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ABSTRACT

Colorectal cancer, which is the third most common cancer, is the main cause of digestive cancer death.
Previous studies have demonstrated that orexins, hypothalamic neuropeptides involved in sleep and food
intake regulations, have anti-tumoral properties in digestive cancers. In the present work, we investigated
the anti-tumoral role of an orexin antagonist, almorexant, in colon cancer. The anti-tumoral role of
almorexant has been determined by in vitro and in vivo studies using HT-29 colon cancer cell line, which
expressed endogenous orexin receptor 1 subtype (OX1R). Our in vitro study indicated that almorexant was
able to reduce HT-29 cell viability by induction of mitochondrial apoptosis involving the tyrosine
phosphatase SHP2 and the p38 signaling pathways. In contrast, no effect was observed in the colon cancer
cell line HCT-116, which does not express OX1R, demonstrating that the anti-tumoral effect of almorexant
was mediated by OX1R. When HT-29 cells were xenografted in nude mice, the administration of
almorexant strongly reduced the tumor development with a potency similar to orexin. Our study supports
that almorexant, a small molecule analog of orexin peptide, could represent a putative candidate in the
treatment of colorectal cancer.

© 2020 Alain Couvineau. Hosting by Science Repository. All rights reserved.

Introduction

Colon cancer, also termed colorectal cancer (CRC), represents the third

Immunotherapy with recent antibodies targeting PD-1/PD-L1, in
combination with the classical treatment, including antibodies targeting
VEGF/VEGFR or EGF/EGFR pathways, represents promising
strategies of treatment [4, 5]. Classically, the role of tumor-suppressor

common cause of cancer across the world and displays the second cause
of cancer death. The exact cause of CRC is unknown, but various factors
such as age, personal or family history, obesity, the presence of colon
polyps, tobacco or alcohol consumption, viral or bacterial infections,
intestinal bowel disease, including Crohn’s disease or ulcerative colitis,
and sedentary lifestyle were reported to increase the risk to develop such
cancer [1]. Inversely, epidemiologic studies have shown, to varying
degrees, the protective effect of many factors, including physical
activity, diet rich in fruits and vegetables, vitamin supplements, coffee,
garlic and drugs such as aspirin or non- steroidal anti-inflammatory
drugs [2]. In early and advanced stages, patients with CRC undergo
surgery followed by chemo- (using cytotoxic molecules as oxaliplatin,
irinotecan) and/or radiotherapy in case of advanced stages [3].

and oncogenes in which mutations and/or modified expression have been
identified play a key role in the CRC development of [6]. Besides the
involvement of these genes in the initiation and progression of CRC,
roles of growth factors, hormones and signaling peptides, which interact
with tyrosine kinase receptors or G protein- coupled receptors (GPCRs),
also play a key role in tumor development [7]. GPCRs represent the
largest family of membrane receptors encompassing about 800 members
[8]. Some GPCRs are often over- or under-expressed and also
ectopically expressed in tumors [7, 9-13]. The activation of these
receptors by various signaling molecules, including among others
gastrin, serine proteases, lipids, neurotensin, chemokines or
prostaglandins lead to cancer cell growth through G protein transduction
and/or transactivation of EGFR [10-17].
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Among this large family of peptide hormones, orexins, also named
hypocretins, which are hypothalamic neuropeptides, display anti-
tumoral properties in CRC [18, 19]. The prepro-orexin precursor
produces two isoforms termed orexin-A and orexin-B (hypocretin-1 and
hypocretin-2), composed of 33 and 28 amino acids, respectively [20].
Orexins act mainly in the central nervous system, inducing the regulation
of sleep/wakefulness state, reward seeking, the energy homeostasis and
drug addiction [21, 22]. A dysregulation of the orexins system is
involved in narcolepsy, a pathology of sleep [23].

Various studies have shown that orexins regulate in peripheral tissues
various biological functions such as gastrointestinal motility, endocrine
secretions, metabolism, blood pressure and reproductive functions [24].
Orexin-A (OxA) and orexin-B (OxB) interact with two GPCR sub-types
termed OX1R and OX2R which are coupled to Gq signaling pathway
leading to an increase of intracellular Ca?* level [25]. A few years ago,
our group had demonstrated that OX1R was highly expressed in
digestive cancers including, colon, pancreas, and liver cancers [19, 26,
27]. Activation of OX1R by orexins in cancer cell lines established from
colon, pancreas and liver cancers led to mitochondrial apoptosis
independently of the Ca2* canonic signaling pathway [19]. This orexin-
induced apoptosis was triggered by the phosphorylation of two ITIMs
(immunoreceptor tyrosine-based inhibitory motifs) present in the OX1R
sequence leading to the recruitment and the activation of the tyrosine
phosphatase SHP2, and to the activation of p38 signaling pathway,
which result in the formation of mitochondrial apoptosome leading to
the activation of caspases-3 and -7 [28].

We have previously shown using a preclinical model that orexins display
anti-tumoral properties when cancer cell lines derived from colon,
pancreas, liver, and prostate cancers were sub-cutaneous xenografted in
mice [27]. Over the past decade, orexin receptor targeting molecules, in
particular, antagonists, have been developed to treat insomnia [28, 29].
Two classes of antagonists have been designed as single orexin-receptor
antagonists (SORAs) and dual orexin-receptor antagonists (DORAS),
which depending on the ability act on one or both orexin receptor
subtypes [30]. Suvorexant, a DORA molecule, has recently obtained the
approval of the U.S. Food & Drug Administration (FDA) for the
treatment of insomnia [31]. This antagonist inhibits the intracellular Ca
release, which represents the main signaling pathway involved in sleep
regulation [32]. Surprisingly, another DORA molecule, named
almorexant of the same class as suvorexant, was able to inhibit cellular
growth by apoptosis induction in pancreas cancer, suggesting that this
antagonist, but also suvorexant to a lesser degree, behave as biased
ligands [26]. The present report shows that almorexant was able to
induce apoptosis in the colon cancer cell lines HT-29 and also inhibited
tumors development when they are xenografted in nude mice. These data
indicate that almorexant could be regarded as a new therapeutic molecule
in colon cancer and, more generally, in digestive cancers.

Materials and Methods
| Cell Line Culture and Treatments
The human colon cancer cell lines, HT-29 and HCT-116, were obtained

from the American Type Culture Collection (ATCC, LGC Standards,
Molsheim, France). HT-29 and HCT-116 cells were routinely grown in
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25 cm? plastic flasks (TPP, Techno Plastic Products, Trasadingen,
Switzerland) containing Dulbecco Modified Eagle Medium (DMEM)
which is deprived of pyruvate and supplemented with 4.5 g/L of glucose,
10 % (v/v) fetal calf serum, 100 pg/ml streptomycin, 100 units/ml of
penicillin and 1% (v/v) ZellShield (Minerva Biolabs, Berlin, Germany)
to prevent the mycoplasma contamination. Classically, HT-29 and HCT-
116 cells were seeded in a 24-well plate at 50,000 cells per well and were
maintained at 37°C in a humidified 5% COx/air incubator. After 24/48 h
of growth, cells were treated with 1 uM of OxA (GL Biochemicals,
Shanghai, China) or 1 puM of almorexant or 1 uM suvorexant
(MedChemExpress, Sollentuna, Sweden) for 48h and cell viability was
determined by counting surviving cells.

11 Caspase-3 Activity Detection

HT-29 cells were pretreated 24h with or without 50 pM pan- SHP
inhibitor NSC87877 or 10 pM specific SHP2 inhibitor RMC4045 or
were pretreated 30 min or not with 10 uM p38 inhibitor PD169316 and
then, treated for 24h with or without 1 uM OxA or 1 pM almorexant.
Caspase-3 activity detection was performed according to the
manufacturer’s instructions using the caspase-3 assay colorimetric kit
(#ab39401, Abcam, Paris, France).

111 Preclinical Studies

2.105 HT-29 cells/100 uL PBS were inoculated subcutaneously into the
flank of nude mice previously anesthetized by isoflurane 3%. Tumor
development was followed by 2-dimensional caliper measurements
(length (L) and width (W)). The tumor volume (V) was calculated by the
formula of prolate ellipsoid as V=LW?r/6. PBS buffer (control mice) or
100 mg/kg of OxA or 100 mg/kg almorexant were intraperitoneally
injected 3 times per week for 50 days. The bodyweight of mice after 50
days was similar in the untreated animal batch (44.9 + 1.5 g, n=4) vs. the
OXA treated animal batch (44.4 + 0.7 g, n=4) and vs. almorexant treated
animal batch (45.1 + 1.2 g, n=4). Animal experiments were carried out
according to the commonly accepted '3Rs' rule and complied strictly
with the European legislation (APAFiS agreement N°#17199).

1V Statistical Analysis

The statistical analysis was determined by the Mann-Whitney non-
parametric tests. The studies comprising more than two categories were
analysed by ANOVA (analysis of variance) tests. All data were compiled
and tested with the Prism 8.2.1 software (GraphPad Software, San
Diego, CA, USA). The limit of statistical significance was setat p < 0.05.

Results and Discussion

I Almorexant and Suvorexant Inhibited the Cell Growth of HT-
29 Colon Cancer Cell Line

To investigate the role of almorexant and suvorexant in colon cancer, the
HT-29 colon cancer cell line was used. As previously demonstrated,
OX1R and OxA were able to inhibit the growth of this cancer cell line
[19]. Incubation of these cells with 1 uM almorexant or 1 uM suvorexant
revealed that these antagonists were also able to inhibit HT-29 cell
growth (Figure 1). It should be noted that almorexant and suvorexant
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induced 34 + 4% and 20 + 8% of HT-29 cell death, respectively (Figure
1). Moreover, almorexant activity was similar to OxA effect on cell
death, i.e., 39 + 6% (Figure 1). Based on these results indicating that
almorexant was more efficient than suvorexant to inhibit the HT-29 cell
growth, the next experiments were carried out using only almorexant.
The inhibition of colon cancer cell growth induced by almorexant was
dose-dependent (Figure 1).
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Figure 1: Almorexant, suvorexant and OxA inhibited the cell viability
of the colon cancer cell line, HT-29. Panel A, 50,000 HT-29 cells were
challenged or not (control) with 1 uM OxA,1 uM almorexant or 1 uM
suvorexant for 48h. Panel B, dose response of OxA (o) or almorexant
(®) on cell viability of HT-29 cells after 48h of treatment. Cell viability
was determined by cell counting.

Results were expressed as percentage of maximal viability + SE of three
separate experiments.

***: p<0.001; NS: non-significant.

The determination of ECs indicated that almorexant induced HT-29 cell
death with an ECsp = 52 + 20 nM, whereas OxA induced HT-29 cell
death with an ECso = 74 + 27 nM, which were not significantly different.
In contrast, when HCT-116 cells, a colonic cancer cell line which did not
express OX1R, were incubated in the presence of almorexant or OxA,
did not have any effect on cell growth as observed on (Figure 2) [19].
This absence of effect demonstrated that the inhibition of cell growth
induced by almorexant in colon cancer cells is dependent on OX1R
expression, as previously demonstrated for orexins in HT-29 cells [26].
These data indicated that almorexant-induced colon cancer cell growth
inhibition was effectively mediated by OX1R.

11 Almorexant Induced Mitochondrial Apoptosis in the Colon
Cancer Cell Line HT-29

As shown in (Figure 2), the inhibition of HT-29 cell growth was
associated with apoptosis induction by almorexant. Almorexant
triggered apoptosis in HT-29 cells through increased caspase-3 activity
similar to OxA (Figure 2). These effects induced by almorexant and OxA
were totally abolished when HT-29 cells were pretreated by NSC87877,
a pan-SHP inhibitor, or by RMC4045, a specific inhibitor of SHP2
(Figure 2). Moreover, the pretreatment of HT-29 cells with PD169316,
a specific inhibitor of p38 that regulates the p38-MAPK signaling

European journal of Molecular Cancer doi:10.31487/j.EJMC.2020.01.02

pathway, totally reverted the activation of caspase-3 induced by
almorexant or OxA (Figure 2). Conventionally, GPCRs induce their
cellular effects through a canonical signaling pathway involving
classical second messengers such as intracellular Ca?, or cAMP [33].
However, it is well-accepted that GPCRs can also mediate various
biological effects via a non-canonical signaling pathway [34]. This
notion of GPCR multi-coupling to various signaling pathways gave rise
to the development of a new class of ligands able to distinguish these
different signaling pathways [35].
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Figure 2: OxA and almorexant induced cell apoptosis in HT-29 cell line
but not in HCT- 116 cell line. Panel A, HCT-116 cells were grown in the
absence (control) or in the presence of 1 pM OxA or 1 pM almorexant
for 48h and then, cell viability was determined by cell counting. Results
were expressed as percentage of maximal viability. Panel B, 300,000
HT-29 cells were pretreated or not (control) 24h with 50 uM NSC-87877
or 10 pM RMC4045 or 10pM PD169316 and then, treated or not (white
bars) with 1 pM OxA (black bars) or 1 pM almorexant (grey bars).
Caspase-3 was determined using a colorimetric assay kit (see Materials
and methods).

Results are means + SE of three separate experiments.

*: p<0.05; **: p<0.01; NS: non-significant.

These ligands, named “biased ligand”, could stabilize receptor
conformations leading to the activation of only one signaling pathway
independently of other signaling pathways activated by the same
receptor [36]. Until today, the main development of orexin receptor-
targeting molecules related to its action on sleep/wake regulation was
oriented to the production of non- antagonists named SORA
encompassing SORAL which are specific of OX1R and SORA2 which
are specific of OX2R. Moreover, DORA antagonists, which are specific
to both receptor subtypes, have also been developed [30]. These
molecules, including almorexant, inhibited the canonical signaling
pathway leading to the intracellular Ca®* release [26]. Previous and
present data indicated that almorexant and, to a lesser extent, suvorexant
were able to induce cellular apoptosis in the pancreas and colon cancer
cells similarly to orexins [26]. This induction of mitochondrial apoptosis
was dependent on the phosphorylation of two ITIMs present in OX1R,
the recruitment of the tyrosine phosphatase SHP2, the activation of p38
signaling pathway leading to the cytochrome c release from
mitochondria and the activation of caspase-3 and -7 [37]. It should be
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noted that the phosphorylation of ITIMs by SRC kinases was dependent
on the B/y subunits of Gq protein [37].

Moreover, the use of SHP2 and p38 inhibitors totally reverse the pro-
apoptotic effect of almorexant in colon cancer cells demonstrating that
almorexant activated the pro-apoptotic signaling pathway induced by
OX1R as previously described [19]. Structure-function relationship
studies of orexin peptide have shown that some residues such as S*, N?
and T%" were able to discriminate the Ca?* signaling pathway of the pro-
apoptotic signaling pathway associated with OX1R [38]. Taken together
these observations, suggest that almorexant, through molecular
determinants of OXI1R, was able to block the activation of
ag/phospholipase C (PLC) leading to intracellular Ca** release, and to
activate the pro-apoptotic signaling pathway through B/y subunits
conferring on this molecule the property of biased ligand.
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Tumor volume, mm?
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Figure 3: -29 cells (2.106) were subcutaneously inoculated into nude
mice at day 0. Mice were intraperitoneally injected 3 times by week with
100 pl of PBS (m) or 100 pl of OxA solution (o) or 100 pl of almorexant
solution (e). The OXA and almorexant treatments corresponded to 100
mg/kg. Data are means + SE of 6 tumors in each group. For clarity, only
statistical analysis between control, OxA and almorexant conditions was
displayed. The statistical analysis between OxA and almorexant
conditions indicated no significant differences.

*: p<0.05; **: p<0.01.

111 Almorexant has Anti-Tumoral Properties in Colon Cancer
Tumors Developed in Preclinical Models

To investigate the anti-tumoral role of almorexant, athymic nude mice
were subcutaneously xenografted with the colon cancer cell line, HT-29
and then intraperitoneally injected 3 times/week with 100 mg/kg of
almorexant or OxA. As shown in (Figure 3), almorexant was able to
inhibit the tumor growth of about 40%. Moreover, almorexant had anti-
tumoral effect very similar to OxA (Figure 3). These results indicated
that almorexant, which was a full agonist of the pro-apoptotic signaling
pathway activated by OX1R, had an equal potency than OxA to induced
cellular apoptosis and anti-tumoral action in colon cancer development.
However, almorexant had various advantages compare to the native
peptide. Indeed, OxA was very sensitive to degradation; its half-life time
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was estimated as 27 min in serum, whereas almorexant had an estimated
half-life time of about 32 h, which is a crucial advantage [39, 40]. OxA
is a full agonist and induced a full activation of canonical and non-
canonical signaling pathways. These activations led to the various
biological actions of orexins in the central nervous system and in
peripheral tissues where orexins have some actions on cardiovascular,
genitourinary and digestive tracts [24]. A putative obstacle that reduces
the therapeutic use of orexins in cancer treatment will be the existence
of side effects having deleterious impacts.

However, a recent in vivo study using mice showed that orexin-A
treatment could reduce fat mass but does not any significantly affect the
components of energy expenditure [41]. Moreover, some reports
indicated that orexins could activate other signaling pathways involving
MAPK- Erk1/2, cAMP, PI3K-Akt and JNK [42]. In contrast, almorexant
which activated mainly the pro-apoptotic signaling pathway but blocked
the PLC signaling pathway, could limit the side effects which could be
induced by intracellular Ca2+ production. Taken together, these
observations suggest that orexin receptor antagonists could be a new
innovative approach to treat digestive cancers and, in particular, colon
cancer.

Conclusion

We have demonstrated that the orexin antagonist almorexant was able to
activate the pro- apoptotic signaling pathway involving the recruitment
of SHP2 in colon cancer cell line, HT-29. Moreover, in the preclinical
model, almorexant was able to induce an anti-tumoral effect comparable
to orexins properties as previously described [19]. In conclusion,
almorexant, a biased ligand, could represent an innovative therapeutic
approach in colon cancer treatment.
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