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Abstract

Cytokines of the IL-6 or gp130 family regulate many cellular responses and play regulatory roles in
numerous tissues, and are placed as auto-paracrine regulators of pituitary function acting in normal
and tumoral anterior pituitary cells. Especially, IL-6 has a regulatory role in the hormone secretion and
growth of the anterior pituitary and is involved in adenoma pathogenesis. Recently, IL-6 has been
shown to mediate oncogene-induced senescence (OIS). IL-6 might participate in such a process in
adenomas pituitary as well. From pituitary tumoral gp130 overexpressing cells, an unknown protein,
RSUME, has been cloned. RSUME is induced by hypoxia in pituitary tumors and regulate pathways
involved in angiogenic and tumorigenic processes (NF-kB/IkB and HIF-1a pathways). Thus, it could
have an important role in the development of the pituitary tumors. Copyright © 2010 S. Karger AG, Basel

The gp130 Cytokines and Their Role in Pituitary

Cytokines exhibit functional pleiotrophy and redundancy, a particular cytokine may
have a wide variety of biologic functions on various tissues and cells, and several dif-
ferent cytokines exert similar and overlapping functions on a certain cell. Cytokines
that belong to the gp130 cytokine family (or the IL-6 cytokine family) have been
shown to be synthesized in numerous organ systems such as hematopoietic tissues,
reproductive tissues, thymus, heart, liver, pituitary, and the nervous system and are
found to play roles in the regulation of cell differentiation, proliferation, cell survival,
hormone secretion and inflammatory response [1]. These cytokines have also been
shown to be involved in the development and growth of different tumors [2].
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The IL-6 cytokine family is composed by IL-6, leukemia inhibitory factor (LIF),
IL-11, ciliary neurotrophic factor (CNTF), oncostatin M, cardiotrophin-1 [3], neu-
ropoietin [4] and cardiotrophin-like cytokine, also known as stimulating neurotro-
phin-1/B cell-stimulating factor-3 [5]. The binding of these cytokines to their specific
receptors trigger the association of their alpha subunits with the membrane glyco-
protein gp130, which functions as an initial cellular signal transducer [3]. Thus, this
cytokine group is also named the gp130 cytokine family.

Considering that gp130 is ubiquitously expressed, the time and place at which
gp130 functions in vivo appears to be determined by spatially and chronologically
regulated expression of specific cytokine-binding receptor chains or cytokines them-
selves [2, 6, 7].

In the pituitary gland, many studies have demonstrated not only the expression of
gp130 mRNA [8] but also the expression of specific receptors for IL-6 [9], LIF [10],
IL-11 [11, 12], and CNTF [12]. Also, the synthesis of gp130 cytokines in different
types of pituitary cells, such as LIF in developing human fetal pituitary and in normal
and adenomatous human adult tissue [13], IL-11 in pituitary folliculostellate (FS),
lactosomatotrophic and corticotrophic cells [11, 12] and CNTF in FS and lactosoma-
totrophic cells [12], has been shown. Particularly, several groups have demonstrated
IL-6 production localized in FS cells of normal pituitary tissue [14], and in the tumor
cells of pituitary adenomas [6, 15-19], and the presence of IL-6 mRNA in anterior
pituitary cells [14, 15]. In addition, the JAK/STAT/SOCS-3 pathway, involved in the
signal transduction of gp130 cytokines [3, 20], has also been described in pituitary
cells [11, 21]. Therefore, the gp130 cytokines should be considered as auto-para-
crine regulators of pituitary function in physiological and pathophysiological con-
ditions, mainly in hormone secretion, cell growth, maintenance of homeostasis and
tumorigenesis.

For example, the role of the cytokine transducer gp130 during the tumorigenic
process in pituitary was demonstrated in a study where stable rat lactosomatotropic
GH3 clones expressing different gp130 levels were generated and injected in athymic
nude mice [22]. In contrast to mice injected with cells overexpressing gp130, those
injected with cells expressing low gp130 levels showed a severely impaired in vivo
tumor development. Furthermore, this clones with low gp130 levels showed reduced
proliferation and hormone secretion (GH and prolactin) in response to gp130 cytok-
ines. In contrast, the overexpression of gp130 did not significantly modify the cellular
behavior, indicating that pituitary gp130 endogenous levels fulfill for a normal func-
tional cellular response [22].

In addition, reduced levels of gp130 protein in MtT/S (pituitary somatotrophic
cell line) cells stably transfected with gp130 antisense cDNA blocked cell growth and
hormone secretion stimulated by CNTF and led to severely impaired in vivo tumor
development in athymic nude mice [23]. These data, together, provide in vivo evi-
dence supporting a link between gp130 and pituitary abnormal growth, and between
gp130 and hormone secretion.
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IL-6 Action in Pituitary Adenoma Growth

As stated above, the IL-6 cytokine and its receptor are produced in the pituitary
gland, and regulate synthesis of anterior pituitary hormones, consistent with a para-
crine or autocrine model. IL-6 directly regulates pituitary cell growth [6, 16, 17, 24].
In the normal pituitary, both paracrine and autocrine-derived IL-6 [6, 16] inhibit
pituitary trophic growth. In contrast, in several tumor types (ACTH, PRL-secreting,
GH-secreting and nonfunctioning adenomas), IL-6 exhibited either inhibitory or
stimulatory effects not associated with tumor type or size [25].

Recently, it was reported that oncogene-induced senescence (OIS) is mediated by
IL-6, activated in response to oncogenic stress [26]. This cytokine is required for both
induction and maintenance of OIS, and acts in a cell-autonomous fashion to enable
OIS. Experimental evidence suggests that IL-6 acts in an autocrine manner to regu-
late OIS as this signaling cascade is blocked by silL-6 mRNA and requires an intact
IL-6R. Thus, a cell-autonomous pool of IL-6 produced by senescent cells and acting
in an autocrine and paracrine fashion mediates OIS [26].

Such a response to oncogenic stress, which restrains proliferation but allows the
cell to remain viable and perform its physiological function, may be acting in the
pituitary gland and thus favor vital functioning for homeostasis control. Pituitary
adenoma senescence has been recently described [27, 28].

Given its role in pituitary growth, it is tempting to postulate the involvement of
endogenous IL-6 in development of pituitary adenoma OIS, which, may explain the
benign nature of these abundant tumors.

Cloning of Genes in Pituitary by mRNA Differential Display

Higher organisms contain many different genes, of which only a small fraction, perhaps
15%, are expressed in any individual cell. It is the choice of which genes are expressed
that determines all life processes — development and differentiation, homeostasis,
response to insults, cell cycle regulation, aging, and even programmed cell death.
Altered gene expression lies at the heart of the regulatory mechanisms that control cell
biology. Comparisons of gene expression in different cell types provide the underlying
information we need to analyze the biological processes that control our lives [29].

mRNA differential display is potentially a powerful method for identifying
genes that are over- or underexpressed in one mammalian cell type or tissue rela-
tive to another in distinct situations such as a specific developmental stage, certain
time points or after an in vitro treatment. In this technique, the general strategy is to
amplify partial cDNA sequences from subsets of mRNAs by reverse transcription and
the polymerase chain reaction (PCR) [29, 30].

This approach resulted effective in the pituitary. First, a comparison of the gene
expression pattern between normal anterior pituitaries and prolactinomas using, as a
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model of this latter, female dopamine D2-receptor-deficient mice (D2R-/-), allowed
the identification of a band present only in the normal pituitary tissue as noggin, a
specific inhibitor of bone morphogenetic protein 4 (BMP-4) [31]. BMP4 was further
showed to stimulate lactotrophic and inhibit corticotrophic cell growth, having an
opposite effect in both cell types [31, 32].

Recently, this cloning technique also was used for compared one stable clone from
the rat pituitary lactosomatotrophic tumor cell line GH3 overexpressing gp130, that
showed increased tumorigenic and angiogenic potential when injected into nude mice
[22], to a control GH3 clone stable for the empty vector. In a GH3 clone that overex-
pressed gp130 appeared a differential band corresponding to a previously uncharac-
terized mRNA that was called RSUME [33].

RSUME Characterization and Function

The unknown gene cloned from the pituitary cell line, RSUME, has two splicing
variants in humans of 195 or 267 amino acids, coding for a small RWD domain-
containing protein. Its name is based on its structure and function (RSUME for
RWD-domain-containing sumoylation enhancer). This new protein is highly con-
served in higher vertebrates, does not seem to belong to any previously known
protein family. Also has been demonstrated by confocal microscopy that RSUME
protein is located in the cytoplasm and nucleus, despite lacking a nuclear localiza-
tion signal [33].

RSUME is expressed in various tissues, but the higher expression levels were found
in cerebellum, pituitary, heart, kidney, liver, stomach, pancreas, prostate, and spleen. It
was upregulated by cellular stress stimuli such as hypoxia and heat shock. Particularly,
in pituitary tumors RSUME expression was increased by hypoxia [33].

RSUME enhances protein sumoylation through a direct interaction with Ubc9, a
SUMO conjugase. Moreover, the correct folding of its RWD domain is essential for
RSUME activity. RSUME has its strongest effect in the step of forming the Ubc9-
SUMO-1 thioester, but also acted in the transference of SUMO-1 from the thioester
to a substrate [33].

RSUME increased sumoylation and protein stability of IkB, resulting in inhibition
of NF-kB transcriptional activity and, consequently, suppressing the inflammatory
process mediated by NF-kB targets such as interleukin-8 (IL-8) and cyclooxige-
nase-2 (Cox-2). Furthermore, RSUME plays a role in the cell’s response to hypoxic
stress because it increased hypoxia inducible factor-1a (HIF-1a) protein levels and
enhanced it sumoylation and stability, thus regulating adaptive responses to changes
in oxygen tension and angiogenesis in mammalian cells [33].

Given the fact that the actions of RSUME in sumoylation have functional impli-
cations on the NF-kB/IkB pathway and on the regulation of HIF-1a, both involved
in angiogenic and tumorigenic processes, its expression and induction by hipoxia
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in pituitary tumors and its cloning from gp130 overexpressing pituitary tumor cells,
RSUME mechanism of participation in adenoma pathogenesis is under study.
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