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Growth factors and human pituitary adenomas
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In recent years, the demonstration that human pituitary
adenomas are monoclonal provides further support for
the existence of genomic mutations occurring in the
progenitor cell that subsequently undergoes clonal
expansion. All the molecules that physiologically control
pituitary cell differentiation and growth may be poten-
tially oncogenic as they may become the target of
mutations or be altered in their expression level. Since
hypothalamic neuropeptides, transcription factors, recep-
tors, peripheral target hormones and locally produced
proteins are involved in ultimate pituitary development,
all these proteins may be regarded as good candidates
for participating in pituitary tumor induction and/or
promotion. However, up to now the only mutations
identi®ed in a signi®cant proportion of pituitary tumors
occur in the Gsa gene and cause constitutive activation
of the cAMP-dependent pathway (1).

Van Wijk et al. (2), in this issue of European Journal of
Endocrinology, examine the effects of hypophysiotropic
hormones on hormone secretion and cell proliferation in
normal and tumoral canine corticotrophs in culture. They
report that hypothalamic corticotropin-releasing hormone
(CRH) and arginine vasopressin (AVP) do not exert any
proliferative action on normal and tumoral cells, consistent
with the idea that hyperstimulation of corticotrophs by CRH
does not play any major role in the pathogenesis of Cushing's
disease. They also report that insulin-like growth factor-I
(IGF-I), a growth factor that increases the replication of
corticotroph AtT-20 cells, is not mitogenic for either normal
or tumoral corticotrophs. By contrast, tumoral cells replicate
in response to an unknown agent present in fetal calf serum,
presumably a growth factor different from IGF-I.

The pituitary is the source of several growth factors
that control gene expression and pituitary cell commit-
ment, migration and proliferation by an autocrine/
paracrine mechanism (3). This autocrine network
consists of both growth factors and cytokines that are
expressed directly on the pituitary cell membrane or
released in the extracellular matrix. The major source of
these peptides is the differentiated endocrine cell while
the paracrine role of other cell types, such as folli-
culostellate cells, is controversial, particularly in man.
Both growth factors and cytokines act through trans-
membrane receptors that consist of distinct subunits.
Moreover, the same receptor or subunit may be shared
by different ligands. Growth factor receptors generally
possess intrinsic tyrosine kinase activity while cytokine
signaling involves the activation of the JAK/STAT

pathway. By alternative splicing soluble forms of
growth factor and cytokine receptors may be secreted,
serving as either carrier proteins or natural receptor
antagonists.

Overproduction of autocrine mitogenic factors as
well as mutations that constitutively activate growth
factor signaling pathways may result in uncontrolled
pituitary growth. Similarly, escape from inhibitory
in¯uences exerted by growth factors with antiprolifera-
tive properties may produce an activated pituitary
phenotype. Among the classical growth factors, parti-
cular attention has been paid in recent years to the
pituitary expression and action of factors belonging to
the epidermal growth factor (EGF), transforming
growth factor-a (TGFa) and -b (TGFb), ®broblast
growth factor (FGF), nerve growth factor (NGF), and
insulin-like growth factor (IGF) families. EGF has been
detected in the anterior pituitary, particularly in
gonadotrophs and somatotrophs, while EGF receptors
(EGF-R) have been found in all subsets of pituitary cells.
EGF potently stimulates prolactin (PRL) and adreno-
corticotropin (ACTH) secretion by activating PRL
and pro-opiomelanocortin (POMC) gene transcription.
Depending on the different cell lines employed, EGF
causes either an enhanced or an attenuated pituitary
cell proliferation. In particular, EGF seems to promote
the proliferation of corticotrophs and the differentiation
of lactotrophs. Several lines of evidence indicate that in
the majority of human functioning and nonfunctioning
pituitary adenomas both EGF and EGF-R are expressed
at a variable level, EGF-R being overexpressed in the
most aggressive and recurrent adenomas. This observa-
tion is consistent with the notion that overexpression of
the EGF-R structurally related protein c-erb2 results in cell
transformation and tumorigenesis in nude mice. Indeed,
there is a redundancy of ligands for the EGF-R in the
pituitary. In fact, TGFa which shares the same receptor with
EGF is present in the pituitary, predominantly in lactotrophs.
The expression of these growth factors is differentially
regulated, estrogens and protein kinase C being strong
activators of TGFa expression. While EGF exerts a major
role in lactotroph differentiation, TGFa seems to be
mitogenic for lactotrophs (3). In fact, it has been reported
that targeting TGFa expression to pituitary lactotrophs
results in the development of PRL secreting tumors in the
transgenic mice without changes in the proliferation of the
other cell types (4). Moreover, it has been shown that rat
lactotroph proliferation induced by estrogen treatment is
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preceded by an increase in TGFa mRNA level, the opposite
occurring during bromocriptine treatment (3). The majority
of human functioning and nonfunctioning pituitary tumors
express TGFa together with EGF-R.

Basic FGF (bFGF) is a potent mitogenic and angio-
genic factor that was ®rst identi®ed in the pituitary. This
factor appears to be diffusely expressed in pituitary cells
that possess both low- and high-af®nity bFGF receptors
(bFGF-R). Within the normal rat pituitary bFGF
stimulates PRL, growth hormone (GH) and thyrotropin
(TSH) secretion, with a major effect on PRL synthesis
and secretion. Although there are several indications
that bFGF may be implicated in pituitary microangio-
genesis, embryogenesis and differentiation, data on the
mitogenic activity of bFGF in pituitary cells, particularly
lactotrophs, are controversial (3). Consistent with
the abundant presence of bFGF in the pituitary, both
bFGF and bFGF-R appear to be expressed in human
pituitary adenomas at a variable level. However, it
remains to be established if there is a correlation
between the expression of this growth factor and the
clinical and morphological phenotype of aggressive
pituitary tumors. Similarly, the pathological signi®-
cance of the high serum levels of bFGF-like proteins of
pituitary origin that may be observed in patients with
multiple endocrine neoplasia type-1 (MEN-1) and
sporadic pituitary tumors remains elusive. Other
members of the FGF family have been hypothesized to
play a role in pituitary tumorigenesis. FGF-4, the
product of the hst gene that is located in close proximity
to the MEN-1 locus, is a potent in vivo and in vitro mitogen
for lactotrophs that is only expressed in the embryo and
during adult life in neoplastic tissues. In human aggressive
prolactinomas hst gene sequences possessing transforming
activity when transfected into ®broblast NIH3T3 cells
have been identi®ed (5). In addition to FGF, a family of
direct-acting endothelial cell mitogens and angiogenic
factors referred to as vascular endothelial growth factors
(VEGF) has been identi®ed in the pituitary, mainly in
the folliculostellate cells (6). Whether VEGF plays a role
in the proliferation of blood vessels that characterizes
estrogen-induced lactotroph tumors in the rat as well as
some human prolactinomas remains to be established.

Although originally identi®ed as a neuronal differ-
entiation factor, NGF is also expressed in the pituitary.
NGF seems to be mainly produced by somatotrophs,
lactotrophs and thyrotrophs that also express the speci®c
NGF receptor trkA. Several experimental models indicate
a permissive role for NGF in promoting development and
maintenance of the lactotroph phenotype. In particular,
NGF cooperates with EGF and bFGF in directing
differentiation of lactotrophs by stimulating PRL syn-
thesis and D2 dopaminergic receptor expression (7).
Moreover, the observation that mice overexpressing
a pituitary-directed NGF transgene develop lactotroph
hyperplasia suggest a proliferative action of this growth
factor. A disruption of the NGF-mediated autocrine
loop has been proposed to play a role in the development

and progression of human prolactinomas (7). In fact,
contrary to what has been observed in other pituitary
tumors, prolactinomas removed from patients resistant
to bromocriptine treatment seem to be unable to produce
and release NGF in vitro. Interestingly, it has been proposed
that exposure of the resistant prolactinomas to NGF results
in their differentiation into a less aggressive, differentiated
phenotype re-expressing D2 dopamine receptors (7).

IGF-I is expressed in pituitary interstitial cells while its
speci®c receptor, together with the receptor for IGF-II
and insulin, are expressed in endocrine pituitary cells.
Pituitary IGF-I is involved in the reduction of GH mRNA
levels and GH secretion while this factor plays a
stimulatory role on the proliferation of cell lines, such as
corticotroph AtT-20 cells (8). Human pituitary adenomas
of different types contain IGF-I together with the IGF
receptor (IGF-R), which in the somatotroph tumor
appears to be intact (3).

While growth factors such as EGF, FGF and NGF
are involved in the maintenance of the differentiated
lactotroph phenotype, TFGb plays an inhibitory action on
lactotroph proliferation and PRL secretion. TGFb, parti-
cularly the TGFb I isoform, is expressed in the pituitary
with a preferential localization in gonadotrophs and
lactotrophs. TGFb transduces the signals by activating a
series of membrane-bound and soluble receptor types that
may also bind activin and inhibin. The antiproliferative
action of TGFb is mediated by several intracellular signals,
involving the induction of the retinoblastoma suppressor
gene and that of different cyclin-dependent kinase
inhibitors as well as the inhibition of N-myc expression
(9). While several pituitary tumor cell lines lack TGFb
expression and are unresponsive to this agent, TGFb
receptors (TGFb-R) are detectable in human pituitary
adenomas and presumably mediate the action of activin,
which is expressed in pituitary gonadotrophs.

In addition to classical growth factors, several lines of
evidence support the notion that cytokines modulate
growth and differentiation of different cell types,
including pituitary cells. In particular, cytokines seem
to be involved in the regulation of the hypothalamic±
pituitary±adrenocortical function. Several interleukins
(IL), particularly IL-1, IL-2 and IL-6, are expressed in
the pituitary and exert hormonal and proliferative
actions, particularly in corticotrophs (3). While IL-1
and IL-6 activate POMC gene expression and ACTH
secretion mainly stimulating CRH release at the
hypothalamic level, IL-2 seems directly to increase
POMC mRNA and ACTH release from corticotrophs.
The effect of ILs, particularly IL-6, on cell proliferation is
controversial since either an increased or a reduced rate
of cell division has been observed, depending on the
different cell lines used. Human pituitary adenomas
express the naturally occurring IL-1 receptor antago-
nist, suggesting a role of the IL-1 network in these
tumors (10). Moreover, pituitary adenomas may pro-
duce and release IL-2 and IL-6, IL-2 in particular being
present in ACTH-secreting adenomas (11).
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Leukemia-inhibitory factor (LIF), which was origin-
ally isolated as an antiproliferative agent in a monocytic
leukemia cell line, is expressed in the pituitary,
particularly in corticotrophs and somatotrophs, and in
human pituitary adenomas (3). Its action is mainly
exerted in corticotrophs where it induces stimulation of
POMC gene transcription and ACTH release as well as
inhibition of cell proliferation (12).

It is clear from our current knowledge that the
pituitary expresses a complex network of proteins that
may have mitogenic, differentiative or antiproliferative
properties. Although mutations of genes encoding
growth factors and their receptors have not been
identi®ed in pituitary adenomas, modi®cations of the
expression levels of these factors may have an important
role in promoting the growth of already transformed
pituitary cell clones and the expansion of small
adenomas into large or invasive tumors (Fig. 1).
Indeed, overexpression of factors possessing mitogenic
activity when tested in tumoral cell lines or nude mice,

such as TGFa and FGF, has been reported to occur in
aggressive prolactinomas (3). Conversely, there is little
evidence to support the hypothesis that lack of
antiproliferative agents, such as TGFb and LIF, may
be involved in the promotion of pituitary neoplasia.
Similarly, the impact of a defective expression of agents
with differentiative properties on pituitary adenoma
growth, such as NGF defect in lactotrophs, remains to
be further elucidated. However, the wide spectrum of
growth factors produced and released by the normal
and tumoral pituitary strongly suggests that some of the
agents described above may play a role in human
adenoma progression, although direct demonstration of
a causal relationship between growth factor expression
and pituitary tumor growth is still lacking.
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Figure 1 Multistep mechanisms of pituitary tumorigenesis: the
prolactinoma example. Several pituitary growth factors direct
differentiation of lactotrophs by an autocrine/paracrine mechanism
(e.g. EGF, bFGF, NGF). Although the intrinsic defect leading to
lactotroph transformation remains elusive, gain of function may
result from either activation of protooncogenes (e.g. mutations in
the pituitary-transforming gene, PTTG) or inactivation of tumor
suppressor genes (e.g. menin gene in the 11q13 region). Subse-
quently, promoting factors (hypothalamic factors and pituitary
growth factors) are most likely required for clonal expansion of the
transformed lactotroph.
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