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Abstract

Initially, NEUROTENSIN (NTS) has been shown to play physiological and biological functions as a neuro-transmitter/
modulator in the central nervous system and as an endocrine factor in the periphery, through its binding to two kinds
of receptors: NTSR1 and 2 (G protein-coupled receptors) and NTSR3/sortilin (a vacuolar protein-sorting 10-domain
receptor). NTS also plays oncogenic roles in many types of cancer, including digestive cancers. In tumor tissues, NTS
and NTSR1 expression is higher than in healthy ones and is associated with poor prognosis. NTS and NTRS1 promote
cancer progression and play key functions in metastatic processes; they modulate several signaling pathways and they
contribute to changes in the tumor microenvironment. Conversely, NTRS2 involvement in digestive cancers is poorly
understood. Discovered for mediating NTS biological effects, sortilin recently emerged as a promising target as its
expression was found to be increased in various types of cancers. Because it can be secreted, a soluble form of sortilin
(sSortilin) appears as a new serum biomarker which, on the basis of recent studies, promises to be useful in both the
diagnosis and tumor progression monitoring. More precisely, it appears that soluble sortilin can be associated with
other receptors like TRKB. These associations occur in exosomes and trigger the aggressiveness of cancers like
glioblastoma, leading to the concept of a possible composite theranostic biomarker. This review summarizes the
oncogenic roles of the NTS signaling pathways in digestive cancers and discusses their emergence as promising early
diagnostic and/or prognostic biomarkers and therapeutic targets.

NTS and its receptors, NTSR1-2 and sortilin/
NTSR3 might emerge as potential diagnostic,
prognostic, and therapeutic biomarkers.

Facts *

* Digestive cancers are frequent; colorectal cancer is
the third most common cancer worldwide.

* NEUROTENSIN (NTS) known as both a
neurotransmitter/modulator in the central nervous

Open questions

system and a hormone in the periphery, has recently .

been shown to be involved in the digestive
carcinogenesis process.
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What NTS and their receptors correspond to?

*  What are their roles in physiological processes?

*  What are their roles in pathological processes such
as cancers and, specifically, digestive cancers?

Introduction

NEUROTENSIN (NTS) is a neurotransmitter/modulator
in the central nervous system and a hormone in the per-
iphery" It is released by endocrine cells in the intestinal
mucosa, metabolized by the liver and is involved in several
functions of the gastrointestinal tract®. NTS is able to inhibit
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gastric acid secretion and to modulate gut motility,
depending on the type of muscle and its localization
(ascending/descending colon, circular, and other smooth
muscles) but it also acts on mucosa proliferation®”, Cell
growth in digestive organs (stomach, colon, pancreas, and
small bowel mucosa) is possible thanks to NTS® stimulation
through its binding to two G protein-coupled receptors
(GPCRs), neurotensin receptors (NTSR) 1 and 2, and
through a third receptor, NTSR3/sortilin’~®, a member of
the vacuolar protein sorting 10 (Vpsl0)-related domain-
containing protein family'® (Fig. 1). Vpsl0 domain-
containing receptors, which are typical transmembrane
proteins, include three members with sortilin, a sorting-
related receptor with A-type repeats (sorLA) and sortilin-
related Vpsl0 domain-containing receptors. Sortilin, the
most studied of them, is known to be involved in neuro-
degenerative and inflammatory diseases and immunologic
processes as well, through its key role in protein cell sorting,
trafficking, and releasing, including NTS and NTSR1''2, A
soluble form of sortilin (sSortilin)!® has also been detected
and identified as a promising biomarker in CRC'*'°, Initially
reported in breast carcinoma'®'’, NTS and its receptors are
also linked to the development and progression of multiple
cancer types, including digestive cancers'®. Recently, a clin-
ical trial has highlighted increased NTS plasma levels in
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patients with colon cancer in comparison with healthy
individuals and especially those bearing noncancerous
polyps, thus suggesting that these levels might be of diag-
nosis value'®. In addition, NTS pathway emerged to play
crucial roles in migration and invasion processes, which are
prerequisites to metastatic spread, and in inflammation
processes associated with tumor microenvironment mod-
ulation®. Hence, they could constitute potential targets for
the development of anticancer drugs* >, A recent patent
(US20170218057A1) has been deposited that relates an
antineurotensin long fragment antibody, which is able to
bind NTS with high affinity and to neutralize its oncogenic
properties**, However, this antibody has not yet been tested
on colorectal cancer cells.

This review focuses on NTS and its receptors,
NTSR1-2 and sortilin/NTSR3. It aims to underline their
potential use as diagnostic, prognostic and therapeutic
biomarkers and targets in digestive (gastric, pancreatic,
hepatic, and colorectal) cancers.

NTS and NTSRs: related signaling pathways and
biological processes

NTS is a 13 amino acids (aa) neuropeptide evidenced in
1973 by Carraway and Leeman in bovine hypothalamus
extracts and identified in neurodegenerative diseases

1 2 3 4 S 6 7 8 9

10

1M1 12 9

NTSR2

(Low affiniy)
J

NTSR3/sortilin
(Type | Receptor)

\ J

G protein-coupled
receptors (GPCRs)

(8) (28)

NTSR3 (sortilin).

\.

Fig. 1 Receptors of neurotensin (NTSRs). Three receptors of NTS are known: two of them are G-protein-coupled receptors (GPCRs): NTSR1 with
high affinity for NTS, and NTSR2 with low affinity. The third one is a Vacuolar protein sorting 10 (Vps10) related domain protein family receptor named
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(Parkinson and Huntington diseases)'. More recently, it
has also been detected in the neuroendocrine system of
the gastro-intestinal tract (oesophageal gastric, pancreatic,
and colonic cells), where it exerts secretoryzs, pro-
liferative/trophic and motility actions®. NTS biological
effects are mainly mediated by two GPCRs*: NTSR1 (410
aa, 56kDa), the high-affinity NTS receptor (Kd=
0.15-0.5nM), and NTSR2 (418 aa, 62kDa), the low-
affinity NTS receptor (Kd =5-7nM), which possesses
64% homology with NTSR1.

Whereas NTS/NTSR?2 signaling pathway is not yet fully
understood, that of NTS/NTSR1 is well known. NTS
binding to the Gaqll subunit of NTSR1 triggers phos-
pholipase C-y (PLC-y) activation, whose activity leads to
the production of inositol trisphosphate (IP3) and dia-
cylglycerol (DAG) from phosphatidylinositol-4,5-bispho-
sphate. IP3 and DAG respectively trigger the mobilization
of intracellular Ca®>" and activation of protein kinase-C
(PKC). PKC then activates the mitogen-activated protein
kinase (MAPK)-extracellular signal-regulated kinases
(ERK1/2) pathway independently of RAS, via direct sti-
mulation of RAF-1. Active PKC also activates protein
kinase D which in turn leads to the activation of the
nuclear factor-kappa B (NF«xB) transcription factor.
MAPK-ERK1/2 pathway activates transcription factors,
such as the activator protein 1 (AP-1) complex, NFkB,
early growth response protein 1 (Egr-1), the ternary
complex factor (TCF) Elk-1, and c-myc, allowing cell
survival and proliferation®’~*°. NTS also induces activa-
tion of Rho GTPases, the focal adhesion kinase (FAK) and
the proto-oncogene tyrosine-protein kinase Src, hence
modulating cytoskeleton dynamics and cell migration'®
(Fig. 2).

While most of NTS mitogenic effects are mainly medi-
ated by NTSR1, the roles played by sortilin/NTSR3 in this
context are yet unclear. Sortilin (831 aa, 95-110 kDa) is,
together with sorLA and sorCS1-3, a member of the
Vps10 domain receptor family*°, If sortilin binds a wide
variety of ligands including neurotrophins (NT), pro-
granulin, lipoproteins, and apolipoproteins or the glucose
transporter isoform 4, it presents a much higher affinity for
NTS, which therefore impairs the binding of all of the
other ligands®". It has been suggested that sortilin is able to
directly induce signaling after NTS binding, promoting
migration of microglial cells*'. However, mechanisms by
which NTS/sortilin binding induces signal transduction
are still unclear and poorly understood. To date, sortilin
involvement in the modulation of NTS pro-survival sig-
naling pathway has been mainly evidenced through its
three main roles: (i) a scavenger, when expressed to the
cell membrane, through the binding, internalization®* and
degradation of its ligands™, (ii) a regulator of intracellular
traffic and secretion of its ligands and their receptorsgo’33,
(iii) receptor and coreceptor, displacing ligands (including
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NTS and NT) from their specific receptors®®, and thus
enhancing the associated biological responses>***>°, Like
all Vpsl0-related domain protein family members, sortilin
can be cleaved and released as a soluble form (sSortilin)
from the plasma membrane through PKC-dependent
mechanisms. The roles and functions of sSortilin are not
yet completely elucidated. This protein could act as a
decoy that would prevent the binding of ligands to their
specific receptors, but could also be internalized and/or
bound to a yet unknown receptor to participate in the
metastatic process in CRC, through FAK activation (Fig. 2),
thus activating the phosphoinositide 3-kinase (PI3K)/
AKT pathway!>183037:38

Many studies have demonstrated NTS oncogenic activ-
ities (cell survival, proliferation, migration, and invasion),
in an endocrine, autocrine and/or paracrine manner, in
several types of cancers and at each step of cancer pro-
gression. NTSR1 is involved in tumor progression in many
cancers, including digestive cancers***~*', NTSR2 has
been reported to be involved in prostatic cancer, chronic
lymphocytic leukaemia®**® and glioma®, but little is
known about NTS/NTSR2 action mechanisms involved in
the progression of cancers. Finally, alteration of sortilin
expression and/or its cellular functions leads to a dereg-
ulation of biological processes, thus contributing to the
development of lipid disorders, neurodegenerative and
inflammatory diseases'>**~*" and cancerous diseases®>*,
Although the NTS pathway has not yet been studied in
oesophageal squamous cell carcinoma, numerous studies
have been performed on gastric, pancreatic, hepatic and
colon tumors, relating (i) how NTS and its receptors could
be involved in cancer development and progression, and
(i) why they might be promising pharmacological targets
and biomarkers in cancer therapy, as summarized below.

Oncogenic roles of NTS and NTSR in digestive
cancers
Gastric cancer

Gastric cancer (GC) is the fourth most common
malignant tumor in the world*® with half of the incidence
linked to Asian people. The most frequent type of gastric
cancer is adenocarcinoma. Its development is triggered by
different factors, especially chronic inflammation with
possible infectious substratum (Helicobacter pylori infec-
tions). Surgical resection, associated with standardized
lymphadenectomy, remains the gold standard treat-
ment”. While its incidence declines because of higher
standards of hygiene, healthier diet and H. pylori eradi-
cation, this cancer becomes symptomatic only at an
advanced stage. Evidencing of new serum biomarkers
allowing early diagnosis would be of significant benefit. In
addition, the overall survival rate of patients with
advanced gastric adenocarcinomas remains low, despite
the use of new targeted agents like the human epidermal
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Fig. 2 Simplified scheme of the NTS signaling pathways involving NTSR1 and sortilin, and biological effects associated. NTS binds to NTSR1,
either alone or complexed with sortilin at the cell membrane, and activates four main pathways: (i) Rho GTPases, (i) intracellular Ca’™ release, (iii)
PKC/RAF-1/MAPK-ERK1/2, and (iv) PI3K/AKT. Then, each one of these targets activates downstream effectors and transcription factors which
participate in the transcription of genes involved in cell survival and proliferation, as well as in cytoskeleton dynamics and cell migration. Sortilin can
be cleaved and released from the plasma membrane as a soluble form (sSortilin) that, after being internalized, directly stimulates FAK ERK1/2
extracellular signal-regulated kinases, FAK focal adhesion kinase, MAPK mitogen-activated protein kinase, NTS neurotensin, NTSR1 neurotensin
receptor 1, PKC protein kinase C, PI3K phosphtidylinositol 3-kinase, sSortilin soluble form of sortilin.

|

Cell survival and proliferation

growth-factor receptor 2 (HER2) antibody (trastuzu-
mab)°’. It is noteworthy that positive HER2 expression
has been detected in less than 20% of these patients®”.
While neither NTSR2 nor sortilin have been studied in
GC cells, NTS and NTSR1 expressions are associated with
poor prognosis. NTSR1 expression is higher in tumor
than in healthy tissues®°% and is correlated with the most
advanced pathological grade and pTNM (pathology
Tumor Nodes Metastases) stages®”. However, this latter
clinical study by Zygulska et al., does not show any cor-
relation between NTSR1 tumoral tissue expression level
and age, sex or Lauren Classification (histological classi-
fication of adenocarcinoma between “intestinal-type” and
“diffuse-type”). In a previous study, higher NTSR1
expression with higher pTNM grade, corresponding to a
diffuse type, according to Lauren’s Classification, asso-
ciated with a higher pathological grade has been sig-
nificantly correlated with poorer prognosis. In vitro and
in vivo studies have shown NTS and NTSR implication in
cancer cell migration and invasion via activation of PKC,
ERK1/2 and PI3K signaling pathways. Moreover, NTS
plasma concentration and metalloproteinase (MMP)-9
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activity, are positively correlated, and found at higher
levels in GC patients compared to controls®®. Inhibition of
NTSR1 expression by a NTSR1 antagonist or the
knockdown of the NTSR1 gene leads to a significant
decrease of MMP-9 expression and activity”®. These
findings suggest that NTSR1 could be a potential ther-
apeutic target for the treatment of gastric cancer.

Pancreatic cancer

Pancreatic ductal adenocarcinoma (PDAC) is the fourth
cause of cancer-related death and is the most lethal of
common malignancies in the world with poor 5-year
survival rate (less than 10%), due to complex and delayed
diagnosis®”. Thus, therapeutic options are limited, and
surgery is not always possible. Better knowledge of risk
factors and actors of pancreatic carcinogenesis is needed
to get earlier diagnosis and to improve the efficiency of
the therapeutic protocols. By 2030, PDAC could become
the second leading cause of cancer-related death in the
United States®®,

As early as 1998 it was shown that both NTS and
NTSR1 were higher expressed in PDAC tissues as
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compared with non-cancerous ones®”, and higher
expression levels strongly correlate with increasing
pathological grades®®®*. Moreover, higher NTSR1
expression is found in primary tumors and liver metas-
tases of invasive pancreatic cancers®?. In PDAC cell lines,
NTS stimulates ERK1/2 and AKT pathways dependently
of PKC activation and independently of EGFR transacti-
vation®*"®°, NTS-mediated PKC activation stimulates
RAF-1, which activates the MAPK-ERK1/2 cascade;
phosphorylated ERK1/2 is able to translocate to the cell
nucleus and then to promote the growth of the PDAC cell
line***%, NTS-mediated PDAC cell growth and pro-
liferation are pharmacologically inhibited by SR48692, a
NTS receptor antagonist®. A NTSR-specific Positron
Emission Tomography (PET) has been developed thanks
to a NTSR-directed fluorinated ligand. This method has
demonstrated its diagnostic capacity in evaluating
NTRS1-positive PDAC. Furthermore, a personalized
NTRS-targeted therapy using PET has been created®”®
which has shown its feasibility and whose preliminary
results are encouraging®.

Sortilin has been detected in PDAC cells in which NTS
triggers pro-tumor and pro-metastatic effects’’. NTS
modulates the migration properties of human PDAC cells
in vitro. These effects are mediated through NTS binding
to sortilin and depend of whether the cells migrate indi-
vidually or collectively. Indeed, migration levels of col-
lectively migrating PDAC are decreased whereas those of
individually migrating cells are increased. Mechanistically,
expression of integrins is altered, resulting in modifica-
tions of both adhesion cell properties and actin cytoske-
leton organization, mediated by NTS-dependent
RhoGTPases activation”".

Hepatic cancer

Hepatocellular carcinoma (HCC) is the third leading
cause of cancer-related death worldwide with over
500,000 diagnosed patients each year’>. Rapid progressive
clinical course, poor response to conventional treatments
and poor clinical outcomes are characteristic of HCC.
Treatments available are surgery, percutaneous destruc-
tion or hepatic transplantation. Metastatic stages can be
addressed with tyrosine kinase inhibitors (TKI; sorafenib,
lenvatinib and regorafenib)’® or with transcatheter arterial
chemoembolization. Most patients are diagnosed with
advanced stages of the disease and, unfortunately, are not
eligible for curative surgery’*.

NTS and NTSR1 are coexpressed at high levels in more
than 50% of HCC (NTSR1 being only weakly expressed in
normal tissues); this coexpression correlates with
aggressive biological behaviors: increase of EMT (epithe-
lio-mesenchymal transition) features, e.g., decreased E-
Cadherin expression and increased N-Cadherin and
nuclear B-Catenin expressions. NTS and NTSR1 are thus
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associated with poor prognosis and clinical outcomes in
HCC patients’>”®, NTS effects on EMT induction and
tumor invasion are mediated by aberrant activation of
both the NTSR1 and Wnt/B-Catenin pathways. In vitro,
EMT is abolished when NTSR1-overexpressing HCC cells
are treated with the NTSR1 antagonist SR48692 or spe-
cific inhibitors of the Wnt/p-Catenin pathway as TSW119
or Dick kopf-1. In vivo, the same inhibitors prevent the
formation of metastases in mice bearing NTSR1-
overexpressing HCC xenografts’>. NTSR1 activation by
NTS, either produced in HCC cells expressing NTSR1
and NTS, or secreted—and transported - by the hepatic
portal vein, leads to the stimulation of the Wnt/p-Catenin
signaling pathway. Nuclear B-Catenin then activates the
transcription of target genes, including NTSR1 and EGFR.
It results (i) a sustained autocrine signaling loop via
NTSR1 and (ii) a sustained expression and activation of
EGFR and its downstream effectors (such as ERK1/2),
thus promoting tumor progression and invasion. On the
other hand, the sustained expression and activation of
EGFR presents somewhat beneficial effects since it
restores and increases the cellular sensitivity to TKI such
as erlotinib or sorafenib”®.

Finally, the NTS pathway also plays key roles in the
modulation of tumor microenvironment and the main-
tenance of HCC stem cells, through the regulation of pro-
inflammatory/angiogenesis cytokines production and
expression. In CD133-positive HCC stem cells, NTS sti-
mulates and increases the expression and production of
interleukin (IL)-8 and chemokine (C-X-C motif) ligand 1
(CXCL1), through activation of the RAF-1/ERK1/2 path-
ways, resulting in the building of the autocrine IL-8 sig-
naling loop which promotes tumor angiogenesis,
tumorigenesis and the self-renewal abilities of HCC
cells’””. Mechanistically, NTS stimulates IL-8 production
and expression through activation of the MAPK and
NF«B pathways. HCC-derived IL-8 induced upon NTS
stimulation (i) attracts pro-inflammatory cells (CD28 +
macrophages, CD66b + polynuclear neutrophils) to the
local microenvironment, triggers an increased formation
of pro-inflammatory cytokines and promotes phagocy-
tosis, and (ii) stimulates the polarization of tumor-
associated macrophages (TAMs), indirectly promoting
EMT and enhances the invasive potential of HCC cells.
All of these effects, mediated via activation of the NTS/IL-
8 pathway, have been observed in vitro and in vivo; they
are significantly reduced after the blockade of IL-8 and
NTS receptors’®”?.

In summary, NTS pathway plays crucial functions in
the progression of HCC, by promoting invasion, EMT,
metastasis formation, stem cells maintenance and by
influencing the pro-oncogenic and inflammatory tumor
microenvironment. In the future, NTSR1 could con-
stitute a theranostic biomarker, whose evaluation might
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be useful to select TKI-eligible patients’®. In addition,
targeting the NTS/IL-8 pathway could also be pro-
mising in order to prevent HCC tumor progression,
metastasis formation along with HCC stem cells
maintenance.

Colorectal cancer

With over 1.8 million new cases in 2018, CRC is the
third most commonly occurring cancer worldwide (third
in men and second in women) and the second cause of
cancer-related death (over 880,000 deaths)”?. Histological
analyses have shown that Liberkhiinien Adenocarcinomas
are the most frequently found among CRC patients. Three
distinct classifications of CRC have been established that
take into account tumor heterogeneity; the different
classes have been linked to patients’ prognosis®”: (i) clas-
sification according to stages, i.e., the tumor damage of
the different layers of the colonic wall (pTNM), (ii) his-
tological classification, i.e., according to the state of dif-
ferentiation of tumors, and, more recently, (iii) the
molecular classification (cancer subtyping consortium or
CMS). pTNM and histological classification are currently
used, whereas CMS classification is rather oriented
toward prognosis and personalized therapeutic deci-
sions® ~®2, Therapeutic management of CRC is based on
surgical resection when the tumor is well localized,
accompanied with adjuvant chemotherapy (5-FU, oxali-
platin and folinic acid) for high-risk stage II and stage III
patients, that is to say patients whose risk factors are
associated with a high recurrence rate and a poor prog-
nosis [lymphovascular invasion, BRAF"**’* hotspot
mutation, MSS status®®, KRAS mutated, presence of sig-
net ring cell or mucinous histologic subtypes®’]. For
patients with advanced and metastatic CRC, chemother-
apy “called neoadjuvant” is associated with treatments
that mainly target the vascular endothelial growth factor
and the epidermal growth factor (EGF) pathways®.
Despite improvements in screening campaigns, earlier
patient diagnosis, better prognosis evaluation and ther-
apeutic management, 4 out of 5 CRC patients are still
diagnosed at too advanced a stage, so they are unlikely to
benefit from surgery. In 70% of cases, diagnosis is made at
stages II or III and one-third of the treated patients suffer
from recurrence within 2 years, which irreparably leads to
the formation of metastases® °. Therefore, new bio-
markers are needed to allow (i) earlier detection of CRC
and (ii) better, more specific and more efficient treat-
ments, in order to overcome CRC and current therapeutic
resistances.

Concerning diagnosis, a clinical study found that plas-
matic NTS rate higher than 54.47 pg/mL, with a sensi-
tivity of 77% and a specificity of 90%, could differentiate
patients with CRC from controls®®. More prospective
cohorts are necessary to confirm this result.
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Focusing on NTSRI, its promoter methylation® or
acetylation*! status could explain high NTSR1 gene and
protein expression level in CRC. In a nutshell, the char-
acterization of both NTSR1 gene and protein expressions
could confirm the diagnosis of CRC and link it to a spe-
cific sub-type, thus forming a molecular signature. It is
noteworthy that it is deacetylation of NTSRI promoter by
histone deacetylase inhibitors (HDACi, e.g, sodium
butyrate), (i) that alters NTSR1 mRNA and protein
expression as well as its promoter activity. This is medi-
ated through GSK3-B nuclear expression increase, (ii)
with a decrease in ERK1/2 activation induced by NTS and
(iii) consequently leads to the attenuation of the expres-
sion of some NTS-induced genes involved in colon
tumorigenesis, cell proliferation and malignant transfor-
mation (e.g., COX2, c¢-myc, and IL-8). These results
highlight that downregulation of NTSRI may represent a
promising mechanism to target CRC through either
HDACi or GSK3-B and ERK1/2 inhibitors*'.

NTS pathway involvement in CRC tumor growth and
cell proliferation has been highlighted since more than 20
years ago>>*%**?2~* The majority of CRC cells are sen-
sitive to NTS, which triggers growth responses by pre-
ferentially interacting with NTSR1 and/or sortilin, these
two receptors being expressed in all CRC cells”’. In vitro
study published in 2015, focusing on human colorectal
cancer cell lines corresponding to different colorectal
cancer stages, showed variable NTS and NTSR1 expres-
sions, no expression of NTSR2 and constant NTSR3
expression””>. NTSR1 expression in adenocarcinoma is
correlated with diffuse cytoplasmic or nuclear (3-catenin
localization®. Early stages of CRC development are
characterized by mutations in the APC gene leading to a
reinforced nuclear localization and increased expression
of TCF/B-catenin. TCF/B-catenin then binds to the
NTSRI promoter region and consequently triggers
expression of this gene. Reciprocally, NTSR1 also reg-
ulates B-Catenin activation and function®®”*”’, NTS,
through its binding to NTSR1, is able to stimulate the
MAPK-ERK1/2 downstream signaling pathway which
promotes the expression and activation of transcription
factors such as c¢-fos, a member of AP-1 complex, and
Elk1, which activates genes that are involved in cell
growth and proliferation. NTSR1 inhibition by a selective
antagonist (SR48692) inhibits tumor growth in vivo and
cell proliferation in vitro, thus confirming the oncogenic
effects of NTS which acts in both the autocrine and
paracrine ways”®. Moreover, signaling mechanisms med-
iating NTS effects involve multiple pathways and are
cellular-dependent. In CRC (and contrary to PDAC), NTS
can stimulate the ERK1/2 and AKT pathways through two
different ways depending on cell lines”. In HT29, NTS-
induced ERK1/2 and AKT activation is dependent on
EGFR transactivation, but at the same time is
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PKC-independent. EGFR inhibition by gefitinib blocks
NTS-induced activation of both the ERK1/2 and AKT
pathways®*. In HCT116, ERK1/2 activation and sub-
sequent DNA synthesis are PKC-dependent, while PI3K/
AKT activation is mainly EGFR transactivation-
dependent®®. Rho GTPases family which includes RhoA,
Racl and Cdc42, are also key proteins involved in NTS
oncogenic effects. NTS induces the expression of IL-8, in
nontransformed human colonic epithelial cells and in
CRC cells, and expression and secretion of IL-8 are both
mediated through RhoGTPases-dependent NFkB activa-
tion. While these mechanisms are complex and not yet
well understood, it has been observed that: (i) NTS rapidly
activates the RhoGTPases RhoA, Racl and Cdc42, (ii)
these RhoGTPases activated by NTS are necessary to
activate the transcription factor NFkB and (iii) thus NF«kB
activated is required to trigger IL-8 production, expres-
sion and secretion'®. In addition to RhoGTPases, IL-8
secretion would also depend on the release of intracellular
Ca%?t and RAS-MEK1/2-ERK1/2 activation, the both of
them being induced upon NTS stimulation. Indeed, the
IL-8 promoter region contains binding sites for NF«B, but
also for c-jun and c-fos (AP-1 complex) which are both
activated downstream of ERK1/2 activation'®'. While the
NTS pathway could possibly play a role in the modulation
of CRC microenvironment through IL-8 regulation'®*'%,
as compared with HCC, this hypothesis deserves further
investigation.

Expressed by the majority of CRC cells, the heterodimer
NTSR1/sortilin modulates intracellular responses induced
by NTS**'°* In the absence of NTS, this heterodimer is
largely expressed at the plasma membrane. In the pre-
sence of NTS, it is internalized, leading to a decrease of
membrane-bound NTSR1 while the total amount of
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membrane-bound sortilin remains unchanged. Moreover,
NTSR1 remains bound to sortilin during internalization.
Mechanistically, heterodimerization changes the func-
tional properties of NTSR1 but not its ability to bind NTS.
Indeed, ERK1/2 activation induced by NTS is lower in
cells coexpressing both NTSR1 and sortilin. These chan-
ges in signaling responses induced by NTS between cells
coexpressing NTSR1/sortilin and those expressing
NTSR1 alone, would result from the conformational
changes of NTSR1 induced by its binding to sortilin.
Sortilin binding would hinder further association of
NTSR1 with intracellular proteins (B-arestin and G pro-
tein-q), thus perturbing activation of downstream signal-
ing pathways**, However, NTS/NTSR1/sortilin complex
internalization would be necessary for ERK1/2 activation
but not for IP3 formation and PKC activation, ERK1/2
and PKC pathways being activated upon NTS stimulation
from independent mechanisms'®*. Finally, sortilin
embedded in the plasma membrane can be cleaved (by
shedding of its extracellular domain) via PKC-dependent
MMP activation upon external stimuli, resulting in the
formation of sSortilin, a functional soluble form of the
protein. sSortilin is then either internalized or released in
the extracellular medium. In this later case, in an auto-
crine and paracrine manner, sSortilin stimulates a yet
unknown receptor and promotes the modification of
cancer cell shape, followed by initiation of their separation
and spreading’*'> (Fig. 3):

sSortilin/unknown receptor complex promotes a disrup-

tion of desmosome architecture and a disorganization of

actin filaments.

sSortilin/unknown receptor complex stimulates FAK/Src

pathways to increase integrin mRNA levels and to

decrease E-Cadherin protein expression, leading to the

-

sSortilin

7
-
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Fig. 3 Sortilin and its soluble form (sSortilin) in colorectal cancer.
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detachment of the cell from other cells and from the

extracellular matrix, thus leading to the formation of

metastasis.

sSortilin/unknown receptor complex activates FAK/Src

pathways which can also stimulate PI3K/AKT activation

and Ca®" release, promoting cell survival and cell
proliferation.

Altogether these data suggest that NTSR1 over-
expression may represent an early event of colonic car-
cinogenesis, promoting CRC development and
progression®”, and might be a promising diagnostic and
prognostic biomarker, and a potential therapeutic target
to overcome chemotherapeutic resistances'’”. In addition,
sSortilin displays key roles in the first step of the meta-
static process'®. Therefore, a better understanding of the
molecular mechanisms involved in its functions could
allow its targeting to prevent metastasis formation in
CRC. In this way, the blockade of sortilin cleavage
through targeting of MMP activity constitutes a new
challenge: in vitro, the metalloprotease ADAMI0 inhi-
bitor (BB3103) totally blocked sSortilin production in the
HT29 cell line'®. Thus, targeting MMP to prevent both
sSortilin and metastasis formation is promising'®®, but
requires more investigations such as the development of
selective inhibitors for specific MMPs and for each sub-
type of colorectal cancer.

Discussion and remarks

NTS pathway displays important anti-apoptotic and
pro-oncogenic effects, associated with tumor develop-
ment, progression and metastasis formation in many
types of cancer, e.g., digestive cancers. However, nothing
has yet been found about NTS involvement in oesopha-
geal cancer. Expression of the couple NTS/NSTR appears
to promote tumor progression and aggressiveness in
digestive cancers, and more especially colorectal cancer.
More clinical studies are needed to correlate each subtype
of CRC with the expression levels of both NTS and NTSR.
Indeed, these levels could constitute signatures of each
subtype of CRC, thus allowing to define the prognosis of
each entity and to trigger personalized therapies in a way
similar to what has been done for breast cancer in relation
with the HER? status'?".

While NTSR2 expression has not been found in any of
the digestive cancers, NTSR3/sortilin has mainly been
studied and described in PDAC and CRC. This third
NTSR plays key roles in the first step of the metastatic
process, promoting EMT induction, cell migration and
invasion. In CRC, sortilin, as well as its soluble form
(sSortilin), may constitute a promising diagnostic, prog-
nostic and therapeutic resistance biomarker. Its screening
and targeting would thus be useful in clinical applications.
However, more investigations are needed to better
understand the molecular mechanisms involved in
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sortilin/sSortilin-mediated oncogenic effects in digestive
cancers.

NTS and its high-affinity receptor NTSR1 are the most
described and studied in digestive cancers. Both of them
are overexpressed in tumors and this overexpression is
associated with poor prognosis, since they are involved in
each step of cancer progression. The numerous molecular
mechanisms through which the NTS/NTSR1 complex
mediates oncogenic effects are complex and different in
each cancer cell-type and thus they must be more pre-
cisely and individually elucidated (Table 1). Nevertheless,
NTS and NTSR1 might be very promising diagnostic,
prognostic and therapeutic targets. Their screening and
targeting may be useful for clinical applications by acting
on primary tumors and migrating cancer cells, but also on
the tumor microenvironment via the modulation of the
IL-8 pathway, as observed in HCC and CRC. Indeed,
production and secretion of IL-8 by tumor cells are
induced by NTS and have an impact upon the tumor
microenvironment. Besides the pro-inflammatory effects,
IL-8 also triggers EMT and promotes cancer cell migra-
tion and invasion, as well as HCC stem cells maintenance.
In addition, IL-8 attracts some stromal cells from the
tumor microenvironment, e.g., neutrophils and TAMs,
which also contribute to tumor progression by inducing
EMT. Therefore, targeted therapies blocking either
NTSR1 or IL-8 receptors may be effective to inhibit EMT
process, thus preventing tumor progression and metas-
tasis. In view of the importance of tumor microenviron-
ment actors in cancer progression and of the growing
emergence of immunotherapy, it becomes of the greatest
interest to understand how NTS could influence the
tumor microenvironment of digestive cancers and more
particularly the perineural invasion (the network of per-
ipheral nerves which connects the TME to the central
nervous system, also involved in cancer cell dissemina-
tion)'%®, NTSR1 blocking becomes a major challenge in
many studies. Several options have been described and
tested in vitro and/or in vivo in digestive cancer models.
Among them, a NTSR1 pharmacological antagonist
(SR48692) has proved interesting, by inhibiting tumor
growth and cancer cell proliferation and survival. More-
over, HDAC], e.g., NaBT, suppresses endogenous NTSR1
expression with efficient antitumor effects in CRC cell
lines. Interestingly, studies have also demonstrated that
curcumin, a naturally occurring polyphenolic pigment
with chemopreventive and/or chemotherapeutic proper-
ties, inhibits the NTS/IL-8 pathway and thus CRC
HCT116 cell line migration'®”.

To summarize, this review focused on oncogenic roles
of NTS and its receptors in digestive cancers and high-
lighted their use as putative diagnostic, prognostic and
therapeutic biomarkers. NTS/NTSR1 is the best described
and studied couple of molecules: the both of them are
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Table 1
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NTS, NTSR, downstream signaling pathways and main molecular mechanisms related to primary tumors, EMT

and tumor microenvironement, and involved in each of the four digestive cancers described (GC, PDAC, HCC, and CRC).

NTS and receptors
and upregulated genes

Activated signaling pathways, downstream stimulated effectors Tumor microenvironment modulation

(NTS/IL-8)

GC NTS (secreted), NTSR1 - PKC
- ERK1/2
- PI3K/AKT
PDAC  1- NTS, NTSR1 - PKC-dependent ERK1/2
2- NTS/sortilin - PI3K/AKT
RhoGTPases

HCC  NTS, NTSR1 Wnt/B-catenin

— NTSRI, EGFR

CRC 1- NTS, NTSR1
2- sortilin/sSortilin

- PKB, B-catenin

— Cyclin D1

- Ca®" release

- RhoGTPases, NFkB — /-8

(secreted)

Not described

Not described

Stem cells maintenance

RAF-1, ERK1/2

— IL-8, CXCL1

EMT, cancer, and stromal cell infiltration
within tumors

MAPK, NFkB

— IL-8

Not described

- AKT by EGFR-transactivation dependent (HT29, HCT116)
- MAPK-ERK1/2 by EGFR-transactivation dependent (HT29) or PKC-
activation dependent (HCT116) — AP-1, EIk1, Egr1 activation

— IL-8, EGFR
- FAK/Src
- Ca®* release

CRC colorectal cancer, EGFR epidermal growth factor receptor, Egr-1 early growth response protein 1, ERK1/2 extracellular signal-regulated kinases 1/2, FAK focal
adhesion kinase, GC gastric cancer, HCC hepatocellular carcinoma, IL interleukin, MAPK mitogen-activated protein kinase, NFkB nuclear factor-kappa B, NTS
neurotensin, NTSR neurotensin receptor, PDAC pancreatic ductal adenocarcinoma, PI3K phosphatidylinositol 3-kinase, PKB protein kinase B, PKC protein kinase C, UR

unknown receptor.

overexpressed in digestive cancers and are associated with
poor prognosis. Thus, NTS and NTSR1 are promising
candidates for digestive cancers clinical screening and
targeting. Recently, some studies conducted on
PDAC®#?199-11 and CRCM*'® have developed radio-
pharmaceuticals targeting NTSR1 for diagnostic and
therapeutic application. Radiolabeled peptide and non-
peptide tracers have been designed which are promising
PET imaging probes for diagnosis, allowing the dis-
crimination between patients with PDAC and those who
only suffer from pancreas inflammation. In addition, a
radiopharmaceutical treatment with NTSR1 antagonist
has recently shown its feasibility and has led to encoura-
ging results from a symptomatic and oncological point of
view, albeit with a small cohort size (13 patients)®®. The
clinical trial NCT03525392, is presently recruiting
patients with solid tumors (in particular, gastric cancers,
CRC and PDAC) in order to evaluate the safety and effi-
cacy of a radiopharmaceutical treatment using the radi-
olabeled NTSR1antagonist 177Lu-3BP-227.
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These recent findings must be developed in the future
and they will undoubtedly open new promising insights in
NTS pathway targeting in digestive cancers.
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