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The anterior pituitary also referred to as the adenohypophysis, originates from the oral ectoderm during embryonic
development. It is enclosed by a network of blood capillaries originating from the hypothalamus, as a part of the
hypophyseal portal system, responsible for transporting hormones from the hypothalamus to the anterior pituitary and
from the anterior pituitary to the circulatory system. Hence, the hypophyseal portal system prevents hypothalamic
hormones from entering directly into the circulation..
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| 1. Introduction

The neuroendocrine system (NES) is composed of a mixture of specialized cells, which are mainly neuro-peptidergic
neurons, located in four hypothalamic nuclei, and capable of secreting neurohormones directly into the bloodstream
through the hypophyseal portal blood system [, The NES in mammals plays a major role in regulating body growth and
reproduction as well as metabolic activity. The hypothalamus, located in the lower region of the diencephalon, is
considered the primary source for regulation of the axis producing neural hormones targeting pituitary cells to support
multiple biological and physiological activities . Growth Hormone (GH) is a master regulator hormone produced in
somatotroph cells and plays a major role in somatic development. The counter-regulatory effects of hypothalamic growth
hormone-releasing hormone (GHRH) and somatostatin (SST) primarily regulate GH expression and release, respectively
[Bl. Additional regulatory mechanisms have been identified, including the peripheral signal, insulin-like growth factor 1
(IGF-1), which is the topic of this entry.

IGF-1 feedback regulation of GH production has been demonstrated by pharmacologic interventions and in genetically
modified mouse models B4, |GF-1 is a polypeptide hormone mainly produced in the hepatocytes and exerts its effect
through high-affinity binding to the IGF-1R, located on the cell surface of target tissues . IGF-1 affects a wide variety of
biological activities such as somatic cell development, cell differentiation, cortical neuronal activity, regulation of brain
development, and is involved, directly and indirectly, in longevity EIZEIAILOILL |nterestingly, IGF-1 has a very potent
physiological effect in vivo; however, its effects in vitro are relatively weak unless other hormones or growth factors are
present . This mechanism is important to examine and correlate the IGF-1 biological effect in the appropriate tissue and
at any specific point in time [, Several laboratories, including ours, have identified the key roles of IGF-1 as a major
negative regulator of GH production, resulting in a modulation of the growth-related effects of GH 1912 Models designed
to study IGF-1 modulation of GH synthesis and secretion are associated with a disruption in either downstream signaling
or embryologic development of the GH/IGF axis. This review discusses the role of IGF-1 in regulating the GH-axis in
somatic growth and metabolic homeostasis. We will present genetically modified mouse models with deletion of the IGF-1
receptor (IGF-1R) in hypothalamic GHRH neurons and somatotrophs that reveal novel mechanisms controlling adipose
tissues physiology and energy expenditure.

| 2. The Hypothalamus and Pituitary Gland Axis

The hypothalamic-pituitary axis is a complex, yet, well-defined entity that integrates neuronal and hormonal signals to
maintain mammalian growth and somatic development 3. The hypothalamus is a key regulatory tissue integrating the
nervous and the endocrine system to support biological and physiological activities that include reproduction, somatic
development, energy balance, and metabolic homeostasis 2415 The hypothalamus is strategically located in the lower
part of the diencephalon of the brain receiving differentiating signals from other brain areas and, as a consequence, is
responsive to environmental signals 24151, The hypothalamus communicates with the pituitary gland through two main
pathways. First, the neurosecretory cells synthesize hormones, such as oxytocin (OT) and vasopressin or antidiuretic
hormone (ADH), that are transported directly to the posterior pituitary gland by axons. Hormones that control the anterior
pituitary gland are synthesized and stored in the neuroendocrine cells in the hypothalamus and transported to the anterior



lobe through the hypophyseal portal system 4. The pituitary gland, located at the base of the brain in the sella turcica, is
connected to the hypothalamus by the pituitary stalk (infundibulum) 2. The pituitary gland has two main regions, the
anterior pituitary, and the posterior pituitary, responsible for synthesizing nine hormones that govern essential
physiological activities.

The anterior pituitary also referred to as the adenohypophysis, originates from the oral ectoderm during embryonic
development 28, It is enclosed by a network of blood capillaries originating from the hypothalamus, as a part of the
hypophyseal portal system, responsible for transporting hormones from the hypothalamus to the anterior pituitary and
from the anterior pituitary to the circulatory system. Hence, the hypophyseal portal system prevents hypothalamic
hormones from entering directly into the circulation. 231, The seven hormones produced from the anterior pituitary gland:
GH, prolactin (PRL), thyroid-stimulating hormone (TSH), melanin-stimulating hormones (MSH), adrenocorticotropic
hormone (ACTH), follicle-stimulating hormone (FSH), and luteinizing hormone (LH) 8. The hormones produced from the
anterior pituitary are referred to as trophic hormones because they exert their biological activities on the other endocrine
tissues. Anterior pituitary hormone production is tightly controlled by the regulatory hormones produced from the
hypothalamus, which may be stimulatory or inhibitory [BILZI18],

The posterior pituitary lobe originates from neuro-epithelia cells and is therefore referred to as the neurohypophysis. It is
anatomically and structurally differentiated from the anterior lobe of the pituitary gland 2. The posterior lobe consists of
neuro-glial cells and nerve fibers extending from the hypothalamus and is considered an extension of the brain 13l The
two hormones secreted by the posterior lobe of the pituitary gland, OT and ADH, are produced by neurosecretory cells in
the hypothalamus and transported through the cell axons to be stored in the posterior lobe, from which they are secreted
into the circulation system by neuronal signals from the hypothalamus 19,

| 3. IGF-1 and the IGF-1 Receptor

In 1978 Rinderknecht and colleagues at the University of Zurich isolated circulating factors with insulin-like activities,
which could be distinguished from insulin by their lack of cross-reactivity with insulin antibodies. Their growth-promoting
activity was demonstrated when chemically defined media was supplemented with these factors at low concentrations in
vitro. These substances were termed IGF-1 and 2 based on their structural homology with insulin 29, The same group
provided the primary structure and the amino acid sequences of the IGFs.

IGF-1 is a polypeptide hormone with high structural homology with insulin and binds with high affinity to the IGF-1R,
activating both the mitogen-activated protein (MAP) kinase and phosphoinositide 3-kinases PI3K signaling pathways in
target tissue €21 |GF-1 is mainly produced from liver hepatocytes, and its production and release are primarily controlled
by GH [, IGF-1 is also expressed in nearly every tissue in the body and plays a pivotal role in regulating a wide variety of
bioactivities such as cell proliferation, differentiation, and survival Bl GH/IGF-1 levels dramatically decrease with age,
suggesting that a reduction in IGF-1 biological activity is associated with age-related changes to the organism [,

Using multiple experimental methodologies, including in vivo and in vitro models, IGF-1 has been shown to possesses
potent bioactivity to induce cell growth and differentiation of targeted tissues &l. Despite the similarity between IGF-1 and
insulin, insulin plays a major in regulating short-term anabolic activities such as mediating glucose homeostasis and lipid
and protein synthesis, while IGF-1 primarily mediates long-term action including cell fate and survival Bl. IGF-1 exerts it is
biological activities by binding to the IGF-1R on target tissues 18. The IGF-1R is a tetrameric glycoprotein-tyrosine kinase
receptor, consisting of two extracellular o subunits and two intracellular B subunits that facilitate downstream signals
transduction 22231, The binding of the IGF-1 ligand to the receptor on the cell surface leads to the activation of two major
pathways (MAP) kinase and the PI3 kinase to regulate the IGF-1 response on target tissues 24123 |n addition, several
isoforms of IGF-1 bind to acid-labile subunits (ALS) to mediate ligand/receptor complex formation 28, |IGF-1 has a very
short half-life. Therefore, its biological activities are regulated in a spatiotemporal manner to control IGF- 1/IGF-1R levels
in the circulation 24281129 |nsylin-like growth factor-binding proteins (IGF-1BPs), described initially as free serum carriers,
are abundantly expressed in most tissues and play a major role in mediating the biological activities of IGF-1 through
autocrine/paracrine modes of action 24, IGF-1BPs have been shown to inhibit the action of IGF-1. However, several
recent studies have demonstrated an up-regulatory mode of action by unclear mechanisms 2128 Despite the high
structural homology of IGF-1 with insulin, the IGF-1BPs bind exclusively to IGF-1 27, Recently, several members of the
IGF-1BP family have been shown to regulate other physiological activities in an IGF-independent mechanism including,
interaction with other proteins in the extracellular and intracellular space, and mediate the interactions of other growth
factor pathways such as transforming growth factor-beta (TGFpB) and epidermal growth factor (EGF) 22, In humans, more
than 99 % of circulating IGF-1 is found to be combined with IGF-1BPs with a relatively prolonged half-life (15 h) compared
to unbounded IGFs (10-12 min) 211,



A prior study in rodents has shown that food restriction during the early postnatal period (lactation) caused permanent
growth retardation and later metabolic changes correlated with lower serum IGF-1 levels compared to the normally fed
pups 2. In the normally fed pups, IGF-1 preferentially stimulates GHRH-neurons growth through two main pathways,
PI3K/AKT and ERK/MEK, with a higher contribution of the PI3K/AKT pathway (3. GHRH-neurons harvested from
underfed pups showed a reduction in the GHRH growth, inhibition of axon elongation, which causes lower innervation of
the median eminence by the GHRH axon and becomes insensitive to the growth-promoting effects of IGF-1 compared to
the age-matched normally fed pups. This loss of function does not involve changes in IGF-1R and ERK/MEK rather is
caused by a defect in the AKT activation pathway B3, IGF-1 is synthesized and produced by almost all tissues and plays a
fundamental role in cell differentiation, cell growth, and development 433, |n vivo studies using cell-specific Igf-1 gene
knockout mice showed that almost 75% of circulating IGF-1 is produced by the liver, which is responsive to somatotropic
GH B8IE7, GH binding to the hepatic GH receptor (GHR) stimulates the production and release of IGF-1 peptides into the
circulation (28381 |GF-1 exerts its biological effects by binding to the IGF-1R on target tissues B2, The bioavailability and
physiological effects of IGF-1 are regulated by a group of secreted proteins known as IGF-1BPs, which bind with high
affinity to IGF-1 to act as transport proteins for circulating IGF-1 B2, The studies using cell-specific Igf-1 gene knockout
mice have demonstrated that locally produced IGF-1 is more effective than systemic IGF-1 in the control of various
biological activities, including somatic cell development, cell differentiation, central nervous system (CNS) development,
and embryonic development [EIB8I4AI41] |y addition to the liver, many other organs and tissues produce IGF-1. These non-
hepatic derived, autocrine and paracrine forms of IGF-1 bind to IGFBPs with lower affinity than hepatic IGF-1.

| 4. IGF-1 and IGF-1R Expression in Neuroendocrine Tissues

In rodents, mRNA expression of IGF-1, IGF-2, and IGF-1R was found during early embryonic development and in the
adult by in situ hybridization. The IGF-1R gene has a uniform, stable pattern of expression and distribution in all
neuroepithelial cell lineages 42, High levels of IGF-1R and IGF-1 gene expression were observed in the sensory and
cerebellar projection of neurons during late postnatal development 2. In the cerebral cortex and during hippocampal
formation, IGF-1 and the IGF-1R are present in specific cell populations; IGF-1R mRNA is highly expressed in the
pyramidal cells in Ammon’s horn, in granule cells in the dentate gyrus, and pyramidal cells in lamina VI of the cerebral
cortex 42, On the other hand, IGF-1R mRNA is expressed in isolated medium- to large-sized cells randomly distributed
throughout the hippocampus and iso-cortex 2. In addition, the IGF-1R and IGF-2 are highly expressed in the choroid
plexus, meninges, and vascular sheaths 42, In the rat pituitary gland, IGF-1/IGF-1R is expressed in all of the endocrine
cells, with the highest levels of protein expression in the corticotrophs, somatotrophs, and gonadotrophs. Low levels of
IGF-1R expression are present in the thyrotrophs and lactotrophs 431,
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