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Abstract

Purpose Insulin-like growth factor 1 (IGF1) controls
growth hormone (GH) secretion via a negative feed-back
loop that may disclose novel mechanisms possibly useful to
control GH hyper-secretion. Our aim was to understand
whether PI3K/Akt/mTOR pathway is involved in IGFI
negative feedback on GH secretion.

Methods Cell viability, GH secretion, Akt, and Erk 1/2
phosphorylation levels in the rat GH3 cell line were
assessed under treatment with IGF1 and/or everolimus, an
mTOR inhitior.

Results We  found  that IGFl  improves  rat
GH3 somatotroph cell viability via the PI3K/Akt/mTOR
pathway and confirmed that IGF1 exerts a negative feed-
back on GH secretion by a transcriptional mechanism. We
demonstrated that the negative IGF1 loop on GH secretion
requires Akt activation that seems to play a pivotal role in
the control of GH secretion. Furthermore, Akt activation is
independent of PI3K and probably mediated by mTORC?2.
In addition, we found that Erk 1/2 is not involved in GH3
cell viability regulation, but may have a role in controlling
GH secretion, independently of IGF1.

Conclusion Our data confirm that mTOR inhibitors may be
useful to reduce pituitary adenoma cell viability, while Erk
1/2 pathway may be considered as a useful therapeutic
target to control GH secretion. Our results open the field for
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further studies searching for effective drugs to control GH
hyper-secretion.

Keywords Growth hormone * Insulin-like growth factor 1 -
PI3K/Akt/mTOR pathway - MAPK pathway

Introduction

The growth hormone (GH)/insulin-like growth factor 1
(IGF1) axis is regulated by hypothalamic, pituitary and
endocrine factors [1]. IGF1 is the primary factor that reg-
ulates homeostatic control of GH synthesis and release [2],
exerting an inhibitory control by a feed-back loop [3].
Several studies on rat pituitary cell lines and primary cul-
tures have demonstrated that IGF1 is able to reduce GH
gene expression and hormone secretion [4—6]. Similarly,
insulin has been shown to suppress somatotroph function in
a primate model [7]. The capability of IGF1 to physiolo-
gically exert a negative feedback on GH secretion, which is
thought to be partially lost in the settings of GH hyperse-
cretion by neoplastic somatotroph, is an interesting objec-
tive of study. In this context, the effect of IGF1 on GH
secretion could be closely related to the mechanisms
underlying resistance to medical therapy in acromegaly [8].
A better understanding of the mechanisms by which IGF1
can control GH secretion may help in identifying new
potential medical approaches to GH hypersecretion.

It has been already demonstrated that somatotroph
pituitary cells express both insulin and IGFI receptors
(IGFIR), that activate at least two different intracellular
pathways, PI3 Kinase (PI3K)-Akt-mTOR and MAP Kinase
pathways [9], leading to the phosphorylation of numerous
downstream effectors, including transcription factors [10].
In rat pituitary cells IGF1 has been shown to promote
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survival and protect from apoptosis, possibly through Akt
activation [11, 12]. Similarly, IGF1 was found to induce cell
viability in MtT/E cells and in non functioning pituitary
adenoma primary cultures [13]. In addition, IGF1 regulates
prolactin gene expression by Erk 1/2 activation in rat
GHA4CI cells [14] and inhibits GH release through PI3K
pathway in teleost pituitary primary cells [15].

The involvement of PI3K/Akt/mTOR pathway in the
pathophysiology of pituitary adenomas has already been
proposed [16—18] and recent studies reported that
mTOR inhibitors, such as rapamycin and Everolimus, have
anti-proliferative effects on rat GH3 and MtT/S cells [19].
Sajjad et al. demonstrated that mTOR activity is
increased in all subtypes of human pituitary adenomas,
suggesting that mTOR inhibition may represent a ther-
apeutic approach for patients resistant to current medical
treatment [20]. This hypothesis is further supported by our
previous results, showing the capability of Everolimus to
reduce cell viability and promote apoptosis in primary
cultures of human non functioning pituitary adenomas with
a mechanism that involves IGF1 signaling [21]. A similar
mechanism has been reported also in other endocrine
tumors [22].

The purpose of this study is to understand whether PI3K/
Akt/mTOR pathway is involved in the IGF1 negative
feedback on GH secretion. Specific PI3K/Akt/mTOR and
MAPK inhibitors have been used in order to identify the
key proteins necessary for IGF1 actions.

Materials and methods
Compounds

Everolimus and NVP-BEZ235 were provided by Novartis
(Basel, Switzerland). Everolimus is reported to specifically
inhibit mTORCI1, while NVP-BEZ235 inhibits mTORCI,
mTORC2 and PI3K [23]. IGF1 was purchased by
PeproTek Inc (Rocky Hill, NJ, USA), SCH772984
from Selleckchem (Boston, MA, USA) and LY294002 from
Cell Signaling (Danvers, MA, USA). All other reagents, if
not otherwise specified, were purchased from Sigma
Aldrich.

Cell culture

The GH3 and GH4C1 rat pituitary adenoma cell lines were
obtained from American Type Culture Collection (Mana-
ssas, VA, USA) and cultured in the Ham’s F12K and in the
Ham’s F10 medium, respectively, enriched with 15% horse
serum (HS) and 2.5% fetal bovine serum, as previously
described [24]. The cell lines were used after the fourth
passage.

Viable cell number assessment

Cell viability was assessed by the ATPlite kit (Promega,
Milano, Italy), as described previously [25]. Briefly cells
were seeded at 2 x 10* cells/well in 96-well black plates
and treated with the indicated substances, renewing the
treatments every 24 h of incubation. After 72 h, cell viability
was evaluated by Envision Multilabel Reader (Perkin
Elmer, Monza, Italy). Results were obtained by determining
the mean value =+ standard error of the mean (SEM) vs.
untreated control cells from three independent experiments
in six replicates.

GH secretion

GH secretion was evaluated by measuring rat GH immu-
noreactivity in the culture medium by a specific ELISA Kit
(Growth Hormone Rat ELISA Kit #KRC5311; Invitrogen,
Carlsbad, CA, USA). The assay was performed in duplicate
after appropriate sample dilutions. The detection limit was
<0.5 ng/ml, with intra- and inter-assay coefficients of var-
iation of 5.0 and 5.8, respectively. The assay results were
normalized by viable cell number, as determined from
ATPlite assay. Results are expressed as the mean value +
SEM percent GH concentration vs. untreated control cells in
three experiments in duplicate.

RNA extraction and quantitative PCR

Total RNA was isolated with TRIzol reagent (Invitrogen).
To prevent DNA contamination, RNA was treated with
RNase-free DNase (Promega). The Experion Automated
Electrophoresis System (Bio-Rad Laboratories, Milano,
Italy) was used to determine the concentration and
integrity of RNA samples, as previously reported [26]. Only
samples with RNA quality index >9 were processed. Using
a first strand cDNA synthesis kit (SuperScript Pre-
amplification System for First Strand cDNA Synthesis,
Invitrogen), 1 pg total RNA was reverse-transcribed with
random hexamers according to the manufacturer’s protocol,
as previously reported [27]. In order to test retro tran-
scription quality, all cDNAs were amplified with 18S
Tagman Assays. All CTs were comparable with that of
control cDNA, showing good retro transcription efficiency.
Furthermore, all minus retrotranscriptase (RT-) showed no
amplification, indicating the absence of genomic DNA
contamination. GH expression levels (GH1-001) were
evaluated by performing relative quantitative real-time PCR
(qPCR) by using the specific TagMan gene expression
assay (ID assay rm01495894_gl1; amplicon length 60 bp)
(Thermo Fisher Scientific, Monza, Italy) according to
TagMan® Gene Expression Assays Protocol Thermo Fisher
Scientific). Samples were run in triplicate on Applied
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Biosystem 7900 HT and analyzed with the SDS 1.9 Soft-
ware (Applied Biosystems, Monza, Italy) by applying the
method described by Pfaffl [28]. The house keeping gene
18S rRNA (ID assay 4319413E) (Thermo Fisher Scientific)
was used to normalize gene signals [24]. Results are
expressed as the mean value + SEM percent GH expression
vs. untreated control cells in three independent experiments
in three replicates.

Western blot

For Western blot analysis, GH3 cells were dissolved in
RIPA Buffer (Thermolab Inc., Waltham, MA, USA), kept
in ice for 30 min and then centrifuged at 13,000 rpm for
20 min at 4 °C. Protein concentration was measured by
BCA Protein Assay Reagent Kit (Pierce, Rockford, IL,
USA), as previously described [29, 30]. Proteins were
fractionated on 12% SDS-PAGE, as previously described,
and transferred by electrophoresis to Nitrocellulose
Transfer Membrane (PROTRAN, Dassel, Germany), as
described previously [31]. Membranes were incubated
with the following antibodies: 1:1000 polyclonal rabbit
anti phospho (Serd473) Akt (Cell Signaling Technology),
1:1000 polyclonal rabbit anti Erk 1/2 and phospho
(Thr202/Thy204) Erk 1/2 (Cell Signaling Technology).
Immunoreactive bands were detected using 1:5000 anti-
rabbit horseradish peroxidase-conjugated secondary anti-
bodies (Dako Italia, Milano, Italy). Immunoreactivity was
revealed using the ECL Western Blotting Detection
Reagents (GE Healthcare Europe GmbH, Milano, Italy).
The blots were then stripped and used for further blotting
with 1:1000 anti-GAPDH antibody (Cell Signaling
Technology), for normalization purposes. Experiments
were performed at least twice.

Statistical analysis

Results are expressed as the mean + SEM. Statistical ana-
lysis was performed using student 7-test or one-way
ANOVA or Kruskal-Wallis after proof of normality test.
Data were analyzed using GraphPad (Prism v-6.0). P values
<0.05 were considered as statistically significant.

Results

Effects of IGF1, Everolimus and NVP-BEZ235 on GH3
cells

In order to explore the effects of IGF1, Everolimus,
and NVP-BEZ235 on GH3 and GH4Cl cell viability
cells were treated for 72 h without or with 100 nM Ever-
olimus or NVP-BEZ235, in the presence or in the absence
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of 100 nM IGF1. Compounds concentrations were chosen
on the basis of previous studies [32, 33]. As shown in Fig.
la, GH3 cell viability was significantly induced by IGF1
(+30%; P < 0.01 vs. untreated control cells) and reduced by
Everolimus and NVP-BEZ235 up to 30% (P <0.01 vs.
untreated control cells). Both compounds blocked the sti-
mulatory effects of IGF1 on cell viability. On the contrary,
as shown in Fig. 1b, GH4C1 cell viability was not influ-
enced by IGF1, but was significantly reduced by Ever-
olimus (—60%; P <0.01 vs. control treated cells) and by
NVP-BEZ235 (—46%; P < 0.01 vs. untreated control cells);
both effects were not counteracted by co-treatment with
IGF1.

To determine the effects of Everolimus, NVP-BEZ235
and IGF1 on GH secretion, GH levels were assessed in
conditioned medium from GH3 and GH4C1 cells treated for
72h in the same conditions. As shown in Fig. lc, Ever-
olimus and NVP-BEZ235 did not significantly influence
GH secretion in GH3 cells, after normalizing for the
viable cell number. On the contrary, IGF1 significantly
inhibited GH secretion, (—40%; P <0.01 vs. untreated
control cells), an effect not influenced by Everolimus,
but reduced by NVP-BEZ235 (P<0.05 vs. cells
treated with IGF-1). GH4C1 did not secrete a measurable
amount of GH in the conditioned medium, therefore, the
following experiments were performed only with GH3
cells.

These results indicate that IGF1 improves somatotroph
cell viability via the PI3K/Akt/mTOR pathway and support
the hypothesis that PI3 Kinase (PI3K) pathway is probably
involved in the inhibitory effect of IGF1 on GH secretion.

Effects of IGF1, Everolimus, and NVP-BEZ235 on GH
expression

To determine whether IGF1 may affect GH secretion by
modulating GH expression, GH mRNA levels were asses-
sed in GH3 cells treated with 100nM IGF-1 for up
to 72 h. Figure 2a shows that IGF1 significantly reduces GH
mRNA levels after 4 h (—54%; P <0.01 vs. time 0), with-
out significant modifications at other time points. Therefore,
we measured GH mRNA levels after a 4h treatment
without or with 100nM Everolimus or NVP-BEZ235
in the presence or in the absence of 100 nM IGF1. The
data in Fig. 2b confirmed that IGF1 reduces GH mRNA
expression (—37%; P < 0.01 vs. untreated control cells). On
the contrary, Everolimus and NVP-BEZ235 did not influ-
ence GH mRNA levels, but blocked the inhibitory effects
of IGF1.

These data support the hypothesis that IGF1 exerts its
inhibitory action on GH at transcriptional level through the
PI3K/Akt/mTOR pathway.
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Fig. 1 Effects of IGF1, Everolimus and NVP-BEZ235 on GH3 cell
line viability and GH secretion. GH3 (a) and GH4C1 cells (b) were
incubated in 96-well plates for 72 h in a culture medium supplemented
with 100nM Everolimus or 100nM NVP-BEZ235 without (white
bars) or with 100 nM IGF1 (black bars); control cells were treated with
vehicle solution. Cell viability was measured as a luminescent signal in
three independent experiments with six replicates each, and expressed
as the mean + SEM percent cell viability vs. untreated control cells.
*P <0.05 and **P < 0.01 vs. untreated control cells. ¢ GH3 cells were
incubated for 72 h with 100 nM Everolimus or 100 nM NVP-BEZ235
without (white bars) or with 100 nM IGF1 (black bars). Medium was
collected and GH secretion was evaluated by ELISA in three inde-
pendent experiments in duplicate, expressed as the mean + SEM per-
cent GH secretion vs. untreated control cells. *P <0.05 and **P <
0.01 vs. untreated control cells; #P < 0.05 vs. IGF-1 treated cells

Effects of IGF1 and PI3BK/Akt/mTOR inhibitors on Akt
phosphorylation

In order to understand whether mTOR pathway could have
a role in modulating the effects of IGF1 on GH3 cells, we
evaluated Akt activation. Akt is one of the main proteins,
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Fig. 2 Effects of IGF1, Everolimus and NVP-BEZ235 on GH
expression in GH3 cells. a GH3 cells were incubated for 0, 4, 6, 12,
24, 48, and 72 h with 100 nM IGF1. Total RNA was extracted and
relative qPCR for GH expression was performed. Time 0 was con-
sidered as control. Results are expressed as the mean + SEM percent
GH expression vs. time 0. **P <0.01 vs. time 0. b GH3 cells were
treated for 4h with 100nM Everolimus or 100 nM NVP-BEZ235
without (white bars) or whit 100 nM IGF1 (black bars). Total RNA
was extracted and relative qPCR for GH expression was performed.
Results are expressed as the mean + SEM percent GH expression vs.
untreated control cells. **P < 0.01 vs. untreated control cells

upstream in the mTOR pathway, which activation regulates
many downstream effectors, such as mTOR, controlling
translation, metabolism and proliferation [34]. As show in
Fig. 3a phosphorylated Akt (pAkt) protein levels were
induced by treatment with IGF1. Similarly, Everolimus
induced an increase in pAkt levels and did not influence
IGF1 effects. NVP-BEZ235 did not affect basal pAkt, but
completely abolished the stimulatory effects of IGF1 on this
parameter. Therefore, Akt may be involved in the actions of
IGF1 in GH-producing cells. Akt activation also depends on
PI3K activity; therefore we employed a specific PI3K
inhibitor, LY294002, in order to investigate the involve-
ment of PI3K. As shown in Fig. 3b, LY294002 did not
modify basal levels of both pAkt and total Akt, nor influ-
enced the stimulatory effects of IGF1 on pAkt. Moreover,
NVP-BEZ235 did not influence pAkt levels in the presence
of LY294002, without or with IGF1. On the other hand, in
keeping with previous results, Everolimus induced pAkt, an
effect completely abolished by LY294002. At the same
time, pAKT was rescued by co-treatment with IGF1, sup-
porting the hypothesis that PI3K is not involved in
IGF1 signaling through Akt in GH3 cells.
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Fig. 3 Effects of IGF1 and PI3K/Akt/mTOR inhibitors on Akt
phosphorylation in GH3 cells. a GH3 cells were incubated for 4 h with
100 nM IGF1, 100 nM Everolimus or 100 nM NVP-BEZ235, alone or
in combination. Control cells were treated with a vehicle solution.
Total proteins were isolated and total Akt as well as pAkt protein
levels were assessed by Western blot analysis. GAPDH is shown as a
loading control. The displayed images refer to two different Western
blot membranes. b GH3 cells were incubated for 4h in a culture
medium supplemented with 100 nM IGF1, 100 nM Everolimus, 100
nM NVP-BEZ235 and 10 uM LY294002, alone or in combination;
control cells were treated with vehicle solution. Total proteins were
isolated and total and pAkt protein levels were assessed by Western
blot analysis. GAPDH is shown as a loading control

Effects of IGF1 and an Erk inhibitor on GH3 cells

IGF1, upon binding the IGF1 receptor, exerts its actions
through the activation of Ras/Raf/MAPK pathway. In order
to understand whether MAPK signaling cascade could be
involved in IGF1 effects on GH3 cells, we treated GH3 cells
for 72 h with 10 nM SCH772984, a selective Erk inhibitor,
without or with 100 nM IGF1 and evaluated cell viability as
well as GH secretion. We observed that SCH772984 did not
affect cell viability and did not influence the stimulatory
effects of IGF1 on this parameter (Fig. 4a). Furthermore, we
tested SCH772984 in combination with Everolimus and
NVP-BEZ235. We found that SCH772984 did not modify
the inhibitory effects of Everolimus and NVP-BEZ235 on
cell viability (Fig. 4b). Subsequently, an ELISA assay was
performed to measure GH in the conditioned media. As
shown in Fig. 4c, SCH772984 significantly reduced GH
secretion (—20%; P < 0.05 vs. untreated control cells), but
did not influence IGF1 effects. Finally, as shown in Fig. 4d,
Everolimus and NVP-BEZ235 blocked the inhibitory effect
of SCH772984 on GH secretion.

These data suggest that Erk 1/2 is not involved in GH3
cell viability regulation, but may have a role in regulating
GH secretion, independently of IGF1.

@ Springer

Effects of an Erk inhibitor and PI3K/Akt/mTOR
inhibitors on Erk phosphorylation

To better understand the involvement of Erk proteins, we
evaluated their phosphorylation levels in the same condi-
tions. As shown in Fig. 5, phosphorylated Erk (pErk) levels
were induced by IGF1, while SCH772984 drastically
reduced pErk and abrogated the stimulatory effects of IGF1
on this parameter. Everolimus and NVP-BEZ235 enhanced
pErk levels and their effect was not influenced by IGF1 or
by SCH772984. These data indicate the presence of a cross-
talk between PI3K and MAPK pathways, where increased
pErk may be a consequence of mTORCI inhibition, leading
to an increase in MAPK activation [35].

Discussion

Our data confirm that IGF1 directly inhibits GH secretion,
involving PI3K/Akt/mTOR but not MAPK pathway. Our
findings are consistent with previous literature showing that
IGF1 increases pituitary cell survival [36], which is on the
contrary reduced by mTOR inhibitors [16]. In addition, the
evidence that IGF1 is not capable of rescuing rat pituitary
cells from the inhibitory effects of mTOR inhibitors on cell
viability indicates that the proliferative effects of this
growth factor are mediated by the PI3K/Akt/mTOR path-
way. This hypothesis is further strengthened by the evi-
dence that the employed Erk inhibitor does not influence
IGF1 proliferative effects, indicating that the activation of
the MAPK/Erk pathway may not be crucial for pituitary cell
survival in response to IGF1. These data are in keeping with
previous evidence showing the lack of correlation between
MAPK and Cyclin DI levels in human pituitary adenomas,
indicating that an increased MAPK activity does not cor-
respond to a proliferative drive in pituitary adenomas [18].
Our results confirm previous evidence showing the efficacy
of mTOR inhibitors in reducing viability of pituitary cell
lines and primary cultures [19, 21, 37], supporting the
putative role of similar drugs in the medical therapy of
aggressive pituitary tumors. Tretment with mTOR inhibitors
may result in a reduced GH secretion due to the negative
impact of mTOR inhibitors on somatotroph cell viability.
However, we found that mTOR inhibitors do not directly
affect GH secretion, when the results are normalized
according to the number of viable somatotrope cells. The
lack of efficacy of the employed mTOR inhibitors in
reducing GH secretion prompts further research to identify
novel strategies to limit GH hyper-secretion by neoplastic
somatotrophs.

The previously demonstrated reduced expression of
IGF1 receptor in somatotroph tumors [38], and the lack of
evidence for IGF1 receptor mutations as putative drivers of
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Fig. 4 Effects of IGF1 and of SCH772984 on cell viability and GH
secretion in GH3 cells. GH3 cells were incubated in 96-well plates for 72
h in a culture medium supplemented without or with 10 nM SCH772984
in the absence (white bar) or in the presence of 100nM IGF1 (black
bars). a Cell viability was assessed as described in the Materials and
methods section, and expressed as the mean + SEM percent cell viability
vs. untreated control cells. **P <0.01 vs. untreated control cells. ¢
Medium was collected and GH secretion was evaluated by ELISA in
three independent experiments in duplicate and expressed as the mean +
SEM percent GH secretion vs. untreated control cells. *P <0.05 and
**P < 0.01 vs. untreated control cells. GH3 cells were incubated in 96-
well plates for 72 h in a culture medium supplemented without or with
100 nM Everolimus or 100 nM NVP-BEZ235 in the absence (white bar)
or in the presence of 10 nM SCH772984 (gray bars). b Cell viability was
assessed as described in the Materials and Methods section, and
expressed as the mean + SEM percent cell viability vs. untreated control
cells. **P < (.01 vs. untreated control cells. d Medium was collected and
GH secretion was evaluated by ELISA in three independent experiments
in duplicate and expressed as the mean + SEM percent GH secretion vs.
untreated control cells. *P < 0.05 vs. untreated control cells

acromegaly development [39] suggest that IGF1 receptor
signaling is conserved. In these settings, the negative feed-
back exerted by IGF1 on GH secretion may become a tool
to disclose innovative approaches by exploring receptor
down-stream signaling.

We therefore further tested IGF1 effects on GH secre-
tion, confirming previous findings showing that IGF1
reduces GH secretion by rat pituitary cells [40], and that this
reduction in secretory activity is mirrored by a reduction in
GH mRNA levels. Romero et al. indeed previously showed
that IGF1 inhibits GH expression by modulating GH pro-
moter activity, providing evidence that cyclic AMP (cAMP)
response element binding protein (CREB) binding protein
(CBP) is a target of IGFIR signaling [32]. Since PI3K/Akt/
mTOR pathway is a down-stream effector of IGFI, we
employed two different mTOR inhibitors that were capable
of blocking the inhibitory effects of IGF1 on GH mRNA.
However, these drugs did not directly affect GH mRNA
levels and secretion, indicating that they might not be useful
to control GH hypersecretion. On the other hand, NVP-
BEZ235, a dual PI3K-mTOR inhibitor, partially blocks the
inhibitory effects of IGF1 on GH secretion and this effect is
not observed after Everolimus treatment, suggesting a dif-
ferential involvement of the PI3K/Akt/mTOR pathway in
the negative feedback of IGF1 on GH expression and
secretion. We therefore took advantage of this differential
interaction to dissect the pathway and identify the key
proteins necessary for IGF1 negative feed-back.

Previous studies showed that IGF1 rapidly induces Akt
phosphorylation, which can be blocked by LY294002, a
specific PI3K inhibitor [41]. We found similar results also
in rat pituitary GH3 cells, where, in keeping with previous
literature [42], we observed a rebound increase in pAkt
levels after treatment with Everolimus, but not with NVP-
BEZ235. The different findings of Gorshtein et al. [19]
might be explained by the longer incubation time they
employed when assessing pAkt levels in GH3 cells. In our
settings, the effects of IGF1 and of mTOR inhibitors on
pAkt levels were not affected by the PI3K inhibitor, sup-
porting the hypothesis that PI3K is not involved in
IGF1 signaling through Akt in GH3 cells. These data sup-
port the hypothesis that Akt may be directly activated by
mTORC?2, independently of PI3K, and that Akt activity is
crucial in regulating IGF1 negative feed-back on GH
secretion.

On the basis of these findings, we searched for the
possible involvement of alternative pathways down-stream
of IGF1R. We therefore investigated the involvement of the
MAPK pathway by using a specific Erk inhibitor,
SCH772984, and found that it does not influence IGF1
inhibitory effects on GH secretion. On the other hand, the
Erk inhibitor directly reduced GH secretion by GH3 cells,
confirming that the MAPK pathway has an important role in
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Fig. 5 Effects of IGF1 and of SCH772984 on Erk phosphorylation in
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supplemented with 100 nM IGF1, 100nM Everolimus, 100 nM di
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the regulation of pituitary hormone secretion [43]. There-
fore, these data indicate that the MAPK pathway is not
involved in the IGF1 negative feed-back loop, but support
an independent role of this pathway in the regulation of GH
secretion, as previously reported [44]. As a consequence,
Erk may represent a druggable target in the medical treat-
ment of GH excess. In addition, our data show that mTOR
inhibitors interfere with the inhibitory effects of the Erk
inhibitor on GH secretion, indicating the presence of a
cross-talk between PI3K/Akt/mTOR and MAPK pathways
[35]. This hypothesis is further strengthened by the evi-
dence that the employed mTOR inhibitors induce an
increase in pErk levels, which is not influenced by co-
treatment with the Erk inhibitor. At the same time, our data
suggest that a combination therapy with Erk inhibitors and
mTOR inhibitors may not achieve a better control of hor-
mone secretion in GH-secreting pituitary adenomas. In
conclusion, we found that the negative IGF1 effect on GH
secretion requires Akt activation, independently of PI3K.
Despite the MAPK pathway is not involved in IGF1
negative feed-back on GH, it may represent a useful target
for the therapeutic approach of GH excess. Moreover, our
results indicate that mTOR inhibitors may be useful to
control pituitary cell proliferation.

Further clarifying the mechanism of action of IGF1 on
cell proliferation and hormonal secretion may be helpful to
find a key molecule that mediates the effect of IGF1 on GH
secretion, which modulation by a specific compound may
represent an innovative pharmacological treatment.
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