutations, which include splice site and missense
mutations, Finally, Type 3 IGHD is an X-linked recessive disorder that has been associated
with short stature and X-linked agammaglobulinemia.

Bioinactive GH has also been considered an etiology of short stature. These patients present
with high serum GH levels and low serum IGF-1 concentrations. A recent report describes a
mutation leading to the absence of a disulfide bridge in the GH1 gene resulting in decreased
binding to its receptor and diminished activation of downstream signaling pathways [76].
Unlike the previously reported mutations that were all heterozygous, this mutation was found
in the homozygous state in the patient studied.

The etiology of GH deficiency in the majority of patients with IGHD is often labeled as
idiopathic and the phenotype of short stature may be quite variable. Some patients given the
initial diagnosis of IGHD may develop corticotroph and thyrotroph deficiency later on in life.
Finally, there is also a variable presentation of MRI findings that includes anterior pituitary
hypoplasia. Anatomical defects, therefore, may account for GHD, although the etiology of
abnormal pituitary development may be unknown.

Mutations in several other genes, including GHRHR, TBX19, POMC, TSH, LH and FSH have
also been reported in patients presenting with single hormone deficiencies (Table 3). Finally,
there are several genes expressed in the hypothalamus that are described with mutations leading
to pituitary hormone deficiency; however, this review is targeted to simply focus on genes
specific to the pituitary.

Conclusion
The sophisticated coordination of expression of a series of proteins occurring in a specific
temporal and spatial pattern is required for both proper structural development and function of
the anterior pituitary gland. This knowledge, combined with advances of genetic mapping in
humans, has provided a genetic basis for hypopituitarism. Despite the improvements in
hormone replacement that have reduced the morbidity associated with hormone deficiency,
currently available treatments may be less than ideal for most patients. Furthermore, one of the
challenges in understanding the genetics of hypopituitarism lies in the phenotypic and dynamic
variability seen in patients. The attempt to target specific genes based on phenotype in an
algorithmic approach at this time is unfortunately limited. In the future, however, improved
diagnostic tools will be available to predict associated deficiencies as well as therapeutic
choices to potentially reverse the associated hormone deficiencies. The use of viral vectors for
gene transfer, for example, has already shown promise in treating murine tumor growth. Such
technology may help repair gene abnormalities due to deficiencies associated with mutations
in developmental genes in patients [92]. For this reason, progress in genetic screening in
patients with hypopituitarism and their families will aid in the discovery of novel proteins and
in the characterization of existing mutations in pituitary developmental factors, thus providing
the necessary insight to improving the diagnosis and treatment of CPHD.
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Glossary
Agammaglobulinemia, an inherited disorder, primarily affecting males, in which the patient’s
B lymphocytes fail to develop causing low levels of immunoglobulins.
Amenorrhea, the absence of a menstrual period in women of reproductive age. This condition
can be subdivided as primary amennorhea, the absence of menstruation in a female greater
than 16 years of age, and secondary amenorrhea, the absence of menstruation in a female greater
than six months from the last menstrual period.
Anophthalmia, the absence of one or both eyes at birth.
Chiari Malformation, a structural abnormality of the brain consisting of a downward
displacement of the cerebellar tonsils and medulla through the foramen magnum that causes
cerebrospinal fluid obstruction and leads to hydrocephalus.
Corpus callosum, a structure in the brain consisting of white matter that connects the left and
right hemispheres.
Holoprosencephaly, a spectrum of cephalic disorders in which the forebrain fails to divide into
two hemispheres. The phenotype may be mild including central brain defects to severe resulting
in cyclopia.
Lactotrophs, anterior pituitary cells that secrete prolactin. Suppression of prolactin in under
regulation of dopamine secreted from the hypothalamus
Rathke’s pouch, an embryological structure formed from the juxtaposition of the neural
ectoderm and oral endoderm that will give rise to the anterior pituitary.
Sella turcica, a “saddle-shaped” depression in the sphenoid bone of the skull. It is the site where
the pituitary develops and located after development.
Septum pellucidum, a thin membrane located centrally in the brain that separates the lateral
ventricles in the brain.
Somatotrophs, anterior pituitary cells that secrete growth hormone
Thyrotrophs, anterior pituitary cells that secrete thyroid stimulating hormone.
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Figure 1.
A modified overview of pituitary development adapted from previous embryological studies
performed in murine species. The development of the mature pituitary gland is dependent on
the contact of the oral ectoderm with the ventral diencephalon (neural ectoderm) followed by
a cascade of events consisting of both signaling molecules and transcription factors expressed
in a specific temporal and spatial fashion. At approximately embryological day 9.5 (e9.5),
BMP-4 and Nkx2.1 along with sonic hedgehog (Shh) participate with the initial evagination
of ventral diencephalon and invagination of oral ectoderm to from the primordial Rathke’s
pouch (RP). In addition, expression of Gli 1,2, Lhx3 and Pitx 1,2 plays an important role in
the development of progenitor pituitary cell types. This is closely followed by the expression
of Hesx1, Isl1, Pax6 and Six3, 6, which are also implicated in cellular development,
proliferation and migration. Interactions between factors is illustrated by the attenuation of
Hesx1 (hashed arrows at approximately e12.5) that is required for the expression of Prop1. By
e12.5, RP has formed and by e17.5, differentiation of specific pituitary cell types has been
completed. The expression of Pit1 is also marked with the attenuation of Prop1 expression
(hashed arrows).The mature pituitary gland is marked by the differentiated cell types:
somatotrophs (S), lactotrophs (L), thyrotrophs (T), gonadotrophs (G) and corticotrophs (C).
Also shown are the posterior and intermediate lobe of the pituitary and the location of
melanotropes (M) [6–9].
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Table 1

Clinical manifestations of hypopituitarism according to age
Age Features
Newborn/Infant Hypoglycemia

Micropenis
Conjugated hyperbilirrubinemia
Adrenal crisis (Electrolyte abnormalities)
Neurological abnormalities
    (Including Septo-optic dysplasia, Holoprosencephaly)
Midline defects (cleft palate)
Failure to thrive

Child/AdolescentReduced growth velocity/ short stature
Pubertal delay/ No pubertal development
Central obesity/ generalized weight gain
Prominent forehead
Delayed dentition
Fatigue / Loss of appetite
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