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Abstract

Ghrelin, as a kind of multifunctional protein polypeptide,
is mainly produced in the fundus of the stomach and can
promote occurrence and development of many tumors,
including gastrointestinal tumors, which has been
proved by the relevant researches. Most gastrointestinal
stromal tumors (GISTs, about 80%), as the most
common mesenchymal tumor, also develop in the
fundus. Scientific research has confirmed that ghrelin,
its receptors and mRNA respectively can be found in
GISTs, which demonstrated the existence of a ghrelin
autocrine/paracrine loop in GIST tissues. However, no
reports to date have specified the mechanism whether
ghrelin can promote the occurrence and development
of GISTs. Studies of pulmonary artery endothelial cells
in a low-oxygen environment and cardiac muscle cells
in an ischemic environment have shown that ghrelin
can activate the phosphatidylinositol 3-kinase/AKT/
mammalian target of rapamycin (PI3K/AKT/mTOR)
signaling pathway. Moreover, some studies of GISTs
have confirmed that activation of the PI3K/AKT/
mTOR pathway can indeed promote the growth and
progression of GISTs. Whether ghrelin is involved in the
development or progression of GISTs through certain
pathways remains unknown. Can we find a new target
for the treatment of GISTs? This review explores and
summaries the relationship among ghrelin, the PI3K/
AKT/mTOR pathway and the development of GISTs.

Key words: Gastrointestinal stromal tumor; PI3K/AKT/
mTOR pathway; Ghrelin; Occurrence; Development
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Core tip: Ghrelin has been proven to promote the
occurrence and development of gastrointestinal
tumors. Some gastrointestinal stromal tumors (GISTSs)
express ghrelin and its receptors. However, no previous
reports have specified whether ghrelin is involved in
the occurrence and development of GISTs. Through
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a review of the literature, this paper is the first to
summarize and discuss the correlation between ghrelin
and GISTs.
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cancer, and are able to promote tumor growth®'!.,

The Cajal cells from which GISTs arise both produce
ghrelin and express the ghrelin receptor'®, Whether
ghrelin is involved in the development or progression
of GISTs through certain pathways remains unknown.
Can we find a new target for the treatment of GISTs?
We herein review the relevant literature on this topic.

GHRELIN

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) originate
from pacemaker cells (interstitial cells of Cajal, or
Cajal cells). They are the most common mesenchymal
tumors in the gastrointestinal tract, with an annual
incidence of approximately 10-20 per million. Although
GISTs can occur in any part of the digestive tract,
about 70% are found in the stomach, 10%-25% in
the small intestine!!, and a small percentage in the
rectum. However, GISTs rarely affect the esophagus or
colon™®,

GISTs result from acquired functional changes
caused by mutations in the KIT and PDGFRA genes
located on chromosome 4q12. These mutations result
in expression of activated forms of the protein products
[c-KIT, which is a receptor tyrosine kinase (RTK), and
platelet-derived growth factor receptor-a. (PDGFRA)],
leading to inhibition of apoptosis, activation of cell
proliferation, and promotion of tumorigenesis>*,

At present, treatment strategies for GISTs mainly
focused on the KIT and PDGFRA genes and their
RTK products. Although introduction of the c-KIT and
PDGFRA inhibitor imatinib (Gleevec®) has greatly
improved treatment efficacy, the median progression-
free survival time of patients with GISTs is only about
2 years. The incidence of secondary (acquired) drug
resistance within the first 2 years of imatinib treatment
is approximately 40%-50%", Patients who display
primary resistance to first-line therapy with imatinib
can be treated with the multiple-kinase inhibitor
sunitinib malate™®. However, one trial revealed that the
objective response rate to sunitinib malate was only
65% (7% partial response and 58% stable disease
without progression)””!. Moreover, the clinical effect is
short and drug resistance soon appears. Therefore,
although there are many advantages in the current
targeted therapies for GISTs, there are also drawbacks,
highlighting the urgent need for new ways to treat
GISTs.

Clinical observations indicate that most GISTs
originate at the base of the stomach, which is also
the main secretion site of gastric ghrelin. As described
in the following sections, ghrelin is a protein with a
variety of functions'™®. Ghrelin receptors are expressed
in several types of tumors, including gastric and colon
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Ghrelin is a 28-amino-acid peptide that also exists
as des-GIn(14)-ghrelin'™**, Ghrelin is currently
considered to be the main endogenous ligand of
growth receptors™®. The ghrelin coding gene is located
on chromosome 3 (3p25-26)™7.,

Approximately 80% of ghrelin in serum is pro-
duced by cells at the base of the stomach (“A-X-
like” cells), most of which are distributed in acid-
secreting glands!'®. These “A-X-like” cells constitute
approximately 20% of gastric endocrine cells!*®!,
Ghrelin is also secreted by the hypothalamus, pi-
tuitary gland, kidneys®®®, placenta™®, intestinal tract,
thyroid®!, heart™®, Leydig cells'®®!, neutrophils,
lungs™®**!, and ovarian tissues®**”’,

Some of the many functions of ghrelin include
regulation of growth hormone secretion, energy ba-
lance, gastrointestinal motility, gastric acid secretion,
cardiovascular activity, pancreatic hormone secretion,
glucose metabolism, prolactin and adrenocorticotropic
hormone secretion, sleep*?*, and gonadal hor-
mone secretion. Several studies®®!! have shown that
ghrelin can promote the development of malignant
tumors through a variety of signaling pathways that
increase cell proliferation and metastasis, including the
phosphatidylinositol 3-kinase/AKT/mammalian target
of rapamycin (PI3K/AKT/mTOR), Ras/RAF/extracellular
signal-regulated kinases (ERK1/2), Janus kinase/signal
transducers and activators of transcription (JAK/STAT),
and Src kinase pathways.

GISTs EXPRESS GHRELIN AND GHRELIN

RECEPTORS

To the best of our knowledge, the only study that has
examined the expression of ghrelin and its receptors
in GIST tissues is a Japanese study™®® in which ghrelin,
ghrelin receptors, and their respective mRNA were
detected in all 17 GIST tissues examined, although
the extent of ghrelin and ghrelin receptor expression
differed in each GIST tissue. The study demonstrated
the existence of a ghrelin autocrine/paracrine loop in
GIST tissues, suggesting that ghrelin may play a role
in the occurrence and development of GISTs.

In contrast, the same study™® found no statistically
significant differences between positive ghrelin
expression and tumor location (P = 0.426), tumor
size (P = 0.590), KIT genotype (P = 0.935), a mitotic
number of > 5 (P = 0.210), a Ki67 index of < 5 (P
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= 0.659), or risk of stromal tumor recurrence (P =
0.420). Additionally, ghrelin receptor expression was
not correlated with the tumor grade (P = 0.208), Ki67
index (P = 0.717), mitotic count (P = 0.264), tumor
location (P = 0.392), tumor size (P = 1), or tumor
morphological type (P = 0.223). However, because the
study sample was small (17 cases), the significance of
these results remains unclear.

ROLE OF PI3K/AKT/mTOR PATHWAY IN

GISTs

RTKs such as c-KIT and PDGFRA can activate a
variety of intracellular signaling pathways, such as
PI3K/AKT/mTOR, Ras/RAF/ERK, JAK/STAT, and Src
kinases, which can in turn activate signaling axes
downstream of c-KIT. These RTKs are therefore key
factors in the treatment of GISTs, especially refractory
GISTs!, PI3K/AKT/mTOR pathway activation is
associated with the development and invasion of a
number of tumors !, Indeed, c-KIT activation via
autophosphorylation leads to excessive activation of
PI3K/AKT/mTOR, which promotes the development
and progression of GISTs"***%, Thus, blocking excessive
activation of this signaling pathway may provide a new
therapeutic strategy for GISTs.

The PI3K/AKT/mTOR signaling pathway regulates
cell growth, proliferation, and differentiation. The
initiating signal molecule, PI3K"", can be activated by
RTKs, G protein-coupled receptors, and oncogenic Ras
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(Figure 1). Phosphorylation of the RTK recruits PI3K
to the inner surface of the cell membrane, where it
catalyzes the phosphorylation of phosphatidylinositol
(4,5)-bisphosphate (PIP2) to phosphatidylinositol
(3,4,5)-trisphosphate (PIP3). This reaction is reversed
by phosphatase and tensin homolog (PTEN), which
dephosphorylates PIP3 to PIP2P*?. Generation of PIP3
promotes translocation of the serine/threonine protein
kinase AKT to the plasma membrane, and activated
AKT indirectly leads to the accumulation of the Ras
homology protein Rheb and activation of mTORC1F,
mTORC1 then activates the downstream kinases S6
kinase 1 (S6K1) and S6K2, which stimulate protein
synthesis, cell survival, and growth signal release®*,
This pathway is essential for the continued growth of
tumors and it is therefore being intensely investigated
as a source of new therapeutic strategies for GISTs.

The PI3K/AKT/mTOR signaling pathway is blocked
by a number of inhibitors. Rapamycin derivatives
such as temsirolimus, the first clinically applied
inhibitor, mainly inhibit mTORC1. Dual inhibitors such
as GDC-0980, BEZ235, and SF1126 inhibit PI3K
and mTORC1/2""), whereas BKM120 and GDC-0941
specifically inhibit PI3K but not mTOR™®. In addition,
Alkyl phosphoric acid choline compound can effectively
inhibit AKT™*#,

Studies have indicated that loss of the PTEN
gene and dysregulation of the PI3K/ATK/mTOR sig-
naling pathway may play an important role in the
progression and drug resistance of GISTs. In cells
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with absent or low-level expression of PTEN, tumor
progression is more rapid“!!. PTEN gene silencing also
leads to abnormal activation of the PI3K/AKT/mTOR
pathway™4,

The expression of mMTOR and phosphorylated mTOR
is much higher in GISTs measuring > 5 cm in diameter
with a medium to high risk of recurrence than in GISTs
measuring < 5 cm in diameter with a low or very low
recurrence risk*®!, However, few reports have focused
on the role of MTOR in the pathogenesis of GISTs.

Collectively, these studies indicate that RTK-
targeted therapy can benefit about 85% patients with
GISTs, but drug resistance is a major hindrance to its
application. The PI3K/ATK/mTOR pathway is believed
to be an important pathway for the development
and progression of GISTs, suggesting that signaling
molecules in this pathway may be useful targets for
the development of novel therapies.

GHRELIN ACTIVATES PI3K/ATK/mTOR

PATHWAY

Ghrelin activates the PI3K/AKT/mTOR pathway
through phosphorylation of AKT and mTOR. Two
studies respectively investigated the protective effects
of ghrelin on pulmonary artery endothelial cells in a
low-oxygen environment and on cardiac muscle cells
in an ischemic environment™*! and found that ghrelin
could promote myocardial cell proliferation, inhibited
apoptosis, reduced myocardial fibrosis, improved
cardiac function, and significantly increased the
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1761

survival rate of adipose-derived mesenchymal stem
cells and pulmonary artery endothelial cells exposed
to hypoxia. Western blot analysis showed that ghrelin
reduced expression of the pro-apoptotic protein
Bax, increased the level of the anti-apoptotic protein
Bcl-2, and significantly increased phosphorylation
of AKT and mTOR™*!, The PI3K inhibitor LY294002
suppressed phosphorylation events, indicating that
ghrelin activates the PI3K/AKT/mTOR pathway
through phosphorylation. Two other studies, one
examined the modulatory effect of ghrelin on gastric
mucosal prostaglandin and nitric oxide and another
examined gastric mucosal inflammatory responses to
Helicobacter pylori, also showed that ghrelin activates
the PI3K/AKT/mTOR pathway in different ways'***”
(Figure 2). Whether ghrelin promotes the develop-
ment and progression of GISTs through this or other
mechanisms remains unclear.

CONCLUSION

GISTs express ghrelin and ghrelin receptors. Ghrelin
can activate the PI3K/ATK/mTOR signaling pathway in
cardiac muscle cells and pulmonary artery endothelial
cells, which plays an important role in the occurrence
and development of GISTs. It is possible that ghrelin
may promote GISTs by activating this pathway.
However, this remains to be fully elucidated.
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