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a b s t r a c t

Some 5 years ago, the stem cells of the adult pituitary gland were discovered. Subsequent in-depth char-
acterization revealed expression of several stemness markers and embryo-typical factors. Now, the quest
is open to decipher their role in the gland.

When and how pituitary stem cells differentiate to contribute to the mature hormone-producing cell
populations is not known. New research models support their involvement in cell regeneration after
injury in the gland, and suggest a possible role in pituitary tumor formation. From their expression phe-
notype, pituitary stem cells seem to re-use embryonic developmental programs during the creation of
new hormonal cells.

Here, we will review the latest progression in the domain of pituitary stem cells, including the uncov-
ering of some new molecular flavors and of the first potential functions. Eventually, we will speculate on
their differentiation programs towards hormonal cells, with a particular focus on gonadotropes.

� 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The pituitary gland constitutes the hub of the endocrine system.
It translates multifarious hypothalamic and peripheral inputs into
the release of hormones that impact on downstream endocrine
glands, thus regulating the core organismal processes of growth,
metabolism, procreation, and coping with immune challenges
and stress. Production of hormones occurs in dedicated cell types
primarily present in the anterior lobe of the gland (anterior pitui-
tary or AP). Growth hormone (GH) is produced by somatotropes,
prolactin (PRL) by lactotropes, adrenocorticotropic hormone
(ACTH) by corticotropes, thyroid-stimulating hormone (TSH) by
thyrotropes, and luteinizing hormone (LH) and/or follicle-stimulat-
ing hormone (FSH) by gonadotropes. Plenty is known about the
developmental programs of these different cell types during the
embryogenetic formation of the gland (reviewed in Vankelecom,
2010; Zhu et al., 2007). However, how these hormonal cells are
formed or renewed during postnatal life remains largely unsolved.

In other tissues, new cells can be generated by resident stem
cells during conditions of homeostatic turnover, plastic cell adapta-
tion to the body’s demands and/or regeneration after tissue dam-
age (Alvarez-Buylla and Lim, 2004; Rando, 2006; Slack, 2008).
Thus, stem cells possess multipotent differentiation capacity to
generate the desired tissue cell types. During this process, stem
cells first give rise to daughter (progenitor) cells that proliferate
to expand as a pool of transit-amplifying cells, which further com-
mit to precursor cells that differentiate towards the specific, re-
quired tissue cells (Alvarez-Buylla and Lim, 2004; Rando, 2006;
Slack, 2008; Vankelecom, 2007b; Vankelecom and Gremeaux,
2010). Stem cells must be sustained as long as possible in life,
and therefore regularly generate new stem cells by self-renewal.
They are typically housed in a specialized microenvironment of
the tissue, the niche, which regulates their maintenance, self-re-
newal, fate determination and reaction to external influences.

About 10 years ago, the first more-persuasive indications were
provided that the pituitary gland, like other adult tissues, contains
a putative population of stem/progenitor cells (further simplified
to ‘stem cells’) (Chen et al., 2005). After a succeeding lag period,
several groups then almost simultaneously reported further con-
vincing evidence that, against much skepticism, stem cells indeed
exist in the pituitary (Chen et al., 2009; Fauquier et al., 2008; Gar-
cia-Lavandeira et al., 2009; Gleiberman et al., 2008). Collectively,
these studies concluded that pituitary stem cells express several
stemness markers (such as Sox2) and pituitary-embryonic factors
(such as Prop1), and that they prominently occupy the marginal
zone around the cleft, the residual lumen of the adenohypophyseal
primordium Rathke’s pouch (RP) (reviewed in Vankelecom, 2010).
In addition to this marginal-zone location, clusters of Sox2-immu-
noreactive (Sox2+) cells were also observed scattered within the
AP parenchyma (Chen et al., 2009; Fauquier et al., 2008; Fu et al.,
2012; Garcia-Lavandeira et al., 2009; Gleiberman et al., 2008;
Gremeaux et al., 2012), suggesting the existence of multiple stem
cell niches which would be favorable for dynamic and/or subtle
cell adaptations. Recent studies have shown that the parenchymal
Sox2+ cell clusters may be connected to the marginal-zone cells
(Gremeaux et al., 2012; Mollard et al., 2012). The pituitary stem
cell niches may therefore not represent isolated focal spots, but
establish a three-dimensional cooperating network throughout

the gland, in line with the other (homotypic) networks formed
by the hormonal cells in the pituitary (as shown for somatotropes,
lactotropes, corticotropes and gonadotropes) (Le Tissier et al.,
2012; Mollard et al., 2012).

In clear contrast to the considerable evidence that cells with
stem cell phenotype exist in the pituitary, not much is known
yet about their functional position and significance. Actually, this
conundrum not only applies to the pituitary, but to many other
adult tissues. For instance, neural stem cells have been identified
in the postnatal brain many more years ago, and hence are charac-
terized in more detail than pituitary stem cells. Nonetheless, their
function in neurogenesis during turnover and disease is still very
enigmatic (Alvarez-Buylla and Lim, 2004; Kriegstein and Alvarez-
Buylla, 2009; von Bohlen und Halbach, 2011). Regarding the pitu-
itary stem cells, studies are only now beginning to address their
role and participation, particularly in processes of postnatal pitui-
tary maturation, repair and pathology.

Here, we will follow up on the episode of pituitary stem cell
identification (2005–2009), focusing on new and/or overlooked
markers and on the first uncoverings of their roles. We will apply
these elements to refine the previous tentative model on the pitu-
itary stem cell compartment and its biology (see Vankelecom,
2010). Finally, we will speculate on the developmental programs
that may take place during the postnatal conversion of stem cells
into new mature endocrine cells. In the context of this review ser-
ies’ scope, we will particularly focus on the specification towards
gonadotropes.

2. Update on the pituitary stem cell saga following the discovery
period

2.1. Short overview and commentary on the earlier pituitary stem cell
phenotype

The previously characterized molecular phenotype and topog-
raphy of the pituitary stem cells have amply been described in ear-
lier reviews (Castinetti et al., 2011; Florio, 2011; Nassiri et al.,
2013; Vankelecom, 2010; Vankelecom and Gremeaux, 2010). In
general, the molecular phenotype can be divided into a stemness
part and a (pituitary-)embryonic share.

Several factors attributed to stem cells in other tissues, have
been detected in the pituitary stem cell compartment through
gene expression and immunostaining analysis. Amongst these,
Sox2, being unanimously detected, occupies a central position
(Fig. 1). The topographical phenotype of Sox2+ cells as well as
the functional significance of the Sox2 transcription factor itself
were subject of several recent investigations (see below, in partic-
ular Sections 2.3 and 2.4).

In the general belief that stem cells in adult tissues represent
enduring embryonic cell phenotypes (Alvarez-Buylla and Lim,
2004; Jensen et al., 2005; Roskams, 2006; Slack, 2008; Wagers
and Conboy, 2005), several groups looked for the presence of fac-
tors playing a role in pituitary embryonic development. An ex-
tended review on this embryonic aspect of adult pituitary stem
cells has recently been published (Vankelecom, 2010). In particu-
lar, as confirmed by most groups, the pituitary-specific, embryon-
ically important transcription factor Prop1 is expressed in adult
pituitary stem cells, perhaps not continuously but at least during
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